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QUALITY ASSURED

Our quality system focuses on the continuing high quality of our components
and the best possible service for our customers. We have a three-sided quality
strategy: we apply a system of total quality control and assurance; we operate
customer-oriented dynamic improvement programmes; and we promote a
partnering relationship with our customers and suppliers.

ISO 9000 certified.

PRODUCT SAFETY

In striving for state-of-the-art perfection, we continuously improve components
and processes with respect to environmental demands. Our components offer
no hazard to the environment in normal use when operated or stored within the
limits specifiedin the data sheet.

Some components unavoidably contain substances that, if exposed by
accident or misuse, are potentially hazardous to health. Users of these
components are informed of the danger by warning notices in the data
sheets supporting the components. Where necessary the warning notices
also indicate safety precautions to be taken and disposal instructions to be
followed. Obviously users of these components, in general the set-making
industry, assume responsibility towards the consumer with respect to safety
matters and environmental demands.

All used or obsolete components should be disposed of according to the
regulations applying at the disposal location. Depending on the location,
electronic components are considered to be ‘chemical’, ‘special’ or
sometimes ‘industrial’ waste. Disposal as domestic waste is usually not
permitted.

CAUTION

CLEANING SOLVENTS, ADHESIVES, COATING MATERIALS

Some cleaning agents, adhesives or coating materials have an adverse affect on
electrolytic capacitors.

For cleaning, varnishing, coating, lacquering, embedding or gluing at the capacitor’s
sealing, ensure that the materials used are halogene-free in all their constituent
parts (base material, thinners, binders, reacting agents, propellants, additives).
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TYPE INDEX

Replacement list for withdrawn series

GENERAL DATA

Selection charts; selection guide; general introduction;
product safety; tests and requirements; generic quality flowchart

PACKAGING

Surface Mounting Devices (SMD);
radial leaded devices; axial leaded devices

PRODUCT SPECIFICATIONS

Surface Mounting Devices

Radial leaded

Axial leaded

Large types and mounting accessories
(Snap-In; DIN-PW; Screw Terminal)

Solid Aluminium

Energy Storage Capacitors
(Double layer)




DEFINITIONS

Data sheet status

Obijective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Application information

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.
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Electrolytic capacitors Type index

Sequence of catalogue numbers Sequence of series names Technical sequence in handbook
2222 SERIES PAGE SEQUENCE 2222 PAGE SEQUENCE PAGE
013 RLC 170 AB 137 92 370 085 CS 86
021 ASM 315 ABA 137 372 % 139 CLL 100
030/031 AS 334 AHT 118 414 153 CLv 113
036 RSP 188 AHT-DIN 119 432 134 RLP 5 126
036 92 RB 184 ALL-DIN 132/133 396 097 RLP 7 133
036 93 RBA 186 AML 138 374 037 RSM 140
037 RSM 140 AS 030/031 334 044 RSH 158
041 to 043 | ASH 347 ASD 17 306 013 RLC 170
042/043 ASH-ELB 361 ASH 041 to 043 347 036 92 RB 184
044 RSH 158 ASH-ELB 042/043 361 ud 036 93 RBA 186
046 RSL 264 ASM 021 315 <| 036 RSP 188
047 RMS 201 CLL 139 100 g 047 RMS 201
048 RML 242 CLv 153 113 116 RLL 214
050/052 PED-PW 540 CSs 085 86 135 RLI 228
051/053 PEC-PW 522 DLC 196 702 048 RML 242
056/057 PSM-SI 472 PEC-PW 051/053 522 151 RLH 255
058/059 PLL-SI 491 PEC-ST 154/155 599 046 RSL 264
085 CSs 86 PED-PW 050/052 540 136 RVI 277
086/087 PS-ST 574 PED-ST 114/115 608 165 RHT 294
088/089 PHC-ST 587 PHC-ST 088/089 587 17 ASD 306
097 RLP 7 133 PLL-PW 162/163 561 021 ASM 315
114/115 PED-ST 608 PLL-SI 058/059 491 030/031 AS 334
116 RLL 214 PLL-4TSI 168/169 515 041 to 043 | ASH 347
117 ASD 306 PS-ST 086/087 574 1| 042/043 | ASH-ELB 361
118 AHT 414 PSM-SI 056/057 472 E 137 92 AB 370
119 AHT-DIN 432 PSM-4TSI | 166/167 508 <137 ABA 372
122 SAL-RP 655 PUM-SI 157 450 138 AML 374
123 SAL-A 673 PUL-SI 159 461 132/133 | ALL-DIN 396
128 SAL-RPM 636 RB 036 92 184 118 AHT 414
132/133 ALL-DIN 396 RBA 036 93 186 119 AHT-DIN 432
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Electrolytic capacitors Type index
Sequence of catalogue numbers Sequence of series names Technical sequence in handbook
2222 SERIES PAGE SEQUENCE 2222 PAGE SEQUENCE PAGE
134 RLP'5 126 RHT 165 294 157 PUM-SI 450
135 RLI 228 RLC 013 170 159 PUL-SI 461
136 RVI 277 RLH 151 2565 056/057 PSM-SI 472
187 ABA 372 RLI 135 228 058/059 | PLL-SI 491
137 92 AB 370 RLL 116 214 166/167 | PSM-4TSI 508
138 AML 374 RLP 5 134 126 Ei 168/169 | PLL-4TSI 515
139 CLL 100 RLP 7 097 133 =/051/053 | PEC-PW 522
151 RLH 255 RML 048 242 2 050/052 | PED-PW 540
153 CLv 113 RMS 047 201 162/163 | PLL-PW 561
154/155 PEC-ST 599 RSH 044 158 086/087 | PS-ST 574
157 PUM-SI 450 RSL 046 264 088/089 PHC-ST 587
159 PUL-SI 461 RSM 037 140 154/155 PEC-ST 599
162/163 PLL-PW 561 RSP 036 188 114/115 PED-ST 608
165 RHT 294 RVI 136 277 128 SAL-RPM 636
166/167 PSM-4TSI 508 SAL-A 123 673 3 122 SAL-RP 655
168/169 PLL-4TSI 515 SAL-RP 122 655 123 SAL-A 673
196 DLC 702 SAL-RPM 128 636 w| 196 DLC 702

CUSTOMIZED PRODUCTS

If you are unable to find the capacitor you require, please contact your local Philips Components sales organization;
we are able to design and manufacture customized capacitors to meet your specific requirements, for example:

e Higher CV per unit volume

e Lower ESR

o Higher ripple current

Lower leakage current
o Extended useful life

Extended temperature range

o DC-capacitance selection (e.g. for timing applications)
o Deviating capacitance tolerances

o Customized marking

e Packaging deviations

¢ Higher resistance to shock and vibration.
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Electrolvtic capacitors Replacement list
d d for withdrawn series

REPLACEMENT LIST FOR WITHDRAWN SERIES

WITHDRAWN SERIES
REPLACEMENT SERIES
CATALOGUE NUMBER VERSION REMARK
2222 014 axial low impedance 021 ASM
2222 015 axial 021 ASM
2222 016 axial 021 ASM
2222 017 axial 021 ASM
2222 032 axial 021 ASM
2222 033 axial 021 ASM
2222 034 radial RSM 037
2222 035 radial RSM 037
2222 039 axial bipolar 137 ABA or 137 92 AB
2222 040 axial high voltage 041-043 ASH
2222 045 radial 046 RSL or 048 RML
2222 048 95 radial SMD CLB 048 153 CLV
2222 049 axial ASC 021 ASM
2222 054 power 056 PSM-SI
2222 055 power 057 PSM-SI
2222 065 axial low leakage current 021 ASM
2222 106 power 114 PED-ST or 154 PEC-ST
2222 107 power 115 PED-ST or 155 PEC-ST
2222 108 axial 132 ALL-DIN or 138 AML
2222121 solid axial SAL-A 123 SAL-A
2222 124 solid radial cubic, SAL-RQ 128 SAL-RPM
2222 125 solid axial SAL-AE =
2222 126 solid SMD SAL-CP -
2222 127 solid SMD SAL-CPL -
2222 129 solid radial SAL-RDC 128 SAL-RPM
2222 133 axial 210 x 30 to @21 x 40 mm only 041-043 ASH
2222 141 tantalum axial 13 CSR =
2222 143 tantalum axial 40 SS =
2222 172 SMD CLP 172 153 CLV
2222 194 tantalum pearl TRM —
2222 195 tantalum SMD CTS/49MC -
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Electrolytic capacitors Selection charts

SMD ALUMINIUM ELECTROLYTIC CAPACITORS ('CHIPS')

%

STANDARD INDUSTRIAL
085 CS 139 CLL
1500 hours 85 °C 2000 hours 105 °C
page 86 page 100

153 CLV

2000 to 3000 hours
105 °C
page 113

. i J

CCB095

o=

RADIAL ALUMINIUM ELECTROLYTIC CAPACITORS

/ STANDARD and EXTRA LONG-LIFE or
\ MINIATURE ~ SEMI-PROFESSIONAL — LONG-LIFE G TEmpERATURE
@ 1500 to 3000 hours 750 to 2500 hours 2000 to 4000 hours 1500 hours / 125 °C
85°C 105 °C 105 °C >4000 hours / 105 °C
| 7 Il ( page 184 \
036 92 RB
H H bipolar
MBB107 MBB097 036 93 RBA
bipolar audio
page 186
Q i T Gl )
7] g 013 RLC 046 RSL 165 RHT
s 3 125°C
g S low leakage maintenance type FEinlenaTice 1P
g S L page 170 ] N page 264 P, page 294
= Q
T >
o N N fF 3\
3 9 044 RSH 135 RLI 151 RLH 136 RV
g g high voltage low Z high voltage 10376
5 'E, Z d g 9 very low Z
£ \_ page 158 A page 228 ) N page 255 __) page 277
3 N page 188 N\ £ page 214 I
937 RSM 036 RSP 116 RLL
low voltage
047 RMS 048 RML
\_ page 140 N page 201 I A page 242 _J
n ( page 133 \
| I]KIJ 097 RLP 7 H: 7mm
H - 134 RLP 5 H: 5 mm
weBos7 \ page 126 J

Y j

CCB096
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Electrolytic capacitors Selection charts

AXIAL ALUMINIUM ELECTROLYTIC CAPACITORS

/ STANDARD and EXTRA LONG-LIFE)
' ‘ MINIATURE  semiproFessionar  “ONG-LIFE  iGH TEMPERATURE
[ —_—
| 'J 1500 t0 2000 hours 2500 to 8000 hours 0000 t© 15000 hours 4000 hours
e o o 2000 to 10000 hours 125 ©
. 85 °C 85°C s 596
™ £ ( page 370 N N
< 3 137 92 AB 042/043 ASH-ELB
(5} ) bipolar
g > 137 ABA 600 V/24 hours
@ 5 bipolar audio
£ 2 " page 372 N page 361 J
5 | s
E o a page 334 N, 7 page 396 N\
[ 3 030/031 AS 132/133 ALL-DIN
& = 119 AHT-DIN
2 041 ASH 042/043 ASH
' \e. page 347 . e page 347 ) page 432
page 334 ( \ ™\
(- 030/031 AS
s @D =33 mm 021 ASM 138 AML 118 AHT
— 117 ASD
— P page 306 \_ page 315 7 e page 374 ) page 414

- /

CcCB099

SOLID ALUMINIUM (SAL) ELECTROLYTIC CAPACITORS

/ PROFESSIONAL \
20000 hours / 125 °C

RADIAL * 128 SAL-RPM 122 SAL-RP
(pearl) H: 9 mm H: 12 mm
| I page 636 page 655
Mecass- 1 MiAsss
| I
AXIAL = : == 123 SAL-A
: MRR page 673

L9 A

ccB110
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Electrolytic capacitors

Selection charts

SNAP-IN/DIN-PW CAPACITORS

smaller dimensions

-

higher CV per volume

ECONOMY EURO-DIN LONG-LIFE
2500 to 12000 hours 15000 hours 3000 to 10000 hours
85°C 85°C 105 °C
i r B
051-053 050-052 162/163
PEC-PW PED-PW PLL-PW
_ page 522 page 540 \_ page 561 J
166/167 168/169
PSM-4TSI PLL-4TSI
page 508 \ page 515 J
%
056/057 058/059
PSM-SI PLL-SI
page 472 \ page 491 /
0 )
159
PUL-SI

\ page 461 /;

CCB097
SCREW TERMINAL CAPACITORS
% HIGH CV STANDARD HIGH RIPPLE ECONOMY EURO-DIN
‘ NN 3000 to 5000 hours 4000 to 5000 hours 5000 to 12000 hours 5000 to 20000 hours
pUUY 85°C 105 °C 85°C 85°C
NNl
¢ = 086/087 088/089 154/155 114/115
s PS-ST/ PHC-ST/ PEC-ST/ PED-ST/
# # PS-STB PHC-STB PEC-STB PED-STB
page 574 page 587 page 599 page 608
100
| N i -
U UL higher CV-values
VY .
CcCB098
1998 Jan 29 10
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Electrolytic capacitors Selection guide
A R O e A L e O R e 0 T a0 i T P A N AN S

SURFACE MOUNT DEVICES (SMD)

P
FEATURES, USEFUL LIFE,
SERIES STANDARDS, (c:) K;; CLIMATIC e I
APPROVALS # CATEGORY -
SMD Aluminium electrolytic capacitors
low height pd7 |@a| 190G
° consumer
P s wave solderable to to S0 REIRD 86
g cs low profile equipment
general purpose 22 63 40/085/56
moulded ° automotive
10 les 2000 h/105 °C
139 extended CV range 200000 h/40 °C telecom
<] to | to . 100
A= CLL wave solderable general industrial
- 220 100
long life 55/105/56 domestic appliances
2-3000 h/105°C | automotive
vertical construction | 0.47 | 6.3 | 200-300000 h/40 °C R
P! (1:?/ extended CV range to to W 113
- long life 1000 | 100 general industrial
portable and
55/105/65 lightweight equipment

ANNAO e AN 4N
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Electrolytic capacitors

Selection guide

RADIAL
FEATURES USEFUL LIFE "
SERIES STANDARDS, (C;S) K,“) CLIMATIC el | oo
APPROVALS H CATEGORY E
Standard types
miniature ° consumer
10 |63 1500 h/85 °C ‘ ‘
134 very low profile 40000 h/40 °C low profile equipment
RLP to to 126
5 height 5 mm high mounting density
| 100 | 50
H general purpose 40/085/56 portable equipment
miniature ° consumer
01 6.3 1500 h/85 °C
097 low profile 40000 h/40 °C automotive
to to 133
RLP 7 height 7 mm low profile equipment
[ 220 | 63
” general purpose 40/085/56 portable equipment
= ° consumer
047 | 6.3 2500 h/85 °C
® 037 high CV/volume 70000 h/40 °C automotive
to to 140
RSM general purpose WY o general industrial
40/085/56 audio-video
° consumer, lighting
10 |160 3000 h/85 °C
044 high voltage 80000 h/40 °C general industrial
to to 158
RSH long life power supply
L 40/085/56 .-
1998 Jan 29 13
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Electrolytic capacitors

Selection guide

40/105/56

RADIAL (continued)
P
FEATURES, USEFUL LIFE,
SERIES STANDARDS, Cp | Un CLIMATIC PREFEARED A
approvALs | “F) | )1 caTEGORY ARASAIS | 9
E
Semi-professional types
A R audio-video
a8 low leakage current 047 |63 3000 h/85 °C I
RLC |ewpitch250r5mm, | 1o | o 80000 h/40 °C A , 170
: general industrial
all-insulated 470 50
. 55/085/56 timing, coupling
bipolar-general 10 18 1500 h/105 °C AC, non-fixed polarity
036 92 | e-pitch 5 mm, 150000 h/40 °C automotive
; to to 184
RB all-insulated -
3 ; 100 63
e high CV/volume 40/105/56 audio-video
bipolar
-Di 1500 h/105 °C
:u?il:g:nitr:? ' . s | AUEKE PRI
05853 to 50 150000 h/40 °C crossover network 186
RBA audio-frequency —
- 22 AC applications
low dissipation 40/105/56
factor
high CV/volume 047 | 63 = h/h1/05 z automotive
: : 3000 h/85 ©
036 long life telecom
RSP to |t 80000 h/40 °C . . 188
e-pitch 2.5 or 5 mm, general industrial
= all-insulated 470 1180 EDP
55/085/56
U 1500 h/105°C | audio-video
high CV/volume 100 16
o automotive
id high temp. 105 °C to to 150000 aD"C 201
) RMS telecom, EDP
l long life 10000 | 63

é‘—— d

SMPS

1998 Jan 29
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Electrolytic capacitors

Selection guide

P
FEATURES, USEFUL LIFE,
SERIES STANDARDS, (c:) K,‘; CLIMATIC A':;E:f;?gﬂs é
APPROVALS H CATEGORY e
Long-life types
; ° automotive
high CV/volume 047 | 6.3 2000 h/105 °C
116 | e-pitch 2.5 or 5 mm, 200000 h/40 °C | telecom, EDP
X to to 214
RLL | allinsulated general industrial
. 470 | 100
e long life 55/105/56 DC-DC converters
3 ° eneral industrial
low impedance 22 6.3 15002500 h/105 °C | 9 I A
£ oc |telecom,
:_SI high ripple to to 150-250000 0 G 228
| lif 10000 | 100 ———
ong life
55/105/56 DC-DC converters
= ° automotive
miniature 100 6.3 84000 188G
. ° telecom, EDP
F?I‘\‘II?_ high CV/volume to to RREHEBOTRG gl " 242
| lif 10000 | 63 b
ong life
40/105/56 stand-by
" o high-reliabilit
miniature 1 160 D10 G i i ) Y
. o ighting, consumer
;51 high CV/volume to to 2DO-ZER000 N "E 255
LH T T U general industrial
ong life
g 40/105/56 filtafing
standard dimensions s | wa 3-4000 h/105 °C | telecom, EDP
046 high ripple ) 200-260000 h/40 °C | general industrial
to to 264
RSL  ||ong life __ SMPS
10000 | 63
o maintenance type 40/105/56 stand-by
Extra-long-life types
= o general industrial
very low impedance 22 10 410080 h05°C
136 | o high ripple o | 1o | 200-500000 h/40°C |telecom, EDP -
RVI | i " automotive, SMPS
extra long life 10000 | 100
g 55/105/56 DC-DC converters
standard dimensions - - 1500 h/125 °C automotive
165 high temp. 125 °C 300000 h/40 °C | outdoor electronics
to to 294
RHT extra long life professional
4700 | 50 -
maintenance type 40/125/56 telecom, military
1008 .]an 20 15
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Electrolytic capacitors

Selection guide

AXIAL
P
FEATURES, USEFUL LIFE,
SERIES STANDARDS, (C:) K/F; CLIMATIC A';':E:?;ngs é
APPROVALS # CATEGORY .
Miniature types
17 ultra miniature 0.47 | 6.3 2000 h/85 °C consumer
i diameter 3.3 mm to to 60000 h/40 °C low height 306
general purpose 22 63 40/085/56 low profile equipment
021 case length <25 mm: | consumer
REM miniature 2500 h/85 °C, automotive
0.47 | 6.3 70000 h/40 °C
high CV/volume general industrial
=‘ [:“ to to | case length 230 mm: 315
e general purpose ieomm | 00 8000 h/85 °C, audio-video
long life 200000 h/40 °C telecom, EDP
40/085/56 SMPS
Semi-professional types
030-031 | standard dimensions 1500-3000 h/85 °C | consumer, telecom
AS 0.47 | 6.3
general purpose 40-80000 h/40 °C | general industrial
—7 10— o | to 334
A long life ; 0 automotive
000 |1
40/085/56 SMPS
041-043 | high voltage o
ASH : 5-15000 h/85 °C | consumer, lighting
long life 1.0 |160 " I
iz o industria
=:m= to to 120-240000 h/40 °C | 347
MLABSSE 042-043: power supply
220 | 450
CECC 30301-801, 40/085/56 smoothing
(without approval)
042-043 o
ASH-ELB | very high voltage 6.8 BB 1
600 /24 h/25 °C - 450 45000 h/70 °C electronic lighting 361
=|:m=, ballast, power supply
MLAsss long life 33 25/085/56
137 92 1000 h/105 °C AC, non-fixed polarity
AB ) 1.0 16
bipolar-general 100000 h/40 °C automotive
to to 370
{m= high CV/volume & telecom
MLA656 470
40/085/56 general industrial
/132 bipolar- - 1500 h/105°C | audio: speaker
. ' . crossover network
audio-frequency - - 150000 h/40 °C e 372
D] .- low dissipation 20 100 Sirpraiiing
e factor 40/105/56 AC applications
1998 Jan 29 16
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Electrolytic capacitors

Selection guide

P
FEATURES, USEFUL LIFE,
SERIES STANDARDS, (c:) K,“) CLIMATIC AFI:’?’E:Z)EARTT(I)EBS é
APPROVALS K CATEGORY E
Long-life types
138 miniature 2-10000 h/105 °C | automotive
AML ) 1.0 6.3 ) )
‘ . high CV/volume 2-500000 h/40 °C | general industrial
— ‘ “Pﬁ: ) to to 374
) . high temp. 105 °C telecom, EDP
15000 | 100
long life 40/105/56 SMPS, stand-by
132/133 | long life,
ALL-DIN 1 oh reliability 10 | 10| 10-15000h/g5°C |telecom
) high ripple current to to 160 240000 h/40 °C | EDP 396
- ‘ | o 4956 |98 general industrial
UTE C031/C033, 40/085/56 power supply
(without approval)
High temperature (extra-long-life) types
118
AHT miniature 10 B 4000 h/125 °C automotive
o high CV/volume ' ' ° general industrial
- ‘._ - - 500000 h/40 °C 414
) high temp. 125 °C telecom
10000 | 200
extra long life (40)55/125/56 military
AH!: 9D‘N high temp. 125 °C y . general industrial
= 4000 h/125 ©
high ripple current 4.7 10 telecom, SMPS
500000 h/40 °C 5
B ..I extra long life to to professional 432
= 4700 | 200 55/125/56 outdoor electronics
UTE C031/C033 military
1998 Jan 29 17
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Electrolytic capacitors

Selection guide

LARGE
P
FEATURES, USEFUL LIFE,
SERIES STANDARDS, (C:) KIF; CLIMATIC A';':’E::CEIEI'T(ESS 2
APPROVALS H CATEGORY E
Snap-in types
2500 h/85 °C general industrial
ity High o 200 audio-video
157 CV/volume to i 45000 h/40 °C 450
PUM-SI . power supply
4 snap-in 2200 | 450
L 40/085/56 smoothing
o general industrial
high 47 10 12000 h/85 °C iy
056/057 | cv/volume i " 210000 h/40 °C | audio-video -
PSM-SI snap-in power supply
s eBoal | 460 40/085/56 smoothing
d ° general industrial
\C/;evryvg:grr;e 56 200 3000 h/105 °C =
159 300000 h/40 °C | @udio-video
. to to 461
PUL-SI | very long life power supply
. snap-in 105 °C 1800 1 450 25/105/56 smoothing
° general industrial
high CV/volume 33 10 10008 W1R5"C
058/059 ; 250000 h/40 °C telecom
very long life to to 491
— PLL-SI i o power supply
— igh temp. 105 © 47000 | 400
40/105/56 smoothing
4-terminal snap-in types
high CV/volume 330 10 L i general industrial
166/167 o 175000 h/40 °C
PSM-4TSI 4 snap-in pins to to power supply 508
mw keyed polarity 68000 |400 40/085/56 smoothing
high CV/volume °
o 220 10 il general industrial
168/169 |4 snap-in pins A 125000 0/40°C | et cioply S5
PLL-4TSI keyed polarity .
= 47000 | 400 smoothin
) high temp. 105 °C 40/105/56 ¢
1998 Jan 29 18
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Electrolytic capacitors

Selection guide

P
FEATURES, USEFUL LIFE,
SERIES STANDARDS, (C:_.‘) K,‘; CLIMATIC AF:;E:;E;.TSBS é
APPROVALS “ CATEGORY -
PW-pin types
050/052
PED-PW ; ;
high ripple, low ESR |, | |, 15000 h/85 °C | general industrial
i ° telecom
keyed polarity % - 250000 h/40 °C | 540
high shock and power supply
vibration resistance | 0000 | 400 40/085/56 smoothing
TTW
051/053
PEC-PW . )
high CV/volume & 4 12000 h/85 °C | general industrial
. ° audio-video
keyed polarity - - 200000 h/40 °C 502
high shock and power supply
vibration resistance e 40/085/56 smoothing
TTw
162/163 | high CV/volume
PLL-PW : :
very long life & | 1w 5000 h/105°C | general industrial
: . o telecom
high temp. 105 °C - - 150000 h/40 °C | 561
i power supply
keyed polarity 150000 | 400 — .
high shock and smoothing
TTW vibration resistance
Mounting accessories
clamps
_] 0) for large and screw
WETa terminal types e
nuts
1998 Jan 29 19
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Electrolytic capacitors

Selection guide

P
FEATURES USEFUL LIFE
2 ’ D A
SERIES STANDARDS, (CS) K,'; CLIMATIC A':,F;E:fARTTgNS pu
APPROVALS a CATEGORY -
Screw terminal/bolt types
086/087
PS-ST
i e high CV/volume motor control
= — 3-5000h/85°C | yninterruptable
' | high ripple 220 | 16 P
N 7 e . b 120000 h/40 °C power supplies -~
\[ ) (VY low ESR .
\[ | VY Iding
I I - 820000 | 450 Fe
/\ /|| | Migh shock and 40/085/56 energy storage in
e vibration resistance
pulse systems
U
088/089
PHC-ST High e motor control
i O il s )
— ; } | very lowiESH 270 16 4-5000 h/85 °C unlnterruptaple
" % 3 150000 h/40 °C | Power supplies
o) [ /1 |hightemp. 105 °C to to . 587
Il |l ) o welding
:“ | “ /' i 82000
\ ‘ h'g? zhzcrl;ain;j - 40/105/56 energy storage in
N pulse systems
u
114/115
PED-ST .
° @ = 32 vary long It 20000 h/85 °C general industrial
w ‘ — high ripple 150 | 10
) ‘ 350000 h/40 °C | telecom
‘ NN low ESR to to 608
| s 220000 | 400 PAMENELPE
Il 40/085/56 i
PuL DIN 45910-T128 STEIg
U
154/155
PEC-ST
E =]
: ”ﬁ‘ %T%P 220 10 e general industrial
| high CV/volume 200000 h/40 °C
i s to to power supply 599
igh ripple
NAY O 470000 | 400 smoothing
‘ 40/085/56
‘ |
-3
U
1998 Jan 29 20
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Electrolytic capacitors

Selection guide

SOLID ALUMINIUM

P
FEATURES USEFUL LIFE
: Cr Ug ’ PREFERRED A
SERIES STANDARDS, wh | v CLIMATIC APPLICATIONS G
APPROVALS CATEGORY E
low profile 0.1 63 20000 h/125 °C general industrial
128 | height 9 mm o % 300000 h/40°C | automotive .
SAL-RPM - & telecom, EDP
CECC 30302 55/125/56 audio-video
o general industrial
+ Hiight 12 e 033 | 63 20000 h/125 °C
122 300000 h/40 °C | automotive
SAL-RP to to 655
| CECC 30302 - A telecom, EDP
55/125/56 audio-video
S:\i3A extremely long life w5 |eg| E0000GA2E<C | @eneral indusial
very high reliability - to 450000 h/40 °C | telecom -
- | — SMPS
—r ‘ = 2200 | 40
CECC 30302-003 55/125/56 military
1238 5
SAL-AG 15 |63 20000 h/125 °C
shock-proof . . 450000 h/40 °C | aerospace
(o] (o] 673
e ‘ ‘ L [10000g military
2200 | 40 55/125/56

A0 lam OO
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Electrolytic capacitors

Selection guide

ENERGY STORAGE CAPACITORS (DOUBLE LAYER)

P
FEATURES, USEFUL LIFE,
SERIES STANDARDS, ﬁ:; (L\JIR) CLIMATIC A';T;E::CE:TFI‘CESS (A;
APPROVALS CATEGORY E
1000 h/70 °C or 85 °C
i energy storage
high charge 8000 h/40 °C or A
density 0.047 | 5.5 IC memory backup
ecologically to | or 23000 hiag"C (CMOS) 702
beneficial telecom, EDP
. 8 | % 25/070/21 or
maintenance-free audio-video
25/085/21

CUSTOMIZED PRODUCTS

If you are unable to find the capacitor you require, please contact your local Philips Components sales organization;

we are able to design and manufacture customized capacitors to meet your specific requirements, for example:

Higher CV per unit volume

Lower ESR

Higher ripple current
Lower leakage current
Extended useful life

Extended temperature range

DC-capacitance selection (e.g. for timing applications)

Deviating capacitance tolerances

Customized marking
Packaging deviations

Higher resistance to shock and vibration.

100K .lan 20
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TRANSLATION OF TECHNICAL TERMS

SOME IMPORTANT TERMS

DES TERMES IMPORTANTES

EINIGE WICHTIGE BEGRIFFE

Ambient temperature (Tamp) température ambiante Umgebungstemperatur
Assessment level niveau d'assurance Gutebestatigungsstufe
Axial terminations sorties axiales axiale AnschluBdrahte
Capacitance capacité Kapazitat

Charge charge laden

Climatic category catégorie climatique Klimakategorie
Dimensions dimensions MaBe

Discharge décharge entladen

Dissipation factor (tan d) tangente de I'angle de pertes Verlustfaktor

Endurance endurance Dauerspannungsprifung

Equivalent series resistance (ESR)

résistance série équivalente

aquivalenter Serienwiderstand

Equivalent series inductance (ESL)

inductance série équivalente

aquivalente Serieninduktivitat

Failure rate taux de fiabilité Ausfallrate

Frequency (f) fréquence Frequenz

General purpose grade usage genéral allgemeine Anforderungen
Impedance (2) impédance Scheinwiderstand, Impedanz
Leadless sans fils unbedrahtet

Leakage current (l)) courant de fuite Reststrom

Long life grade longue durée de vie erhéhte Anforderungen
Method méthode Verfahren

Mounting montage Montage

No visible damage aucun dommage keine sichtbaren Schaden
Open circuit circuit ouvert Unterbrechung

Mounting hole diagram dessin de montage Bohrungsraster

Rated capacitance (CR) capacité nominale Nennkapazitat

Rated voltage (UR) tension nominale Nennspannung

Recovery reprise Nachbehandlung

Forming voltage (Uf) tension de formation Formierspannung
Requirements exigences Anforderungen

Reverse voltage (Urey)

tension inverse

Umpolspannung

Ripple current (Ig)

courant ondulé

Uberlagerter Wechselstrom

Short circuit

court-circuit

Kurzschluf3

Surface mounting device (SMD)

composant pour montage en surface

oberflachenmontierbares Bauelement

Surge voltage (Ug) surtension Spitzenspannung
Terminal pitch distance entre les connections Rastermal3
Terminations sorties Anschlisse

Useful life durée de vie Brauchbarkeitsdauer

Visual examination

examen visuel

Sichtkontrolle
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CAPACITOR PRINCIPLES

The essential property of a capacitor is to store electrical
charge. The amount of electrical charge (Q) in the
capacitor (C) is proportional to the applied voltage (U).
The relationship of these parameters is:

Q=CxU
where:
Q = charge in coulombs (C)
C = capacitance in farads (F)
U = voltage in volts (V).
The value of capacitance is directly proportional to the

(anode) surface area and inversely proportional to the
thickness of the dieletric layer, thus:

C =egxegx 7
where:
€0 = absolute permittivity (8.85 x 1012 F/m)
g, = relative dielectric constant (dimensionless)
A = surface area (m?)

d = thickness of the dielectric (oxide layer in electrolytic
capacitors) (m).

Energy content of a capacitor
The energy content of a capacitor is given by:

We = JxCxU?

dielectric

cathode

—b‘d‘f
€r

C
_l I_ MBC552
NON-POLAR

Fig.1 Equivalent circuit of an ideal capacitor.

Rins

L
P c REsR ESL  _

MBC551

POLAR
Anode electrode: valve effect metal: aluminium.

dielectric layer
cathode

current supply
electrolyte

anode

aluminium foil
(highly etched)

aluminium foil

Alb,O3z  AlLOs
electrolyte absorbing paper

(spacer) CcA422

‘ Dielectric: Al,O5

Cathode electrode, solid or non-solid electrolyte depending on technology:
| non-solid: wet electrolyte, spacer and aluminium foil

solid: solid electrolyte (e.g. manganese dioxide), graphite and silver epoxy.

‘ Fig.2 Equivalent circuit of an electrolytic capacitor.

1998 Jan 29 25



Philips Components

Electrolytic capacitors General introduction

ELECTRICAL BEHAVIOUR

CHARACTERISTICS OF ELECTROLYTIC CAPACITORS VARY WITH TEMPERATURE, TIME AND APPLIED
VOLTAGE.

ripple
c current
? \ capability /
—» frequency —» frequency
leakage
Tan & current
—» frequency —» temperature
z leakage
? z current
ESR *
L e S, O ESR
—» frequency —» load time
cCo | \ | ‘
2z, \ \ESR | leakage
N ™ i current
ESR/ \ :
ESR, ! 4
|
f |
—» voltage
—
L
c C
failure
Tan & rate
ESR | _ 4
z Tan &
f ESR/Z
—» life time —s» temperature
ripple failure
current rate
capability f
MBC545 - 1
— temperature —» % rated voltage
Fig.3 Typical variation of electrical parameters as a function of frequency, ambient temperature, voltage and time.
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CONSTRUCTION

Examples

Aluminium can

Wound cell, consisting of:
Insulating

sleeve - Aluminium foil anode

with aluminium oxide
dielectric

- Paper spacer impreg-
nated with electrolyte

- Aluminium foil cathode

Rubber sealing

Aluminium
connection part

Anode and cathode lead,

" tin plated

MSB819a

Fig.4 Radial Aluminium.

Aluminium can Paper spacer
impregnated
with electrolyte

Cathode lead

\

Sealing disc

Blue insulating
sleeve

Cathode tab foil
welded to the bottom

\
of the can Aluminium foil anode Anode lead
with aluminium Aluminium
oxide dielectric foil cathode CCA419

Fig.5 Axial Aluminium.

1998 Jan 29
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Aluminium can

__— Wound cell:

Aluminium foil anode with
aluminium oxide dielectric

Paper space impregnated
Solvent-resistant shrink with electrolyte
sleeve gives high

insulation resistance Aluminium foil cathode

High-quality low-resistance
laser weld between
connections and anode/cathode.
This means low ESR and ESL Non-porous, teflon-coated
——— hard paper disc and rubber
insert for optimum seal

Special design so that insertion
forces on the connections

do not stress the

windings mechanically

: Snap-in connections
cCA420 / for fast assembly

Fig.6 Large Aluminium, snap-in.

Epoxy resin
Cone-shaped flange

Cathode lead

CCA421

Cathode connection:
Silver epoxy on graphite
and manganese dioxide

Etched aluminium
covered with Al,O5 Anode lead
(dielectric)

Fig.7 Solid Aluminium (SAL), radial.
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Terminals with e

universal screws Synthetic disc sealed

by rubber gasket

Pressure relief

Multi-welded low
ESR connections

Winding of high purity
etched aluminium and
electrolyte impregnated
paper spacer

Solvent resistant
insulating sleeve

Bolt for mounting :
(optional) : ’ CCB093

Fig.8 Large Aluminium, screw terminal.
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DEFINITIONS OF ELECTRICAL PARAMETERS

Sequence of measurement for tests are in accordance
with “IEC 384-4":

1. Leakage current (I)

2. Capacitance (Cg)

3. Dissipation factor (tan & or ESR)
4. Impedance (Z).

Capacitance
AC CAPACITANCE OF AN ELECTROLYTIC CAPACITOR

The capacitance of an equivalent circuit, having
capacitance, resistance and inductance in series,
measured with alternating current of approximately
sinusoidal waveform at a specified frequency; refer to
Fig.9.

Standard measuring frequencies for electrolytic capacitors
are 100 or 120 Hz.

Cc ESR  ESL
Vac o—pb{—3—0

MBC549

Fig.9 AC equivalent circuit of an electrolytic capacitor.

DC CAPACITANCE OF AN ELECTROLYTIC CAPACITOR
(FOR TIMING CIRCUITS)

DC capacitance is given by the amount of charge which is
stored in the capacitor at the rated voltage (Ug).

DC capacitance is measured by a single discharge of the
capacitor under defined conditions. Measuring procedures
are described in “DIN 41328, sheet 4” (withdrawn).

At any given time, the DC capacitance is higher than the
AC capacitance.

R |eak MBC578

Fig.10 DC equivalent circuit of an electrolytic capacitor.

1998 Jan 29
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RATED CAPACITANCE (CR)

The capacitance value for which the capacitor has been
designed and which is usually indicated upon it.

Preferred values of rated capacitance and their decimal
multiples are preferably chosen from the E3 series of
“IEC Publication 63"

TOLERANCE ON RATED CAPACITANCE
Preferred values of tolerances on rated capacitance

—20/+20% | -10/+50% | —-10/+30% | —-10/+10%

M T Q K

These values depend on the relevant series.

Voltage
RATED VOLTAGE (UR)

The maximum direct voltage, or peak value of pulse
voltage which may be applied continuously to a capacitor
at any temperature between the lower category
temperature and the rated temperature.

CATEGORY VOLTAGE (Ug)

The maximum voltage which may be applied continuously
to a capacitor at its upper category temperature.

TEMPERATURE DERATED VOLTAGE

The temperature derated voltage is the maximum voltage
that may be applied continuously to a capacitor, for any
temperature between the rated temperature and the upper
category temperature.

RIPPLE VOLTAGE (Ugp)

An alternating voltage may be applied, provided that the

peak voltage resulting from the alternating voltage, when
superimposed on the direct voltage, does not exceed the
value of rated direct voltage or fall under 0 V and that the
ripple current is not exceeded.

REVERSE VOLTAGE (Uggy)
The maximum voltage applied in the reverse polarity
direction to the capacitor terminations.

SURGE VOLTAGE (Us)

The maximum instantaneous voltage which may be
applied to the terminations of the capacitor for a specified
time at any temperature within the category temperature
range.
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Temperature
CATEGORY TEMPERATURE RANGE

The range of ambient temperatures for which the capacitor
has been designed to operate continuously: this is defined
by the temperature limits of the appropriate category.

RATED TEMPERATURE

The maximum ambient temperature at which the rated
voltage may be continuously applied.

MINIMUM STORAGE TEMPERATURE

The minimum permissible ambient temperature which the
capacitor shall withstand in the non-operating condition,
without damage.

Resistance/Reactance
EQUIVALENT SERIES RESISTANCE (ESR)

The ESR of an equivalent circuit having capacitance,
inductance and resistance in series measured with
alternating current of approximately sinusoidal waveform
at a specified frequency; refer to Fig.9.

EQUIVALENT SERIES INDUCTANCE (ESL)

The ESL of an equivalent circuit having capacitance,
resistance and inductance in series measured with
alternating current of approximately sinusoidal waveform
at a specified frequency; refer to Fig.9.

DISSIPATION FACTOR (TANGENT OF LOSS ANGLE; tan d)

The power loss of the capacitor divided by the reactive
power of the capacitor at a sinusoidal voltage of specified
frequency:

tan 8 = ESR x 2 nfC (approximation formula)

IMPEDANCE (Z)

The impedance (Z) of an electrolytic capacitor is given by
capacitance, ESR and ESL in accordance with the
following equation (see Fig.11):

1 2
27rfESL——)

2
LE Ieah *( orfC
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Current
LEAKAGE CURRENT (I)

Leakage current flows through a capacitor when a
DC voltage is applied in correct polarity. It is dependent on
voltage, temperature and time.

Leakage current for acceptance test (I.5)

In accordance with international standards (“/EC 384-4"
and “CECC 30300°") the leakage current (I 5) after

5 minutes application of rated voltage at 20 °C, is
considered as an acceptance requirement.

The leakage current requirements for the majority of
Philips electrolytic capacitors, are lower than specified in
“IEC 384-4" or “CECC 30300".

If, for example, after prolonged storage and/or storage at
excessive temperature (>40 °C), the leakage current at the
first measurement does not meet the requirements,
pre-conditioning shall be carried out in accordance with
“CECC 30300 subclause 4.1".

Leakage current at delivery (I.1 or I;)

In addition to I s, the leakage current after 1 minute
application of rated voltage (I4) is specified in most of the
detail specifications.

For some series this value is specified after
2 minutes (I»).

Operational leakage current (lop)

After continuous operation (1 hour or longer) the leakage
current will normally decrease to less than 20% of the
5 minute value (ls).

The operational leakage current depends on applied
voltage and ambient temperature; see Tables 1 and 2.

Leakage current after storage with no voltage applied
(shelf life)

If non-solid electrolytic capacitors are stored above room
temperature for long periods of time, the oxide layer may
react with the electrolyte, causing increased leakage
current when switched on for the first time after storage.
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Table 1 Typical multiplier of operational leakage current as a function of ambient temperature
(as far as allowed for the corresponding series)
SYMBOL MULTIPLIER
Tamb (°C) -55 -40 -25 0 20 45 65 85 105 125
lop/IL <0.5 0.5 0.6 0.8 1 1.5 25 4 7 10
Table 2 Typical multiplier of operational leakage current as a function of applied voltage
SYMBOL MULTIPLIER
U/Ug <0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
lop/IL 0.1 0.15 0.2 0.3 0.4 0.5 0.65 0.8 1

2nfESL

el 3
2nfC 7.4
ccsi12

Fig.11 Vector diagram showing the AC parameters
of a capacitor.

Ripple current (Ig)

Any pulsating voltage (or ripple voltage superimposed on
DC bias) across a capacitor results in an alternating
current through the capacitor.

Because of ohmic and dielectric losses in the capacitor,
this alternating current produces an increase of
temperature in the capacitor cell.

The heat generation depends on frequency and waveform
of the alternating current.

The maximum RMS value of this alternating current, which
is permitted to pass through the capacitor during its entire
specified useful life (at defined frequency and defined

ambient temperature), is called rated ripple current (Ig).

The rated ripple current is specified in the relevant detail
specifications at 100 or 120 Hz (in special cases at
100 kHz) and at upper category temperature.

Usually the rated ripple current will cause a temperature
increase of the capacitor's surface of approximately 3 or
5 K (dependent on series) compared with ambient
temperature. A further temperature increase of 3 or 5 K
will be found in the core of the capacitor.

1998 Jan 29

This temperature rise is the result of the balance between
heat generated by electric losses:

P =152 ESR

and the heat carried off by radiation, convection and
conduction:

P=ATxAxB; Ig = /%

Ig can be determined by the equation:

I = AT x Ax B
R ESR

where:

AT = difference of temperature between ambient and
case surface

A = geometric surface area of the capacitor

B = specific heat conductivity, dependent on the size of
the capacitor.

The heat, generated by ripple current, is an important
factor of influence for non-solid electrolytic capacitors for
calculating the useful life under certain circumstances.

In the detail specifications this factor is considered in the
so-called ‘life-time nomograms’ (‘Multiplier of useful life’
graph) as a ratio between actual ripple current (1) and
rated ripple current (Ig), drawn on the vertical axis.

Care should be taken to ensure that the actual ripple
current remains inside the graph at any time of the entire
useful life. If this cannot be realized, it is more appropriate
to choose a capacitor with a higher rated voltage or higher
capacitance, than originally required by the application.

The internal losses and the resultant ripple current
capability of electrolytic capacitors are frequency
dependent. Therefore, a relevant frequency conversion
table (‘Multiplier of ripple current as a function of
frequency’) is stated in the detail specifications.
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CALCULATION OF THE APPLICABLE RMS RIPPLE CURRENT

Non-sinusoidal ripple currents (if not accessible by direct
measurement) have to be analyzed into a number of
sinusoidal ripple currents by means of Fourier-analysis;
the vectorial sum of the currents thus found may not
exceed the applicable ripple current.

For some frequently occurring waveforms, approximation
formulae are stated in Fig.12 for calculating the
corresponding RMS value.

WAVE FORM RMS VALUE
)
A to
A T
ty1+to
A 3T

3tq1+2to
3T

&

A

—_
o

|

N
—

CCA416

Fig.12 Approximation formulae for RMS values
of non-sinusoidal ripple currents.
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STORAGE

No pre-condition will be necessary for Philips electrolytic
capacitors, when stored under standard atmospheric
conditions (“/EC 68-1, clause 5.3.1”) for the following
periods of time:

3 years for non-solid 85 °C types

4 years for non-solid 105 °C types
10 years for non-solid 125 °C types
20 years for solid types.

After these periods, the leakage current for acceptance
test shall not exceed twice the specified |5 requirement.

To ensure good solderability and quality of taping, for all
types and prior to mounting, the storage time shall not
exceed 3 years. This means for example: 2 years storage
time between manufacture and arrival at the customer,
plus 1 year in customer storage.

OPERATIONAL CONDITIONS
Charge-discharge proof

This term means the capability of capacitors to withstand
frequent switching operations without significant change of
capacitance.

Philips Al-electrolytic capacitors are charge-discharge
proof in accordance with “/EC 384-4" and

“CECC 30300 subclause 4.20": unless otherwise
specified, 108 switching operations (RC = 0.1 s) shall not
cause a capacitance change of more than 10%.

Non-frequent charging and discharging, without a series
resistor, will not damage the capacitor.

If a capacitor is charged and discharged continuously
several times per minute, the charge and discharge
currents have to be considered as ripple currents flowing
through the capacitor. The RMS value of these currents
should be determined and the resultant value must not
exceed the applicable limit.

Endurance test

In “IEC 384-4” or “CECC 30300” the criteria for the
acceptable drift of electrical parameters after the
endurance test at Ug and upper category temperature are
defined.

Test duration and conditions per series are stated in the
relevant detail specification.

The endurance test does not provide information about the
useful life of a capacitor, as no failure percentage is
defined for this investigation.
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Useful life

Useful life (other names: load life, life time or typical life
time) is that period of time, during which a given failure
percentage may occur, under well defined conditions and
requirements. Useful life data are usually calculated with a
confidence level of 60%.

High quality of materials and controlled manufacturing
processes provided, the useful life of non-solid electrolytic
capacitors is solely determined by evaporation of
electrolyte through the sealing.

Figure 13 shows the principal electrical consequences of
this electrolyte loss: increasing impedance and decreasing
capacitance at the end of useful life, for different non-solid

types.
Due to the fact that no liquid electrolyte is used in solid

aluminium electrolytic capacitors, the associated failure
mechanism does not occur.

The influence of temperature on useful life is indicated by
the so-called ‘10 K-rule’ under the horizontal axis of the
graph. The ‘10 K-rule’ means approximately, that double
the life time can be expected per 10 K temperature
decrease; this principle is derived from the well known law
of Arrhenius about acceleration of reaction processes.

The exact temperature dependence of useful life for a
particular range is given in the corresponding detail
specification in the ‘life-time nomogram’ (‘Multiplier of
useful life’ graph in the detail specifications). Detailed
performance requirements, on which the definition ‘useful
life’ is based, are also stated in the relevant detail
specifications.

Exceeding those requirements shall not necessarily
induce a malfunction of the equipment involved. The
performance requirements offer advice on the choice of
components and design of the circuitry.

typ. useful life
of standard types

typ. useful life
of long life types

- # |
ACo
C 90
(%)
80
70 1 \
60 :
2/1Zp 50 - ‘ |
(%) standard long life
% o | \
| \
[ \
| \
400 4~
300 14—
200 14—
100

10 K-rule 2000 h/85 °C
¥ 4000 h/75 °C
8000 h/65 °C

8000 h/85 °C
16000 h/75 °C
32000 h/65 °C

>5 years/40 °C ~ >20 years/40 °C

Cy = initial value of capacitance.
Zp = specified limit of impedance.

typ. useful life of CCA417

extra long life types

| SAL-capacitors

extra long life

SAL-capacitors

30000 h/85 °C
60000 h/75 °C
120000 h/65 °C

>50 years/40 °C

— life time at specified ambient temperature

Fig.13 Principal trend of electrical parameters during useful life of different electrolytic capacitors.
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CALCULATION OF USEFUL LIFE BY MEANS OF At the intersection of these two operational conditions the
‘LIFE-TIME NOMOGRAMS' appropriate multiplier (correction factor) for useful life can

be read. The useful life under certain conditions shall be
calculated by multiplying (or dividing respectively) the
specified useful life, with the resultant correction factor.

Based on the Arrhenius law and on experience for some
decades, a nomogram is specified in the detail
specification for each range, where the influence of
ambient temperature and ripple current on the expected The useful life determined by this procedure is normally
useful life is shown. Ripple currents at other frequencies valid for applications without forced cooling. Under certain
than specified must be corrected using the frequency conditions and with additional cooling, the useful life may
conversion tables in the relevant detail specification. be considerably extended.

The ratio of ripple current (Ia/Ig) is plotted on the vertical
axis and the ambient temperature (Tmp) on the horizontal.

| 33 MBC579
|A Axial and radial 85 °C - types.
R 82 | o = actual ripple current at specified conditions.
\ Ig = rated ripple current, multiplied with the frequency correction
3.1 \ factor (see relevant tables in the detail specifications).
3.0 \
N\
2.8 \ \
N
SN AN NN
N N
2 NN,
5 AN \\ \ \\ \\ lifetime multiplier
ANANANE AN NEANy P
20 A Y \ N ,N\e
ANEANEN NN G
e A NSNS SeN TN
’ N N X“?n NN X
PN WAL W A WA N A AN
2NN N5, R 9
14 ISR N NN NN
PN NV VANAN AN AN
oS I VAN, N WA SV AN B VAN
D RIS \ AN
R UANANM GAVEAVA VAN A VAT AN
0.0 NG NI NI N N AN
40 50 60 70 80 90 100
Tamb(oc)

Axial and radial 85 °C types.

Fig.14 Typical example of a life-time nomogram: useful life as a function of ambient temperature
and ripple current load.
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MBC580
Ia 3.8
| \ Axial and radial 105 OC - types. »
R @7 15 = actual ripple current at specified conditions.
I = rated ripple current, multiplied with the frequency correction
3.6 factor (see relevant tables in the detail specifications).
35 N\ N
3.4 \
3.3 \\ \ \
N
SINIANANERN
3.0 NN
{ N
aig AN NN N
ANAVANEA TN
- Q\ \ \\ \ \ \\ lifetime multiplier
M ANANEANER W AN By 7l
o B NN NEANANE %
ANAVAVAVAVEL W VHANY
22 AN N AN N N XX
ANIAN A VAN A VAN SIS EAN
BV VI W LY
IS NS SN TN
B VA W N 0 N N N ALY
] _No N\ \ NN N
e > N o W A . \
N NG NCSEX AN/ R N AN
14 \\ 00\0 \ N \ NN
N N A AN ANIANANIA NANT VI
BT % N N % Y %N 5
0j8_¥?°o\ NS IRC I T O Y .
Py ANEAN ANANENAN B [ Y .
0.0 - a3 N N N N N .3 N
40 50 60 70 80 90 100 110
Tamb(oc)

Axial and radial 105 °C types.

Fig.15 Typical example of a life-time nomogram: useful life as a function of ambient temperature
and ripple current load.
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EXAMPLES FOR THE USE OF ‘LIFE-TIME NOMOGRAMS'

Example 1

Temperature in (operating) equipment is 45 °C.

Ripple current load is exactly the rated value (thus:

Ia/lg =1).

Which useful life can be expected (without pause and

storage times):

1. for a capacitor with a specified useful life of
2000 hours at 85 °C?

2. for a capacitor with a specified useful life of
2000 hours at 105 °C?

Solution:

The corresponding life-time multiplier may be found at the
intersection between the vertical ‘45 °C’-line and the
horizontal ‘1’-line. For the 85 °C type this is ‘30’ (see
Fig.14) and for the 105 °C type it is ‘90’ (see Fig.15).

Resulting useful life is thus:

1. for 85 °C type: 30 x 2000 hours = 60000 hours or
about 7 years

2. for 105 °C type: 90 x 2000 hours = 180000 hours or
about 20 years.

Example 2

Which life time requirement has to be fulfilled by the
capacitors, if the equipment life shall be 10 years
(approx. 100000 hours), consisting of 1000 hours at
75 °C + 9000 hours at 65 °C + 90000 hours at 40 °C?
No ripple current applied (thus: 1a/lg = 0).

Solution:

The mentioned life-times shall be converted to specified
85 °C or 105 °C life-times, i.e. they have to be divided
through the correction factors found at the intersection of
the respective operational conditions (see Table 4).

The required life-time can be fulfilled by types with a
specified useful life of:

1. >2970 hours at 85 °C i.e. a 3000 hours/85 °C type, or
2. >935 hours at 105 °C i.e. a 1000 hours/105 °C type.

Example 3

Which internal temperature may occur in the equipment,
if the actual ripple current at 10 kHz is 3 times higher than
specified for a 16 V-type and the load limit may not be
exceeded?

Solution:

The ripple current must first be converted from 10 kHz to
100 Hz by using the conversion table (see typical
example, Table 3). This shows that the conversion factor
fora 16 V-type is 1.2.

Ia/lg = 3 at 10 kHz and must be divided by 1.2, resulting in
Ia/lg = 2.5 at 100 Hz.

The load limit is defined by the diagonal line ‘multiplier 1’ in
the relevant nomogram.

This means here: the vertical line on the intersection of
Ia/lg = 2.5 and the multiplier 1-line shows the maximum
permitted internal temperature:

1. for 85 °C types this is max. 59 °C
2. for 105 °C types this is max. 79 °C.

The corresponding life-time in this case is equal to the
specified useful life.

Table 3 Typical example of a frequency conversion table (Ig/lro) as a function of frequency;

Iro = ripple current at 100 Hz

FREQUENCY Ir MULTIPLIER
(Hz) Ugr=6.3t025V Ug=35and 40 V Ug =50and 63V
50 0.95 0.85 0.80
100 1.00 1.00 1.00
300 1.07 1.20 1.25
1000 1.12 1.30 1.40
3000 1.15 1.35 1.50
>10000 1.20 1.40 1.60
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Table 4 Life-time calculation in “Example 2”

LIFE CONDITIONS

85 °C TYPES (see Fig.14)

105 °C TYPES (see Fig.15)

1000 hours at 75 °C

1000/2.9 = 345 hours

1000/8 = 125 hours

9000 hours at 65 °C

9000/6 = 1500 hours

9000/20 = 450 hours

90000 hours at 40 °C 90000/80 = 1125 hours 90000/250 = 360 hours

sum for 85 °C = 2970 hours sum for 105 °C = 935 hours

PRI MTBF = % however, for an individual component it is not

The failure rate is defined by the number of components
failing within a unit of time, related to the total quantity of
components observed:
A = number of failures (statistical upper limit 60%)

total number of components x duration

longer than the specified useful life.

The failure rate (1) is generally expressed in so-called fit’
(failure in time) = 10-%/hours with an upper confidence
level (UCL) of 60%. It is calculated from results of
periodical tests in the quality laboratories or derived from
field observations respectively.

or

Usually the failure rate during time shows the well known
‘bathtub’ curve (see Fig.16).

b failure percentage (%)
~ 100 xduration

MBC547

[
failure
rate factory <—f—= customer

) \

!

(a) (b) (c)

\
\
\
\
1
‘ \
I
|

—» time (t)

a) Initial failure period (‘infant mortality’).
b) Random failure period (= useful life period).
c) Wear-out failure period.

Fig.16 Failure rate (A) as a function of time (‘bathtub’ curve).
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There are 3 periods in a typical capacitor life cycle: Since the failure rate mainly depends on two stress factors
1. Initial failure period, showing a rapidly decreasing (lemperatuss:and app_llgd voltage), - '? . spt;zcmed
r . % o i under reference conditions, which are: Tymp = 40 °C and
failure rate. During production of Philips electrolytic
4 Rt X U=0.5Ug.

capacitors, initial failures are removed after re-forming

(which is a short burn-in); all capacitors shipped, have  For other operational conditions, A has to be converted

passed burn-in. correspondingly with the aid of Figs 17 and 18, failure
rates as a function of stress factors (T and U/UR) for

2. Random failure period, showing a low and constant )
non-solid and SAL electrolytic capacitors.

failure rate. This period is identical with ‘useful life’.
The sum total of all (drift and accident) failures during

this period, related to the total number of observed CLIMATIC CATEGORY

capacitors, is called ‘failure percentage’. Both are For each capacitor range the climatic category in
specified in the detail specification of the relevant accordance with “/EC 68-1"is stated in the relevant detail
SENes: specification. The climatic category consists of three digit

3. Wear-out failure period, showing an increasing failure  groups; example given in Table 5.
rate due to gradual deterioration.

CCA418
4.102 U/UR =
1
failure rat
s dr——a
factor / 0.8
// ¥ 0.7
102 AA Ay 0.6
ZL7 7 05
¥4 A&7 A 4
R 4 2/ /7 0.4
77 7 777/} 103
AL LY 0.2/0.1
oI
y’;/y/V/A /
10 f/4 ///// /
Z Z
8 4 54 7 4
7 Z X 777
A s //
2 ,/ 74
AL // 74
/// L ,/ ///
i = vy 7 7
B” il I Z 4
e /////l
= i
A
==
=
101 | | |
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Tamb (°C)
Fig.17 Conversion factors for failure rate (A) as a function of ambient temperature (Tamp) and
voltage ratio (U/Ug) for non-solid electrolytic capacitors.
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102 CCA425
failure rate
multiplying
factor
Ulg="]
L~ |1
///
/
10 — =109
]
et 1 I
— ] = 0.8
I, — ‘
—T 07
LAd—t""1 —] l
I
L] 0.6
et e
//// // (‘)‘5
T LT
| oy
=T | /// — 0.4
1 e = 0,3
et il ol e=ai
0.2/0.1
— e e ]
e — —1
/’
| "
e
//
107" |
0 50 100 150
Tams (°C)

Fig.18 Conversion factors for failure rate (1) as a function of ambient temperature (Tmp) and
voltage ratio (U/Ug) for SAL electrolytic capacitors.

Table 5 Example of climatic categories

Example: 40/ 085/ 56
40 lower category temperature (here: —40 °C)
085 upper category temperature (here: +85 °C)
56 duration of test ‘damp heat, steady state’ (here: 56 days)

1Q08 lan 20 a0



Philips Components

Electrolytic capacitors

General introduction

Table 6 Maximum humidity condition indication for the application class

RELATIVE AIR HUMIDITY
o YEARLY 30 DAYS
LETTER P Sl OCCASIONALLY DEWING
] <95% 100% 100% permitted
D <80% 100% 90% permitted
E <75% 95% 85% slightly/rarely
& <75% 95% 85% not permitted

APPLICATION CLASS

Although the German standard “DIN 40040” has been
withdrawn, it is still widely used in industrial specifications
for the definition of climatic working conditions. The
application class consists of 3 code letters which have the
following meanings.

Code letter meanings

1st etter: | lower category temperature
F: -565°C; G: -40 °C; H: -25 °C
2nd letter: | upper category temperature
P: +85 °C; M: +100 (+105) °C; K: +125 °C
3 letter: | maximum humidity conditions (see Table 6)
MOUNTING

Mounting position of non-solid Al-electrolytic
capacitors

Snap-in and printed wiring (PW) as well as solder lug (SL)
power electrolytic capacitors, in addition to the larger case
sizes of axial and radial types, are normally equipped with
pressure relief in the aluminium case. These and all

smaller case size types, may be mounted in any position.

Screw-terminal power electrolytic capacitors have a
pressure relief in the sealing disc. These types shall be
mounted so that no emissions of electrolyte or vapour may
reach either the conductors under voltage, or other parts
of the printed circuit board. Vertical (pressure relief up) or
horizontal (pressure relief on the upper side) mounting
position is recommended.

Design rules for ‘capacitor batteries’
MECHANICAL

Philips power electrolytic capacitors are mainly used in
power supply applications under high ripple current load.
In these circumstances, the capacitors must be mounted
with a distance of 215 mm from each other, in order to

1998 Jan 29

allow sufficient air circulation and to prevent mutual
radiation.

Likewise, if axial or radial types are subject to high ripple
load, they shall be mounted with sufficient distance (e.g.
>10 mm) from each other for good convection.

ELECTRICAL
Parallel connection

Al-electrolytic capacitors may be connected in parallel, but
for safety reasons, large sizes should be individually
guarded against sudden energy discharge of the whole
battery due to a defective specimen.

With smaller batteries, this safeguarding is sufficiently
ensured by current limiting resistors.

Series connection

Al-electrolytic capacitors may be connected in series, but
when doing so it should be noted that the voltage
distribution will be according to their leakage currents. This
phenomenon may induce irregularities in voltage load and
cause maximum ratings to be exceeded; this could have
drastic consequences, especially with high voltage
capacitors.

Series-connected electrolytic capacitors should therefore
be, either supplied by galvanically separated voltage
sources or the voltages shall be proportionally distributed
by balancing resistors.

The balancing resistors can be dimensioned in
accordance with the following approximation formula:

Rsym (in kQ) = 10000/C (in uF)

Combined series/parallel connection

The above mentioned rules for both series and parallel
connection are accordingly valid for any combination of
these two cases.
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MARKING
Philips electrolytic capacitors are identified in accordance with “/EC” rules. When sufficient space is available,
capacitors are marked with the following details:

Rated capacitance in uF (the ‘W’ sign represents the position of the decimal point)
Rated voltage inV

Tolerance on rated capacitance if necessary, as a letter code in accordance with “/EC 62", e.g.
T for-10/+50%
M  for £20%
K for+10%
Q for-10/+30%
A for tolerance according to detail specification

Group number 3-digit part of the catalogue number, e.g. 036 for RSP series
Name of manufacturer PHILIPS or PH or P
Date code abbreviation in 2 digits (“/EC 62”), e.q.
18t digit 2nd digit
D =1993 1 =January
E =1994 2  =February
F =1995
H =1996 9 = September
J =1997 O = October
K =1998 N = November
L =1999 D = December
example:

F5 =produced in 1995, May

production date may also be stated as year/week code

example: 9525 = produced in 1995, 25" week
Date code may also be stamped in the case.

Factory code indicating the factory of origin

Polarity identification strip, band or negative symbol (‘- sign) to indicate the negative terminal and/or a
‘+’ sign to identify the positive terminal.
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Product safety

WARNING

Correct application and strict adherence to the important information listed below, will ensure optimum performance of
the capacitors over their entire specified useful life.

Please note, that ignoring these rules may reduce the equipment life time or even destroy the capacitor, together with
parts of the equipment or property involved. The consequences may be a short or open circuit of the component,
leakage of electrolyte or heat generation. Opening of the case or vent (danger of injury) may be regarded as
hazardous and cause liquids, vapours or dust to be released. Similar precautions should be taken when testing
electrolytic capacitors.

Please consult your local Philips Components sales organization, if one or more of these limits cannot be adhered to.

GUIDELINES

PARAMETER

IMPORTANT INFORMATION — PRODUCT SAFETY

MORE DETAILS

POLARITY,
REVERSE
VOLTAGE

Electrolytic capacitors for DC applications require polarization.

Check the polarity of each capacitor: both in circuit design and in mounting
(polarity is clearly indicated on the capacitor). For short periods a limited
reverse voltage is allowed (see detail specification); for conditions and
maximum parameter changes, see “This Handbook, Section Tests and
Requirements”. Exceeding reverse voltage may result in early failures.

detail specification

TESTS AND
REQUIREMENTS

VOLTAGE

Do not apply a voltage exceeding the capacitor's voltage rating.

Check the maximum voltage across the capacitor which can occur over the
whole equipment life. In normal operation the rated voltage of the capacitor
shall not be exceeded; if so, early failures may occur. However, for short
periods the voltage may be raised up to surge voltage value (see detail
specification); for conditions and maximum parameter changes, see “This
Handbook, Section Tests and Requirements”.

detail specification

TESTS AND
REQUIREMENTS

RIPPLE LOAD

Do not allow excessive ripple current to pass.

The rated ripple current given for certain conditions (temperature, frequency
and useful life) shall not be exceeded. If so, early failure may result.

Keep ripple voltage within ratings.

The sum of DC-bias and maximum amplitude of ripple voltage shall be within
rated voltage and 0 V. Electrolytic capacitors are not normally designed for
AC application.

detail specification

TEMPERATURE
RANGE

Use capacitors within specified temperature range.
Applicable temperature range is given in the relevant detail specification.

A general principle is that lower ambient temperature means longer life;
therefore, wherever possible, electrolytic capacitors should be placed at the
coolest positions on the board (please ensure that electrolytic capacitors are
placed away from ‘heating’ components such as power resistors, switching
diodes/transistors or transformers). Exceeding the permitted temperature
range may cause early failures.

detail specification
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Minimum air pressure: 8.5 kPa for short periods (in accordance with
“IEC 384-4, subclause 4.11.4").

PARAMETER IMPORTANT INFORMATION - PRODUCT SAFETY MORE DETAILS
CHARGE- Observe charge-discharge limitations. TESTS AND
DISCHARGE g ) . . REQUIREMENTS

Frequent charge-discharge load via low resistance may cause capacitance
drop or destroy the capacitor. Under well defined conditions (see “This
Handbook, Section Tests and Requirements”) frequent charge-discharge
operation is allowed. The resulting current through the capacitor may not
exceed the ripple current limit. Electrolytic capacitors are not suitable for flash
applications.
SERIES/ When connecting in series/parallel, apply corresponding design rules. |INTRODUCTION
PARALLEL Connecting electrolytic capacitors in series/parallel is possible, provided that
CONNECTIONS s : . B el
balancing resistors are applied to each capacitor, in order to stabilize the
voltage over each individual capacitor. Rules for correct design are given in
the introduction.
PC BOARD Conducting tracks or lands should not be located under upright mounted
DESIGN electrolytic capacitors; short circuits under the capacitor with danger of fire
could be the result.
INSULATION The capacitor case is not insulated from the cathode terminal.
Axial capacitors have a direct contact between case and cathode terminal;
radial and power capacitors exhibit an indeterminate resistance between the
cathode terminal and the metal case. Metal parts other than terminals should
never make contact to conducting tracks or metal parts of other components.
Dummy pins are connected to the cathode.
STORAGE AND | Excessive storage time or conditions may have adverse effects on INTRODUCTION
TRANSPORT capacitors.
Capacitors should be stored at room temperature, low humidity and out of TESTS AND
direct sunlight. Storage at elevated temperature and/or high relative humidity | REQUIREMENTS
may have a negative influence to taping accuracy, solderability, leakage
current and life expectancy.
Packages with electrolytic capacitors should be handled with care, or bent
leads and/or incorrect taping dimensions could be the result.
HIGH AIR Do not expose capacitors to overpressure.
PRESSURE z ; : :
Maximum operating pressure is 150 kPa. Higher pressure may cause a short
circuit.
LOW AIR The capacitors may be used at an altitude of <12000 m. TESTS AND
PRESSURE REQUIREMENTS

1908 .Jan 29
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PARAMETER

IMPORTANT INFORMATION — PRODUCT SAFETY

MORE DETAILS

MOUNTING

Avoid excessive stress to the lead wires or terminals.

Excessive stress can be caused by component processing machines if lead
wires are not sufficiently fixed during bending, cutting, cropping or inserting
operations. Other possible reasons are incorrect hole distance on
printed-circuit or bending of the component after soldering. Care should be
taken when the manual bending of terminals or mounted capacitors is
required. For maximum allowed mechanical load and time of application, see
this data handbook, Section “Tests and Requirements”.

Mechanically damaged capacitors may not be used.

Pressure relief should have enough space to function correctly.

TESTS AND
REQUIREMENTS

SOLDERING

Keep soldering temperature and time under control.

For maximum soldering conditions, see Chapter “Tests and Requirements”.
Additional temperature load e.g. for curing the glue of Surface Mounting
Devices (SMDs) are allowed to a certain limit, which depends on series and
exact details, please apply to your sales engineer for your specific conditions.
Molten solder or the soldering iron should not make contact with the
capacitor's insulation. Reflow soldering is only suitable for SMD components.

TESTS AND
REQUIREMENTS

BOARD
CLEANING

No guarantees can be given with regard to solvents based on
halogenated hydrocarbons or ozone depleting chemicals (ODCs).

Warning: such solvents are hazardous to the environment.

Component cleaning using solvents such as demineralized or distilled water,
isopropanol, methanol, ethanol and propanol would not normally have any
detrimental effects and therefore do not require any special precautions.
Aqueous cleaning methods may be used in conjunction with saponification
using a neutral detergent like calgonite at 20 g/l. It is recommended that
immediate drying of the component in hot air is carried out at approximately
85 °C (or 70 °C for products with an upper category temperature of 70 °C) for
at least 5 minutes. For further information regarding the application of solvent
temperatures exceeding the temperature mentioned in “/EC 68-2-45", consult
your local Philips Components sales organization.

ADHESIVES,
COATING
MATERIALS

Some adhesives and coating materials affect capacitors adversely.

For varnishing, coating, lacquering, embedding or gluing at the capacitor's
sealing, ensure that the materials used are halogene-free in all their
constituent parts (base material, thinners, binders, reacting agents,
propellants, additives). For reasons see ‘BOARD CLEANING’ above.

When applying such materials, ensure that the rubber area is not completely
sealed off.
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PARAMETER

IMPORTANT INFORMATION - PRODUCT SAFETY

MORE DETAILS

DISPOSAL

Electrolytic capacitors are subject to special waste regulations.

Aluminium electrolytic capacitors are free from PCB- or PBDE-containing
substances. Dioxines or furanes are not constituent parts of electrolytic
capacitors. However, because of other polluting ingredients, larger quantities
(in weight) of electrolytic capacitors are subject to special waste regulations in
accordance with the relevant national laws; please consult your local Philips
Components sales organization.

In general, electrolytic capacitors have to be disposed under controlled
circumstances in a high temperature incinerator at minimum 900 °C.

PERSONNEL
SAFETY

WARNING NOTE.

Non-solid electrolytic capacitors may contain chemicals which can be
regarded as hazardous if handled incorrectly. Caution is necessary if the outer
case is fractured; vapours or dust particles should not be inhaled (good
ventilation is essential); skin, eye or clothing contact with liquids should be
avoided. In case of such contact, flush thoroughly with running water as soon
as possible, then wash skin or clothing with soap and water or a mild
detergent. Any possible discoloration of the wetted skin will disappear after a
few days.

In the event of fire, the organic parts of electrolytic capacitors may release
such constituents as carbon monoxide, nitric oxides or dust particles; take
caution when breathing-in.
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TESTS AND REQUIREMENTS

This chapter contains an abridged version of tests and requirements given in “/EC 384-4"or “CECC 30300" respectively.
Series specific tests and requirements are given in the relevant detail specification of this data handbook.
Correct sequence of measurement for electrical parameters in accordance with “/EC 384-4":

Leakage current

—_

2. Capacitance
3. Tandor ESR
4. Impedance.
Table 1 Non-solid aluminium types
IEC 384-4/ IEC 68-2
Nﬁ."ég? g CECC 30300 TEST ( Ziﬁ?izi?\ge) REQUIREMENTS
subclause | METHOD q
Robustnessof | 4.4
terminations:
Tensile Ua leaded types: no visible damage
strength loading force 10 N for 10 s;
power types:
loading force 20 N for 10 s
Bending Ub leaded types: loading force 5 N; no visible damage
two consecutive bends
Torsion Uc leaded types, axial: two successive | no visible damage
rotations of 180° in opposite
direction; 5 s per rotation
Torque on Ud power types/screw terminal: torque | no visible damage
nut (stud) of 1.76 Nm gradually applied
Resistance to | 4.5 Tb solder bath: 260 °C; 10 s no visible damage;
soldering heat (method 1A) marking legible
AC/C: £5%
Solderability |4.6 Ta solder bath: 235 °C; 2 s; immersed | no visible damage;
up to 2 mm from the body; marking legible
non-activated flux >95% tinning
Rapid 4.7 Na for power capacitors: 5 cycles of no visible damage;
change of 3 hours at lower and upper category | no leakage of electrolyte
temperature temperature
for axial, radial and SMD capacitors:
5 cycles of 30 minutes at lower and
upper category temperature
Vibration 4.8 Fe 10 to 500 Hz; 0.75 mmor 10 g no visible damage;
(note 1) (whichever is less); 3 directions; no leakage of electrolyte;
2 hours per direction marking legible
Form MR types: 10 to 55 Hz; AC/C +5% with respect to initial
0.75 mm or 10 g (whichever is less); | measurements
3 directions; 2 hours per direction
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IEC 384-4/

IEC 68-2

Nll\l.nég.l? g CECC 30300 TEST ( Ziﬁ?;g:‘::ie) REQUIREMENTS
subclause | METHOD 9
Bump 4.9 Eb 40 g; 2 directions; 4000 bumps total | no visible damage;
(note 1) Form MR types: 40 g; 2 directions; no leakage of electrolyte
1000 bumps total AC/C: £5% with respect to initial
measurement
Climatic 4.1
sequence:
Dry heat 4111 Ba 16 hours at upper category no visible damage;
temperature; no voltage applied no leakage of electrolyte
Damp heat, |4.11.2 Db 1 cycle (55 °C — 25 °C) of
cyclic 24 hours; RH 95 to 100%,;
no voltage applied
Cold 4.11.3 Aa 2 hours at lower category no visible damage;
temperature; no voltage applied no leakage of electrolyte
Low air 4.11.4 M 5 minutes at 25 +10 °C; at no visible damage;
pressure atmospheric pressure of 8.5 kPa; no evidence of breakdown or
Ug applied during last minute flashover
Damp heat, |4.11.5 Db 5 cycles (55 °C — 25 °C) of
cyclic 24 hours each; RH 95 to 100%;
no voltage applied
Sealing 4.11.6 Qc 1 minute in water at 90 °C no continuous chain of bubbles
4117 final measurement after climatic no visible damage;
sequence no leakage of electrolyte;
marking legible
leakage current < stated limit
tan § < 1.2 x stated limit
AC/C: £10%
Insulation 4.3.5 external insulation: insulation resistance 2100 MQ
resistance foil method
Voltage proof |4.3.6 external insulation: no breakdown or flashover

foil method; 1000 V for 1 minute

Note

1. For vibration and bump testing, the components shall be mounted by their terminations (with mounting accessories

where applicable). The following capacitors shall also be clamped by their body:

a) Radial types: @Dpom = 12.5 mm; Lpom = 15 mm
b) Axial types: @Dpom = 12.5 mm; Lpom = 30 mm.
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Non-solid aluminium types (continued)

IEC 384-4/ IEC 68-2
N‘.\r’\ggf F CECC 30300 TEST ( Ziﬁ?;gi’:ge) REQUIREMENTS
subclause | METHOD .
Damp heat, 412 Ca 56 days at 40 °C; RH 90 to 95%; no visible damage;
steady state no voltage applied no leakage of electrolyte;
marking legible
leakage current < stated limit
tan & < 1.2 x stated limit
insulation resistance >100 MQ;
no breakdown or flashover
below 1000 V
AC/C: £10%
Endurance 4.13 for test duration, refer to the no visible damage;
relevant data sheet in this data no leakage of electrolyte;
handbook; at upper category marking legible
TOMRTRRITE Lig pplat leakage current < stated limit
insulation resistance >100 MQ;
no breakdown or flashover
below 1000 V
Ur <6.3V; AC/C: +15/-30%,;
Ur 10 to 160 V; AC/C: £15%;
Ugr 2200 V; AC/C: £10%
tan d < 1.3 x stated limit
impedance < 2 x stated limit
Surge 4.14 from source of no visible damage;
1.15 x Ug for Ug <315V or no leakage of electrolyte
1.1 xUgforUg>315V: o
&<
RC = 0.140.05 s: leakage current < stated limit
1000 cycles of 30 s on, 330 s off, at |tan d < stated limit
upper category temperature AC/C: +15%
Reverse 4.15 1 Vin reverse polarity followed by | leakage current < stated limit
voltage Ug in forward polarity, both for tan 5= stated it
125 hours at upper category
temperature AC/C: £10%
Pressure relief |4.16 DC voltage applied in reverse pressure relief opens prior to
(only for types direction producing a current of danger of explosion or fire
with vent) 1t0 10 A
Storage at 417 Ba test duration 500 hours at upper no visible damage;
upper category category temperature; for longer no leakage of electrolyte
temperature test duration (shelf life), refer to the
o leakage current < 2 x stated
relevant data sheet in this data limit
handbook
tan & < 1.2 x stated limit
AC/C: £10%
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IEC 384-4/ IEC 68-2
NI.\I.“;S.I.O g CECC 30300 TEST (qEE:i?eEf:iiEe) REQUIREMENTS
subclause | METHOD
Storage atlow |4.18 Ab 72 hours at the lower category no visible damage;
temperature temperature no leakage of electrolyte
leakage current < stated limit
tan & < stated limit
AC/C: £10%
Characteristics | 4.19 step 1: reference measurement of
at high and low impedance at 20 °C and 100 Hz
temperatures Aa step 2: measurement at lower impedance at 100 Hz:
category temperature <7 x value of step 1 for
Ug<6.3VorUg>160V,
<5 x value of step 1 for
6.3V<Ug<i16V,
<4 x value of step 1 for
16V<Ug<160V
Ba step 3: measurement at upper leakage current:
category temperature <10 x stated limit at 125 °C;
<8 x stated limit at 105 °C;
<5 x stated limit at 85 °C;
<8 x stated limit at 70 °C
Charge and 4.20 for Ug < 160 V: 108 cycles of 0.5s | no visible damage;
discharge charge to Ug (RC = 0.1 s) and 0.5 s | no leakage of electrolyte

discharge (RC = 0.1 s);
for Ug > 160 V: under consideration

AC/C: £10%

Additional tests in accordance with IEC 384-1 and EN 130000

Solvent 4.31 Xa immersion: 5 +0.5 minutes with or | visual appearance not affected
resistance without ultrasonic at 55 +0.5 °C

solvents: demineralized water

and/or calgonite solution (20 g/I)
Passive 4.38 IEC 695-2-2 | needle flame test category of flammability: B
flammability
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Table 2 Solid aluminium types, SAL

IEC 384-4/ IEC 68-2
NAEOF  |cEcc30300|  TEST : E;g?:fgiige) REQUIREMENTS
subclause | METHOD 9
Robustness of |4.4
terminations:
Tensile Ua loading force; note 1: no visible damage
strength 10N for10s
Bending Ub loading force; note 1: no visible damage
5 N; two consecutive bends
Torsion Uc two successive rotations of 180° no visible damage
(axial types) in opposite direction;
5 s duration per rotation
Resistance to | 4.5 Tb radial types: no visible damage;
soldering heat (method 1A) | solder bath: 260 °C; 10 s markings legible
Tb axial types: ACIC: +5% with respect to initial
(method 1B) | solder bath 350 °C for 3.5's measurement
Solderability 4.6 Ta solder bath: 235 °C; 2 s; no visible damage;
(method 1) | immersed up to 2 mm from the marking legible
body; non-activated flux >95% tinning
Rapid change |[4.7 Na 5 cycles of 30 minutes at lower and | no visible damage
of temperature upper category temperature leakage current tan & and
Z < stated limit
Vibration 4.8 Ec 10 to 500 Hz; 0.75 mmor 10 g no visible damage;
(note 2) (whichever is less severe); markings legible
in 3 directions; 2 hours per direction AC/C: +5% with respect to initial
measurement
10 to 2000 Hz; 1.5 mmor20 g no visible damage;
(whichever is less severe); markings legible
in 3 directions; 2 hours per direction AC/C: +5% with respect to initial
measurement
Bump 4.9 Eb 40 g; 2 directions; no visible damage
note 2 4 : o
(tes) 080 barnges fala AC/C: £5% with respect to initial
measurement
Shock 4.10 Ea 123 SAL-AG: no visible damage
(note 2) acceleration: ol T sl
29400 m/sec? or 3000 g; AC/C: +5% with respect to initial
; . measurement
duration of pulse: 0.2 ms;
total number of shocks: 18
Notes

1. SPECIAL PLIERS MUST BE USED TO PROTECT THE CELL BODY AND CONSEQUENTLY KEEP THE

BENDING LOCATION UNDER CONTROL.

2. Axial capacitors shall be mounted by clamping both the body and the leads.
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Solid aluminium types, SAL (continued)

IEC 384-4/

IEC 68-2

foil method; 1000 V for 1 minute

NAE T |cEcc3os00|  TEST ( Z;ﬁf;:ﬁie) REQUIREMENTS
subclause | METHOD 9
Climatic 4.1
sequence:
Dry heat 4111 Ba 16 hours at upper category
temperature; no voltage applied
Damp heat, | 4.11.2 Db 1 cycle (55 °C — 25 °C) of
cyclic 24 hours; RH 95 to 100%;
no voltage applied
Cold 4.11.3 Aa 2 hours at lower category
temperature; no voltage applied
Low air 411.4 M 5 minutes at 25 +10 °C; no breakdown, flashover, or
pressure atmospheric pressure: 8.5 kPa; harmful deformation of case
Ug applied during last minute of test
Damp heat, |4.11.5 Db 5 cycles (55 °C — 25 °C) of
cyclic 24 hours each; 25 °C;
RH 95 to 100%; no voltage applied
4.11.7 final measurements after climatic no visible damage;
sequence markings legible
leakage current < stated limit
tan  and Z < 1.2 x stated limit
axial types:
AC/C: £5% with respect to initial
measurement
radial types:
AC/C: £10% with respect to initial
measurement
Damp heat, 412 Ca 56 days at 40 °C; RH 90 to 95%; no visible damage;
steady state no voltage applied markings legible
leakage current < stated limit
tan § and Z < 1.2 x stated limit
AC/C: £10% of initial
measurement
Insulation 435 external insulation: insulation resistance >100 MQ
resistance foil method
Voltage proof |4.3.6 external insulation: no breakdown or flashover
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Electrolytic capacitors

Tests and requirements

Solid aluminium types, SAL (continued)

IEC 384-4/ | IEC 68-2
NS P |cecc3oso0| TEST ( Zﬁ:‘szfg:’e?‘ie) REQUIREMENTS
subclause | METHOD 4
Endurance 4.13 for test duration, refer to the no visible damage;
relevant data sheet in this data markings legible
g leakage current < stated limit
at upper category temperature;
Ug applied (note 1) AC/C: £10% with respect to initial
measurement
tan 6 and Z < 1.2 x stated limit
axial types:
insulation resistance > 100 MQ;
no breakdown or flashover at
1000 V
Endurance 2000 hours at 175 °C; leakage current < stated limit
(aditiomal) maximum 68  Ues appfiet AC/C: £20% with respect to initial
SAL-A
measurement
tan & < 1.5 x stated limit
Z < 2.5 x stated limit
Surge 4.14 applied voltage source of no visible damage
1.15 x Ug (note 1) at 125 °C; sy
£
1000 cycles; 30 s on, 330 s off leakage current < stated limit
tan d < stated limit
axial types:
AC/C: £5% with respect to initial
measurement
radial types:
AC/C: £10% with respect to initial
measurement
Reverse 415 0.15 x Ug (note 1) in reverse leakage current < stated limit
vllags polarity at 125 °C, for 125 hours, | \ /. 4409, with respect to initial
followed by Ug (note 1) in forward ———
polarity at 125 °C for 125 hours
tan § and Z < stated limit
Reverse 0.30 x Ug (note 1) in reverse leakage current stated limit
voltage polarity at 125 °C for 125 hours, 5 S —
(additional): followed by Ug (note 1) in forward ?nc;;i.uf;r%:n?nh TSI itk
Radial types polarity at 125 °C for 125 hours
tan § and Z < stated limit
Reverse 0.30 x Ug in reverse polarity at leakage current < stated limit
voltage 125 °C for 2000 hours y o —
(additional): AC/C: £10% \;wth respect to initial
SAL-A measuremen

tan & and Z < stated limit
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Electrolytic capacitors

Tests and requirements

for0.5s

IEC 384-4/ IEC 68-2
NARe T |cecc3oson| TEST ( zf::zcr;':iﬁge) REQUIREMENTS
subclause | METHOD 9
Storage at 417 Ba 500 hours at upper category no visible damage
upper category Ll leakage current < stated limit
temperature
AC/C: £10% with respect to initial
measurement
Long storage at ambient temperature leakage current < stated limit
=1 year
(additional)
Characteristics |4.19 step 1: reference measurement at
at high and low 20 °C of capacitance, tan § and
temperature impedance at 100 Hz
step 2: measurement at -55 °C; AC/C: £20% with respect to value
capacitance, tan 6 and impedance |in step 1
L impedance ratio (100 Hz)
< 2 x the value of step 1
tan 8 < 2 x the stated limit
step 3: measurement at 125 °C; leakage current
capacitance, leakage current and < 15 x the stated limit;
tan & notes 2 and 3
AC/C: £20% of the value
measured in step 1
tan 9 < stated limit
Charge and 4.20 106 cycles charging to Ug for 0.5 s, | no visible damage
discharge and then discharging

AC/C: £5% with respect to initial
measurement

Additional tests in accordance with IEC 384-1 and EN 130000

Solvent 4.31 Xa immersion: visual appearance not affected

resistance 5 +0.5 minutes with or without
ultrasonic at 55 +0.5 °C
solvents:
demineralized water and/or
calgonite solution (20 g/l)

Passive 4.38 IEC needle flame test category of flammability: B
flammability 695-2-2
Notes

1. 25V for 35 and 40 V versions (capacitor types 122 SAL-RP and 128 SAL-RPM).
2. For capacitors type 122 SAL-RP and 128 SAL-RPM, 40 V version: <8 x the stated limit.
3. Leakage current for 123 SAL-A: <1.5 x Ug x Cg.
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Electrolytic capacitors

GENERIC QUALITY FLOWCHART FOR NON-SOLID ELECTROLYTIC CAPACITORS

Quality flowchart

PIECE PARTS,
MATERIALS

WASHING

A

A

S
—
—

A

A

A

A

PREPARE CONDUCTIVITY,
ELECTROLYTE OTHER PARAMETERS} ETCHING
Y
FORMING VOLTAGE,
CAPACITANCE }_‘V ANGDIZATION
Y
DIMENSIONS,
[ STRIAL ]—b— SLITTING
METAUMETAL
CONNECTIONS, TABBING
DIMENSIONS, VISUAL -
VISUAL AND
[ DIMENSIONS l_‘k WINDING
¥y
| wsua.wxcuuﬂ—% IMPREGNATION
METALMETAL TAB/TERMINATION
CONNECTIONS, Lol
DIMENSIONS, VISUAL co ic
VISUAL AND l
[ DIMENSIONS ENCAPSULATION
Y
l VISUAL )—»— INSULATION
Y
[ LEAKAGE CURRENT )+ AGEING
Y
PERCENTAGE 100% ELECTRICAL
DEFECTIVE ANALYSIS TESTS
ki
LEGIBILITY AND
[ CORRECTNESS '_D— MARKING
Y
[ CORRECTNESS J—% PACKAGING

QUALITY
CONFORMANCE

AS PER DETAIL
SPECIFICATION

Input / Output

Process steps

Main process control activities

DELIVERABLES

A

(IF REQUIRED)

A

CLEANNESS

Lay-out and wording are based

on CECC 210 011

(Technology Approval Schedule

Electrolytic Capacitors).

CCA415
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SMD Electrolytic capacitors Packaging

TAPE AND REEL DATA For catalogue numbers, refer to the relevant detail

ification in this data handbook.
The information contained within this part is valid for speeification inthis dhtahenEbeo

the following series: Philips SMD aluminium electrolytic capacitors are
e 085CS available in taped version based on “/EC 286-3".
They are most suitable for use on automatic placement

* 139CLL machines and are supplied in blister tape on reel.

085 CS 139 CLL
> 4+01(1) =
" ’* 1 5*8 1 b= %¢ 2+0.1 [~ 04 1P

t%@@@@@@@g

; }

’ \

T ‘ 4\;?@«—50—-—-“!@}* """"""""" _h

. e
0.75 min. /

/ \ + l IR +| /
| I \ #

- le T, >

Py
feed direction

ccBoo1

Dimensions in mm.
For dimensions see Table 1.
(1) Tolerance over any 10 pitches: £0.2 mm.

Fig.1 Blister tape.

Table 1 Physical dimensions of blister tape (in mm) and packaging quantities; see Fig.1

PARAMETER 085 CS 139 CLL TOLERANCE
Case code 1a 1 2 3 -
Case size:

Lssr 8.8 11.9 14.3 14.3 =

Whriom 37 3.7 6.2 7.6 -

Hrsim 3.9 3.9 6.9 8.2 =
W 16 24 24 24 +0.3
To 4.9 4.9 Tk 9.1 max.
F 7.5 1.5 11.56 115 +0.1
P4 8 8 12 12 +0.1
Ao 4.1 4.1 6.5 7.9 +0.2
Bg 9.3 12.5 14.8 14.8 +0.2
B 10 13.2 15.5 15.5 max.
Quantity per reel 2000 2000 700 700 -
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SMD Electrolytic capacitors Packaging

The information contained within this part is valid for the following series:
¢ 153 CLV

For catalogue numbers, refer to the relevant detail specification in this data handbook.

4101 -
+0.1

1.75 0.1 [y e ) ~>H<—0.4(yp.
%@H&e o o =
( PR )

NEA |
\ i -
[~

\ P, feed direction

Dimensions in mm.
For dimensions see Table 2.

Fig.2 Blister tape.

Table 2 Physical dimensions of blister tape (in mm) and packaging quantities; see Fig.2

PARAMETER 153 CLV TOLERANCE
Case code 0405 |0505 |[0605 |0807 |0810 |[1010 |1012 |[1014 —
Case size:

Lz 4.0 5.0 6.3 8.0 8.0 10.0 10.0 10.0 -

Wi 4.0 5.0 6.3 8.0 8.0 | 10.0 | 10.0 | 10.0 =

Hnom 5.3 53 5.3 6.5 10.0 10.0 12.0 14.0 -
W 12 12 16 16 24 24 24 24 +0.3
To 5.8 5.8 5.8 6.8 11.0 11.0 13.0 15.0 max.
F 55 5.5 75 5 11.5 115 1.5 11.5 0.1
P4 8 12 12 12 16 16 16 16 +0.1
Ag 50 6.0 7.0 8.7 8.7 10.7 10.8 10.8 +0.2
Bo 5.0 6.0 7.0 8.7 8.7 10.7 10.8 10.8 +0.2
Quantity per reel 2000 | 1000 | 1000 | 1000 500 500 250 250 =
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SMD Electrolytic capacitors Packaging
) [ l
=11t - N Amax.
W1 -J - MBC528-1
Dimensions in mm.
For dimensions see Table 3.
Fig.3 Reel for blister tape.
Table 3 Reel dimensions; see Fig.3
A
MAX.
TAPE WIDTH {m) N W,
(mm) 153 CLV ; (mm)
085 CS (mm)
139 CLL CASE SIZE CASE SIZE
>1012 <1010
12 - = 380 50 14
16 330 = 380 50 18
24 330 330 380 50 26
1998 Jan 29 62




PACKAGING - RADIAL LEADED DEVICES




Philips Components

Radial electrolytic capacitors

TAPING

Philips radial, aluminium and solid aluminium electrolytic capacitors in sizes up to @D = 16 mm, are available in taped

Packaging

versions corresponding to “/EC 286-2" or “JIS C 0805” respectively. They are most suitable for use on automatic
insertion machines, mounting robots or cutting and forming equipment and are supplied in boxes (ammopacks).

CAUTION

Packages must be handled with care to avoid bent leads.

For catalogue numbers, refer to the relevant detail specification in this data handbook.

The information contained within this part is valid for the following series:

e 013RLC
¢ 036 RSP
e 036 92 RB
e 036 93 RBA
¢ 116 RLL
’<——— P —»
- P2->
‘<—E)lD—>‘ Ap+ T ‘4Ap Ah%ﬁ‘-vqﬁh
17
? ‘ L F o | J
A |
} L
‘ ‘\ ‘ | ‘\H |
Hy | | k¥
Piie || |-ll=od 2.5 15
— - ‘ I ' max max
Wt — wll B sl
L) " I I T H l}\ / )
mex +08 /' N I I Eool I /
| | |

Dimensions in mm.

]
O 2

\

| Il
I: U MBC519
1 max wl 8 ‘«12.7 sg Mo i
o — — 09
1 max
detail A

Form TNA: case @D x L =5 x 11 mm; F = 2.5 mm.
Form TFA: case @D xL =8.2x11 mm; F=5mm.
For dimensions see Table 1.
(1) Tolerance over any 20 pitches: +1.0 mm.

Fig.1 Capacitors on tape, straight leads.
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Radial electrolytic capacitors Packaging

)

= ek
o @§7

|
|
1
|
|
|

—

Dimensions in mm.
Form TFA: case @D x L =5 x11 mm; F=5 mm.
For dimensions see Table 1.

Fig.2 Capacitors on tape, formed leads.

Table 1 Dimensions of capacitors on tape; see Figs 1 and 2

NOMINAL CASE SIZE (ZD x L) in mm
FORM TNA: F = 2.5 mm FORM TFA: F =5 mm
PARAMETER 5 % 11 5% 11 805 T TOLERANCE
(straight leads) (formed leads) (straight leads)
(mm) (mm) (mm)

@D 5:5 5.5 8.7 max.
A 12 12 12 max.
@d 0.5 0.5 0.6 +0.05
P 12.7 127 12.7 +1.0
P4 5.1 3.85 3.85 +0.7
Ps 6.35 6.35 6.35 +0.7

F 25 5.0 5.0 +0.6/-0.1
Ah 0 0 0 +2.0
Ap 0 0 0 1.3

H 18 18 18 +1.5/-0
Ho - 16 - +0.5
Hi 32 32 32 max.
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Radial electrolytic capacitors Packaging
Series 013 RLC, 036 RSP, 036 92 RB, 036 93 RBA and 116 RLL (continued)
QUANTITIES PER PACKAGING UNIT
Table 2 Number of capacitors per packaging unit
NOMINAL BULK TAPED
CASE SIZE CASE PER BOX AMMOPACK™
(@D xL) CODE FORM FORM FORM FORM
(mm) CA cB TFA TNA
5% 11 1000 1000 2000 2000
82x11 13 1000 1000 1000 1000

Note

1. Ammopack taping (Form TFA) case @D x L = 8.2 x 11 mm. To ensure optimum straightness of the leads and correct
position of the capacitors in the folding area of the zig-zag shaped tape, every 25! capacitor is omitted.

Dimensions in mm.

340 max.

Fig.3 Ammopack; Forms TFA and TNA.

54
£
rmaxA ‘

CCA414

1998 Jan 29

66




Philips Components

Radial electrolytic capacitors Packaging

The information contained within this part is valid for the following series with a case @D = 3 to 8 mm:
e 134RLP 5

e 097 RLP 7

* 037 RSM

* 044 RSH

¢ 135RLI

For catalogue numbers, refer to the relevant detail specification in this data handbook.

Hq
25
max
H T i '
11 T I I
max 9.0 +0.5 ¥ |
l l oo
R 125 18
u I max *0.5
I B
Il | -
U !_I, U 1.0 MBC523
4 ‘ p | ‘max
g 127403 " Voo
«— 0.
=7 N Zam L
detail A

Dimensions in mm.

Form TNA:

Case @D x L =5 x 11 mm; F = 2.5 mm (leads slightly bent).
Case D xL=6.3x11mm;F=25mm.

Case D xL=8x12mm; F=3.5mm.

For dimensions see Table 3.

(1) Tolerance over any 20 pitches: £1.0 mm.

Fig.4 Capacitors on tape, straight leads.
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Radial electrolytic capacitors Packaging
\
I i
( i
2
MBC524
Dimensions in mm.
Form TFA: F =5 mm.
Case PDxL=5x11,6.3x11and 8 x 12 mm.
For dimensions see Table 3.
Fig.5 Capacitors on tape, formed leads.
Table 3 Dimensions of capacitors on tape; see Figs 4 and 5
NOMINAL CASE SIZE (ZD x L) in mm
PARAMETER FORMTNA FORM TR TOLERANCE
5x11 6.3 x11 8x12 5x1 6:3x11 8x12
(mm) (mm) (mm) (mm) (mm) (mm)
@D 5.5 6.8 8.5 5.5 6.8 8.5 max.
A 125 12.5 13 12.5 12.5 13 max.
d 0.5 0.5 0.6 0.5 0.5 0.6 +0.05
P 12.7 127 12.7 12.7 12.7 12.7 +1.0
P4 51 5.1 4.6 3.85 3.85 3.85 +0.7
P2 6.35 6.35 6.35 6.35 6.35 6.35 +1.0
F 2.5 2.5 3.5 5.0 5.0 5.0 +0.8/-0.2
Ah 0 0 0 0 0 0 +2.0
Ap 0 0 0 0 0 0 +1.3
H 18.5 18.5 20 18.5 18.5 20 +0.75
Ho - - - 16 16 16 +0.5
Hq 32.2 322 32.2 32.2 32.2 32.2 max.
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Series 134 RLP 5, 097 RLP 7, 037 RSM, 044 RSH and 135 RLI, @D = 3 to 8 mm (continued)

r—eo» < Po >
I
{ ]
1 .
( ‘ o Z_TS
| Fj,Liw dems 2
S O I O : }*
9.olo,5max

i 1.0
4 A max
Dimensions in mm. = o
Form TFA. ;
Height = 5 to 7 mm. A&7
For dimensions see Table 4.
(1) Tolerance over any 20 pitches: £1.0 mm. detail A
Fig.6 Capacitors on tape.
Table 4 Dimensions of capacitors on tape; see Fig.6
NOMINAL CASE SIZE (ZD x L) in mm
PARAMETER e TOLERANCE
3%6 | 35%8| 4x%x5 5x%x5 |63x5| 4x7 Sx7 |63%x7| 7Tx7
(mm) | (mm) | (mm) [ (mm) | (mm) | (mm) | (mm) | (mm) | (mm)
@D 35 4.0 45 55 6.8 45 55 6.8 7.5 max.
A 6.0 6.0 6.0 6.0 6.0 8.0 8.0 8.0 8.0 max.
@d 0.4 0.4 0.45 0.45 0.45 0.45 0.45 0.45 0.45 +0.05
P 12.7 12.7 12.7 12.7 12.7 12.7 127 127 12.7 +1.0
P4 51 5.1 3.85 3.85 3.85 3.85 3.85 3.85 3.85 +0.7
Py 6.35 6.35 6.35 6.35 6.35 6.35 6.35 6.35 6.35 +1.0
F 2.5 2.5 5.0 5.0 5.0 5.0 5.0 50 5.0 +0.8/-0.2
Ah 0 0 0 0 0 0 0 0 0 +2.0
Ap 0 0 0 0 0 0 0 0 0 1.8
H 17.5 17.5 175 17.5 175 17.5 17.5 17.5 17.5 +0.75
Ho 16 16 16 16 16 16 16 16 16 +0.5
Hq 322 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 max.
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Packaging

Series 134 RLP 5, 097 RLP 7, 037 RSM, 044 RSH and 135 RLI, D = 3 to 8 mm (continued)

Hy
1.5
- - < d max
H 1 n = + ¥
U I A | —
i1 11 ( Il I Il I /
S.0:20:50 max: /N oo Con / T
I I I I
(H\;u_u @\\_\1@;\ 60 18
N/ u u 7\ min +05
\ T 1 I ()
/‘ ) 1 | | \_J i
k [ | ] P
o ) ) 4 l " ‘ A max
imensions in mm. R T —12.7£0.3 />
& Y
Form TNA. —1 0.9
Height = 5 to 7 mm. Wj max
For dimensions see Table 5. ]
(1) Tolerance over any 20 pitches: £1.0 mm. detail A
Fig.7 Capacitors on tape.
Table 5 Dimensions of capacitors on tape; see Fig.7
NOMINAL CASE SIZE (D x L) in mm
PARAMETER FORM ThA TOLERANCE
4x5 5x5 6.3 x5 4x7 Bx7 6.3 %7 T %7
(mm) (mm) (mm) (mm) (mm) (mm) (mm)
@D 45 5.5 6.8 4.5 5.5 6.8 7.5 max.
A 6.0 6.0 6.0 8.0 8.0 8.0 8.0 max.
@d 0.45 0.45 0.45 0.45 0.45 0.45 0.45 +0.05
P 127 12.7 12.7 12.7 12.7 12.7 12.7 1.0
P4 5:1 5.1 5.1 51 5.1 5.1 5.1 +0.7
P> 6.35 6.35 6.35 6.35 6.35 6.35 6.35 +1.0
E 2.5 2.5 25 2.5 25 2.5 2.5 +0.8/-0.2
Ah 0 0 0 0 0 0 0 2.0
Ap 0 0 0 0 0 0 0 1.3
H 17.5 18.5 18.5 17.5 18.5 18.5 18.5 +0.75
Ho 16 - - - - - - +0.5
H4 32.2 32.2 32.2 322 32.2 322 32.2 max.
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Radial electrolytic capacitors Packaging

QUANTITIES PER PACKAGING UNIT

Table 6 Number of capacitors per packaging unit

NOMINAL BULK TAPED
CASE SIZE CASE PER BOX AMMOPACK
(@D xL) CODE FORM FORM FORM
(mm) CA TFA TNA
3x5 51 3000 3000 -
35x5 52 3000 3000 -
4%5 53 2000 2000 2000
5x5 54 2000 2000 2000
6.3x5 55 2000 2000 2000
4x7 71 2000 2000 2000
5x7 72 1000 2000 2000
6.3x7 73 1000 2000 2000
7x7 74 1000 1000 1000
5x 11 1 3000 2000 2000
6.3 x 11 12 2000 2000 2000
8x 12 13 1000 1000 1000
54
‘ 340 max. ‘ r—maX'T

CCA414

Dimensions in mm.

Fig.8 Ammopack; Forms TFA and TNA.
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The information contained in this part is valid for the following series with a case @D = 10 to 16 mm:

e 037 RSM ¢ 047 RMS ¢ 136 RVI
¢ 044 RSH e 048 RML ¢ 151 RLH
¢ 046 RSL e 135 RLI ¢ 165 RHT

For catalogue numbers, refer to the relevant detail specification in this data handbook.

J 0.9
N/ N/ _4 max
detail A

MBC525

Dimensions in mm.

Case @D = 10 mm.

For dimensions see Table 7.

(1) Tolerance over any 20 pitches: +1.0 mm.

Fig.9 Capacitors on tape.
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Radial electrolytic capacitors Packaging

re—Fp B

@D =12.5 mm.

@D =16 mm.

Case @D = 12.5 and 16 mm.
For dimensions see Table 7.

Fig.10 Capacitors on tape.

Table 7 Dimensions of capacitors on tape; see Figs 9 and 10

NOMINAL CASE SIZE (2D x L) in mm
PARAMETER | 1012 | 10x16 | 10x20 [ 12.5x20 | 125x25 | 16x20 | 16 x25 | 16 x 31 | TOLERANCE
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

@D 10.5 10.5 10.5 13.0 13.0 16.5 16.5 16.5 max.

A 135 175 | 22 22 a7 22 27 33.5 max.
@d 0.6 0.6 0.6 0.6 0.6 0.8 0.8 0.8 +0.05
P 12.7 12.7 127 25.4 25.4 25.4 25.4 25.4 +1.0
P, 385 | 385 | 385 3.85 3.85 8.95 8.95 8.95 +0.7
P> 6.35 6.35 6.35 6.35 6.35 127 12.7 12.7 = ) bt )

F 5.0 5.0 5.0 5.0 5.0 75 75 7.5 +0.8/-0.2
Ah 0 0 0 0 0 0 0 0 +3.0

H 185 18.5 18.5 18.5 185 18.5 18.5 185 +0.75
H, Hi=H+A

B 5a [e62 [e2 [ e |68 [ 68 68 75 max.
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Series 037 RSM, 044 RSH, 046 RSL, 047 RMS, 048 RML, 135 RLI, 136 RVI, 151 RLH and 165 RHT
with a case @D = 10 to 16 mm (continued)

QUANTITIES PER PACKAGING UNIT

Refer to the relevant detail specification in this data handbook.

B
‘ 340 max. ' ->‘ max. “—

CCA429

Dimensions in mm.
For dimension B, see Table 7.

Fig.11 Ammopack; Form TFA.

Note

1. Ammopack taping (Form TFA). To ensure optimum straightness of the leads and correct position of the components
in the folding area of the zig-zag shaped tape, where necessary, one capacitor is omitted at each folding edge.
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Radial electrolytic capacitors Packaging

The information contained within this part is valid for the following series:
e 122 SAL-RP
¢ 128 SAL-RPM

For catalogue numbers, refer to the relevant detail specification in this data handbook.

> —»\ Wp F—
+
b
| H‘
i s = 17
| ”—HL ! ) H
YO e i e T
8 | il I | | ! | l [omax /! S +0.5 9A0+05 ‘ H
L | | L i | | L L | | i -0.2 ‘ H
|
VAR BV N N DL I, B I e =
j | ‘ | |
[ I { | \ MBC574
> F e L12.7 +0.2 sl J jéz L
Dimensions in mm. o
Maximum height = 9.5 or 12.5 mm. J 0.9
For dimensions see Table 8. 1 max
—s direction of tape transport for Form TR+ (positive leading). detail A

(1) Tolerance over any 20 pitches: £1.0 mm.

Fig.12 Capacitors on tape.

Table 8 Tape dimensions (in mm) for solid radial capacitors; see Fig.12

122 SAL-RP 128 SAL-RPM
MAX. HEIGHT 12.5 mm MAX. HEIGHT 9.5 mm
PARAMETER CASE CODE CASE CODE TOLERANCE
1 2 3 4 10 20 30 40 50 60
] 3.5 4.5 5.0 6.0 3.0 3.5 4.0 5.0 5.0 6.0 max.
Wy 8.0 8.0 8.0 8.0 7.0 7.0 7.0 7.0 8.0 8.0 max.
d 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 +0.02/-0
P 127 | 127 | 127 | 12:7 | 127 | 127 | 127 | 127 | 127 | 12.7 +1.0
P4 385| 385| 3.85| 3.85| 3.85| 3.85| 385| 3.85| 3.85| 3.85 +0.7
P2 6.35| 6.35| 6.35| 6.35| 6.35| 6.35| 6.35| 6.35| 6.35| 6.35 +1.0
F 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 52 5.2 0.2
Ah 0 0 0 0 0 0 0 0 0 0 +1.0
H 185 | 185 | 185 | 185 | 185 | 185 | 185 | 185 | 185 | 185 #0.75
H4 32 32 32 32 28 28 28 28 28 28 max.
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Table 9 Ammopack dimensions for the relevant case codes

Amax Bmax
PARAMETER 122 SAL-RP 128 SAL-RPM (mm) (mm)
c d 1and2 10; 20 and 30 340 266
ase code
3and 4 40; 50 and 60 340 176

52
‘ A “maxj

CCA430

Dimensions in mm.
PREFERRED PACKING.
For dimensions see Table 9.

Fig.13 Ammopack; Form TFA.
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bk I |

30 77 856 355

od
= - 22
<3)
- 3
1 = capacitor. U 4}___—,
2 =tape. _.J 4n - MBC573
3 = paper. ‘_@ =50 *‘
4 =flange.
5 = cylinder.
Dimensions in mm.
Fig.14 Reel; Form TR+.
QUANTITIES PER PACKAGING UNIT
Table 10 Number of capacitors per packaging unit
CASE SIZE BULK TAPED TAPED
Heo W x T CASE PER BOX PER REEL PER BOX
max max max CODE
(mm) FORM CA FORM CB FORM TR+ FORM TFA
12.5%8.0x 3.5 1 1000 1000 2000 2000
12.5x8.0x4.5 2 1000 1000 2000 2000
12.5x8.0x 5.0 3 1000 1000 1000 1000
12.5%:8.0:x 6.0 4 800 1000 1000 1000
9.5x7.0x3.0 10 1000 1000 2000 2000
9.5%7.0x35 20 1000 1000 - 2000 2000
9.5x7.0x4.0 30 1000 1000 2000 2000
9.5x7.0x 5.0 40 1000 1000 1000 1000
9.5x8.0%x5.0 50 1000 1000 1000 1000
9.5x8.0x6.0 60 1000 1000 1000 1000
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Axial electrolytic capacitors Packaging

TAPING

Philips axial, aluminium and solid aluminium electrolytic capacitors in sizes up to @D = 15 mm, are available in taped
version corresponding to “/EC 286-1".

They are most suitable for use on automatic insertion machines, cutting and forming equipment and are supplied in box
(ammopack preferred), or on reel.

CAUTION

Packages must be handled with care to avoid bent leads.

For catalogue numbers, refer to the relevant detail specification in this data handbook.

Tape, reel and ammopack data

Table 1 Taping dimensions; see Figs 1 and 2

NOMINAL T FOR NUMBER (n)
CASE SIZE CASE A S Lmax (o] D
(2D x L) CODE (mm) (mm) n<50 50<n<100 | (Mm) | (mm) | (mm)
(mm)
Non-solid types
3.3x8 1a 63.5 +1.5(1) 5+0.4 5(n-1) £2 5(n-1) 4 9 83.5 94.5
3.3 11 1 63.5 +1.5(1) 5+0.4 5(n-1) £2 5(n-1) 4 12 83.5 94.5
45x%x10 2 63.5 +1.5(1) 510.4 5(n-1) £2 5(n-1) +4 10.5 83.5 94.5
6x 10 3 63.5 +1.5(1) 10 £0.4 10(n-1) 2 10(n-1) =4 10.5 83.5 945
6.3 12.7 (2) 63.5 +1.5(1) 10+0.4 10(n-1) £2 10(n-1) +4 12.9 83.5 94.5
7.7x 1277 (3) 63.5 +1.5(1) 10+0.4 10(n-1) £2 10(n-1) +4 12.9 83.5 94.5
8x 11 5a 63.5 +1.5(1) 10£0.4 10(n-1) £2 10(n-1) +4 11.5 83.5 94.5
6.5%x18 4 73 +1.6(1) 10+0.4 10(n-1) £2 10(n-1) 4 18.5 88.5 99.5
8x18 5 73 +1.6(1) 10+0.4 10(n-1) £2 10(n-1) +4 18.5 88.5 99.5
10x 18 6 73 +1.6(1 15 £0.75 15(n-1) £2 15(n-1) +4 18.5 88.5 99.5
10 x 25 7 7311.6 1510.75 15(n-1) 2 15(n-1) +4 25.0 88.5 99.5
10 x 30 00 73+1.6 15 40.75 15(n-1) £2 15(n-1) +4 30.5 90 100
12.5 x 30 01 73+1.6 15 +0.75 15(n-1) £2 15(n-1) +4 30.5 90 100
15 x 30 02 73+1.6 20 +0.75 20(n-1) 2 20(n-1) +4 30.5 90 100
Solid types
6.5%15 1 73+1.6 10 £0.4 10(n-1) 2 10(n-1) +4 15.3 90 100
7.5x20 2A 73+1.6 10+£0.4 10(n-1) £2 10(n-1) +4 20.4 90 100
9x225 4 73+1.6 10 £0.4 10(n-1) £2 10(n-1) +4 23.3 90 100
10%31.5 5 7311.6 15 +£0.75 15(n-1) £2 15(n-1) +4 32 90 100
12.5 % 31.5 6 731416 15 £0.75 15(n-1) £2 15(n-1) +4 32 90 100

Note
1. 52 £1.5 mm on request.
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Axial electrolytic capacitors Packaging
blue = = = = =
P |
A | 4 | !
— ——— ey
| U~ }
I i‘
e | == —
e B1 | L max B2 . |
R |
Dimensions in mm. »+0.5 A MBC507
Case @D x L =3.3 x8to 15 x 30 mm.
B1-B2 =max. 1.4 mm.
The negative capacitor terminals are connected to the blue tape.
For dimensions A, S, T and L, see Table 1.
(1) Not for case @D x L = 15 x 30 mm.
Fig.1 Axial capacitors on tape.
-
mEray
30 76.2 85.6 356
®
\ - - 242
1 = capacitor.
2 = tape. E >l 3
3 = paper.
4 = flange. ‘4— C — MaAe-1
5 = cylinder. 4—@/ ‘«— D —»
Dimensions in mm.
Case D xL=3.3x8to 15 x 30 mm.
For dimensions C and D see Table 1.
Fig.2 Reel dimensions.
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Philips Components

Axial electrolytic capacitors Packaging
PREFERRED PACKING.
Case @D x L =3.3 x8to 10 x 25 mm.
For dimensions L, W and H see Table 2.
Fig.3 Ammopack.
Table 2 Nominal outer dimensions of ammopack; see Fig.3
NOMINAL
CASE SIZE CASE L w H
(@D x L) CODE (mm) (mm) (mm)
(mm)
Non-solid types
3.3x8 1a 282 92 64
3.3 x 11 1 282 92 64
45x10 2 282 92 116
6x 10 3 415 92 107
6.3x12.7 (2) 415 92 107
7.7x12.7 (3) 415 92 107
8x 11 5a 415 92 107
6.5x 18 4 415 98 127
8x18 5 415 98 127
10x 18 6 415 98 159
10x 25 7 415 98 159
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Axial electrolytic capacitors Packaging

QUANTITIES PER PACKAGING UNIT

Table 3 Number of capacitors per packaging unit

NOMINAL AXIAL SINGLE ENDED,
CASE SIZE CASE TAPED IN TAPED ON BULK OR MOUNTING RING
(©DxL) CODE AMMOPACK REEL PAPERSTRIP (BULK)
(mm) FORM BA FORM BR FORM AA FORM MR
Non-solid types

33x8 1a 1000 4000 = -
3.3 x 11 1 1000 4000 o =
45x10 2 1000 3000 - =
6x10 3 1000 1000 - =
6.3x12.7 @) 1000 1000 - =
7.7%127 3) 500 500 ~ =
8 x 11 5a 500 500 - =
6.5x 18 4 1000 1000 - =
8x 18 5 500 500 - &=
10x 18 6 500 500 - -
10 x 25 7 500 500 - =
10 x 30 00 - 500 200 s
12.5 x 30 01 N 400 200 -

15 % 30 02 - 250 200 200

18 x 30 03 - - 200 200

18 x 40 04 » ~ 100 100

21 x 40 05 - - 100 100

Solid types

6.5x 15 1 & 800 100 -
7.5x 20 2A - 800 100 -
9x225 4 - 500 100 =
10x31.5 5 - 500 100 =
125x315 6 N 400 100 -
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SMD ALUMINIUM ELECTROLYTIC CAPACITORS ('CHIPS')

coaoso

coarte

STANDARD

INDUSTRIAL

085 CS
1500 hours 85 °C
page 86

139 CLL
2000 hours 105 °C
page 100

153 CLV

2000 to 3000 hours
105 °C
page 113

A

CCB095




Philips Components

Product specification

Aluminium electrolytic capacitors

SMD (Chip) Standard

FEATURES
¢ Polarized aluminium electrolytic
capacitors, non-solid, self healing

e SMD-version, rectangular case,
insulated

e Miniaturized, high CV per unit
volume, low height

¢ Flexible terminals, reflow and wave
solderable

o Charge and discharge proof
e Supplied in blister tape on reel.

APPLICATIONS
e SMD technology, boards with
restricted mounting height

e General applications, consumer
electronics, low profile and
lightweight equipment

¢ Decoupling, smoothing, filtering
and buffering.

QUICK REFERENCE DATA

085 CS

CCB059

Fig.1 Component outline.

ogsCs =79 | 1390LL

CCB004

DESCRIPTION

VALUE

Nominal case sizes (L x W x H in mm)

8.8x3.7x3.9and 11.9x 3.7 x 3.9

Rated capacitance range, Cg

0.47 to 22 uF

Tolerance on Cg

—10 to +50% or £20%

Rated voltage range, Ur

6.3t0 63V

Category temperature range

-40to +85°C

Endurance test at 85 °C

1000 hours

Useful life at 85 °C

1500 hours

Useful life at 40 °C, 1.4 x | applied

40000 hours

Shelf lifeat 0 V, 85 °C

500 hours

Resistance to soldering heat test

immersion in solder:
10 s at 260 °C or 20 s at 215 °C

Based on sectional specification

IEC 384-18/CECC 32300

Climatic category IEC 68

40/085/56

1998 Jan 29
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Philips Components

Product specification

Aluminium electrolytic capacitors
SMD (Chip) Standard

085 CS

Selection chart for Cg, Ug and relevant nominal case sizes (L x W x H in mm)
Preferred types in bold.

Cr
(uF)

Ur (V)

6.3

10

16

25

40

63

0.47

8.8x3.7x3.9

1.0

8.8 x3.7x3.9

2.2

8.8 x3.7x3.9

11.9%x3.7%x 3.9

3.3

8.8x3.7x3.9

11.9x3.7x3.9

4.7

8.8 x3.7x3.9

11.9x3.7x3.9

6.8

8.8%3.7%x3.9

11.9x3.7x3.9

10

8.8 x3.7x3.9

11.9x 3.7 x3.9

15

11.9x3.7x3.9

22

11.9x3.7x3.9

ARG e AR
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Philips Components Product specification

Aluminium electrolytic capacitors
085 CS
SMD (Chip) Standard

MECHANICAL DATA

= 1 = |
* 3.9 3.9
2 max 2 max m;ax 2 n;ax 2 max ek
v Y | r_t
= l ' = | '
27_| 27 ] 27_| __27J
max max max max
— =
! ] 1
4.1 3.9 4.1
max &= [ T - max max + [ ﬂ —  max
7.5 10.8 ‘
9 max MGB099 - 1 ! 12.2 max MGB100 - 1
a B
Dimensions in mm.
a. Case size 8.8 x 3.7 x 3.9 mm.
b. Case size 1.9 x 3.7 x 3.9 mm.
Fig.2 Dimensional outlines.
PACKAGING QUANTITIES MARKING Examples for Cpom; Ug marking:
e Tape on reel packaging: The capacitors are marked (where H22 represents 0.22 uF; 63 V
2000 per reel. possible) with the following 2G2 represents 2.2 uF; 40 V

information: 22C represents 22 |iF; 6.3 V.
¢ Rated capacitance (in uF)
e Rated voltage code (see Table 1),

the Ug code letter indicates the

position of the decimal point in the

capacitance value

« Name of manufacturer (PHILIPS)

‘-’ sign indicating the cathode.
The anode is identified by bevelled
edges.

Table 1 Rated voltage marking code

Ur (V) 6.3 10 16 25 40 63

Code letter C D E F G H
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Philips Components Product specification

Aluminium electrolytic capacitors

SMD (Chip) Standard 085 CS

MOUNTING Optimum dimensions of soldering For recommended pad dimensions,
pads depend upon soldering method,  refer to Fig.3 and Table 2.
mounting accuracy, print lay-out

and/or adjacent components.

The capacitors are designed for
automatic placement on
printed-circuit boards or hybrid
circuits.

A
B A F E B A F
RO
: |
\
‘ |
(o] ‘ i c
|
\
\ ;
! |
= _
ccB102
~J solder land/ 7777 solder resist [T occupied tracks or
&\ solder paste 3_ J: pattern | area Eéj dummy tracks
pattern = L=

Fig.3 Recommended pad dimensions for reflow and wave soldering; see Table 2.

Table 2 Recommended soldering pad dimensions in mm (placement accuracy +0.25 mm); see Fig.3

NOMINAL CASE SIZE FOR REFLOW SOLDERING FOR WAVE SOLDERING
LxWxH
(mm) A B C D E F G A B C D E F G
8.8x3.7%x3.9 97| 35|29 | 25|30 (10.1| 44 |135| 41 | 47 | 3.7 | 29 |140| 84
11.9% 3.7 x3.9 129| 65|29 | 25| 6.0 |133| 44 (168| 74 | 47 | 3.7 | 6.1 |17.3]| 8.4
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Philips Components

Product specification

Aluminium electrolytic capacitors

SMD (Chip) Standard

085 CS

For dimensions a, b, ¢ and d, refer to Table 3.

Flow direction of solder preferably onto side-walls or plus-side of the capacitors.

flow-direction of solder

g MGB101

Fig.4 Minimum distances between 085 CS capacitors on a printed-circuit board for wave soldering.

|<—

—>|0

Soldering

Soldering conditions are defined by
the curve, temperature versus time.
The temperature is that measured on
the soldering pad during processing.

For maximum conditions of different
soldering methods see
Figs 5,6 and 7.

Any temperature/time curve which
does not exceed the specified
maximum curves may be applied.

After soldering under maximum
conditions, some drift of the electrical
parameters may occur. Typical
behaviour which can be expected
under these circumstances is shown
in Fig.8.

AS A GENERAL PRINCIPLE,
TEMPERATURE AND DURATION
SHALL BE THE MINIMUM
NECESSARY REQUIRED TO
ENSURE GOOD SOLDERING
CONNECTIONS.

1998 Jan 29

Table 3 Minimum distances between capacitors; see Fig.4

NOMINAL CASE SIZE
LxWxH @min Bmin Cmin dmin
(mm) (mm) (mm) (mm) (mm)
8.8x3.7%x3.9 12 12 6.8 6.8
11.9x3.7x3.9 15 15 6.8 6.8

Maximum temperature load

Table 4 Curing conditions for SMD-glue

MAX. Tamb MAX. EXPOSURE TIME
(°C) (minutes)
125 10
140 3
150 1
160 0.5

90



Philips Components

Product specification

Aluminium electrolytic capacitors
SMD (Chip) Standard

085 CS

MBC488
280

TraD
(°c) 260

240

200 \

180 /

160 \
140 / \

120

100

80

0 50 100 150 200 t(s) 250

Fig.5 Maximum temperature load during infrared reflow soldering.

MBC489
280

TpaD
(°c) 260

240

220

200 \

180

—
t— |

160

140 N

120 -/

o el e o e e

100

80
0 50 100 150 200 t(s) 250

Fig.6 Maximum temperature load during vapour phase reflow soldering.

10082 |lan 2Q a1




Philips Components Product specification

Aluminium electrolytic capacitors
085 CS
SMD (Chip) Standard

MBC490

280

TpaD
°c) 260

240

220

]
//

200

180

160

//

140 p N

120 N

100

80
0 50 100 150 200 t(s) 250

Fig.7 Maximum temperature load during (double-) wave soldering.

values At meB102
before ET [
soldering | €0 oE ] [
|
i AC —
T A
(%) ¢
-8 I
=
£ T
I 800EH i
Lo i ol
(%) 200 E-» without voltage applied -+
o, Il o = - ] -l
L™ -5 e 1
T ! EET et | ) .
‘ Lo ! with rated voltage applied+H
0 ‘ L1l 1 1 | M VI
£t
tand 300
tan & 0 E—t
(%) 200 E—¢
/ ° t
100
tan § .
| 0 T
(S
t
Z 300E+—
Zy i
() 200 :
t
— 100 £
| Zg o
8 minutes 1 hour 10 hours 100 hours

soldering & cooling time recovery duration

Fig.8 Typical drift of electrical parameters after soldering under maximum conditions, and subsequent recovery.
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Philips Components

Aluminium electrolytic capacitors

SMD (Chip) Standard

085 CS
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Philips Components

Product specification

Aluminium electrolytic capacitors

, 085 CS
SMD (Chip) Standard
Additional electrical data
PARAMETER CONDITIONS VALUE
Voltage
Surge voltage for short periods Us<1.15x Ug
Reverse voltage Uigv =1V

Current

Leakage current

after 1 minute at Ug

IL4 £0.02CRr x Ug + 3 uA

after 5 minutes at Ug

ILs <0.002CR x Ug + 3 HA

Inductance

Equivalent series inductance (ESL)

nominal case size 8.8 x 3.7 x 3.9 mm

typ. 11 nH

nominal case size 11.9 x 3.7 x 3.9 mm

typ. 13 nH

190K .1an 29
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Philips Components

Product specification

Aluminium electrolytic capacitors

SMD (Chip) Standard
Capacitance (C)
155 MGB103
| T
EC_ [ 1] | } 1
0 L1 42
11
i ®
1.0 —
= [ ]
P e%d ‘
AT /jV |
il
0.8 > //
|
06 : ‘
1 i
Curve 1: 6.3 V. 0.4 | | {
Curve 2:25 V. T —40 -20 0 20 40 60 80 100
Curve 3: 63 V. Tamb (°C)
Co = capacitance at 20 °C, 100 Hz.
Fig.9 Typical multiplier of capacitance as a function of ambient temperature.
MGB104
| I
£ N\ |
Co T3
1.0
\1\\
NN T
. N T
\\\¥\ T
NN
0.8 N
N, X
N
0.7
N|
0.6 AT ‘
Curve 1: 6.3 V. L l ‘ H‘
Curve 2: 25 V. 10 102 103 f (Hz) 10
Curve 3: 63 V.

Cy = capacitance at 20 °C, 100 Hz.

Fig.10 Typical multiplier of capacitance as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors
SMD (Chip) Standard 085 CS

Dissipation factor (tan o)

10 MGB105
tan |14
2\
& 13N\
N
1 5 5 @ §X
\\ \\\\
A5 W AN
7N\ X,
3 \\‘\\
RANNANNY
BN
NN
BEANNNSSS
Curve 1: 6.3 V. 10 —
——
Curve 2: 10 V. —
Curve 3: 16 V. — [ —
Curve 4: 25 V. = : =
Curve 5:40 V. = \‘-_
Curve 6: 63 V, 1.5 uF to 3.3 uF. I~
Curve 7: 63V, 1 uF. 1072
Curve 8: 63V, 0.22 uF to 0.47 uF. -60 -40 -20 0 20 40 60 80 . 100
Curve 9: 0.1 uF. Tamb (°C)
f=100Hz.
Fig.11 Typical tan & as a function of ambient temperature.
10 MGB106
tan 1
5 Wl 2
3
A 4
1 //4/// 45
v
. 6
— ¥ 2z
g 7
s /// A4 8
A AA AN
/// Bl . ///a
" a—‘::f/ st 111
Curve 1: 6.3 V. 10
Curve 2: 10 V. — == — =
Curve 3: 16 V. —t L —
1 ot
Curve 4:25 V. =
—— |
Curve 5:40 V.
Curve 6: 63 V, 1.5 uF to 3.3 uF.
Curve 7: 63 V, 1 uF. 1072
Curve 8: 63 V, 0.22 uF to 0.47 uF. 10 102 10° 0% f(Hz 10°
Curve 9: 0.1 pF.
Tamb=207C.
Fig.12 Typical tan 8 as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors

SMD (Chip) Standard
Impedance (Z)
MGB107 - 1
[ ]
\
104
z
@) T
\\ l‘
1032 N
==
N
>\4 NG
N
102 e N \\ N
~ —— S
N
N 3 L2, 2 N,
N b, ~
™ \\ ™N N
NG| ™ N~
Curve 1: 0.1 uF. - S~ D~ T
SiST BR PR
Curve 3: 0.47 uF. } } I HH } } HHH{
AR B 102 103 104 105 108
Curve 5: 2.2 uF. f (Hz)
Case size 8.8 x 3.7 x 3.9 mm.
Tamp= 209C.
Fig.13 Typical impedance as a function of frequency.
103 MGB108 - 1
i
z N\,
@ L2\\
3N\ \‘
NN
2 \\4 \\
N 1.
10" eSS,
NN
N,
. N
[N q
5 \\ N\ \\
N \i\\\
N N
NU T NN
10 ™ \\\\\\\
- ~
Curve 1: 2.2 uF.
Curve 2: 3.3 uF. ‘
Curve 3: 4.7 uF. ‘ |
Curve 4: 6.8 uF. | ‘ ‘ ‘ }‘I ‘
Curve 5: 10 uF. 1 : . -
Cisnve8: 154F. 102 108 104 10°  fHpy 10°
Case size 11.9 x 3.7 x 3.9 mm.
Tamb = 20 °C.

Fig.14 Typical impedance as a function of frequency.
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Philips Components

Product specification

Aluminium electrolytic capacitors

) 085 CS
SMD (Chip) Standard
RIPPLE CURRENT AND USEFUL LIFE
Table 6 Multiplier of ripple current (Ig) as a function of frequency
FREQUENCY Ir MULTIPLIER
(Hz) Ur=6.3t016 V Up=25t040V Ur=63V
50 0.8 Q.78 0.7
100 1.0 1.0 1.0
300 1.2 1.3 1.55
1000 1.35 1.55 1.9
3000 1.45 1.7 23
>10000 1.5 1.8 25
MBC243
33
A 3.2
R 31 \\
3.0
N
28 \\ \\\
26 A AN N
ANANANIAY
2a AN AN N
\\\ \\\ \\ lfeti Itipli
20 \ \ \ \ Itetime muitiplier
AN AN N AN N AN 9P [
o . § AN N\
NN N Qg{
18 N AN L Ne N
N N NS N N \
1.6 DN Y{o N
AV WA VR VAN A B WA I
1 TN RN NN
BN S VANANANE NEAN NEAN
' N XN N, Y [0
1.0 P N \ \\ \\ N
R RN AN SN NI N AN N AN N
8:(5)4)0\1 0 . R AN N
40 50 60 70 80 90 100
Tamb(oc)

I = actual ripple current at 100 Hz.
Ig = rated ripple current at 100 Hz, 85 °C.
(1) Useful life at 85 °C and I applied: 1500 hours.

Fig.15 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Philips Components

Product specification

Aluminium electrolytic capacitors
SMD (Chip) Standard

085 CS

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 7 Test procedures and requirements

TEST

PBOCEDURE REQUIREMENTS
NAME OF TEST| REFERENCE (quick reference)
Mounting IEC 384-18, shall be performed prior to tests AC/C: £10%
subclause 4.3 mentioned below; san < e it
method: reflow or (double-) wave e s
soldering; ILs <2 x spec. limit
for maximum temperature load refer
to Chapter “Mounting”
Endurance IEC 384-18/ Tamb = 85 °C; Ug applied; AC/C: £20%
CECC 32300, 1000 hours tair B voumen: it
subclause 4.15 - it
Z < 3 x spec. limit
IL5 < spec. limit
Useful life CECC 30301, Tamp = 85 °C; Ug and I applied; AC/C: £50%
subclause 1.8.1 1500 hours -
tan 8 < 3 x spec. limit
Z < 3 x spec. limit
ILs < spec. limit
no short or open circuit
total failure percentage: <3%
Shelf life IEC 384-18/ Tamb = 85 °C; no voltage applied; AC/C, tan 9, Z:
(storage at high | CECC 32300, 500 hours for requirements
temperature) subclause 4.17 after test: U to be applied for see ‘Endurance test’ above
30 minutes, 24 to 48 hours before ILs < 2 x spec. limit
measurement

1008 Jan 29
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Philips Components

Product specification

Aluminium electrolytic capacitors

SMD (Chip) Long Life

FEATURES
o Polarized aluminium electrolytic
capacitors, non-solid, self healing

« Extended voltage and capacitance
range

e SMD-version, fully moulded,
insulated

Flexible terminals, reflow and wave
solderable

e Compact, rectangular shape

Charge and discharge proof,
no peak current limitation

Supplied in blister tape on reel.

APPLICATIONS
SMD technology

Industrial and professional
applications
Telecommunications, automotive,
EDP general industrial

Coupling, decoupling, smoothing,
filtering, buffering, timing.

QUICK REFERENCE DATA

139 CLL

CCB060

Fig.1 Component outline.

085CS |«¢= 85°C =4 139CLL

CCB003

DESCRIPTION

VALUE

Nominal case sizes (L x W x H in mm)

143 x6.2x6.9and 14.3x7.6 x8.2

Rated capacitance range, Cg

1.0 to 220 puF

Tolerance on Cr

+20%

Rated voltage range, Ug

6.3to 100 V

Category temperature range

-55t0 +105 °C

Endurance test at 105 °C

1000 hours

Useful life at 105 °C

2000 hours

Useful life at 40 °C; 1.3 x Ig applied

200000 hours

Shelf life at 0 V, 105 °C

500 hours

Resistance to soldering heat test

immersion in solder:
10 s at 260 °C or 40 s at 215 °C

Based on sectional specification

IEC 384-18/CECC 32300

Climatic category IEC 68

55/105/56

199K .lan 29
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Philips Components Product specification

Aluminium electrolytic capacitors

. . 139 CLL
SMD (Chip) Long Life
Selection chart for Cgr, Ug and relevant nominal case sizes (L x W x H in mm)
Preferred types in bold.
Cr Ug (V)
(uF) 6.3 10 16 25 40 50 63 100
E - N - 14.3 x
- - a - 6.2 x 6.9
22 14.3 % 14.3 x
: - - N B - - 6.2x69 | 6.2x6.9
3.3 14.3 x 14.3 x
; - - - - - - 6.2x6.9 | 7.6x82
o - - 14.3 x 14.3 x
) _ - B - 6.2x69 | 7.6x82
10 - - - 14.3 x - 14.3 x 14.3 x -
6.2 x6.9 6.2x6.9 | 7.6x82
- B - - - 14.3 x 14.3 x B B
6.2%6.9 7.6x82
- - - - 14.3 x - 14.3 x - -
6.2 X 6.9 7.6x8.2
55 N 14.3 x 14.3 x - - -
B - 6.2 x6.9 7.6 x8.2
14.3 x 14.3 x
d - - 6.2 x 6.9 7.6 x8.2 - - B -
143 x
& - 6.2x6.9 - o - - - -
14.3 x 14.3 x
L 6.2x6.9 B 7.6 x8.2 i - - - N
143 x
L - 7.6%x8.2 - - - - a -
14.3 x
220 7.6 x8.2 - - - - - - -

1998 Jan 29
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Philips Components Product specification

Aluminium electrolytic capacitors

SMD (Chip) Long Life 139 CLL

MECHANICAL DATA

L ccBos1

Dimensions in mm.
For dimensions see Table 1.

Fig.2 Dimensional outline.

Table 1 Physical dimensions, mass and packaging quantities; see Fig.2

NOMINAL CASE SIZE PACKAGING
LxWxH CASE | Lmax | Wmax | Hmax | Omax S Gmax | Rmin | MASS QUANTITIES
(mm) CODE | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) (9) PER REEL
14.3x6.2x6.9 2 14.5 6.3 7.05 | 13.0 | 2.15 75 4.7 =0.95 700
143 x7.6x8.2 3 145 V74 8.35 | 13.0 | 2.85 75 4.7 =1.3 700
MARKING

* Rated capacitance (in uF)

¢ Rated voltage (in V)

e Series number (139)

e Name of manufacturer (PHILIPS)

* Date code (year and month) in accordance with “/EC 62"

¢ ‘' sign indicating the cathode. The anode is identified by bevelled edges.
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Philips Components Product specification

Aluminium electrolytic capacitors

: . 139 CLL
SMD (Chip) Long Life

MOUNTING Optimum dimensions of soldering For recommended soldering pad
T — pads depend amongst others on dimensions, refer to

P 9 soldering method, mounting Fig.3 and Table 2.
automatic placement on to .

rinted-circuit boards or hybrid accuracy, print lay-out and/or
p. . meRtian adjacent components.
circuits.
B A F
c
CCB10é
‘ solder land/ 7777 solder resist "7 occupied tracks or
& solder paste I | pattern | area E%j dummy tracks
pattern ] =
Fig.3 Recommended pad dimensions for reflow and wave soldering; see Table 2.
Table 2 Recommended soldering pad dimensions in mm (placement accuracy +0.25 mm); see Fig.3
NOMINAL CASE SIZE FOR REFLOW SOLDERING FOR WAVE SOLDERING
LxWxH
(mm) A B C D E F G A B (o D E F G
14.3x6.2x6.9 158| 88 | 35|28 |80 |16.2| 7.7 | 186|10.0| 43 | 5.0 | 88 [20.5| 11.5
143 x7.6x8.2 158| 88 | 35|28 | 80 |16.2| 9.1 |186|10.0| 43 | 6.0 | 8.8 |21.5|13.0
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Philips Components

Product specification

Aluminium electrolytic capacitors

SMD (Chip) Long Life

139 CLL

Soldering

Soldering conditions are defined by
the curve, temperature versus time,
where the temperature is that
measured on the soldering pad during
processing.

For maximum conditions of different
soldering methods see
Figs 4, 5 and 6.

Any temperature versus time curve
which does not exceed the specified
maximum curves may be applied.

AS A GENERAL PRINCIPLE,
TEMPERATURE AND DURATION
SHALL BE THE MINIMUM
NECESSARY REQUIRED TO
ENSURE GOOD SOLDERING
CONNECTIONS.

1998 Jan 29

Maximum temperature load

Table 3 Curing conditions for SMD-glue

MAX. Tamb MAX. EXPOSURE TIME
(°C) (minutes)
125 30
140 10
150 5
160 2
MBA533
280 T I
TpaD T T
(°c) 260 i
240 ‘
220 A
/
200 / \
180 \
7 \
A\
160 1 \\
AT
140 7 \
\
120
e e s B
100
80
0 50 100 150 200 (5 250

Fig.4 Maximum temperature load during infrared reflow soldering.
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Philips Components

Product specification

Aluminium electrolytic capacitors
SMD (Chip) Long Life

139 CLL

MBA534

280
TpaD

(°0) 260

240

220

200

180

I

A\
160
L1

140 4 \\

120

100

80
0 50 100 150 200 t(s) 250

Fig.5 Maximum temperature load during vapour phase reflow soldering.

MBA535

TpaD
(°C) 260

220

200 \

180 \
160 \

140 4

A,
120 N

100

80

0 50 100 150 200 () 250

Fig.6 Maximum temperature load during (double-) wave soldering.
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Philips Components Product specification

Aluminium electrolytic capacitors

SMD (Chip) Long Life 139 CLL

ELECTRICAL DATA AND ORDERING INFORMATION Ordering example
Unless otherwise specified, all electrical values in Table 4 apply at

Electrolytic capacitor 139 series
Tamb = 20 °C, P = 86 to 106 kPa, RH = 45 to 75%.

100 uF/16 V; £20%
SYMBOL DESCRIPTION
Nominal case size:
i1 O,
Cr rated capacitance at 100 Hz, tolerance +20% 14.3 x 7.6 x 8.2 mm; taped on reel
Ir rated RMS ripple current at 100 Hz,105 °C
- Catalogue number: 2222 139 65101.
ILq max. leakage current after 1 minute at Ug
ILs max. leakage current after 5 minutes at Ug
Tan & max. dissipation factor at 100 Hz
ESR equivalent series resistance at 100 Hz
(calculated from tan &yax and CR)
Z max. impedance at 10 kHz

Table 4 Electrical data and ordering information; preferred types in bold

Ur wibR g/?sng';leé case | 100Hz|."t | 15 | 1ans | ESR | Z | CATALOGUE
) - LxWxH CODE | 105 °C 1 min | 5 min 100 Hz 100 Hz | 10 kHz NUMBER
WP (mm) (mA) (uA) | (uA) (Q) (Q) 2222 i wuts
6.3| 100 14.3x6.2x 6.9 2 79 16 | 43 | 024 3.8 3.0 139 63101
220 14.3x7.6x8.2 3 | 120 32 | 58 | 024 17 1.4 139 63221
10 | 68 14.3%x6.2x 6.9 2 71 17 | 44 | 020 47 | 29 139 64689
150 143x7.6x8.2 3 110 33 | 6.0 | 020 2.1 1.3 139 64151
16 47 14.3x6.2x6.9 2 66 18 4.5 0.16 5.4 3.4 139 65479
100 14.3 x7.6 x8.2 3 100 35 6.2 0.16 2.5 1.6 139 65101
25 | 10 14.3%x6.2x6.9 2 40 8 | 35 | 009 | 14 12 139 66109
22 14.3x6.2x6.9 2 48 14 4.1 0.14 10 55 139 66229
33 14.3x6.2%6.9 2 59 19 | 47 | 0.14 68 | 37 139 66339
47 14.3x7.6x8.2 3 79 27 | 54 | 014 47 | 26 139 66479
40 | 15 14.3x6.2%6.9 2 45 15 | 42 | 0.1 12 6 139 67159
33 14.3x7.6 % 8.2 3 75 29 | 56 | oM 53 || 2 139 67339
50 | 10 14.3x6.2x6.9 2 40 13 | 40 | 009 | 14 7 139 61109
15 14.3x7.6x8.2 3 56 18 | 45 | 0.09 95 | 47 139 61159
22 14.3x7.6x 8.2 3 67 25 | 52 | 0.09 65 | 32 139 61229
63 22 | 143x62x6.9 2 19 6 | 33 | 009 | 65 25 139 68228
33| 143x62x6.9 2 23 7 | 34 | 009 | 43 21 139 68338
47 | 14.3x6.2x6.9 2 28 9 | 36 | 009 | 30 17 139 68478
10 14.3x7.6x8.2 3 48 16 | 43 | 008 | 13 8 139 68109
100 10 | 14.3x6.2x6.9 2 12 5 | 32 | 009 [ 140 55 139 69108
2.2 14.3 6.2 x6.9 2 19 0 3.4 0.09 65 29 139 69228
33| 143x76x82 3 27 10 | 37 | 008 | 39 17 139 69338
47 | 143x7.6x8.2 3 33 12 | 39 | 008 | 27 11 139 69478
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Philips Components

Product specification

Aluminium electrolytic capacitors

. . 139 CLL
SMD (Chip) Long Life
Additional electrical data
PARAMETER CONDITIONS VALUE
Voltage
Surge voltage for short periods Us<1.15x Ug
Reverse voltage Uy <1V

Current

Leakage current

after 1 minute at Ug

Iy £0.02CR x Ug + 3 A

after 5 minutes at Ug

ILs < 0.002Ck x Ug + 3 A

Inductance

Equivalent series inductance (ESL)

nominal case size 14.3 x 6.2 x 6.9 mm

typ. 18 nH

nominal case size 14.3 x 7.6 x 8.2 mm

typ. 28 nH

10082 |lan 20

107




Philips Components Product specification

Aluminium electrolytic capacitors

SMD (Chip) Long Life
Capacitance (C)
MGB109
1.2
C
c 1
0 A
1.1 o
] ////ﬂﬂ 5
=T |
1.0 =
"—”‘”
> 1
0.9
/A
5
08 1,
[}
3
0.7
Curve 1: 6.3 V.
Curve 2: 10 V. 4
Curve 3: 16 V. 6 1,‘2
Curve 4:25 V. ~60 -40 -20 0 20 40 60 80
Curve 5:40 V to 100 V. Tamb (°C)
Cy = capacitance at 20 °C, 100 Hz.
Fig.7 Typical multiplier of capacitance as a function of ambient temperature.
MGB110

()
7 &

o
o
7 4
Z,

N
0.9 \

AN

s
1A/

Pl
= F1 7 ¥
=44

08 2N
I
\1
Curve 1: 6.3 V. 0.7
Curve 2: 10 V. \
Curve 3: 16 V.
Curve 4: 25 V. 10 102 103 f (H2) 104

Curve 5:40 V to 100 V.
Cy = capacitance at 20 °C, 100 Hz.

Fig.8 Typical multiplier of capacitance as a function of frequency.
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Aluminium electrolytic capacitors

SMD (Chip) Long Life
Equivalent series resistance (ESR)
102 MGB111
3y
Fy
ESR 5 \
ESR N\
RNY
10 \
N N
.
ANAN
ANAN
NN
NS
1 \\ 2
== 3—]
1—]
Curve 1: 6.3 V. =
Curve 2: 40 Vto 50 V. 10 -50 0 50 100
Curve 3: 63 V to 100 V. Tamb (°C)
ESRy = typical at 20 °C, 100 Hz.
Fig.9 Typical multiplier of ESR as a function of ambient temperature.
20 MGB112
ESR
ESR,
2 |
1.6
Y
1.2
\
08 S~
\ ---\ﬁ—._ 1
N,
\\\.__ 2
0.4
Curve 1: 6.3 V. 010 102 s 104 165
Curve 2: 40 V10 50 V. t (H2)
ESR = typical at 20 °C, 100 Hz.
Fig.10 Typical multiplier of ESR as a function of frequency.
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Aluminium electrolytic capacitors

. : 139 CLL
SMD (Chip) Long Life
Impedance (Z)
103 MBA536
Z
Q)
102 \1\
R’Z‘ s
e N
i RN
o DN TTHIN
Es \\ .
RS S
e % NN
NN KN
K NN NI
1 \“\ \Q\ \.\\\ I
—
Curve 1: 10 uF, 50 V.
Curve 2: 22 uF, 25 V.
Curve 3: 47 uF, 25 V. 4
Curve 4: 100 uF, 16 V. 19 102 108 10% 105 f(Hy 108
Curve 5:220 uF, 6.3 V.
Tusib= 2076

Fig.11 Typical impedance as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors

. . 139 CLL
SMD (Chip) Long Life
RIPPLE CURRENT AND USEFUL LIFE
Table 5 Multiplier of ripple current (Ig) as a function of frequency
FREQUENCY Ir MULTIPLIER
(Hz) Up=6.3t016V Up=25t0 50V Ug=63t0 100 V
50 0.95 0.9 0.85
100 1.0 1.0 1.0
300 1.07 1.12 1.2
1000 1.12 1.2 1.3
3000 1.15 125 1.35
>10000 1.2 1.3 1.4
38 MEA240
Ia 3.7 AN
R 36
35 N\
a4 AN
3.3 \\ N
55 NN \\
a0 4% \ N
10 AN NN\
ANANAR
ap, % NN
T ISENISL NN IS
D N N ININ]T X lifetime multiplier
M AVAVAVAVER W WA N Iz i
e D NN kIS N&
X \ \ \ﬁ\\/o \
2.2 N\ \\ \ \\ \ \\ \\30 \\
ANANANANBVAN IS WA
20 N\ N \\7 A AN
AN\ ANEANSAG X
1.8 \\ \\ &~ \\ \\
RN ,5< \ \, NN
TN = N [N % NN N N
N AN N N N
14 1N A X N
N N A NANANANANAN AN
2 TSN Y N N N 5 0
08 RN NN NSO
3
gg *5\00\} N N N N N N \\ ‘\\\ I
40 50 60 70 80 90 100 110
Ia = actual ripple current at 100 Hz. Teaib (°c)
|p = rated ripple current at 100 Hz, 105 °C.
(1) Useful life at 105 °C and I applied: 2000 hours.
Fig.12 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Product specification

Aluminium electrolytic capacitors

SMD (Chip) Long Life

139 CLL

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 6 Test procedures and requirements

TEST
PBOCEDURE REQUIREMENTS
NAME OF TEST| REFERENCE (quick reference)
Mounting IEC 384-18, shall be performed prior to tests AC/C: £5%
subclause 4.3 mentioned below; %o 5 < spec. [t
reflow or (double-) wave soldering; s
for maximum temperature load refer | I 5 < spec. limit
to Chapter “Mounting”
Endurance IEC 384-18/ Tamb = 105 °C; URg applied; Ur <6.3V; AC/C: +15/-30%
GECHSA00, TR R Ug = 10 to 100 V; AC/C: £15%
subclause 4.15
tan & < 1.3 x spec. limit
Z <2 x spec. limit
ILs < spec. limit
Useful life CECC 30301, Tamb = 105 °C; Ug and Ig applied; Ugr < 6.3 V; AC/C: +45/-50%
subclause 1.8.1 2000 hours U = 10 to 100 V: AC/C: +45%
tan & < 3 x spec. limit
Z < 3 x spec. limit
ILs < spec. limit
no short or open circuit
total failure percentage: <1%
Shelf life |IEC 384-18/ Tamb = 105 °C; no voltage applied; for requirements
(storage at high | CECC 32300, 500 hours see ‘Endurance test’ above
Tomperaturs) SHpSREREs after test: Ug to be applied for
30 minutes, 24 to 48 hours before
measurement

1998 Jan 29
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Philips Components Preliminary specification

Aluminium electrolytic capacitors

SMD (Chip) Long Life Vertical 153 CLV

FEATURES

o Polarized aluminium electrolytic capacitors, non-solid,
self healing

e SMD-version with base plate, vertical construction
requiring minimum board space, reflow solderable

¢ High CV per unit volume
Long useful life: 2000 to 3000 hours at 105 °C —
Charge and discharge proof, no peak current limitation

Fig.1 Component outline.

Supplied in blister tape on reel.

APPLICATIONS

¢ SMD technology, for high mounting density 116255(2‘%B
¢ Coupling, decoupling, smoothing, filtering, buffering,
timing .
ig
e Telecommunications, general industrial, EDP, temperature

automotive, portable and lightweight equipment.

153 CLV e [OW Z el 136 CLB

CCA889

QUICK REFERENCE DATA

DESCRIPTION VALUE

Nominal case sizes (L x W x H in mm) 40x4.0x53t010x10x 14
Rated capacitance range, Cgr 0.47 to 1000 uF
Tolerance on Cg +20%
Rated voltage range, Ug 6.3t0 100 V
Category temperature range -551t0 +105 °C
Endurance test at 105 °C:

case sizes 4.0 x 4.0 x5.3106.3x6.3x5.3 1000 hours

case sizes 8.0 x8.0x6.5t0 10 x 10 x 14 2000 hours
Useful life at 105 °C:

case sizes 4.0 x4.0x5.3106.3x6.3x5.3 2000 hours

case sizes 8.0 x8.0x6.5t0 10 x 10 x 14 3000 hours
Useful life at 40 °C; 1.3 x I applied:

case sizes 4.0 x4.0x5.3t06.3x6.3x5.3 200000 hours

case sizes 8.0 x 8.0 x6.5t0 10 x 10 x 14 300000 hours
Shelf life at 0 V, 105 °C 1000 hours
Based on sectional specification (without approval) IEC 384-18/CECC 32300
Climatic category IEC 68 55/105/56
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Aluminium electrolytic capacitors

N i . 153 CLV
SMD (Chip) Long Life Vertical
Selection chart for Cgr, Ug and relevant nominal case sizes (L x W x H in mm)
Preferred types in bold.
Cr Ur (V)
(WF) 6.3 10 16 25 35 50 63 100
4.0 x
(1) _ N _ _ _ - =
Qa7 4.0x5.3
4.0 x
s - u - n - 4.0x5.3 - i
4.0 x
wa . - il N - 40x5.3 B S
4.0 x
G- il . B - - 40x5.3 N -
4.0 x 5.0 x
47 a B i N 40x53 | 50x53 5 -
10 B 5 4.0 x B 5.0 % 6.3 % . 10 x
4.0x5.3 50x%5.3 6:3%:5.3 10x 12
22 4.0 x _ 50 X = 6.3 x 8.0 x _ 10 x
40x5.3 5.0 53 63 %53 8.0x6.5 10x12
33 B 5.0% - 6.3 x 8.0 x 8.0 x N 10 x
5.0%x5.3 6.3x5.3 8.0x6.5 8.0x10 10x 14
47 5.0 x B 6.3 x 8.0 x N 8.0 x 10 x _
5.0%5.3 6.3x5.3 8.0x6.5 8.0 x10 10x12
6.3 x B 8.0 x 8.0 x _ 10 x 10 x _
100 6.3 x5.3 8.0x6.5 8.0x10 10x 10 10x14
B _ 3 B B 10 x _ 3}
10x12
220 B 8.0 x 10x 10 x 10 x 3 _ B
8.0x10 10x10 10x 12 10 x 12
330 8.0 x 10 x 10 x 10 x B B - L
8.0x10 10x10 10x12 10x 14
10 x 10 x 10 x
i 10x10 | 10x12 | 10x14 - = - - -
10 x 10 x
B0 10x12 10x 14 - B B B I ¥
10 x
s 10 x 14 B - - - - i B
Note

”

1. For lower CV-values, see “data handbook PA0O6, Ceramic Capacitors”.
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Aluminium electrolytic capacitors

SMD (Chip) Long Life Vertical 153 CLV

PACKAGING

Supplied in blister tape on reel. For general packaging information refer to this data handbook, Section “Packaging”.

Table 1 Tape and reel dimensions

PITCH TAPE WIDTH TAPE THICKNESS REEL DIA. PACKAGING
CASE CODE P4 w T2 (mm) QUANTITY
(mm) (mm) (mm) PER REEL
0405 8 12 5.8 380 2000
0505 12 12 5.8 380 1000
0605 12 16 5.8 380 1000
0807 12 16 6.8 380 1000
0810 16 24 11 380 500
1010 16 24 11 380 500
1012 16 24 13 330 250
1014 16 24 15 330 250

MARKING

¢ Rated capacitance (in uF)
¢ Rated voltage (in V)
e Black mark or ‘-~ sign indicating the cathode (the anode is identified by bevelled edges).
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AIumlnlum electroly_tlc capgmtors 153 CLV
SMD (Chip) Long Life Vertical

MECHANICAL DATA

(o] o

we[__ ) ©)
oD,

<—C->‘S C »

CCA717

03 © @

max.

Dimensions in mm.

Fig.2 Dimensional outline.

Table 2 Physical dimensions, mass and packaging quantities; see Fig.2

NOMINAL
CASE SIZE CASE Lmax | Wmax | Hmax 2D Bmax S Cc MASS PACKAGING
QUANTITIES
LxWxH CODE | (mm) [ (mm) [ (mm) | (mm) | (mm) | (mm) | (mm) (9)
PER REEL
(mm)
4.0x4.0x53 0405 45 45 5.5 4.0 0.8 1.0 |2.0+£0.2| =0.13 2000
5.0x5.0x5.3 0505 5.5 5.5 5.5 5.0 0.8 1.4 |2.3+0.2| =0.20 1000
6.3x6.3x5.3 0605 6.8 6.8 5.5 6.3 0.8 2.0 |2.7+0.2| =0.30 1000
8.0x8.0x6.5 0807 8.6 8.6 6.8 8.0 0.8 2.3 |3.41%0.2| =0.50 1000
8.0x8.0x 10 0810 8.6 8.6 10.5 8.0 11 3.1 [3.0+0.2 | =1.00 500
10x 10 % 10 1010 10.6 10.6 10.5 10.0 1.1 4.7 [3.3+0.2| =1.30 500
10x10x 12 1012 10.6 10.6 12.3 10.0 1.2 45 |3.910.2| =1.40 250
10x10x 14 1014 10.6 10.6 14.3 10.0 1.2 45 |3.9+0.2| =1.50 250
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Aluminium electrolytic capacitors

: . . 153 CLV
SMD (Chip) Long Life Vertical
MOUNTING
The capacitors are designed for "_ — I X
automatic placement on to | ! W v
printed-circuit boards. _%_4 _ s
Optimum dimensions of soldering T ‘ J }
pads depend amongst others on l\____l,_._/
soldering method, mounting ~ S case
accuracy, print lay-out and/or T
adjacent components. ’
For recommended soldering pad Fig.3 Recommended soldering pad dimensions.
dimensions, refer to Fig.3 and
Table 3.
Table 3 Recommended soldering pad dimensions
Soldering
, N _ CASE CODE - B i
Soldering conditions are defined by (mm) (mm) (mm)
the curve, temperature versus time, 0405 26 1.6 1.0
where the temperature is that 0505 30 16 14
measured on the soldering pad during . . -
processing. 0605 3.5 1.6 1.9
E - 0807 4.0 1.6 2.1
For maximum conditions refer to
Fig.4. 0810 3.5 25 3.0
. 1010 4.0 25 4.0
Any temperature versus time curve
which does not exceed the specified 1012 4.3 2.5 4.0
maximum curves may be applied. 1014 4.3 25 4.0
AS A GENERAL PRINCIPLE,
TEMPERATURE AND DURATION -
SHALL BE THE MINIMUM 280 ;
NECESSARY REQUIRED TO TpaD
ENSURE GOOD SOLDERING (°c) 260
CONNECTIONS. 240
220 &
200 / \
180 ]
A A
160 —
4 - \
140 7 \
120 /
= i o g i
100
80
0 50 100 150 200 (g 250
Fig.4 Maximum temperature load during infrared reflow soldering
measured on the soldering pad.
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Preliminary specification

Aluminium electrolytic capacitors
SMD (Chip) Long Life Vertical

153 CLV

ELECTRICAL DATA AND ORDERING INFORMATION
Unless otherwise specified, all electrical values in Table 4 apply at
Tamp =20 °C, P = 86 to 106 kPa, RH = 45 to 75%.

Ordering example

Electrolytic capacitor 153 series

100 uF/25 V; +20%

SYMBOL DESCRIPTION _ .
Cr rated capacitance at 100 or 120 Hz, tolerance +20% glzrrsur:(a: ganiﬁqfltza%e I pp—
Ir rated RMS ripple current at 100 or 120 Hz, 105 °C
- Catalogue number: 2222 153 66101.
P max. leakage current after 2 minutes at Ug
Tan & max. dissipation factor at 100 or 120 Hz
ESR equivalent series resistance at 100 kHz
Table 4 Electrical data and ordering information; preferred types in bold
NOMINAL
l:,“ c: le\ssvs'ff gggg 1o:5R°c 2 Ianzin Tan § 10%S|sz CI:JTUAn'n-gS: -
V) | (uF) >(<mm>; (mA) (1A) () 8220 oo
6.3 22 40x4.0x5.3 0405 21 3.0 0.30 8 153 63229
47 50 /5.0 5.3 0505 36 3.0 0.30 4 153 63479
100 6.3x6.3x5.3 0605 61 6.3 0.30 2 153 63101
330 8.0x8.0x10 0810 180 21 0.30 0.5 153 63331
470 10x10x 10 1010 320 30 0.30 0.3 153 63471
680 10x10x 12 1012 340 43 0.24 0.29 153 63681
1000 10x10x 14 1014 400 63 0.24 0.24 153 63102
10 33 5.0x5.0%5.3 0505 31 3.3 0.26 4 153 64339
220 8.0x8.0x10 0810 180 22 0.26 0.5 153 64221
330 10x10x 10 1010 320 33 0.26 0.3 153 64331
470 10x10x 12 1012 330 47 0.19 0.29 153 64471
680 10x10x 14 1014 380 68 0.19 0.24 153 64681
16 10 4.0x4.0x5.3 0405 16 3.0 0.22 8 153 65109
22 5.0 x5.0%5.3 0505 28 35 0.22 4 153 65229
47 6.3x6.3x5.3 0605 47 7.5 0.22 22 153 65479
100 8.0x8.0x6.5 0807 110 16 0.22 1.2 153 65101
220 10x 10x 10 1010 320 35 0.22 0.3 153 65221
330 10x10x 12 1012 330 53 0.16 0.29 153 65331
470 10x 10 x 14 1014 370 75 0.16 0.25 153 65471
25 33 6.3%x6.3x5.3 0605 44 8.3 0.16 2.2 153 66339
47 8.0x8.0x86.5 0807 110 12 0.16 1.2 153 66479
100 8.0x8.0x10 0810 180 25 0.16 0.5 153 66101
220 10x10x 12 1012 270 55 0.14 0.29 153 66221
330 10x 10 x 14 1014 300 83 0.14 0.27 153 66331
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Philips Components Preliminary specification

Aluminium electrolytic capacitors

SMD (Chip) Long Life Vertical saLly
Un Cr (?l fsnglgle-s CASE Ir |L2_ ESR CATALOGUE
V) (WF) LxWxH CODE 105°C 2 min Tan § 100 kHz NUMBER
(mm) (mA) (nA) (Q) 2222 i vuuss
35 4.7 4.0x4.0x5.3 0405 14 3.0 0.13 8 153 60478
10 5.0x5.0x5.3 0505 23 8.5 0.13 4 153 60109
22 6.3 x6.3x5.3 0605 50 2.7 0.13 22 153 60229
33 8.0x8.0x6.5 0807 110 12 0.13 1.2 153 60339
220 10 x10x 12 1012 270 77 0.12 0.29 153 60221
50 047 4.0x4.0x53 0405 5 3.0 0.12 12 153 61477
1.0 4.0x4.0x5.3 0405 7 3.0 0.12 12 153 61108
2.2 4.0%x4.0x5.3 0405 10 3.0 0.12 12 153 61228
3.3 40x4.0x5.3 0405 12 3.0 0.12 12 153 61338
4.7 5.0 x5.0x5.3 0505 17 3.0 0.12 6 153 61478
10 6.3 6.3 x5.3 0605 26 5.0 0.12 3 153 61109
22 8.0x8.0x6.5 0807 110 11.0 0.12 1.2 153 61229
33 8.0x8.0x10 0810 180 17 0.12 0.5 153 61339
47 8.0 x8.0x 10 0810 180 24 0.12 0.5 153 61479
100 10x10x 10 1010 320 50 0.12 0.3 153 61101
100 10x10x 12 1012 230 50 0.12 0.29 153 91106
63 47 10x10x 12 1012 220 30 0.09 0.29 153 68479
100 10x10x 14 1014 240 63 0.09 0.41 153 68101
100 10 10x10x 12 1012 150 10 0.07 0.9 153 69109
22 10x10x 12 1012 150 25 0.07 0.9 153 69229
33 10x10x 14 1014 170 33 0.07 0.65 153 69339
Additional electrical data
PARAMETER CONDITIONS VALUE
Voltage
Surge voltage for short periods IEC 384-18, subclause 4.14 Uy €115 Uy
Reverse voltage for short periods |IEC 384-18, subclause 4.16 Uevs1V
Current
Leakage current after 2 minutes at Ug Lo <£0.01 x Cg x Ug or 3 A,
whichever is greater
Inductance
Equivalent series inductance (ESL) case codes 0405 to 0605 typ. 10 nH
case codes 0807 to 1010 typ. 15 nH
case codes 1012 and 1014 typ. 16 nH

Diapeasae (@ s 4 4"



Philips Components Preliminary specification

Aluminium electrolytic capacitors
153 CLV
SMD (Chip) Long Life Vertical

Capacitance (C)
CCA858
1.1
2
o Bad
Co = =T 11
- —
L T
1.0 -
=
//vﬂ//y
/ A
// /
0.9 /
11/
08 1
Curve 1: 1 uF, 50 V. 0.7
Curve 2: 100 uF, 6.3 V. -40 -20 0 20 40 60 80 100 120
Tamb (GC)

Cy = capacitance at 20 °C, 100 or 120 Hz.

Fig.5 Typical multiplier of capacitance as a function of ambient temperature.

Dissipation factor (tan )

CCA859

10 e
T
tan
3 2N
1 N
\‘
N
1 ~
0.1 \\ \\.;
5.
S
N -
T~
0.01 ——
Curve 1: 1 uF, 50 V.

Curve 2: 100 uF, 6.3 V. =l
f=100 or 120 Hz. -60 -40 -20 0 20 40 60 80 100 120

Tamb (°C)

Fig.6 Typical dissipation factor (tan &) as a function of ambient temperature.
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Philips Components Preliminary specification

Aluminium electrolytic capacitors

SMD (Chip) Long Life Vertical 153 CLV

Equivalent series resistance (ESR)

102 CCA860
ESR
ESRg !
10 ==
—] -
pRe=———
\§~
i 2 I
3 I
1
Curve 1: 22 uF, 6.3 V.
Curve 2: 22 uF, 16 V. 0.1 5 5
Curve 3: 22 uF, 25 V. o L 10 1% gy W
Tars=20°C,
Fig.7 Typical ESR as a function of frequency.
Impedance (2)
102 CCA861
z N\
@) A
.
\\
10
e
N
.
i
N~~__
N > ——
BE ——
3 T
1
Curve 1: 22 uF, 6.3 V.
Curve 2: 22 uF, 16 V. °-10‘1 ’ - 102 s
Curve 3: 22 uF, 25 V. f (kHz)
Tamb = 20 °C.
Fig.8 Typical impedance as a function of frequency.
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Philips Components

Preliminary specification

Aluminium electrolytic capacitors
SMD (Chip) Long Life Vertical

153 CLV

RIPPLE CURRENT AND USEFUL LIFE

Table 5 Multiplier of ripple current (Ig) as a function of frequency; Igg = ripple current at 100 or 120 Hz

Ig = rated ripple current at 100 or 120 Hz, 105 °C.
For case codes 0405 to 1010 max. la/lg = 2.4.
(1) Useful life at 105 °C and I applied: 2000 hours for case codes 0405 to 0605; 3 000 hours for case codes 0807 to 1014.

FREQUENCY Ir MULTIPLIER
(Hz) Ur=63t016V Upr=250r35V Ug =50 to 100 V
50 or 60 0.80 0.80 0.80
100 or 120 1.00 1.00 1.00
300 1.10 1.156 1.20
1000 118 125 1.35
3000 1.20 1.35 1.45
>10000 1.25 1.40 1.50
MEA240
38
N,
LA 37
R 36
35 N\ S |
34 \ \
33
32 \\ \\ \\ .
|
AR N
3.0 AERNAN
NAYA
28 A, \ \\ \ \ \\
SN X |
- N \\ N Y \ \ \\ lifetime multiplier
JAAVATAVA W WY ol
N\ N N N
24 2
NSEININENNE X N N |
Y X N X1T X
AN ANANTANVAN A G
N e N R eRE
18 \\ N Ny "-’o\\ N \\ \\ \
’ "\ ,S‘-’{ N NN N[N N
O O 7 O O O =
X L Y = X
N NP DA NI AN ANIANT AN ANV
NN
PN TN NN X % ol
0.8 ;5\’@ 2\ N\ LY N\ \ N] ?
05 KDY \\ \\ \ \\ AN NI ,\\ |
0.0 {
40 50 60 70 80 90 100 110
I = actual ripple current at 100 or 120 Hz. Tamb (°0)

Fig.9 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Philips Components

Preliminary specification

Aluminium electrolytic capacitors
SMD (Chip) Long Life Vertical

153 CLV

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this data handbook, Section “Tests and Requirements”.

Table 6 Test procedures and requirements

TEST

PBOCEDURE REQUIREMENTS
NAME OF TEST| REFERENCE (quick reference)
Mounting IEC 384-18, shall be performed prior to tests AC/C: £10%
subclause 4.3 mentioned below; -
. tan & < spec. limit
reflow soldering;
for maximum temperature load IL2 < spec. limit
refer to Chapter “Mounting”
Endurance IEC 384-18/ Tamb = 105 °C; Ug applied; AC/C: +20%
CECC 32300, 1000 hours, case codes 0405 to 0605 tan & < 2 x spec. limit
subclause 4.15 2000 hours, case codes 0807 to 1014 - pec.
ILo < spec. limit
Useful life CECC 30301, Tamp = 105 °C; Ug and Iy applied; AC/C: £50%
subclause 1.8.1 2000 hours, case codes 0405 to 0605 BB <8 snie, lifi
3000 hours, case codes 0807 to 1014 sl
IL2 < spec. limit
no short or open circuit
total failure percentage: <1%
Shelf life IEC 384-18/ Tamb = 105 °C; no voltage applied; for requirements
(storage at high | CECC 32300, 1000 hours see ‘Endurance test’ above
temperature) subclause 4.17 after test: U, to be applied for
30 minutes, 24 to 48 hours before
measurement
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RADIAL ALUMINIUM ELECTROLYTIC CAPACITORS

-y

smaller dimensions

STANDARD and EXTRA LONG-LIFE or
v MINIATURE ~ SEMI-PROFESSIONAL — LONG-LIFE 1t empERATURE
1500 to 3000 hours 750 to 2500 hours 2000 to 4000 hours 1500 hours / 125 °C
85°C 105 °C 105 °C 24000 hours / 105 °C
uj T
o~ 036 92 RB
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MBB101 M8B097 036 93 RBA
bipolar audio
\ page 186 )
o 7 =% i ™
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g \_ page 170 N page 264 . page 294
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el 047 RMS 048 RML
\____Ppage 140 w, k page 201 I N page 242 )
n ( page 133 \
097 RLP 7 H: 7mm
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Philips Components Product specification

Aluminium electrolytic capacitors
Radial Low Profile, 5 mm 134 RLP 5

FEATURES

e Polarized aluminium electrolytic
capacitors, non-solid
Radial leads, cylindrical aluminium

case, insulated with a blue vinyl
sleeve

Charge and discharge proof

o @r—-@r—-e}r—s

Very low profile, 5 mm height

Extremely miniaturized.

APPLICATIONS siddicrs
¢ General purpose, industrial,
automotive and audio-video

* Coupling, decoupling, smoothing,
filtering and timing

Fig.1 Component outlines.

High mounting density

¢ Portable and mobile equipment 037 RSM
(very small size and very low 097 RLP 7
mass), low profile equipment.
higher
CV-values

ames | g oo |

CCB007

QUICK REFERENCE DATA

DESCRIPTION VALUE
Case sizes (DDnom X Lnom in mm) 3%x5106.3%x5
Rated capacitance range, Cr 1.0 to 100 uF
Tolerance on Cg +20%
Rated voltage range, Ug 6.3t0o 50 V
Category temperature range —40 to +85 °C
Endurance test at 85 °C 1000 hours
Useful life at 85 °C 1500 hours
Useful life at 40 °C, 1.4 x |g applied 40000 hours
Shelf life at 0 V, 85 °C 500 hours
Based on sectional specification IEC 384-4/CECC 30300
Climatic category IEC 68 40/085/56
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Low Profile, 5 mm webLTS
Selection chart for Cgr, U and relevant nominal case sizes (JD x L in mm)
Preferred types in bold.
Cq Ur(V)
(1F) 6.3 10 16 25 35 50
1.0 = = = = = 3x5
2.2 - - - - 3 x5 3.5x5
3.3 - - - 3x5 - 4x5
4.7 - - - 35%5 4x5 5xb
10 - - 3.5x5 - 5x5 6.3:X.5
22 4x5 - 5x5 - 6.3x5 -
33 = 5x5 - 6.3x5 - -
47 5x5 - 6.3 x5 - - -
100 6.3x5 - B B - -
MARKING

The capacitors are marked (where possible) with the following information:
» Rated capacitance (in uF)

Rated voltage (in V)

« Negative terminal identification

e Group number (134)

¢ Code indicating factory of origin

e Name of manufacturer (PHILIPS)

¢ Date code, in accordance with “/EC 62”.
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Low Profile, 5 mm 134 RLP 5

MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES

MBB100

MBC538 A Form TFA:
Case @D = 3 and 3.5 mm; pitch F = 2.5 mm.
Dimensions in mm. Case @D = 4 to 6.3 mm; pitch F = 5 mm.
For dimensions see Table 1. Tape dimensions are specified in this handbook, Section “Packaging”.
Fig.2 Form CA: Long leads. Fig.3 Taped in box (ammopack), formed.

p-oteton Lop

o el sl

= el

Form TNA: pitch F = 2.5 mm. CCA413

Case UD =4 to 6.5 mm.
Tape dimensions are specified in this handbook, Section “Packaging”.

Fig.4 Taped in box (ammopack).

Table 1 Physical dimensions and packaging quantities; see Figs 2, 3 and 4

PACKAGING QUANTITIES
NOMINgIb(iALSE SIZE CASE od @Dray | Limax F

CODE | (mm) | (mm) | (mm) | (mm) FORM FORM FORM
(mm) CA TFA TNA

3x5 51 0.40 3.5 6.0 1.0 +0.3 3000 3000 -

3.5x5 52 0.40 4.0 6.0 1.0+0.3 3000 3000 -
4x5 53 0.45 4.5 6.0 1.510.5 2000 2000 2000
5%5 54 0.45 5.5 6.0 2.0105 2000 2000 2000
6.3x5 55 0.45 6.8 6.0 2.540.5 2000 2000 2000
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Philips Components
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Philips Components

[Te}
o
_
o
<
%)
-
wn
p .
o)
o
O
S
© £
O E
.m5
-~ St
o o
| ey
—
8 2
dD:
E 3
=
E =
E 5
S ®©
< [C

(1e1B816 SI JIanaydIym) w1l € 1o HN x HY10'0 S 2|

Hn je senuiw g Jaye

Jua.1nd abexea

juaun)
ALS™n0 abejjon asianay
4N xGL'Ls SN spouad poys 1oy abeyjon abing
abejjopn
ANTVA SNOILIANOD NOILdIHOS3a
elep |edLijos|e jeuolippy
G'C [60LHEYEL| OGS |6OLLEVEL | G2 |60LLS VEL Vi 61 118 0L0 S 6¢ ]} GXg9 (o]0
G'C |8LVIEVEL| OGS |8LVIEVEL| 0C |8LVLS PEL 44 6¢ 8¢ 0L0 € 61 vS GXG LY
G'c |8EEIEVEL| OGS |BEELEVEL| S} | BEELS VEL Ge 9€ (014 oL0 (> 14 €9 SX¥ €€
= = G'¢c |8cClEPVEL| O'L |82CLS VEL €€ 144 09 oL0 € ol [4°] G XG'E 44
- - GC |8OLLEVEL| OL |[8OLISPVEL 0Ss 0L oEl 0L0 € 29 1S GX¢ (18 0S
G'Cc [6220EVEL| OGS |6220€ VEL| S'C | 62208 PEL L €l (A cLo 8 oy ] GX¢€9 [44
G'C |60LOEVEL| OS |60LOEPEL| OC |60LOS PEL L le 9t cko 14 G¢ vS GXG oL
G'C [8LVOEVEL| OGS |8LVOE PEL| S| | 8LVOS VEL L2 e 12 [4N¢} € °13 €9 SXp LYy
- = G'¢ |82ce0EPEL| O} |8220S vEL 84 8 cL cl’o € €8 8¢} SX¢g ¢c 19
(wuw) VNL | (ww) v4l (ww) vo
7 T L B L. T I A i) | Y g |
zoMm_m‘ﬁE‘ SAVEIONOT | zk0t 001 |z 01 | zH 021 pehd T e om«w_ wmmw 321IS  |zH 021 mx
z 4 Hs3 al ) asvo H9
..... TTTogeee TVNINON
H3IGINNN INDOTVIVO

130

1998 Jan 29



Philips Components Product specification

Aluminium electrolytic capacitors

Radial Low Profile, 5 mm 134 RLP 5

RIPPLE CURRENT AND USEFUL LIFE

Table 3 Multiplier of ripple current (Ig) as a function of frequency

FREQUENCY
(Hz) Ir MULTIPLIER
50 0.6
120 1.0
400 1.2
800 1.3
>2000 1.4
33 MBC243
Iy 32
'R 31 N
3.0
28 \\ \\\
2 NN
2e AN NN N
ANAUANANEAN T
o \\ N \\ lifetime multiplier
SRR TS N
2.0 N\ N\ \\ \\z e
LAY N oN&
vs A SCNOSOS T NN TN
=K Ne ) \"’% N N Y
P8 N VA WA WA AL AN
NOR N NENTN TN T X
14 \\\ \,0‘ N\ \‘ N
12 DA DN NEAN
S INA2 A W VANV AN
0 T Y .
A \ANAN SN VANAWAVAEAN
00 NN NN \ S
40 50 60 70 80 90 100
Tamb(oc)
|a = actual ripple current at 120 Hz.
Ig = rated ripple current at 120 Hz, 85 °C.
(1) Useful life at 85 °C and Ig applied: 1500 hours.
Fig.5 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Philips Components

Product specification

Aluminium electrolytic capacitors
Radial Low Profile, 5 mm

134 RLP 5

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 4 Test procedures and requirements

L2 PROCEDURE
NAME OF REFERENCE (quick reference) RERUIBEMENES
TEST
Endurance IEC 384-4/ Tamb = 85 °C; U applied; AC/C: £20%
CECC 30300, 1000 hours a0 5.2 25 spec. fimit
subclause 4.13 - pol
IL2 < spec. limit
Useful life CECC 30301, Tamb = 85 °C; Ug and I applied; AC/C: £50%
subclause 1.8.1 1500 hours 7
tan & < 3 x spec. limit
Z < 3 x spec. limit
I < spec. limit
no short or open circuit
total failure percentage: <3%
Shelf life IEC 384-4/ Tamp = 85 °C; no voltage applied; AC/C, tan 3, Z:
(storage athigh | CECC 30300, 500 hours for requirements
temperature) subclause 4.17 after test: Up to be applied for 30 minutes, see ‘Endurance test’ above
24 to 48 hours before measurement IL2 < spec. limit
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Low Profile, 7 mm 097 RLP 7

FEATURES

e Polarized aluminium electrolytic
capacitors, non-solid

Radial leads, cylindrical aluminium
case, insulated with a blue vinyl
sleeve

Charge and discharge proof

Low profile, 7 mm height

Miniaturized, high CV-product per
unit volume.

APPLICATIONS

¢ General purpose; industrial,
automotive and audio-video

e Low surface demand on
printed-circuit board

Coupling, decoupling, smoothing,
filtering and timing

MAMO75

|V o elieliel]

Fig.1 Component outlines.

¢ Portable and mobile equipment higher

(small size, low mass), low profile CV-vlalues
equipment.

097 RLP 7

7 mm

I

lower height

5mm

QUICK REFERENCE DATA

134 RLP 5
ccBo77

DESCRIPTION VALUE
Case sizes (DDpom X Lpom in mm) 4xT7to7x7
Rated capacitance range, Cr 0.1 to 220 uF
Tolerance on Cr +20%
Rated voltage, Ug 6.3t0 63V
Category temperature range —-40 to +85 °C
Endurance test at 85 °C 1000 hours
Useful life at 85 °C 1500 hours
Useful life at 40 °C, 1.4 x | applied 40000 hours
Shelf life at 0 V, 85 °C 500 hours
Based on sectional specification IEC 384-4/CECC 30300
Climatic category IEC 68 40/085/56
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Philips Components

Product specification

Aluminium electrolytic capacitors

Radial Low Profile, 7 mm Qa7 AR 7
Selection chart for Cg Uy and relevant nominal case sizes (ZD x L in mm)
Preferred types in bold.
Cr Ur (V)
(1F) 6.3 10 16 25 35 50 63
0.10 - - - - —~ - 4x7
0.22 - = = N = = 4x7
0.47 ~ - - —~ - -~ 4x7
1.0 = = = = = = 4x7
2.2 - - - - - - 4x7
3.3 - - - - - 4x7 BXRT
4.7 - - - - 4x7 %7 6.3x7
10 - - 4x7 - S5x7 6.3x7 Ix7
22 4x7 - Six ¢ - 6.3x7 T%7 -
33 - 5 X7 - 6.3x7 TRT - -
47 5X 7 - 6.3x7 Txd - - -
100 - 6.3x7 TX7 - = - =
220 TxXT - - - - - -
MARKING

The capacitors are marked (where possible) with the following information:
e Rated capacitance (in uF)

« Rated voltage (in V)

¢ Negative terminal identification

e Group number (097)

e Code indicating factory of origin

* Name of manufacturer (PHILIPS)

* Date code, in accordance with “/EC 62”.
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Philips Components Product specification

Aluminium electrolytic capacitors

: . 097 RLP 7
Radial Low Profile, 7 mm
MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES
e =
L
* = " ") "]
o, 16 [ | [ I | [ |
= £05  min ———«@»|—1~$»|—| F—k
$ 1 1o [ |
5 1 1 1
od min 1 i i
—_— MBB100
mecsss b
Form TFA: Preferred.
Dimensions in mm. Pitch F = 5 mm.
For dimensions see Table 1. Tape dimensions are specified in this handbook, Section “Packaging”.
Fig.2 Form CA: Long leads. Fig.3 Taped in box (ammopack), formed.
[ | [ | [ |
[ | [ I |
— PP D -
[ | [ | [ | H
1 1 1 i
1 [ 1 [
CCA413
Form TNA: pitch F = 2.5 mm.
Tape dimensions are specified in this handbook, Section “Packaging”.
Fig.4 Taped in box (ammopack).
Table 1 Physical dimensions and packaging quantities; see Figs 2, 3 and 4
NOMIN%IbiAEE SIZE CASE od DDy Lonax 3 PACKAGING QUANTITIES
(mm) CODE | (mm) | (mm) | (mm) | (mm) | FORM CA | FORM TFA | FORM TNA
4x7 71 0.45 4.5 8 1.510.5 2000 2000 2000
5x7 72 0.45 5.5 8 2.0+0.5 1000 2000 2000
6.3x7 73 0.45 6.8 8 2.510.5 1000 2000 2000
7x7 74 0.45 7.5 8 2.540.5 1000 1000 1000
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Product specification

Philips Components

Aluminium electrolytic capacitors

Radial Low Profile, 7 mm

097 RLP 7
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Philips Components

Product specification

Aluminium electrolytic capacitors
Radial Low Profile, 7 mm

097 RLP 7

RIPPLE CURRENT AND USEFUL LIFE

Table 3 Multiplier of ripple current (Ig) as a function of frequency

|a = actual ripple current at 120 Hz.

|g = rated ripple current at 120 Hz, 85 °C.
(1) Useful life at 85 °C and Ig applied: 1500 hours.

FREQUENCY
(Hz) Ir MULTIPLIER
50 0.6
120 1.0
400 1.2
800 1.8
>2000 1.4
3.3 MBC243
|A 3.2
IR 3.1 N
3.0
N
28 \\ \\\
26 A AN\
ANAN\NIAN
24 N\ \\ N, N\ N,
\\\ \\\ \\ lifeti Itipli
\ \ \ \ ifetime muitipler
22
SR N 5 BT
o ik AN AN
N N N Q;{
1% NN [ No N
=N N N Vo XN X
16 AN N IS IS
Sk G Y
1.4 \\\ N N NN
NN VAN ANANE NEAN NEAN
2 NN NN NS NN N ®
08 _5\$ N AN N N N
05 LN N NN NENISCENTN TN
0% o . X N X
40 50 60 70 80 90 100
Tamb(oc)

Fig.5 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Philips Components

Product specification

Aluminium electrolytic capacitors
Radial Low Profile, 7 mm

097 RLP 7

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 4 Test procedures and requirements

L PROCEDURE
NAME OF REFERENCE (quick reference) HECGMIPERENE
TEST
Endurance IEC 384-4/ Tamb = 85 °C, Ug applied; AC/C: £20%
CECC 30300, 1000 hours i B B epat. il
subclause 4.13 - Pt
IL2 < spec. limit
Useful life CECC 30301, Tamb = 85 °C, Ug and I applied; AC/C: £50%
subclause 1.8.1 1500 hours tan &< 3 x spec. limit
Z < 3 x spec. limit
IL2 < spec. limit
no short or open circuit
total failure percentage: <3%
Shelf life |IEC 384-4/ Tamb = 85 °C; no voltage applied; AC/C, tan 9, Z:
(storage at high | CECC 30300, 500 hours for requirements
temperature) subclause 4.17 after test: Ug to be applied for 30 minutes, see ‘Endurance test’ above
24 to 48 hours before measurement ILo < spec. limit
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Standard Miniature 037 RSM

FEATURES

¢ Polarized aluminium electrolytic
capacitors, non-solid \)

S|

« Radial leads, cylindrical aluminium
case, insulated with a blue vinyl
sleeve

<)
=

2
)

e Pressure relief for case |

,_

_,.__
f—
Lo

@D>6.3 S ¢ N KK N
e | R
¢ Charge and discharge proof - A
1 1 1
e Miniaturized, high CV-product per “ : ! f
unit volume. BAAMOBS> 1
APPLICATIONS Fig.1 Component outlines.

e General purpose, industrial,
automotive and audio-video

e Coupling, decoupling, timing,
smoothing, filtering, buffering in W
SMPS =4

¢ Portable and mobile equipment ht
s I
(small size, low mass). volt%ge

|

lower
longer _n | 036 RSP

013 RLC leakage = 037 RSM
* e [~ e ™ [ 047 RMS

1 ccBo45
lower
height

v

097 RLP 7
134 RLP 5

QUICK REFERENCE DATA

DESCRIPTION VALUE
Case sizes (DDnom X Lnom in mm) 5x11to16:x 31
Rated capacitance range, Cg 0.47 to 10000 uF
Tolerance on Cr +20% (£10% on request)
Rated voltage range, Ug 6.3to0 100 V
Category temperature range —-40 to +85 °C
Endurance test at 85 °C 2000 hours
Useful life at 85 °C 2500 hours
Useful life at 40 °C, 1.4 x |g applied 70000 hours
Shelf life at 0 V, 85 °C 500 hours
Based on sectional specification |IEC 384-4/CECC 30300
Climatic category IEC 68 40/085/56
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Standard Miniature Ui Rl
Selection chart for Cg, Ug and relevant nominal case sizes (YD x L in mm)
Preferred types in bold.
Cr Ur (V)
(1F) 6.3 10 16 25 35 40 50 63 100
0.47 B - - - - - B 5x 11 5x 11
1.0 - - - - - - - 5x11 5x11
) = — = = - -~ — 5x 11 5x 11
3.3 = = = — = - = 5x 11 5x 11
4.7 = — - - - — - 5x11 5x 11
10 - - - - - - 5x 11 5311 | 63 %11
22 - - - - - - 5x11 | 6.3x11 8x12
33 - - - - 5x11 | 6.3x11 - 6.3 x 11 10 x 12
47 - - - 5x11 - 63x11 | 6.3x11 8x12| 10x16
68 - - Sx Il | 163%™ - - 8x12 | 10x12 -
100 - 5x11 | 6.3x11 | 6.3x11 - - 8x12 | 10x12 | 10x20
150 - 6.3 & 11 - 8x12 - 10x 12 - 10x 16 -
220 - 6.3 x 11 8x12 8x12 | 10x12 - 10x16 | 10x20 [12.5x25
330 6.3 x 11 - 8x12 | 10x12| 10x16 - 10%x20 [125%x20 | 16x25
470 - 8x12| 10x12 | 10x16 | 10x20 |125%x20 [125x20 |12.5x25 | 16 x 31
680 - - 10x 16 - 125x20 [125x25 |125%x25 | 16x25 -
1000 10x12 | 10x16 | 10x20 |12.5x20 |125x25 | 16x25 | 16x25| 16 x31 -
1500 10x 20 - 12.5x20 |125x25 | 16x25 - - - -
2200 125x20 [12.5%x20 |125%x25 | 16x25 | 16 x 31 - - - -
3300 125 %20 [125x25 | 1625 | 1631 - - - - -
4700 - 16x25 | 16 x 31 - - - - - -
6800 - 16 x 31 - - - - - - -
10000 16 x 31 - - - - - - - -
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Standard Miniature 037 RSM

MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES

MRA220 A

Dimensions in mm.
For dimensions see Table 1.

Dimensions in mm.
For dimensions see Table 1.

Fig.2 Form CA: Long leads. Fig.3 Form CB: Cut leads.

Table 1 Physical dimensions, mass and packaging quantities; see Figs 2 and 3

NOMINAL PACKAGING QUANTITIES
CASESIZE |CASE| @d | @Dmax| Lmax F |MASS

@D x L CODE | (mm) | (mm) | (mm) | (mm) | (9) FORM FORM FORM

i) CA cB TFA, TNA
5x 11 1 0.5 55 | 125 [2.0+05] =0.4 3000 - 2000
6.3x 11 12 | 05 6.8 | 125 |25+05| ~0.6 2000 - 2000
8x 12 13 | 06 85 | 130 [35+05] =~1.1 1000 - 1000
10 % 12 14 | 06 | 105 | 135 |50+05| =16 1000 1000 500
10x 16 15 | 06 | 105 | 175 |5005]| =1.9 1000 1000 500
10 x 20 16 | 06 | 105 | 220 |50+05]| =22 1000 500 500
12.5 % 20 17 | 06 | 130 | 220 |5005| =4.0 1000 2000 500
125x 25 18 | 06 | 130 | 270 |5.0+05| =5.0 500 2000 500
16 x 25 19 | 08 | 165 | 270 [75+05] =8.0 500 1000 250
16 x 31 20 | 08 | 165 | 335 [7.5+05] =9.0 200 1000 250
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Standard Miniature 037 RSM

Taped products

1 1 1
1o 1o [
~—-~Q}l—i@»l—l r—t
o 1o [
1 [ 1
[ 1 1
g I
MBB100

Form TFA:
Case @D =5 to 8 mm; pitch F =5 mm.
Tape dimensions are specified in this handbook, Section “Packaging”.

Fig.4 Taped in box (ammopack), formed.

o

MAMO066

s
=
;

Form TNA:

Case @D =5 mm; pitch F = 2.5 mm (leads slightly bent).
Case @D = 6.3 mm; pitch F = 2.5 mm.

Case @D = 8 mm; pitch F = 3.5 mm.

Form TFA:

Case @D = 10 and 12.5 mm; pitch F =5 mm.

Case @D = 16 mm; pitch F = 7.5 mm.

Fig.5 Taped in box (ammopack), straight leads.
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Standard Miniature 037 RSM

ELECTRICAL DATA
Unless otherwise specified, all electrical values in Tables 2, 4, 6 and 8 apply at Tomp = 20 °C, P = 86 to 106 kPa,
RH = 45 to 75%.

SYMBOL DESCRIPTION
Cr rated capacitance at 100 Hz, tolerance +20%
Ir rated RMS ripple current at 100 Hz, 85 °C
It max. leakage current after 1 minute at Ug
ILs max. leakage current after 5 minutes at Ug
Tan & max. dissipation factor at 100 Hz
ESR equivalent series resistance at 100 Hz (calculated from tan 8,4« and Cg)
Z max. impedance at 10 kHz
Table 2 Electrical data; preferred types in bold
ug | R & e | mee | weE | A s | rans | ESR £
V) 100 Hz oD x L CODE 85 °C 1 min 5 min 100 Hz 100 Hz 10 kHz
(uF) pa may | A | @A) © (@)
6.3 330 6.3x 11 12 280 24 7.2 0.24 1.2 1.8
1000 10x 12 14 530 66 16 0.24 0.38 0.6
1500 10x 20 16 730 98 22 0.25 0.27 0.4
2200 12.5x 20 17 990 140 31 0.26 0.19 0.27
3300 12.5ix 20 17 1150 210 45 0.28 0.14 0.18
10000 16 x 31 20 2250 630 130 0.42 0.07 0.07
10 100 5x 11 11 140 18 5 0.20 3.2 45
150 6.83x 11 12 180 18 6 0.20 2.1 3.0
220 6.3x 11 12 250 25 7.4 0.20 1.4 2.0
470 8x 12 13 410 50 12 0.20 0.68 0.96
1000 10x 16 15 630 100 23 0.20 0.32 0.45
2200 12.5%20 17 1050 220 47 0.22 0.16 0.20
3300 12:6%.25 18 1350 330 69 0.24 0.12 0.14
4700 16 x 25 19 1800 470 97 0.28 0.09 0.10
6800 16 x 31 20 2200 680 140 0.32 0.07 0.07
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Philips Components Product specification

Aluminium electrolytic capacitors

, ) 037 RSM
Radial Standard Miniature
ORDERING INFORMATION
Ordering example
Electrolytic capacitor 037 series
1000 uF/16 V; £20%
Nominal case size: @10 x 20 mm; Form TFA
Catalogue number: 2222 037 35102.
Table 3 Ordering information; preferred types in bold
CATALOGUE NUMBER 2222 ... .. ...
Cq BULK PACKAGING
Ug CASE TAPED AMMOPACK
100 Hz LONG LEADS CUT LEADS
(V) (uF) CODE
FORM F FORM F FORM F FORM F
CA (mm) CB (mm) TFA (mm) TNA (mm)
6.3 330 12 037 90021 2.5 - - 03790027 | 5.0 | 03790028 | 2.5
1000 14 037 53102 | 5.0 | 03763102 | 5.0 | 03733102 | 5.0 - -
1500 16 037 53152 5.0 037 63152 5.0 037 33152 5.0 — —
2200 17 037 53222 5.0 037 63222 5.0 037 33222 5.0 = —
3300 17 03753332 | 50 | 03763332 | 5.0 | 03733332 | 5.0 - -
10000 20 03753103 | 7.5 | 03763103 | 7.5 | 03733103 | 7.5 - -
10 100 1 037 54101 2.0 - - 037 34101 5.0 | 037 74101 25
150 12 037 54151 25 - - 037 34151 5.0 | 037 74151 25
220 12 03790029 | 2.5 - - 03790036 | 5.0 | 03790037 | 2.5
470 13 037 54471 3.5 - - 037 34471 5.0 | 037 74471 3.5
1000 15 03754102 | 5.0 | 03764102 | 5.0 | 03734102 | 5.0 - -
2200 174 037 54222 5.0 037 64222 5.0 037 34222 5.0 - =
3300 18 03754332 | 50 |03764332 | 5.0 | 03734332 | 5.0 = =
4700 19 037 54472 7.5 037 64472 1.5 037 34472 7.5 - -
6800 20 03754682 | 7.5 | 03764682 | 7.5 | 03734682 | 7.5 = =
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Standard Miniature i
ELECTRICAL DATA (continued)
Table 4 Electrical data continued; preferred types in bold
Un Cr g?swll:'gle;s CASE 10('JRHz I s | tans | ESR -
V) 100 Hz oD x L CODE 85 °C 1 min 5 min 100 Hz 100 Hz 10 kHz
(uF) Kl may | ©A [ @A) @ @)
16 68 5x 11 11 130 14 5.2 0.16 37 4.7
100 6.3x 11 12 180 19 6.2 0.16 2.5 3.2
220 8x12 13 300 38 10 0.16 1:2 1.5
330 8x12 13 370 56 14 0.16 0.77 0.97
470 10x 12 14 420 78 18 0.16 0.54 0.68
680 10x 16 15 520 110 25 0.16 0.37 0.47
1000 10 x 20 16 740 160 35 0.16 0.25 0.32
1500 12.5x 20 17 900 240 51 0.17 0.18 0.21
2200 12.5x 25 18 1200 360 73 0.18 0.13 0.15
3300 16 x 25 19 1650 530 109 0.20 0.10 0.10
4700 16 x 31 20 2100 760 150 0.24 0.08 0.07
25 47 5x1 " 120 15 5.4 0.14 4.7 4.7
68 6.3x 11 12 130 20 6.4 0.14 3.3 3.2
100 6.3x 11 12 190 28 8 0.14 2,2 2.2
150 8x12 13 230 41 11 0.14 1:5 1.5
220 8x12 13 320 58 14 0.14 1.0 1.0
330 10x 12 14 410 86 20 0.14 0.68 0.67
470 10x 16 15 510 120 26 0.14 0.47 0.47
1000 12.5x 20 17 910 250 53 0.14 0.22 0.22
1500 12.6x 25 18 1100 380 78 0.15 0.16 0.15
2200 16 x 25 19 1500 550 110 0.16 0.12 0.10
3300 16 x 31 20 1900 830 170 0.18 0.09 0.07
35 33 5x 11 11 110 15 5.3 0.12 5.8 4.5
220 10x12 14 330 80 18 0.12 0.87 0.68
330 10x 16 15 450 120 26 0.12 0.58 0.45
470 10x 20 16 590 170 36 0.12 0.41 0.32
680 12.5x% 20 17 830 240 51 0.12 0.28 0.22
1000 12.5x 25 18 1050 350 73 0.12 0.19 0.15
1500 16 x 25 19 1400 530 110 0.13 0.14 0.10
2200 16 x 31 20 1750 770 160 0.14 0.10 0.07
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Standard Miniature S RER
ORDERING INFORMATION (continued)
Table 5 Ordering information continued; preferred types in bold
CATALOGUE NUMBER 2222 ... .....
Cr BULK PACKAGING
Ur 100 Hz CASE TAPED AMMOPACK
V) WF) CODE LONG LEADS CUT LEADS
FORM F FORM F FORM F FORM F
CA (mm) CB (mm) TFA (mm) TNA (mm)
16 68 1 03755689 | 2.0 - - 03735689 | 5.0 | 03775689 | 2.5
100 12 037 55101 | 2.5 - - 037 35101 | 5.0 | 037 75101 2,5
220 13 08755221 | 85 - - 03735221 | 5.0 | 037 75221 35
330 13 037 90038 3.5 = - 037 90045 5.0 037 90046 3.5
470 14 037 55471 5.0 037 65471 5.0 037 35471 5.0 - -
680 15 037 55681 5.0 037 65681 5.0 037 35681 5.0 - =
1000 16 03755102 | 5.0 | 03765102 | 5.0 | 03735102 | 5.0 - -
1500 17 03755152 | 5.0 | 03765152 | 5.0 | 03735152 | 5.0 - -
2200 18 03755222 | 50 |03765222 | 5.0 | 03735222 | 5.0 - -
3300 19 03755332 | 75 |[03765332| 7.5 |03735332| 7.5 - -
4700 20 03755472 | 7.5 | 03765472 | 7.5 | 03735472 | 7.5 - -
25 47 11 03756479 | 2.0 - - 03736479 | 5.0 | 03776479 | 2.5
68 12 037 56689 2.5 - = 037 36689 50 |[037 76689 | 25
100 12 037 90047 | 2.5 - - 03790054 | 5.0 | 03790055 | 2.5
150 13 037 56151 3.5 - - 037 36151 5.0 037 76151 3.5
220 13 037 56221 | 3.5 - - 03736221 | 5.0 | 03776221 | 3.5
330 14 03756331 | 5.0 | 03766331 | 5.0 | 03736331 | 5.0 - -
470 15 03756471 | 5.0 | 03766471 | 5.0 | 03736471 | 5.0 - -
1000 17 03756102 | 5.0 | 03766102 | 5.0 | 03736102 | 5.0 - -
1500 18 03756152 | 5.0 | 03766152 | 5.0 | 03736152 | 5.0 - -
2200 19 03756222 | 75 | 03766222 | 7.5 | 03736222 | 7.5 - -
3300 20 03756332 | 7.5 |03766332 | 7.5 | 03736332 | 7.5 - -
35 33 1 037 50339 2.0 - - 037 30339 5.0 037 70339 2.5
220 14 03750221 | 5.0 | 03760221 | 5.0 | 03730221 | 5.0 - -
330 15 037 50331 | 5.0 | 03760331 | 5.0 | 037 30331 5.0 - -
470 16 03750471 | 5.0 | 03760471 | 5.0 | 03730471 | 5.0 - -
680 7 03750681 | 5.0 | 03760681 | 5.0 | 03730681 | 5.0 - -
1000 18 03750102 | 5.0 | 03760102 | 5.0 | 03730102 | 5.0 - -
1500 19 037 50152 7.5 037 60152 L5 037 30152 75 - =
2200 20 03750222 | 7.5 | 03760222 | 7.5 | 03730222 | 7.5 - -
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Standard Miniature QR FE
ELECTRICAL DATA (continued)
Table 6 Electrical data continued; preferred types in bold
Up | ,.CR gfswii:m;% CASE i | hs | rans | ESR 4

V) 100 Hz oD x L CODE 85 °C 1 min 5 min 100 Hz 100 Hz 10 kHz
(KF) pton mA) | EA | wA) @ @
40 38 6:3 x'11 12 110 16 5.6 0.12 5.8 3.9
47 6.3x%11 12 130 22 6.8 0.12 41 2.8

150 10x 12 14 250 63 15 0.12 1.3 0.87

470 12.5x 20 17 670 190 41 0.12 0.41 0.28

680 125 x25 18 850 280 57 0.12 0.28 0.19

1000 16 x 25 19 1200 400 83 0.12 0.19 0.13
50 10 5x11 1" 65 8 4 0.10 16 9.5
22 5x11 1 95 14 5.2 0.10 7.2 4.3
47 6.3 x 11 12 150 27 77 0.10 3.4 2.0
68 8 %12 13 190 37 10 0.10 23 1.4

100 8x12 13 260 53 13 0.10 1.6 0.95

220 10x 16 15 400 110 25 0.10 0.72 0.43

330 10x 20 16 580 170 36 0.10 0.48 0.29

470 12.5x 20 17 740 240 50 0.10 0.34 0.20

680 12/5 %25 18 950 340 71 0.10 0.23 0.14

1000 16 x 25 19 1350 500 100 0.10 0.16 0.10
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Standard Miniature L REY
ORDERING INFORMATION (continued)
Table 7 Ordering information continued; preferred types in bold
CATALOGUE NUMBER 2222 ... .....
Cii BULK PACKAGING
Ur CASE TAPED AMMOPACK
V) 100FHz CODE LONG LEADS CUT LEADS
U FORM F FORM F FORM F FORM F
CA (mm) CB (mm) TFA (mm) TNA (mm)
40 33 12 03757339 | 2.5 - - 03737339 | 5.0 | 03777339 25
47 12 037 57479 | 2.5 ~ - 03737479 | 5.0 | 03777479 | 2.5
150 14 03757151 | 5.0 [ 03767151 | 5.0 | 03737151 | 5.0 - -
470 17 037 57471 | 5.0 | 03767471 | 5.0 | 03737471 | 5.0 - -
680 18 03757681 | 5.0 | 03767681 | 5.0 | 03737681 | 5.0 - -
1000 19 037 57102 7:5 037 67102 15 037 37102 75 = -
50 10 11 037 51109 2.0 = - 037 31109 5.0 037 71109 25
22 11 037 90056 | 2.0 = - 03790063 | 5.0 | 03790064 | 2.5
47 12 03790065 | 2.5 = - 03790072 | 5.0 | 03790073 | 2.5
68 13 03751689 | 3.5 = - 03731689 | 5.0 | 03771689 | 3.5
100 13 03751101 | 3.5 = - 03731101 | 5.0 | 037 71101 3.5
220 15 03751221 | 5.0 |03761221 | 5.0 | 03731221 | 5.0 - -
330 16 03751331 | 5.0 |[03761331 | 5.0 | 03731331 | 5.0 - -
470 17 03751471 | 5.0 | 03761471 | 5.0 | 03731471 | 5.0 - -
680 18 03751681 | 5.0 | 03761681 | 5.0 | 03731681 | 5.0 - -
1000 19 037 51102 7.5 037 61102 75 037 31102 75 = =
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Standard Miniature e
ELECTRICAL DATA (continued)
Table 8 Electrical data continued; preferred types in bold
c NOMINAL Ir I I ESR 7
K;; 100 Hz I ggg'é eccoll K iy | Bl 1"(;5(')"H52 100Hz | 10KHz
(wF) e may | BA | (A) @ ()
63 0.47 5x 11 11 1 3.3 3.1 0.09 300 170
1.0 5x11 1 16 3.6 3.1 0.09 140 80
22 5x11 " 29 4.4 3.3 0.09 65 36
3.3 5x 11 11 35 51 3.4 0.09 43 24
4.7 5x1 1 45 6.0 3.6 0.09 30 17
10 5x 11 1" 70 9.3 4.3 0.09 14 8.0
22 6.3x 11 12 110 17 5.8 0.09 6.5 3.6
33 6.3x 11 12 140 24 7.2 0.09 4.3 24
47 8x12 13 190 33 8.9 0.09 3.0 1.7
68 10x12 14 200 46 12 0.09 211 1.2
100 10x12 14 260 66 16 0.09 1.4 0.80
150 10x 16 15 320 98 22 0.09 0.95 0.53
220 10x 20 16 460 140 31 0.09 0.65 0.36
330 12.5x 20 17 650 210 45 0.09 0.43 0.24
470 12.5x 25 18 850 300 62 0.09 0.30 0.17
680 16 x 25 19 1150 430 89 0.09 0.21 0.12
1000 16 x 31 20 1550 630 130 0.09 0.14 0.08
100 0.47 5 x4 11 12 3.5 3.1 0.07 237 130
1.0 5x11 1 22 4 3.2 0.07 111 60
2.2 5x 11 11 33 5.2 3.4 0.07 51 27
3.3 5x 11 11 40 6.3 3.7 0.07 34 18
4.7 5x1 11 48 7.7 3.9 0.07 24 13
10 6.3 x 11 12 80 13 5 0.07 11 6.0
22 8x12 13 130 25 7.4 0.07 5.1 2
33 10x12 14 160 36 9.6 0.07 3.4 1.8
47 10x 16 16 210 50 12 0.07 2.4 1.3
100 10x 20 16 350 100 23 0.07 11 0.60
220 12:5 %25 18 580 220 47 0.07 0.51 0.27
330 16 x25 19 710 330 69 0.07 0.34 0.18
470 16 x 31 20 900 470 97 0.07 0.24 0.13
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Aluminium electrolytic capacitors

Radial Standard Miniature o
ORDERING INFORMATION (continued)
Table 9 Ordering information continued; preferred types in bold
CATALOGUE NUMBER 2222 ... .....
Cq BULK PACKAGING
Ur CASE TAPED AMMOPACK
) 100FI;IZ CODE LONG LEADS CUT LEADS
W FORM F FORM F FORM F FORM F
CA (mm) CcB (mm) TFA (mm) TNA (mm)
63 0.47 1 037 58477 | 2.0 - - 03738477 | 5.0 | 03778477 | 2.5
1.0 1 03758108 | 2.0 - - 03738108 | 5.0 | 03778108 | 2.5
22 1 03758228 | 2.0 - - 03738228 | 5.0 | 03778228 | 2.5
33 11 03758338 | 2.0 - - 03738338 | 5.0 | 03778338 | 25
47 1 03758478 | 2.0 = - 03738478 | 5.0 | 03778478 | 2.5
10 11 03758109 | 2.0 - - 03738109 | 5.0 | 03778109 | 2.5
22 12 03758229 | 25 - - 03738229 | 5.0 | 03778229 | 2.5
33 12 037 90074 2:5 - - 037 90081 5.0 037 90082 2.5
47 13 03758479 | 35 - - 03738479 | 5.0 | 03778479 | 3.5
68 14 03758689 | 5.0 | 03768689 | 5.0 | 03738689 | 5.0 - -
100 14 03758101 | 5.0 | 03768101 | 5.0 | 03738101 | 5.0 - -
150 15 03758151 | 5.0 | 03768151 | 5.0 | 037 38151 5.0 - -
220 16 03758221 | 5.0 | 03768221 | 5.0 | 03738221 | 5.0 - -
330 17 03758331 | 5.0 | 03768331 | 5.0 | 037 38331 5.0 - -
470 18 03758471 | 5.0 | 03768471 | 5.0 | 03738471 | 5.0 - -
680 19 03758681 | 7.5 | 03768681 | 7.5 | 03738681 Ta5 - -
1000 20 03758102 | 7.5 | 03768102 | 7.5 | 03738102 | 7.5 - -
100 0.47 1 037 59477 | 2.0 - - 037 39477 | 5.0 | 03779477 | 25
1.0 11 03759108 | 2.0 - - 03739108 | 5.0 | 03779108 | 2.5
2.2 1 03759228 | 2.0 = - 03739228 | 5.0 | 03779228 | 2.5
3.3 11 03759338 | 2.0 - - 03739338 | 5.0 | 03779338 | 25
4.7 11 03759478 | 2.0 - - 03739478 | 5.0 | 03779478 | 2.5
10 12 03759109 | 25 - - 03739109 | 5.0 | 03779109 | 2.5
22 13 037 59229 3.5 = = 037 39229 510 037 79229 3.5
33 14 037 59339 5.0 037 69339 50 037 39339 5.0 - =
47 15 037 59479 5.0 037 69479 5.0 037 39479 5.0 = =
100 16 037 59101 50 037 69101 5.0 037 39101 5.0 - -
220 18 037 59221 5.0 037 69221 5.0 037 39221 5.0 - -
330 19 03759331 | 75 |03769331| 7.5 | 03739331 | 7.5 - -
470 20 03759471 | 7.5 | 03769471 | 7.5 | 03739471 | 7.5 - -
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Aluminium electrolytic capacitors
Radial Standard Miniature

037 RSM

ELECTRICAL DATA (continued)

Additional electrical data

PARAMETER

CONDITIONS

VALUE

Voltage

Surge voltage for short periods

Us<1.15x Ug

Reverse voltage

U 21 ¥

Current

Leakage current

after 1 minute at Ug

.1 £0.01Cg x Ug + 3uA

after 5 minutes at Ug

Ius < 0.002Cg x Ug + 3 pA

Inductance

Equivalent series inductance (ESL)

case @D <8 mm typ. 13 nH
case @D =10 mm typ. 16 nH
case @D =12.5 mm typ. 18 nH

100K .lan 20
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Aluminium electrolytic capacitors

Radial Standard Miniature
Capacitance (C)
MGB123
12
c
= 1
Co P
1.1
// o)
//: T
1.0
]
/; P
- oM /|
. 4
0.8 i
|
3
0.7
Curve 1: 6.3 V. 0.6
Curve 2: 100 V. 60 -40 -20 0 20 40 60 80
Cy = capacitance at 20 °C, 100 Hz. Tamb (°C)
Fig.6 Typical multiplier of capacitance as a function of ambient temperature.
MGB124
1.1
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1.0 1
S
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0.9 ~
0.8 \\
2
0.7 N
\
Curve 1: 100 V.
4 0.6
Curve 2:63 V. L 102 108 f(Hy  10*

Cy = capacitance at 20 °C, 100 Hz.

Fig.7 Typical multiplier of capacitance as a function of frequency.
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Aluminium electrolytic capacitors

. O 037 RSM
Radial Standard Miniature
Equivalent series resistance (ESR)
102 MGB125
-4
N
ESR [
ESR, %
10 \
L%
2, 3,7
AN
\L \
\\\
\i\\
1 \§ ]
1_
2_
107"
Curve 1: 63 V (24.7 uF). -50 0 50 y 100
Curve 2: 10 V. Tamb (°C)
ESR = typical at 20 °C, 100 Hz.
Fig.8 Typical multiplier of ESR as a function of ambient temperature.
20 MGB126
ESR
ESR,
1.6 2
1
12
N
08 ™~
i \ T — L 1
\\
04 i L
2
Curve 1: 6.3 V. 0 > 3 2 s
ik 10 10 10 10 f (Hz) 10

Curve 2: 63 V (24.7 pF).
ESR = typical at 20 °C, 100 Hz.

Fig.9 Typical multiplier of ESR as a function of frequency.
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Aluminium electrolytic capacitors

Radial Standard Miniature 037 RSM

Impedance (Z)

MRA337

102
Z T
Q) [N
2
LI \
10 :
3 NS N
I N 1N
1 ~N
FEN N b
LTININ N
5 N[N N
1 TN\ \\ N \
6 S— ~
-, o
NG S e
~N B, "W N
N NG .
UIN NN ~L 1 [[[]
N ~N N~
107" N = Bim= T
=
Curve 1: 100 pF; 63 V. ]
Curve 2: 220 uF; 63 V. —
Curve 3: 470 uF; 50 V.
Curve 4: 1000 uF; 35 V. 10_2
Curve 5: 2200 uF; 25 V. 10 102 103 104 f e 105
Curve 6: 4700 uF; 16 V. )
Marmp=20%C.
Fig.10 Typical impedance as a function of frequency.
MARKING

The capacitors are marked (where possible) with the following information:

Rated capacitance (in uF)

Tolerance on rated capacitance, code letter in accordance with “/EC 62”
Rated voltage (in V)

Group number (037)

Name of manufacturer (PHILIPS)

Date code, in accordance with “/EC 62”

Code indicating factory of origin

Negative terminal identification.
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Aluminium electrolytic capacitors

. ks 037 RSM
Radial Standard Miniature
RIPPLE CURRENT AND USEFUL LIFE
Table 10 Multiplier of ripple current (Ir/Iro) as a function of frequency; Iro = ripple current at 100 Hz
FREQUENCY Ir MULTIPLIER
(Hz) Up=6.3t010V Upr=16t035V Ug = 40to 100 V
50 0.9 0.85 0.8
100 1.0 1.0 1.9
300 1.12 1.2 1.25
1000 1.2 1.3 14
3000 1.25 1.35 1.5
>10000 1.3 1.4 1.6
33 MBC243
Ia 3.2 |
TR a1 iy
3.0
AN
28 \\ \\\
SR
ANAWAN
2.4 N\ \\ N, \ N,
\\ \\\ \\ lifeti Itipli
\ N N \ Ifetime muitipher
22
AANIA A A
N \ N\ 7]
2.0 NN \ 7
AL N\
VR VR VA N A NN
B e e -
16 AN NN TN
14 \\\ AN N\ NN
NN A AN AN NN
; N X, X )
e o W AN N\
0.8 T\ N
SR AN SN AVANANAVANRAY
08 XKeNI— N XN N NN ‘
40 50 60 70 80 90 100

Tamb (°C)

|4 = actual ripple current at 100 Hz.
Ig = rated ripple current at 100 Hz, 85 °C.
(1) Useful life at 85 °C and Iz applied: 2500 hours.

Fig.11 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Product specification

Aluminium electrolytic capacitors
Radial Standard Miniature

037 RSM

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 11 Test procedures and requirements

after test: Ug to be applied for 30 minutes,
24 to 48 hours before measurement

TEST
NAME OF PBOCEDURE REQUIREMENTS
REFERENCE (quick reference)
TEST
Endurance IEC 384-4/ Tamb = 85 °C; Ug applied; Ugr £6.3 V; AC/C: +15/-30%
CECC 30300 2000 hours Un > 6.3 V: AC/C: +20%
subclause 4.13
tan 8 < 1.5 x spec. limit
Z < 3 x spec. limit
IL5 < spec. limit
Useful life CECC 30301 Tamb = 85 °C; Ug and I applied; Ugr <£6.3V; AC/C: +45/-50%
subclause 1.8.1 2500 hours Un > 6.3 V: AC/C: £50%
tan & < 3 x spec. limit
Z < 3 x spec. limit
ILs < spec. limit
no short or open circuit
total failure percentage: <3%
Shelf life IEC 384-4/ Tamb = 85 °C; no voltage applied; AC/C, tan 9, Z:
(storage at high | CECC 30300 500 hours for requirements
temperature) subclause 4.17 see ‘Endurance test’ above

ILs <2 x spec. limit

40082 1an 2Q
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Philips Components

Product specification

Aluminium electrolytic capacitors
Radial Standard, High Voltage

FEATURES

e Polarized aluminium electrolytic
capacitors, non-solid

Radial leads, cylindrical aluminium
case, insulated with a blue vinyl
sleeve

Pressure relief

Charge and discharge proof
Reduced dimensions
High rated voltage, up to 450 V.

APPLICATIONS

¢ General purpose, audio-video,
lighting, general industrial

044 RSH

>

:/‘:(Ea

MAMO69

Fig.1 Component outlines

+ Smoothing, filtering, buffering of 044 RSH
high voltages.
Iolw
voltage
CCBo40
QUICK REFERENCE DATA
DESCRIPTION VALUE
Case sizes (PDnom X Lnom in mm) 6.3 x 11to 16 x 31
Rated capacitance range, Cr 1.0 to 100 pF
Tolerance on Cg +20%
Rated voltage range, Ug 160 to 450 V
Category temperature range <400 V: —40 to +85 °C; 450 V: -25 to +85 °C
Endurance test at 85 °C 2000 hours
Useful life at 85 °C 3000 hours
Useful life at 40 °C, 1.4 x |g applied 80000 hours
Shelf life at 0 V, 85 °C 500 hours

Based on sectional specification

IEC 384-4/CECC 30300

Climatic category IEC 68

<400 V: 40/085/56; 450 V: 25/085/56
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Philips Components Product specification

Aluminium electrolytic capacitors

: . 044 RSH
Radial Standard, High Voltage
Selection chart for Cg, Ug and relevant nominal case sizes (D x L in mm)
Preferred types in bold.
G Ur (V)
(1F) 160 200 250 350 400 450
1.0 - - 6.3 x 11 - 8x12 10x12
2.2 - - 8x12 10x12 10x 12 10x 16
4.7 - 10x 12 10x 12 10x 16 10x 20 12.5x20
10 10x 16 10x 16 10 x 20 12.5x 20 12.5x 20 12.5% 25
22 10 x 20 10x 20 12.5%x25 12.5x 25 16 x 25 16 x 31
47 - 12.5% 25 16 x 25 16.% 31 - =
100 16 x 25 16 x 31 - - - -
MARKING

The capacitors are marked (where possible) with the following information:
» Rated capacitance (in uF)

e Tolerance on rated capacitance, code letter in accordance with “/EC 62"
¢ Rated voltage (in V)

e Group number (044)

* Name of manufacturer (PHILIPS)

e Date code, in accordance with “/EC 62"

¢ Code indicating factory of origin

* Negative terminal identification.

1998 Jan 29 159



Philips Components Product specification

Aluminium electrolytic capacitors

Radial Standard, High Voltage 044 RSH

MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES

> F e MbB243

mRazzo A
Dimensions in mm. Dimensions in mm.
For dimensions see Table 1. For dimensions see Table 1.
Fig.3 Form CA: Long leads. Fig.4 Form CB: Cut leads.

Table 1 Physical dimensions, mass and packaging quantities; see Figs 3 and 4

NOMINAL PACKAGING QUANTITIES
CASESIZE | CASE | @d | @Dmax | Lmax F MASS
@D xL CODE | (mm) | (mm) | (mm) | (mm) (@) FORM | FORM FORM
(mm) CA CB | TFA, TNA
6.3 x 11 12 0.5 6.8 125 |25+05| =06 2000 2000 2000
8x 12 13 0.6 8.5 130 |35+05| =11 1000 2000 1000
10x 12 14 0.6 105 140 [50+05| =16 2000 1500 800
10 % 16 15 0.6 105 175 |50+05| =1.9 2000 1500 800
10 x 20 16 0.6 10.5 22.0 5.0+0.5 =22 2000 1500 800
12.5 % 20 17 0.6 13.0 220 |50105| =4.0 1000 1500 500
12,5 x 25 18 0.6 13.0 270 |50%05| =50 1000 1500 500
16 x 25 19 0.8 16.5 270 |75+05| =80 500 500 -
16 x 31 20 0.8 165 335 |75%05| =9.0 500 500 -
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Aluminium electrolytic capacitors

44 RSH
Radial Standard, High Voltage . -

Taped products

L

p-oHeHe! oF

CCA413

Form TFA: formed, pitch F =5 mm.

Form TNA: pitch F = 2.5 or 3.5 mm.

Case @D = 6.3 and 8 mm.

Tape dimensions are specified in this handbook, Section “Packaging”.

Fig.5 Taped in box (ammopack).

MRA222

Form TFA: pitch F =5 mm.
Case @D =10 and 12.5 mm.
Tape dimensions are specified in this handbook, Section “Packaging”.

Fig.6 Taped in box (ammopack).
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Standard, High Voltage 044 RSH

ELECTRICAL DATA
Unless otherwise specified, all electrical values in Tables 2 and 4 apply at Tamp = 20 °C, P = 86 to 106 kPa,
RH = 45 to 75%.

SYMBOL DESCRIPTION
Cr rated capacitance at 100 Hz, tolerance +20%
IR rated RMS ripple current at 100 Hz, 85 °C
ILq max. leakage current after 1 minute at Ug
ILs max. leakage current after 5 minutes at Ug
Tan & max. dissipation factor at 100 Hz
ESR equivalent series resistance at 100 Hz (calculated from tan 8y,2x and Cg)
74 max. impedance at 10 kHz and +20 or 25 °C
Table 2 Electrical data; preferred types in bold
Cr NOMINAL Ir It ILs ESR Z z
Ur CASE SIZE CASE | 100 Hz A 4 Tan g 10 kHz | 10 kHz
v | 1900z 1 Ton L | cope | ssec | 1Min | Smin | aqy, | 100HZ | agec | —25¢C
(uF) (mm) (mA) (uA) (uA) (@) ©) ©)
160 10 10x 16 15 83 120 54 0.14 22 12 180
22 10 x 20 16 140 180 83 0.14 10 5:5 82
100 16 x 25 19 380 550 270 0.14 2.2 1.8 26
200 4.7 10x 12 14 51 96 43 0.14 47 26 380
10 10x 16 15 85 130 60 0.14 22 12 180
22 10 x 20 16 140 200 96 0.14 10 55 82
47 12.5:%25 18 230 350 170 0.14 47 2.6 38
100 16 x 31 20 400 670 330 0.14 2.2 1.5 22
250 1.0 6.3 x 11 12 17 55 23 0.14 220 110 1800
22 8x12 13 30 78 32 0.14 100 55 820
4.7 10x 12 14 51 110 48 0.14 47 26 380
10 10 x 20 16 95 150 68 0.14 22 12 180
22 12.5 x25 18 160 240 110 0.14 10 55 82
47 16 x 25 19 260 420 210 0.14 47 2.6 38
350 2.2 10x 12 14 39 86 38 0.13 94 39 550
4.7 10x 16 15 63 120 65 0.13 44 18 260
10 12.5 x 20 17 120 180 83 0.13 21 8.5 120
22 12:5%:25 18 180 300 150 0.13 9.4 3.9 55
47 16 x 31 20 320 560 280 0.13 4.4 23 3
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Aluminium electrolytic capacitors

Radial Standard, High Voltage el e
ORDERING INFORMATION
Ordering example
Electrolytic capacitor 044 series
47 uF/250 V; £20%
Nominal case size: @16 x 25 mm; Form CB
Catalogue number: 2222 044 63479.
Table 3 Ordering information; preferred types in bold
CATALOGUE NUMBER 2222 ........
(e BULK PACKAGING
Ug CASE TAPED AMMOPACK
) 100FI;IZ CODE LONG LEADS CUT LEADS
. FORM F FORM F FORM F FORM E
CA (mm) CcB (mm) TFA (mm) TNA (mm)
160 10 15 04451109 | 5.0 | 04461109 | 5.0 | 04431109 | 5.0 = =
22 16 04451229 | 5.0 | 04461229 | 50 | 04431229 | 5.0 - -
100 19 04451101 | 7.5 | 04461101 75 - - = =
200 47 14 044 52478 | 5.0 | 04462478 | 5.0 | 04432478 | 5.0 - -
10 15 04452109 | 5.0 | 04462109 | 5.0 | 04432109 | 5.0 - -
22 16 044 52229 | 5.0 | 04462229 | 50 | 04432229 | 5.0 - -
47 18 044 90516 | 5.0 044 90517 5.0 044 90519 5.0 = —
100 20 04452101 | 7.5 | 04462101 | 7.5 - - - -
250 1.0 12 044 90501 | 2.5 = = 04490506 | 5.0 | 04490507 | 2.5
2.2 13 044 90015 | 3.5 — - 04490019 | 5.0 | 04490529 | 3.5
47 14 044 53478 | 5.0 | 04463478 | 5.0 | 04433478 | 5.0 = -
10 16 044 53109 | 5.0 | 04463109 | 50 | 04433109 | 5.0 = =
22 18 044 53229 | 5.0 | 04463229 | 5.0 | 04433229 | 5.0 = —
47 19 04453479 | 7.5 | 04463479 | 7.5 - - = =
350 2.2 14 044 55228 | 5.0 | 04465228 | 5.0 | 04435228 | 5.0 - -
4.7 15 04455478 | 5.0 | 04465478 | 5.0 | 04435478 | 5.0 = -
10 iz 04455109 | 5.0 | 04465109 | 5.0 | 04435109 | 5.0 = -
22 18 044 90525 | 5.0 | 04490526 | 5.0 | 04490528 | 5.0 = =
47 20 044 55479 7.5 044 65479 7.5 - - . -
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Product specification

Aluminium electrolytic capacitors

. ) 044 RSH
Radial Standard, High Voltage
ELECTRICAL DATA (continued)
Table 4 Electrical data continued; preferred types in bold
c NOMINAL Ir | | ESR Z p4
Ur o CASESIZE | CASE | 100 Hz o) LS Tan § 10 kHz | 10 kHz
100 Hz 1 min 5 min 100 Hz 5
v) (uF) @D xL CODE | 85°C (uA) (uA) 100 Hz @) +20°C | -25°C
(mm) (mA) (©) ((®)]
400 1.0 8x12 13 22 64 27 0.15 240 85 1200
2.2 10x 12 14 39 93 41 015 110 39 550
4.7 10 x 20 16 70 130 58 0.15 51 18 260
10 12.5 x 20 17 110 190 90 0.15 24 8.5 120
22 16 x 25 19 200 330 160 0.15 11 39 55
450 1.0 10x 14 14 25 67 29 0.26 410 120 2000
2.2 10 x 16 15 42 99 45 0.26 190 55 910
4.7 12.5:% 20 17 75 130 62 0.26 88 26 380
10 12.5x% 25 18 120 210 100 0.26 41 12 260
22 16 x 31 20 210 370 180 0.26 19 5.6 82
Additional electrical data
PARAMETER CONDITIONS VALUE
Voltage
Surge voltage for short periods Ur =160 to 250 V Us<1.15x UR
Ugr = 350 to 450 V Us< 1.1 xUR

Reverse voltage

Uey <1V

Current

Leakage current

after 1 minute at Ug:

Inductance

Equivalent series inductance (ESL)

CV <1000 uC L1 £0.06CRr x Ug + 40 LA
CV > 1000 uC IL1 £0.03Cg x Ug + 70 uA
after 5 minutes at Ug:
CV <1000 uC ILs <0.03Cgr x Ug + 15 HA
CV > 1000 uC ILs < 0.015CR x Ug + 30 uA
case @YD =6.3 and 8 mm typ. 13 nH
case YD =10 mm typ. 16 nH
case @D = 12.5 mm typ. 18 nH
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Standard, High Voltage kel ik
ORDERING INFORMATION (continued)
Table 5 Ordering information continued; preferred types in bold
CATALOGUE NUMBER 2222 ... .....
o BULK PACKAGING
Ugr CASE TAPED AMMOPACK
V) 100FHZ CODE LONG LEADS CUT LEADS
w FORM E FORM F FORM F FORM E
CA (mm) CB (mm) TFA (mm) TNA (mm)
400 1.0 13 04456108 | 3.5 = = 044 36108 5.0 044 76108 3.5
2.2 14 044 56228 | 5.0 | 04466228 | 5.0 | 04436228 | 5.0 = -
4.7 16 04456478 | 5.0 | 04466478 | 5.0 | 04436478 | 5.0 = =
10 17 04456109 | 50 | 04466109 | 5.0 | 04436109 | 5.0 - -
22 19 044 56229 | 7.5 | 04466229 75 -~ — - -
450 1.0 14 044 57108 5.0 044 67108 5.0 044 37108 5.0 = =
2.2 15 044 57228 5.0 044 67228 5.0 044 37228 5.0 = =
4.7 17 044 57478 | 5.0 | 04467478 | 5.0 044 37478 5.0 = =
10 18 04457109 | 5.0 | 04467109 | 5.0 | 04437109 | 5.0 - -
22 20 04457229 | 7.5 | 04467229 | 7.5 - &= = =
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Aluminium electrolytic capacitors
Radial Standard, High Voltage 044 RSH

ELECTRICAL DATA (continued)

Capacitance (C)
MGB131
|
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Co ////
[ -t
’/
1.0 ="
peZd 1
a4
A1 > |
A/
09 L
0.8 2 -
Curve 1: Ug = 160 to 250 V. |
Curve 2: Ug = 350 to 450 V. -40 -20 0 20 40 60 80 100
Cy = capacitance at 20 °C, 100 Hz. Tamb (°C)

Fig.7 Typical multiplier of capacitance as a function of ambient temperature.
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Curve 1: Ug = 160 to 250 V.

Curve 2: Ug = 350 0 450 V. 10 102 103 104 f (Hz 105
Cy = capacitance at 20 °C, 100 Hz.

Fig.8 Typical multiplier of capacitance as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Standard, High Voltage 044 RSH

RIPPLE CURRENT AND USEFUL LIFE

Table 6 Multiplier of ripple current (Ig/lgo) as a function of frequency; Igo = ripple current at 100 Hz

FRE?:ZENCY Ix MULTIPLIER
50 0.75
100 1.0
300 1.2
1000 1.35
3000 1.45
>10000 15
33 [ MBC243
lA 3.2 T
PRI
3.0
2.8 \\ \\
26 h NN\
N \\\ \\
2.4 N\ NCARNC N
A SANLWAY ,
55 L\\ \\ \\ lifetime multiplier
N\ X !
R N N\
\IA W
S S RN RNANR
Ty L
18 AN NN
P . O Y Y
PAND N VAN ANANE N AND NEIAN
12 NN N NN SN NN
B A A
AP ANAN GV VAN B AN
0.0 NONI NI NN N \ N N |
40 50 60 70 80 90 100

Tamb (°C)

| = actual ripple current at 100 Hz.
|r = rated ripple current at 100 Hz, 85 °C.
(1) Useful life at 85 °C and I applied: 3000 hours.

Fig.9 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Philips Components

Product specification

Aluminium electrolytic capacitors
Radial Standard, High Voltage

044 RSH

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 7 Test procedures and requirements

o PROCEDURE
NAME OF REFERENCE (quick reference) RESDIRENENTS
TEST
Endurance IEC 384-4/ Tamb = 85 °C; Ug applied; AC/C: £20%
CECSIc0a0 2098 haurs <400 V: tan & < 2 x spec. limit
subclause 4.13
450 V: tan 8 < 1.5 x spec. limit
ILs < spec. limit
Useful life CECC 30301 Tamb = 85 °C; Ug and I applied; AC/C: £50%
subclause 1.8.1 3000 hours tan 5 < 3 x spec. limit
ILs < spec. limit
no short or open circuit
total failure percentage: <3%
Shelf life IEC 384-4/ Tamb = 85 °C; no voltage applied,; AC/C, tan 3, Z:
(storage at high | CECC 30300 500 hours for requirements
temperature) subclause 4.17 after test: Ug to be applied for 30 minutes, see ‘Endurance test’ above
24 to 48 hours before measurement I 5 < 2 x spec. limit
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Aluminium electrolytic capacitors

Radial Standard, High Voltage 044 RSH
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Philips Components Product specification

Aluminium electrolytic capacitors
Radial Low Leakage Current

013 RLC

FEATURES

Polarized aluminium electrolytic
capacitors, non-solid

Radial leads, cylindrical aluminium
case, all-insulated (light blue)

Natural pitch 2.5 mm and 5 mm
Charge and discharge proof

Miniaturized, high CV-product per
unit volume

Low leakage current, low energy
consumption.

APPLICATIONS

Telecommunication, automotive,

H [

{ [ i T
,@T,T@‘J@LT@

MAMO74

Fig.1 Component outlines.

audio-video, EDP and industrial 013 RLC
e Coupling, decoupling, buffering, I
timing, energy storage standard

Portable and mobile equipment

Low surface demand on
printed-circuit board.

QUICK REFERENCE DATA

leakage current

036 RSP
CCB049

DESCRIPTION

VALUE

Case sizes (DDnom X Lnom in mm)

5x 11 and 8.2 x 11

Rated capacitance range, Cr

0.47 to 470 uF

Tolerance on Cr

+20%; +10% available on request

Rated voltage range, Ur

6.3t0 50V

Category temperature range

—-40 to +85 °C

Leakage current after 2 minutes:
Ug=6.3t025V
Ug=35and 50V

0.002Cg x Ug or 0.7 uA (whichever is greater)
OOO2CH X UR +1 !JA

Endurance test at 85 °C 2000 hours
Useful life at 105 °C 750 hours

Useful life at 85 °C 3000 hours
Useful life at 40 °C, 1.4 x | applied 80000 hours
Shelf life at 0 V, 85 °C 500 hours

Based on sectional specification |IEC 384-4/CECC 30300
Climatic category IEC 68 40/085/56

10082 1an 2Q




Philips Components

Product specification

Aluminium electrolytic capacitors

Radial Low Leakage Current K e
Selection chart for Cg, Ug and relevant nominal case sizes (2D x L in mm)
Preferred types in bold.
Ch Ur (V)
(1F) 6.3 10 16 25 35 50
0.47 - - - - - 5x11
1.0 - - - 5x11 - 5x11
2.2 - - - 5x 11 - 5x11
3.3 - - =< 5Tl = 5x 11
4.7 - - - 5x11 - 5x11
10 - - - 5x 11 - 5x 11
22 - - - 5x11 - Bx11
33 - - 5x11 - 5x11 8.2 x 11
47 - 5 %11 5511 8.2x11 - 82x11
68 - 5x 11 — - - 8.2x 11
100 - 5x11 8.2x11 - 8.2x 11 =
220 - 8.2x 11 - - - -
330 8.2 x 11 - - - - -
470 8.2x 11 - - - - -
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Philips Components

Product specification

Aluminium electrolytic capacitors

Radial Low Leakage Current

013 RLC

MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES

’“o od
MBC317 P ——

Dimensions in mm.
For dimensions see Table 1.

Fig.2 Form CA: Long leads.

-~— GD —»

R -

- B
S

- Jd

; MGB133 - 1
=l F =

Dimensions in mm.
For dimensions see Table 1.

Fig.3 Form CB: Cut leads.

Table 1 Physical dimensions, mass and packaging quantities; see Figs 2 and 3
NOMINAL PACKAGING QUANTITIES
CASE SIZE CASE | Jd | PDmax | Lmax F MASS
@D x L CODE | (mm) | (mm) | (mm) | (mm) (9) FORM FORM
(mm) CA,CB TFA, TNA
5x11 1 0.5 55 12 2.540.5 =0.4 1000 2000
8.2x 11 13 0.6 8.7 12 5.0+0.5 =1.1 1000 1000
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Philips Components

Product specification

Aluminium electrolytic capacitors
Radial Low Leakage Current

013 RLC

Taped products

MRA448

Form TFA:

Case D xL=5x11and 8.2 x 11 mm.

Pitch F = 5 mm.

Tape dimensions are specified in this handbook, Section “Packaging”.

Fig.4 Taped in box (ammopack), straight and formed.

MRA449

Form TNA:
Case @D xL=5x11 mm.
Pitch F = 2.5 mm.

Tape dimensions are specified in this
handbook, Section “Packaging”.

Fig.5 Taped in box (ammopack),
straight leads.

MARKING

The capacitors are marked (where possible) with the following information:
¢ Rated capacitance (in uF)

¢ Tolerance on rated capacitance, code letter in accordance with “IEC 62”
* Rated voltage (in V)

e Group number (013)

¢ Name of manufacturer (PH)

¢ Date code in accordance with “/EC 62"

¢ Code indicating factory of origin

¢ Minus-sign on top to identify the negative terminal.
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Low Leakage Current 013 RLC

ELECTRICAL DATA
Unless otherwise specified, all electrical values in Tables 2 and 4 apply at Tamp = 20 °C, P = 86 to 106 kPa,
RH = 45 to 75%.

SYMBOL DESCRIPTION
Cgr rated capacitance at 100 Hz, tolerance +20%
IR rated RMS ripple current at 100 Hz, 85 °C
ILo max. leakage current after 2 minutes at Ug
Tan & max. dissipation factor at 100 Hz
ESR equivalent series resistance at 100 Hz (calculated from tan 8max and Cg)
i max. impedance at 10 kHz and +20, —-25 or —40 °C
Table 2 Electrical data; preferred types in bold
NOMINAL Ir y 4 Y4 4
Ug 10c(:)RHz CASE SIZE CASE 100 Hz 2 Iri;rzin Tan 3 15:':12 10 kHz | 10 kHz | 10 kHz
V) (uF) 2D x L CODE 85°C (WA) 100 Hz ©) +20°C | -25°C | -40°C
(mm) (mA) (Q) (©) (©)
6.3 330 8.2x 11 13 210 4.2 0.2 1.0 0.9 5.2 15
470 8.2x 11 13 250 5.9 0.2 0.7 0.64 3.5 10
10 47 5x11 11 75 1.0 0.16 5.4 2.8 15 53
68 5x 11 11 90 1.4 0.16 3.7 25 13 47
100 5%11 11 110 2.0 0.16 2.5 1.7 9.0 25
220 8.2x11 13 190 4.4 0.16 1.2 0.9 5.2 15
16 33 5% 11 1 70 1.1 0.13 6.3 2.8 14 52
47 5x 11 11 85 15 0.13 4.4 21 9.5 36
100 8.2x11 13 150 3.2 0.13 2.1 1.0 55 17
25 1.0 5x11 1 5 0.7 0.06 95 40 130 400
2.2 5x11 1 10 0.7 0.06 43 18 59 180
3.3 Bx 11 11 18 0.7 0.06 29 12 39 120
4.7 5x11 " 25 0.7 0.06 20 8.5 27 85
10 5x11 1 50 0.7 0.06 9.5 4.0 17 65
22 5x11 1 75 | 0.08 5.8 2.7 15 56
47 8:2%11 13 130 2.4 0.08 2.7 1.3 6.5 )7
35 33 5% 11 11 70 'S 0.13 6.3 2.8 14 52
100 82x M 13 150 8.0 0.13 21 1.0 5:5 17
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Philips Components Product specification

Aluminium electrolytic capacitors

: 013 RLC
Radial Low Leakage Current
ORDERING INFORMATION
Ordering example
Electrolytic capacitor 013 series
100 uF/16 V; £20%
Nominal case size: ©8.2 x 11 mm; Form TFA
Catalogue number: 2222 013 35101.
Table 3 Ordering information; preferred types in bold
CATALOGUE NUMBER 2222 ... .....
Ch BULK PACKAGING
Ur 100 H CASE TAPED AMMOPACK
(V) ( F)z CODE LONG LEADS CUT LEADS
u
FORM F FORM F FORM F FORM F
CA (mm) cB (mm) TFA (mm) TNA (mm)
6.3 330 13 01353331 | 5.0 | 01363331 | 50 | 01333331 | 5.0 - ~
470 13 01353471 | 5.0 | 01363471 | 50 | 01333471 | 5.0 - ~
10 47 1 01354479 | 25 - - 01334479 | 5.0 | 01374479 | 25
68 11 01354689 | 2.5 - - 01334689 | 5.0 | 01374689 | 25
100 11 01354101 | 2.5 - - 01334101 | 5.0 | 01374101 | 25
220 13 01354221 | 5.0 | 01364221 | 50 | 01334221 | 5.0 - -
16 33 1 01355339 | 2.5 - - 01335339 | 5.0 | 01375339 | 25
47 1 01355479 | 2.5 - - 01335479 | 5.0 | 01375479 | 2.5
100 13 01355101 | 5.0 | 01365101 | 50 | 01335101 | 5.0 ~ =
25 1.0 1 01356108 | 2.5 = - 01336108 | 5.0 | 01376108 | 2.5
2.2 11 01356228 | 2.5 - - 01336228 | 5.0 | 01376228 | 2.5
3.3 1 013 56338 25 - - 013 36338 5.0 013 76338 25
4.7 1 01356478 | 2.5 - - 01336478 | 5.0 | 01376478 | 2.5
10 1 013 56109 2.5 = = 013 36109 5.0 013 76109 2:5
22 1 01356229 | 25 - - 01336229 | 5.0 | 01376229 | 2.5
47 13 01356479 | 5.0 | 01366479 | 5.0 | 01336479 | 5.0 = =
35 33 11 01350339 | 5.0 - - 01330339 | 5.0 | 01370339 | 25
100 13 01350101 | 5.0 | 01360101 | 5.0 | 01330101 | 5.0 = =
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Low Leakage Current 13 RLG
ELECTRICAL DATA (continued)
Table 4 Electrical data continued; preferred types in bold
Cr NOMINAL Ir ILs ESR Z V4 b4
Ug 100 Hz CASE SIZE CASE 100 Hz o il Tan § 100 Hz 10 kHz | 10 kHz | 10 kHZ
V) (uF) @D x L CODE 85°C (uA) 100 Hz @) +20°C | -25°C | -40°C
(mm) (mA) (9)) (9)) ((9)
50 0.47 &% 11 il 5 1.1 0.06 200 85 230 850
1.0 5x11 11 10 1.1 0.06 95 40 130 400
22 5x11 1 20 1.2 0.06 43 18 59 180
38 5x11 11 32 1.3 0.06 29 12 39 120
4.7 5x11 1 38 18 0.06 20 8.5 27 85
10 5x11 1 55 2.0 0.06 9.5 4.0 A7 65
22 5x 11 11 75 3.2 0.08 5.8 2.7 15 56
33 82x11 13 110 4.3 0.06 2.9 1.4 7.0 18
47 82x11 13 130 5.7 0.08 27 1.3 6.5 17
68 82x11 13 150 7.8 0.08 1.9 12 6.0 17
Additional electrical data
PARAMETER CONDITIONS VALUE
Voltage
Surge voltage for short periods Us<1.3xUR
Reverse voltage Uy <1V
Current
Leakage current after 2 minutes at Ug:
Ugr=6.3t025V IL2 £0.002CR x Ug or 0.7 uA
(whichever is greater)
Ug=35and 50 V IL2<£0.002Cr x Ug + 1 HA
Inductance
Equivalent series inductance (ESL) case @D xL=5x11 mm typ. 13 nH
case WD xL =8.2x11 mm typ. 16 nH
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Low Leakage Current His ALL
ORDERING INFORMATION (continued)
Table 5 Ordering information continued; preferred types in bold
CATALOGUE NUMBER 2222 ... .....
(8 BULK PACKAGING
Ur CASE TAPED AMMOPACK
V) “()OF';'Z CODE LONG LEADS CUT LEADS
8 FORM F FORM F FORM F FORM F
CA (mm) CB (mm) TFA (mm) TNA (mm)
50 0.47 1 01351477 | 2.5 - - 01331477 | 5.0 | 01371477 | 2.5
1.0 1 01351108 | 2.5 - - 01331108 | 5.0 | 01371108 | 2.5
22 1 013 51228 25 = = 013 31228 5.0 01371228 25
3.3 11 01351338 | 2.5 - - 01331338 | 5.0 | 01371338 | 2.5
4.7 " 013 51478 25 — - 013 31478 5.0 01371478 2.5
10 1 01351109 | 2.5 - - 01331109 | 50 | 01371109 | 2.5
22 11 01351229 | 2.5 - - 01331229 | 5.0 |01371229 | 25
33 13 01351339 | 50 |01361339| 5.0 | 01331339 | 5.0 - -
47 13 01351479 | 5.0 |01361479| 5.0 | 01331479 | 5.0 - -
68 13 01351689 | 5.0 |01361689 | 5.0 | 01331689 | 5.0 - -
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Philips Components

Product specification

Aluminium electrolytic capacitors

. 013 RLC
Radial Low Leakage Current
ELECTRICAL DATA (continued)
MGB135 MGB136
10 1.0
7 I
P |0
Z
% 7 08
L~ =
0.6
P /
1 7
- /|
L/
0.2
-
107" 0
0 20 40 60 80 100 0 0.2 0.4 0.6 0.8 U 1.0
Tamb (°C) Ug

lp = leakage current during continuous operation at 20 °C and Ug.

Fig.6 Typical multiplier of leakage current as
a function of ambient temperature.

lp = leakage current during continuous operation at 20 °C and Ug.

Fig.7 Typical multiplier of leakage current as
a function of U/UR.

MGB137
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~
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lp = leakage current.
Leakage current after 2 minutes (l.») is specified in Tables 2 and 4.

Fig.8 Typical multiplier of leakage current as
a function of time.
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Philips Components

Product specification

Aluminium electrolytic capacitors
Radial Low Leakage Current

013 RLC

Capacitance (C)

Cy = capacitance at 20 °C, 100 Hz.

14 MGB138
i \ P 4
€ A
Co //ﬁjﬁjﬁ’ g
1
1.0 = | =
= ;
1 ] |
P 1/ |
AN
A AN
| LW ‘
0.9 2 A1 1
V] L/ .
3 |
T
i |
0.8
|
Curve 1: 25 and 50 V; 0.22 to 2.2 pF. |
Curve 2: 25 and 50 V; 3.310 6.8 iF. [ !
Curve 3: 25 and 50 V; 10 to 68 uF. 0.7 e 5 5 = o re: o 100
Curve 4:6.3V;10V; 16 V; 35 V. Tamp (°C)

Fig.9 Typical multiplier of capacitance as a function of ambient temperature.

Curve 6:

6.3and 10 V.
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Curve 1: 25 and 50 V; 0.22 to 2.2 uF. | \1
Curve 2: 25 and 50 V; 3.3 to 6.8 uF. L
Curve 3: 25 and 50 V; 10 and 15 pF. [\
Curve 4: 25 and 50 V; 22 to 68 uF. o [|}6
Curve 5: 16 and 35 V. ' 10 102 108 104 f(Hz 105

Cy = capacitance at 20 °C, 100 Hz.

Fig.10 Typical multiplier of capacitance as a function of frequency.
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Philips Components

Product specification

Aluminium electrolytic capacitors

Radial Low Leakage Current
Equivalent series resistance (ESR)
1000 MGB140
ESR
Q)
\\
100 ~
| N
SN
V0 .
NN 1
N\ N \
N |
AN 2
10 N \\\ ~ JJ
R !
Curve 1: 0.47 uF. I
Curve 2: 1.0 uF. R 4
Curve 3: 4.7 uF. s O :‘
Curve 4: 10 uF s U\
9 k. — L
Curve 5: 22 uF. 1 | 6
Curve 6: 47 uF. -60 -40 -20 0 20 40 60 80 100
Case @D xL=5x11 mm. Tamb (°C)
ESR = typical at 100 Hz.
Fig.11 Typical ESR as a function of ambient temperature.
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ESR = typical at 100 Hz.
Fig.12 Typical ESR as a function of ambient temperature.
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Low Leakage Current 013 RLC

Impedance (2Z)

MGB142

]
|

Curve 1:
Curve 2:
Curve 3:
Curve 4:
Curve 5:
Curve 6:
Curve 7:
Curve 8:
Curve 9:

0.47 pF.
0.68 pF.
1.0 uF.
1.5 uF.
2.2 uF.
3.3 uF.
4.7 uF.
6.8 uF.
10 uF.

Curve 10: 15 uF.
Curve 11: 22 uF.
Curve 12: 33 uF.
Curve 13: 47 uF.
Curve 14: 68 uF.

Tamb = 20 °C.

Case D xL=5x11 mm.
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Fig.13 Typical impedance as a function of frequency.

Curve 1: 33 pF.
Curve 2: 47 pF.
Curve 3: 68 pF.
Curve 4: 100 pF.
Curve 5: 150 pF.
Curve 6: 220 puF.

Tamp = 20 °C.

Case @D xL=82x11 mm.
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Fig.14 Typical impedance as a function of frequency.

f (Hz) 10°

1998 Jan 29

181




Philips Components Product specification

Aluminium electrolytic capacitors

Radial Low Leakage Current 013 RLC

RIPPLE CURRENT AND USEFUL LIFE

Table 6 Multiplier of ripple current (Ir/Iro) as a function of frequency; Iro = ripple current at 85 °C, 100 Hz

FREQUENCY Ir MULTIPLIER
(Hz) Ur=6.3V Ur=10,16 and 35 V Ug = 25 and 50 V
50 0.9 0.85 0.8
100 1.0 1.0 1.0
300 112 1.2 1.25
1000 T2 1.3 1.4
3000 1.25 1.85 1.5
>10000 1.3 1.4 1.6
33 [ MBC243
|A 32 |
'R 3.1 |
30
NN
SEAN NIAN
N
N
TR RIS,
24 N NN
NN LSS LN _ '
N N Y N lifetime multiplier
22 N
ANANANAN AN |
2.0 N \ \\ > .
NN 9\0
1.8 N\ \ \ \ 4 \
=N Sf\o NN
PN VA W AN A W A
T A o O W .
14 TSSO, NN NN
58 G NN N
SN XY N\, N\ il
0 NN R
O'su‘fo‘\\\\\\\ AR
o NI N INT N NE=NTNTN
40 50 60 70 80 90 100

Tamb (°C)

|a = actual ripple current at 100 Hz.
Ig = ripple current at 85 °C, 100 Hz.
(1) Useful life at 85 °C and Ig applied: 3000 hours.

Fig.15 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Philips Components

Product specification

Aluminium electrolytic capacitors
Radial Low Leakage Current

013 RLC

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 7 Test procedures and requirements

TEST
N,_-\rnégfp ——— PROCEDURE REQUIREMENTS
Endurance IEC 384-4/ Tamb = 85 °C; Ug applied; Ugr £6.3 V; AC/C: +15/-30%
fi%ﬁffffﬂ’s R0 e Un > 6.3 V: AC/C: +15%
tan & < 1.3 x spec. limit
Z <2 x spec. limit
IL2 < spec. limit
Useful life CECC 30301, Tamb = 85 °C; Ug and Ig applied; Ur £6.3V; AC/C: +45/-50%
subclause 1.8.1 3000 hours Ur > 6.3 V; AC/C: +45%
tan & < 3 x spec. limit
Z < 3 x spec. limit
ILo < spec. limit
no short or open circuit
total failure percentage: <1%
Shelf life IEC 384-4/ Tamb = 85 °C; no voltage applied; AC/C, tan §, Z:
(storage athigh | CECC 30300 500 hours for requirements
temperature) subclause 4.17 after test: U to be applied for 30 minutes, see ‘Endurance test’ above
24 to 48 hours before measurement ILo €2 x spec. limit




Philips Components Product specification

Aluminium electrolytic capacitors

Radial Bipolar 036 92 RB

FEATURES

o Non-polarized aluminium
electrolytic capacitors, non-solid

Radial leads, cylindrical aluminium
case, all-insulated

AC-capability without DC bias
Charge and discharge proof

Long useful life: oo i
1500 hours at 105 °C 5@ i 104 ;:O>

Miniaturized dimensions i 1t

MAMO089

Lead pitch 5 mm.

Fig.1 Component outlines.
APPLICATIONS

e Telecommunication, automotive,

audio-video and industrial
036 93 RBA

For circuits where the polarity is not
fixed, or reverse voltages may

occur for audio frequency

e Coupling, decoupling, buffering, (bipolar)
smoothing and filtering
¢ Portable and mobile equipment °3§,f’§.;,‘°
(small size, low mass). I
higher CV/volume
REMARK (polarized)

Please consult your sales

representative for more details. 036 RSP
CCcBo26

QUICK REFERENCE DATA

DESCRIPTION VALUE
Case size (DDnom X Lnom in mm) 8.2 x 11 (pitch 5 mm)
Rated capacitance range, Cr 10 to 100 uF
Tolerance on Cg at 100 Hz +20%
Rated voltage range, Ug 16 to 63 V
Category temperature range —-40 to +105 °C
Endurance test at 105 °C 1000 hours
Useful life at 105 °C 1500 hours
Useful life at 40 °C, 1.4 x |z applied 150000 hours
Shelf life at 0 V, 105 °C 500 hours
Based on sectional specification IEC 384-4/CECC 30300
Climatic category IEC 68 40/105/56




Philips Components

Product specification

Aluminium electrolytic capacitors

Radial Bipolar

036 92 RB

Selection chart for Cg Ug and relevant nominal case sizes (JD x L in mm)

Cr

Ur (V)

(uF)

16

40

63

10

8.2x 11

22

82 x11

33

47

100

8.2x 11
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Bipolar Audio-frequency 036 93 RBA

FEATURES

¢ Non-polarized aluminium
electrolytic capacitors, non-solid

Radial leads, cylindrical aluminium
case, all-insulated

¢ AC-capability without DC bias

e Low dissipation factor, featuring
low sound distortion L -

o Long useful life: O 2O 20O

1500 hours at 105 °C 1t it
e Miniaturized dimensions MAMOB9
e Lead pitch 5 mm. Fig.1 Component outlines.
APPLICATIONS
e Speaker crossover networks in 036 93 RBA

audio equipment bipolar
e For splitting high, middle and low T

frequencies higher CV/volume

(bipolar)

¢ Portable and mobile equipment
(small size, low mass).

v
REMARK

higher CV/volume
Please consult your sales (polarized)

representative for more details.
036 RSP
cceos7?

QUICK REFERENCE DATA

DESCRIPTION VALUE
Case size (PDnom X Lnom in mm) 8.2 x 11 (pitch 5 mm)
Rated capacitance range, Cr (E6 series) 1to 22 uF
Tolerance on Cg at 1 kHz +10%
Rated DC voltage, Ug (for standard devices) 50 V
Category temperature range —40to +105 °C
Endurance test at 105 °C 1000 hours
Useful life at 105 °C 1500 hours
Useful life at 40 °C, 1.4 x |g applied 150000 hours
Shelf life at 0 V, 105 °C 500 hours
Based on sectional specification IEC 384-4/CECC 30300
Climatic category IEC 68 40/105/56
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NOTES
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Philips Components

Aluminium electrolytic capacitors

Radial Semi-Professional

FEATURES

» Polarized aluminium electrolytic
capacitors, non-solid

« Radial leads, cylindrical aluminium
case, all-insulated (light blue)

o Natural pitch 2.5 mm and 5 mm
e Charge and discharge proof

» Miniaturized, high CV-product per
unit volume

» Reduced leakage current.

APPLICATIONS

* Automotive, telecommunication,
industrial, EDP and audio-video

o Coupling, decoupling, smoothing,

Product specification

036 RSP

” [

(N
B

MAMO74

Fig.1 Component outlines.

047 RMS

filtering, buffering, timing C\t/wighier
-values
e Portable and mobile equipment
(small size, low mass). low |
g o il i
T
standard
grade
cCcBo41
QUICK REFERENCE DATA
DESCRIPTION VALUE

Case sizes (FDnom X Lpom in mm) 5x 11 and 8.2 x 11
Rated capacitance range, Cr 0.47 to 470 uF
Tolerance on Cr 1+20% (£10% on request)
Rated voltage range, Ug 6.3t0 160 V
Category temperature range —551t0 +85 °C
Endurance test at 85 °C 2000 hours
Useful life at 105 °C 750 hours

Useful life at 85 °C 3000 hours
Useful life at 40 °C, 1.4 x Ig applied 80000 hours

Shelf life at 0 V, 85 °C 500 hours

Based on sectional specification IEC 384-4/CECC 30 300
Climatic category IEC 68 55/085/56

1008 lan 2Q

188




Philips Components Product specification

Aluminium electrolytic capacitors

Radial Semi-Professional el b
Selection chart for Cg, Ug and relevant nominal case sizes (ZD x L in mm)
Preferred types in bold.

Cn Ur (V)

(1F) 6.3 10 16 25 35 40 50 63 100 160
0.47 - - — = - —~ - 5x 11 - -
1.0 - - — = — = - 5x 11 - -
22 = = = = = ~ —~ 5x 11 - 8.2x 11
3.3 - = — — = = ~ 5x 11 = -
4.7 - - - - - - - Sx11 - 8.2x11
6.8 - - - - - - - 5% 1 - —

- - - - - - 51l 5x11 | 82x11 -

10 - - - - - - - 82x11 - -

15 - - - - - 5x 11 - 5x 11 - -

00 - - - - 511 - - 5x11 | 8.2%11 -

- - - - - — - 8.2x11 - =

33 = - 5x 11 - - - 5x11 | 82x11 - -

47 - 5 %1 - - 511 - 82x11 | 82x11 - =

68 - - - 5x1 - 8.2x 11 - 8.2x 11 - -

100 5x11 - 5x11 | 8.2x11 - - 8.2x11 - - -

150 = 5x11 | 82x11 - 8.2x11 - - - - =

220 = 82x11 | 8.2x11 | 82x11 - - - - - -

330 8.2x11 - 8.2x11 - - - - - - -

4700 - 8.2x11 - - - - - - - =
Note

1. For higher CV-values see data sheet “047 RMS”.
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Aluminium electrolytic capacitors

Radial Semi-Professional

036 RSP

MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES

Dimensions in mm.
For dimensions see Table 1.

|-
ad 5 min

i

Fig.2 Form CA: Long leads.

-— JD —»

_"F“"

Dimensions in mm.
For dimensions see Table 1.

Fig.3 Form CB: Cut leads.

MGB133- 1

Table 1 Physical dimensions, mass and packaging quantities; see Figs 2 and 3

NOMINAL PACKAGING QUANTITIES
CASESIZE |CASE | @d | @Dmax| Lmax F MASS
@D x L CODE | (mm) | (mm) | (mm) | (mm) (9) FORM FORM
(mm) CA,CB TFA, TNA
5x 11 11 0.5 55 12 |25405 ~0.4 1000 2000
8.2 x 11 13 06 | 87 12 |5.0+05 ~1.1 1000 1000
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Aluminium electrolytic capacitors
Radial Semi-Professional

036 RSP

Taped products

Of O} iio§ §o=: e} iscﬂ

MRA448

Form TFA:

Pitch F =5 mm.

Case D xL=5x11and 8.2x11 mm.

Tape dimensions are specified in this handbook, Section “Packaging”.

Fig.4 Taped in box (ammopack).

f@ TRl Fe

MRA449

Form TNA:
Pitch F = 2.5 mm.
Case @D x L =5x11 mm only.

Tape dimensions are specified in this
handbook, Section “Packaging”.

Fig.5 Taped in box (ammopack).

MARKING

The capacitors are marked (where possible) with the following information:
e Rated capacitance (in uF)

» Tolerance on rated capacitance, code letter in accordance with “/EC 62"
» Rated voltage (in V)

Group number (036)

+ Name of manufacturer (PH)

Date code in accordance with “/EC 62"
¢ Code indicating factory of origin

Minus-sign on top to identify the negative terminal.
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Semi-Professional 036 RSP

ELECTRICAL DATA
Unless otherwise specified, all electrical values in Tables 2 and 4 apply at Tamp = 20 °C, P = 86 to 106 kPa,
RH = 45 to 75%.

SYMBOL DESCRIPTION
Cr rated capacitance at 100 Hz, tolerance +20%
IR rated RMS ripple current at 100 Hz, 85 °C
IL1 max. leakage current after 1 minute at Ug
ILs max. leakage current after 5 minutes at Ug
Tan o max. dissipation factor at 100 Hz
ESR equivalent series resistance at 100 Hz (calculated from tan dmax @and Cg)
Z max. impedance at 10 kHz and 20, —25 or —40 °C
Table 2 Electrical data; preferred types in bold
Cn NOMINAL Ir Iy Iis ESR z z z
Ug CASE SIZE | CASE | 100 Hz . . Tan 3 10 kHz | 10 kHz | 10 kHz
v) | 190H2 | “op.L | cope | ssec | 1MIn | Smin |40y, | 100HZ | bgec | Ja5ec | —40°C
(uF) (mm) (mA) (uA) (uA) (©) @) ©) @)
6.3 | 100 5x 11 1 130 7 3.6 0.20 82 1.7 9.0 25
330 8.2% 11 13 300 16 50 0.20 1.0 0.52 2.7 7.6
10 47 5x11 1 95 6 35 0.16 5.4 2.8 12 32
150 5x11 1 150 12 4.5 0.20 2.1 1.3 8.0 21
220 82x11 13 260 17 52 0.16 1.2 0.59 2.6 6.8
470 8.2x 11 13 400 31 T 0.20 0.68 0.43 2.6 6.8
16 33 5x11 11 90 7 35 0.14 6.8 27 12 33
100 5x1 1 160 13 4.6 0.16 2.5 1.6 i) 20.0
150 8.2x11 13 230 18 5.4 0.14 1.5 0.6 2.7 7.8
220 8.2x11 13 280 24 6.5 0.16 1:2 055 25 6.8
330 8.2x11 13 390 35 8.3 0.16 0.7 0.48 23 6.1
25 68 511 11 140 13 47 0.14 3.3 1.8 8.2 22
100 8.2 x 11 13 210 18 6.5 0.12 1.9 0.7 3.0 9.0
220 8.2x11 13 310 36 8.5 0.14 1 0.55 2.6 6.8
35 22 5x 11 11 87 8 3.8 0.10 7.2 27 1 34
47 5x11 1 130 13 4.6 0.12 4.1 1.9 8.5 23
150 8.2 x 11 13 270 35 8.3 0.12 1.3 0.6 2.7 7.3
40 15 S 1 11 72 74 3.6 0.10 11 87 15 47
68 8.2x 11 13 180 20 5.7 0.10 23 0.81 3.2 10
50 10 5x 11 11 60 6 35 0.08 13 4.5 16 58
33 5x11 11 110 13 4.7 0.10 4.8 2:1 9.1 27
47 82 11 13 160 18 5.4 0.08 2.7 0.96 3.4 12
100 8.2x 11 13 250 33 8.0 0.10 1.6 0.7 3.0 9.0
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Aluminium electrolytic capacitors

Radial Semi-Professional el
ORDERING iNFORMATION
Ordering example
Electrolytic capacitor 036 series
100 uF/16 V; £20%
Nominal case size: @5 x 11 mm; Form TFA
Catalogue number: 2222 036 35101.
Table 3 Ordering information; preferred types in bold
CATALOGUE NUMBER 2222 ... .....
o BULK PACKAGING
Ug CASE TAPED AMMOPACK
V) 1°°FHZ CODE LONG LEADS CUT LEADS
W FORM F FORM F FORM F FORM F
CA (mm) cB (mm) TFA (mm) TNA (mm)
6.3 100 11 036 53101 25 - - 036 33101 5.0 | 03673101 25
330 13 036 53331 5.0 | 036 63331 5.0 | 036 33331 5.0 - =
10 47 11 03654479 | 25 - - 03634479 | 5.0 | 03674479 | 25
150 11 036 54151 2.5 - - 036 34151 5.0 | 03674151 2.5
220 13 036 54221 5.0 | 03664221 5.0 | 036 34221 5.0 - -
470 13 036 54471 5.0 | 03664471 5.0 | 036 34471 5.0 - -
16 33 11 036 55339 2.5 — - 036 35339 5.0 036 75339 25
100 11 036 55101 25 - - 036 35101 5.0 | 03675101 2.5
150 13 036 55151 5.0 036 65151 5.0 036 35151 5.0 - -
220 13 036 55221 5.0 | 036 65221 5.0 | 036 35221 5.0 - -
330 13 036 55331 5.0 | 03665331 5.0 | 036 35331 50 - -
25 68 1 036 56689 | 2.5 - - 03636689 | 5.0 | 03676689 | 25
100 13 036 56101 5.0 | 03666101 5.0 | 03636101 5.0 - -
220 13 036 56221 5.0 | 03666221 5.0 | 036 36221 5.0 - -
35 22 1 036 90001 25 - - 03690027 | 5.0 | 03690389 | 2.5
47 11 03690094 | 25 - - 03690098 | 5.0 | 03690391 2.5
150 13 036 90099 5.0 036 90101 5.0 036 90103 5.0 = =
40 15 1 036 57159 2.5 - - 036 37159 5.0 036 77159 25
68 13 036 57689 5.0 036 67689 5.0 036 37689 5.0 - -
50 10 11 036 90004 | 2.5 - - 03690028 | 5.0 | 03690392 | 25
33 1 03690104 | 25 - - 03690108 | 5.0 | 03690393 | 25
47 13 036 90011 5.0 | 03690012 | 5.0 | 03690031 5.0 - -
100 13 03690109 | 5.0 036 90111 5.0 | 03690113 | 5.0 - -
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Aluminium electrolytic capacitors

Radial Semi-Professional Nae PSP
ELECTRICAL DATA (continued)
Table 4 Electrical data continued; preferred types in bold
Cr NOMINAL Ir It ILs ESR z Y4 z
Ug 100 Hz CASE SIZE | CASE | 100 Hz i | 5 mi Tan § 100 Hz 10 kHz | 10 kHz | 10 kHz
(V) (uF) @D xL CODE | 85°C (uA) (uA) 100 Hz ) 20°C | -25°C | -40°C
(mm) (mA) (©) Q) Q)
63 0.47 5x11 11 5 4 3 0.06 |200 85 280 850
1.0 5x11 1 11 4 311 0.06 95 40 130 400
2.2 5x11 1 25 4 3.1 0.06 43 18 59 180
3.3 5x 11 11 38 5 3.2 0.06 29 12 39 120
4.7 5x11 1 45 5 3.3 0.06 20 8.5 27 85
6.8 5x11 1 55 6 3.4 0.06 14 5.9 19 59
10 5x11 1 70 7 3.6 0.06 9.5 4.0 13 40
10 8.2x 11 13 120 7 3.6 0.04 6.5 2.8 7 19
15 p-a 1 80 9 3.9 0.07 7.4 3.1 12 36
22 5x11 1 100 1 4.4 0.08 5.8 2.7 10 32
22 8.2x 11 13 150 1 4.4 0.05 3.6 1.4 5.1 15
33 8.2 x 11 13 160 16 5.1 0.06 2.9 1.2 39 12
47 8.2x11 13 190 21 6.0 0.07 2.4 1.0 35 11
68 8.2x11 13 210 29 7.3 0.08 1.9 0.88 3.2 10
100| 10 8.2x 11 13 80 9 4 0.06 9.5 35 15 45
22 8.2x11 13 110 16 5.2 0.06 4.3 1.8 7.3 23
160 22 8.2x 11 13 45 75 15 0.05 36 14 70 170
4.7 8.2x 11 13 62 115 21 0.07 24 9.6 60 150
Additional electrical data
PARAMETER CONDITIONS VALUE
Voltage
Surge voltage for short periods Us<1.15 UR
Reverse voltage Uev<1V

Current

Leakage current

after 1 minute:
Ug=6.3t0 100V
Ugr=160V

IL1 £0.006Cg x Ug + 3 uA
IL1 £0.1Cgr x Ug + 40 A

after 5 minutes:

Inductance

Equivalent series inductance (ESL)

Ur=6.3t0 100 V IL5 £0.001Cg x Ug + 3 uA
Ug=160V IL5 £0.015Cr x Ug + 10 pA
case D xL=5x11 mm typ. 13 nH
case DD xL=8.2x11 mm typ. 16 nH
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Aluminium electrolytic capacitors

Radial Semi-Professional b Bl
ORDERING INFORMATION (continued)
Table 5 Ordering information continued; preferred types in bold
CATALOGUE NUMBER 2222 ... .....
o7 BULK PACKAGING
Ur CASE TAPED AMMOPACK
W) 100FHZ CODE LONG LEADS CUT LEADS
e FORM F FORM F FORM F FORM F
CA (mm) cB (mm) TFA (mm) TNA (mm)
63 0.47 1 036 58477 | 2.5 = - 036 38477 | 5.0 | 03678477 | 25
1.0 11 036 58108 | 2.5 - - 03638108 | 5.0 | 03678108 | 25
2:2 1 036 58228 | 2.5 = = 03638228 | 50 | 03678228 | 25
3.3 11 036 58338 | 2.5 = - 03638338 | 5.0 | 03678338 | 2.5
4.7 11 036 58478 | 2.5 - — 03638478 | 50 | 03678478 | 25
6.8 1 036 58688 | 2.5 = - 03638688 | 5.0 | 03678688 | 2.5
10 1 036 58109 | 2.5 - - 03638109 | 5.0 | 03678109 | 2.5
10 13 036 90036 | 5.0 | 036 90041 5.0 | 03690181 5.0 - -
15 1 03658159 | 2.5 - - 03638159 | 5.0 | 03678159 | 2.5
22 1 03658229 | 2.5 - - 03638229 | 5.0 | 03678229 | 25
22 13 036 90117 | 5.0 | 03690118 5.0 | 03690139 | 5.0 - -
33 13 03658339 | 50 | 03668339 | 50 | 03638339 | 5.0 - =
47 13 03658479 | 5.0 | 03668479 | 50 | 03638479 | 5.0 - ~
68 13 03658689 | 5.0 | 03668689 | 5.0 | 03638689 | 5.0 = =
100 10 13 03659109 | 5.0 | 03669109 | 5.0 | 03639109 | 5.0 - =
22 13 03659229 | 50 | 03669229 | 5.0 | 03639229 | 5.0 = =
160 2.2 13 03690333 | 5.0 | 03690334 | 5.0 | 03690336 | 5.0 w =
4.7 13 036 90337 5.0 036 90338 5.0 036 90341 5.0 - =
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Aluminium electrolytic capacitors

Radial Semi-Professional
ELECTRICAL DATA (continued)
Capacitance (C)
1.1 MBC240
: ~
& —
C — 1
0 —
1.0
/’
/ /
=7
0.9 1= 7
2 / /
/
i /
0.8 /
4
0.7
gl
Curve 1: 63 V. 0.6
Curve 2: 50 V.
Curve 3: 35 V; 40 V; 100 V; 160 V.
Curve 4:16 V; 25 V. 05
Curve 5:6.3V; 10 V. - 60 -40 -20 0 20 40 60 80
Cy = capacitance at 20 °C, 100 Hz. Tamb ("C)
Fig.6 Typical multiplier of capacitance as a function of ambient temperature.
MBC241
1.1
C
Co
1.0 = i
iy =P
N R 2
0.8 ~§\:\ \3\\ ™A
NN NN
N
i N N N
5 N
N\ ™
0.8
NN \
6
0.7 =
Curve 1: 63 V (<2.2 uF).
Curve 2: 63 V (>2.2 uF).
Curve 3: 50 V. 0.6
Curve 4: 35 V; 40 V; 100 V; 160 V.
Curve 5: 25 V.
Curve 6: 16 V. 0.5
Curve 7: 6.3 V; 10 V. 10 102 103 104 f (Hz) 10°
Co = capacitance at 20 °C, 100 Hz.
Fig.7 Typical multiplier of capacitance as a function of frequency.
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Equivalent series resistance (ESR)
152 MGB147
F1
EsR [\
ESR, |2
10 \\ \\‘
\C .G
N
N\
\\
AN
N
1 —
2—
1=
=1
Curve 1: 6.3 V; 100 V; 160 V. 10 “50 ° 50 100
Curve 2: 63 V (210 uF). Tamb (°C)
ESRy = typical at 20 °C, 100 Hz.
Fig.8 Typical multiplier of ESR as a function of ambient temperature.
20 MGB126
ESR
ESR,
1.6 2
1
12
\
\
™~
N TR
0.4 = 2
2
Curve 1: 6.3 V. 0
10 102 108 104 f (Hz 10°

Curve 2: 63 V (210 uF); 100 V; 160 V.
ESRy = typical at 20 °C, 100 Hz.

Fig.9 Typical multiplier of ESR as a function of frequency.
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Impedance (2)

Case @D x L =8.2x11 mm.
Tamt =20 °C.

Fig.11 Typical impedance as a function of frequency.

MGB148
[
}
A 1
1
10° \\% h23
s, % 31N,
z RN M
Curve 1: 0.47 pF. ©@) \\:~5\\ N
. AN s
Curve 2: 0.68 uF. NEDS O
Curve 3: 1.0 uF. 102 \\&} RN
Curve 4: 1.5 uF. — ‘:\ =
Curve 5: 2.2 uF. 10 SN
Curve 6: 3.3 uF. 11N \\Q\\\\
Curve 7: 4.7 uF 120N ~\\§§
fiti e 13NN
Curve 8: 6.8 uF. 10 NN ‘\\ NN
Curve 9: 10 uF. 15 \:\\ =
Curve 10: 15 uF. L RO NG ~_
K
Curve 11: 22 uF. Y N N N
Curve 12: 33 F. NSSS —
Curve 13: 47 puF. 1
Curve 14: 68 uF. ’
|
Curve 15: 100 uF.
102 108 f(Hzy 10°
Curve 16: 150 uF.
Case DD x L =5x11 mm.
Tami=20C.
Fig.10 Typical impedance as a function of frequency.
MBC239
103
=
Z N
(Q) \ N
102 DN \\ A
S — S
N N N 2.9
Curve 1: 2.2 uF. Mo ) N
Curve 2: 4.7 pF. §‘7\\ N
N
Curve 3: 10 uF, 100 V. 10 ‘A‘—“‘ NN \
Curve 4: 10 uF, 63 V. = :\
Curve 5: 22 uF, 63 V. \1(1)\ RO NG
Curve 6: 33 pF. x 12 N :\\ ~
Curve 7: 47 uF. 13 b W N I~~~
Curve 8: 68 uF. 1 =~
Curve 9: 100 pF. >
Curve 10: 150 uF.
Curve 11: 220 pF. “
Curve 12: 330 uF. 10 1 ‘ H |
Curve 13: 470 uF. 102 103 f (Hz 10°
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RIPPLE CURRENT AND USEFUL LIFE
Table 6 Multiplier of ripple current (Ig/Iro) as a function of frequency; Igp = ripple current at 100 Hz
FREQUENCY Ir MULTIPLIER
(Hz) Ur=6.3t010V Up=16t035V Ur=40to 160 V
50 0.9 0.85 0.8
100 1.0 1.0 1.0
300 1.2 1.2 1.25
1000 12 13 1.4
3000 1.25 1.35 1.5
>10000 13 1.4 1.6
33 MBC243
'A 32
FRETIAN
3.0
AN
I
N N
S INANTNAY
NS
oid, NN K N
\\ N \\\ \\ lifeti Itipli
\ \ N \ iretime muitiplier
oo
AN\ AN N AN |
sty W N\ AN
SN S
i NN 0\0 N,
N N N N6 N N
1.6 AN \\o NN N
D Y W .
14 TN N o e
M AVHAN NN
A S OVANR AN
e Ne NABVAEAEINAY X
P AL T T YR W YA WY
on NN NCNIIN N X X X
40 50 60 70 80 90 100

Tamb (°C)

| = actual ripple current at 100 Hz.
|g = rated ripple current at 100 Hz, 85 °C.
(1) Useful life at 85 °C and Ig applied: 3000 hours.

Fig.12 Multiplier of useful life as a function of ambient temperature and ripple current load.
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SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 7 Test procedures and requirements

TEST
NAME OF PBOCEDURE REQUIREMENTS
REFERENCE (quick reference)
TEST
Endurance IEC 384-4/ Tamb = 85 °C; Ug applied; Ugr £ 6.3 V; AC/C: +15/-30%
CECC 30300 2000 hours Un > 6.3 V: AC/C: +15%
subclause 4.13
tan 6 < 1.3 x spec. limit
Z <2 x spec. limit
IL5 < spec. limit
Useful life CECC 30301 Tamb = 85 °C; Ug and I applied; Ugr < 6.3 V; AC/C: +45/-50%
subclause 1.8.1 3000 hours Ur > 6.3 V: AC/C: +45%
tan & < 3 x spec. limit
Z < 3 x spec. limit
ILs < spec. limit
no short or open circuit
total failure percentage: <1%
Shelf life IEC 384-4/ Tampb = 85 °C; no voltage applied; AC/C, tan §, Z:
(storage at high | CECC 30300 500 hours for requirements
temperature) subclause 4.17 after test: Ug to be applied for 30 minutes, see ‘Endurance test’ above
24 to 48 hours before measurement ILs < spec. limit
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Product specification

Aluminium electrolytic capacitors

047 RMS

Radial Miniature Semi-Professional

FEATURES

e Polarized aluminium electrolytic
capacitors, non-solid

Radial leads, cylindrical aluminium
case with pressure relief, insulated
with a blue vinyl sleeve

e Charge and discharge proof

e Long useful life:
1500 hours at 105 °C

e Miniaturized, high CV-product per
unit volume.

APPLICATIONS

e EDB, telecommunication,
industrial, automotive and
audio-video

¢ Smoothing, filtering, buffering in
SMPS, timing

¢ Portable and mobile equipment
(small size, low mass).

QUICK REFERENCE DATA

=
=
|

(=

\!
_—
—

MAMO79

| m——

Fig.1 Component outlines.

lower

CV-values
|
047 RMS longer lower
105°C [ life = 048 RML Z =P 136 RVI
85°C

037 RSM
CCB006

DESCRIPTION VALUE
Case sizes (DDnom X Lnom in mm) 10 x 12t0 18 x 35
Rated capacitance range, Cr 100 to 10000 uF
Tolerance on Cgr +20%
Rated voltage range, Ug 16 to 63 V
Category temperature range —-40 to +105 °C
Endurance test at 105 °C 1000 hours
Useful life at 105 °C 1500 hours
Useful life at 40 °C, 1.3 x Ig applied 150000 hours
Shelf lifeat 0V, 105 °C 500 hours
Based on sectional specification IEC 384-4/CECC 30300
Climatic category IEC 68 40/105/56
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Aluminium electrolytic capacitors

Radial Miniature Semi-Professional 047 RN
Selection chart for Cg, Ug and relevant nominal case sizes (ZD x L in mm)
Preferred types in bold.
Cr Ugr (V)
(WF) 16 25 35 40 50 63
100" - - - - - 10x 12
220 - - 10x12 - 10x 16 10 x 20
330 - - 10x 16 10 x 20 - 12:5% 20
470 10x12 10x 16 10 x 20 - 12.5 x 20 12.5 x 25
1000 10 x 20 12.5x 20 12.5:% 25 - 16 x 25 16 x 31
2200 125 %25 16 x 25 16 x 31 16 x 35 18 x 35 18 x 35
3300 16 x 25 16 x 31 18 x 35 18 x 35 18 x 35 -
4700 16 x 31 18 x 35 18 x 35 - - -
6800 16 x 35 18 x 35 - - - -
10000 18 x 35 - - - - =
Note

1. For lower CV-values see data sheet “036 RSP”.
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Aluminium electrolytic capacitors

R
Radial Miniature Semi-Professional el

MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES

«@D—»‘

Dimensions in mm. Dimensions in mm.
For dimensions see Table 1. For dimensions see Table 1.
Fig.2 Form CA: Long leads. Fig.3 Form CB: Cut leads.

Table 1 Physical dimensions, mass and packaging quantities; see Figs 2 and 3

NOMINAL PACKAGING QUANTITIES
CASE SIZE CASE | Jd | PDmax| Lmax F MASS
oD x L CODE | (mm) | (mm) | (mm) | (mm) () FORM CA FORM CB | FORM TFA
(mm) per box per box per box
10x 12 14 0.6 10.5 135 |5.0£0.5| =1.6 1000 500 800
10x 16 15 0.6 10.5 17,5 |56:.0+0:5 =1.9 500 500 800
10x 20 16 0.6 10.5 22.0 |5.0+0.5 =2.2 500 500 800
12.5x 20 17 0.6 13.0 220 |50+05| =4.0 500 500 500
12.5 %:25 18 0.6 13.0 270 (5.0+05| =5.0 250 250 500
16 x 25 19 0.8 16.5 270 [7.5+05| =8.0 250 250 250
16 x 31 20 0.8 16.5 33.5 |7.540.5 =9.0 100 100 250
16 x 35 21 0.8 16.5 375 |75+0,5| =11.5 100 100 -
18 x 35 22 0.8 18.5 375 |7510.5| =14.5 100 100 -
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Taped products

MAMO66

Form TFA:
Case @D x L. <16 x 31 mm.
Tape dimensions are specified in this handbook, Section “Packaging”.

Fig.4 Taped in box (ammopack).

MARKING

The capacitors are marked with the following information:

e Rated capacitance value (in pF)

« Tolerance on rated capacitance, code letter in accordance with “/EC 62" (M for £20%)
e Rated voltage (in V)

o Upper category temperature (105 °C)

e Group number (047)

e Code indicating factory of origin

¢ Name of manufacturer, PHILIPS

¢ Date code, in accordance with “/EC 62”

o Negative terminal identification.

1998 Jan 29 204



Product specification

ic capacitors

lectrolyt

047 RMS

— 28999 /¥0 | 28995 ¥0 ¥0°0 Y00 | 900 | 920 | OvE | 00LL | 0OLL 22 GE X 8l 0089
&= 2LY99 /Y0 | 2.¥9S L¥0 500 G600 | 200 | 220 | Obe | 00ZL | 0OG} 44 Ge X 8l 00L¥
2€€9€ /¥0 | 2E€99 L¥0 | 2E€E9S L¥0 100 /00 | 600 | 020 | 0ZL | O€8 00zt 0z lex 9l 0oee
2229€ L¥0 | 22299 Lv0 | 22295 L0 800 600 | 210 | 8L0 | OLL | 0SS 066 61 Gz x 9L 0022
2019€ Z¥0 | 20L99 L¥O | 2019S Y0 €10 810 120 | vL0o | €S 052 0€9 Ll 0zxgCk | 0001
LLY9E L¥O LLY99 LVO LL¥9S L0 G20 80 | SP0 | ¥1'0 | Le 0zl 09¢ GL 9L X 0L (1737 G2
=~ €01LS9 b0 | €01SS L¥0 500 G00 | SO0 | 9¢0 | O2E | 009L | 008l 4 sex 8l 00001
= 28959 /0 | 289SS ¥0 900 900 | 900 | 820 | Oz | OOLL | 009} [ GEX 9L 0089
2LYSE /PO | 23LYS9 L¥O | 2L¥SS L¥0 100 100 | 800 | ¥20 | 0SL | 09/ 00E (074 1EX 9L 00L¥
2€€Se /0 | 2€€S9 Lv0 | 2EESS L0 800 600 | OL'0 | 220 | OLL | O€S 00L L 61 Ggx 9l ooee
222S€ /Y0 | 22259 /¥0 | 22ess L0 oLo 2Lo | ¥1'0 | 020 | €L 09¢ 0€8 8l gzxgel | 0oge
201S€ /0 | 20159 /¥0 | 201SS L0 LE0 kg0 | ¥20 | 910 | &€ 091 oS 9l 02 %0l 000}
LLYSE L0 L/¥S9 %0 LLYSS 2¥0 €€0 S0 IS0 | 90 | 8t 8. oce i 2Lx0l 0Ly 9l
V41 NHOd | 82 NHOo4 VO NHO4 @©) @) ©) e w) | o) nuwm_cv— -y ._A“_MVQ () ”
aadvi ONIDVIOVd X1ng N:v_NoS N_._w oL Nu MMF o uey :_%___ S E__“__ b | z1 001 | 3sv5 | 3218 35V N:mooo— Hn
........ g¢ee 43gnnN 3nvovLvD H TVNINON

ploq ui sadA} pauajaid ‘uonewuojul Bulispio pue ejep [eoulos|3 g dlgel

205

Inium e

Radial Miniature Semi-Professional

Alum

Philips Components

ZHY 00 10 ZHY 0| Je @ouepadwi “xew Z
(4o pue XBWg ue) wouy paje|nojed) zH 00| ¥e adue)sisal saues jusjeAinba Hs3
ZH 001 1e Jojoe} uonedissip ‘xew Q ue|
H0 Je sanuiw G Jaye juaiuno abeyes| ‘xew )
Hn je a)nuiw | Jaye Jualind abeyes| ‘xew )
"201L0€ /Y0 222z -Jequinu anbojeren Do G0} ‘ZH 001 e Jualino ajddu SNY pelel g
Vol ULIO ‘WLl G X §°Z .03 :62IS 850 [BUILON %0ZF 90UBIa|0} ‘ZH 00| }e ouejoeded pajel Ho
. NOILdIHOS3a TO09NAS
02+ ‘A G€/41 000 |

%G/ 0} Gy = HY ‘ed 90} 01 98 = d
‘Do 02 = W8] 1e Aldde z a|ge] ul sanjeA [eou}o9| |[B ‘paljioads asimIaylo Ssajun

NOILVINHOSNI ONIH3AHO ANV V1va 1vIld1d313

saues /{0 Joyoeded oiihjon09|3

ajdwexa bunapiQ

1998 Jan 29



Product specification

Philips Components

Aluminium electrolytic capacitors

047 RMS

Radial Miniature Semi-Professional
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Product specification

Aluminium electrolytic capacitors

. " . . 047 RMS
Radial Miniature Semi-Professional
Additional electrical data
DESCRIPTION CONDITIONS VALUE
Voltage
Surge voltage for short periods Us<1.15UR
Reverse voltage Uigu=1V

Current

Leakage current

after 1 minute at Ug

IL1 £0.01Cg x Ug + 3 uA

after 5 minutes at Ug

ILs £0.002CR x Ug + 3 uA

Inductance

Equivalent series inductance (ESL)

case @D =10 mm

typ. 16 nH

case @D > 12.5 mm

typ. 18 nH
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Aluminium electrolytic capacitors

Radial Miniature Semi-Professional
Capacitance (C)
MGB150
! . ‘ T
L] | ] ]
1.1 | | | | | ‘ 1
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Curve 1: 16 V. [ []] \ (1]
Curve 2: 25 V. [ 1] ] | | ‘ L EEEEEN
Curve 3: 35 V. —40 ~90 20 40 60 80 100
Curve 4: 63 V. Tamb (°C)
Cy = capacitance at 20 °C, 100 Hz.
Fig.5 Typical multiplier of capacitance as a function of ambient temperature.
MGB151
12 l ‘
e
CO il
1.0 1
| o
[ | \T'\\\\‘\ |
[ [ (1] N |
[ [ N N |
\. N | |
0.8 ™
:\ N 3N, '
06 \ 2 \
| XN \
i
BEl N\ [N
0.4 #
| |
[ 1
urve 1: 16 and 25 V.
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; 0.2 ‘ i
Curve 2: 35V to 50 V. 10 102 102 104 f (Hz) 108

Curve 3: 63 V.
Cy = capacitance at 20 °C, 100 Hz.

Fig.6 Typical multiplier of capacitance as a function of frequency.
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Aluminium electrolytic capacitors

Radial Miniature Semi-Professional
Equivalent series resistance (ESR)
MGB152
10 I
\
ESR - |
ESR |
]
2
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4
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\\_ 3—
Curve 1: 16 V. —r %
Curve 2: 25 V. —
g“”’e j: Z: x ~40  -20 0 20 40 60 80 100 120
urve 4: . 0
ESRg = typical at 20 °C, 100 Hz. Tamb (°C)
Fig.7 Multiplier of ESR as a function of ambient temperature.
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Curve 1: 16 and 25 V. 0 L
Curve 2: 35 and 40 V. 10 102 108 10 f (Hy 108
Curve 3: 50 and 63 V.
ESRy = typical at 20 °C, 100 Hz.
Fig.8 Multiplier of ESR as a function of frequency.
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Aluminium electrolytic capacitors

Radial Miniature Semi-Professional
Impedance (2)
MGB171
10
z
Q) AN
AN
AN \\\
N AN
N NN
N N
AN
§
\\ \
107! e N W
2]
~ -
Curve 1: 470 uF, 16 V.
Curve 2: 330 uF, 40 V. 5—
Curve 3: 1000 pF, 35 V. 3
5 10” J
Curve:4:1000 “E' 16 x 60 -40 -20 0 20 40 60 80 100 120
Curve 5: 3300 uF, 16 V. Tamb (°C)
Z at 10 kHz.
Fig.9 Typical impedance as a function of ambient temperature.
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Curve 1: 100 uF, 63 V. =
Curve 2: 220 uF, 63 V.
Curve 3: 470 uF, 50 V.
Curve 4: 1000 pF, 35 V. 2
10
Curve 5: 2200 pF, 25 V. 10 102 103 104 f (Hz) 10°
Curve 6: 4700 uF, 16 V.
Tamb = 20 °C.
Fig.10 Typical impedance as a function of frequency.
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Aluminium electrolytic capacitors

. - . : 047 RMS
Radial Miniature Semi-Professional
RIPPLE CURRENT AND USEFUL LIFE
Table 3 Multiplier of ripple current (Ig/lro) as a function of frequency; Iro = ripple current at 100 Hz
FREQUENCY Ir MULTIPLIER
(Hz) Up=16and 25 V Ugr=35and 40 V Ug =50 and 63 V
50 0.95 0.85 0.80
100 1.00 1.00 1.00
300 1.07 1.20 1.25
1000 1.12 1.30 1.40
3000 1.15 1.35 1.50
>10000 1.20 1.40 1.60
3.8 MEA240
Ia 3.7 N
Tn 3.6
3.5
N
3.4 \ \\
33
MR WN \\
M NEANAVARN
3.0 AERNN '
S
NN WANANAN
N . ;
55 \ \\ \ \\ \ \ \\ - lifetime multiplier
T Y 9
9 N N N N N AN AN
W N WP
ou kY \eo\ N
O W Y i
20 N\ NN YN R 9\'0 NN
S A NN AN AN ANIA A\ NS EAN BN
” AN ERN BN JH O3V Y B N NS N
AN _5< \ X N SN
B O 72U O O N
3 NNl N N AN N
14 \\ 6,0\0 NN\ N N\
A MRS AN N
N NN YN LY ]
g O T R O LW LA % A
PR ANEAN ANAVEAVAN AN R N NI N
0.0 NN N N N N VI X N
40 50 60 70 80 90 100 110
|5 = actual ripple current at 100 Hz. T (°¢)
) = b
Ig = rated ripple current at 100 Hz, 105 °C. am
(1) Useful life at 105 °C and I applied: 1500 hours.
Fig.11 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Aluminium electrolytic capacitors
Radial Miniature Semi-Professional

047 RMS

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 4 Test procedures and requirements

T PROCEDURE
NAME OF REFERENCE (quick reference) REQUIREMENTS
TEST
Endurance IEC 384-4/ Tamb = 105 °C; Ug applied; AC/C: £15%
CECC 30300 1000 hours taih 5% 1.9 s spec, limit
subclause 4.13 - s
Z <2 x spec. limit
ILs < spec. limit
Useful life CECC 30301 Tamp = 105 °C; Ug and Ig applied; AC/C: £45%
subclause 1.8.1 1500 hours -
tan & < 3 x spec. limit
Z < 3 x spec. limit
I5 < spec. limit
no short or open circuit
total failure percentage: <1%
Shelf life |IEC 384-4/ Tamb = 105 °C; no voltage applied; AC/C: £15%
(storage at high | CECC 30300, 500 hours tan 5 < 1.3 x spec. limit
temperature) subclause 4.17

after test: U to be applied for 30 minutes,
24 to 48 hours before measurement

Z < 2 x spec. limit

ILs £ 2 x spec. limit
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NOTES
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Aluminium electrolytic capacitors

Radial Long Life

FEATURES

Polarized aluminium electrolytic
capacitors, non-solid

Radial leads, cylindrical aluminium
case, all-insulated (light blue)

Natural pitch 2.5 mm and 5 mm
Charge and discharge proof
Miniaturized, high CV-product per
unit volume

Long useful life: 2000 hours at
105 °C, high reliability.

APPLICATIONS

e Automotive, telecommunication,

industrial and EDP

¢ Stand-by applications in audio and

Product specification

116 RLL

” [

bttt g
A S

MAMO74

Fig.1 Component outlines.

048 RML

video equipment higher
e Coupling, decoupling, timing; Cv'vlalues
smoothing, filtering and buffering in
DC-DC converters 4— 85°C— \i5c
CCB038
¢ Portable and mobile equipment
(small size, low mass).
QUICK REFERENCE DATA
DESCRIPTION VALUE

Case sizes (DDnom X Lnom in mm)

5x 11 and 8.2 x 11

Rated capacitance range, Cg

0.47 to 470 uF

Tolerance on Cg +20%

Rated voltage range, Ug 6.3t0 100 V
Category temperature range -55to +105 °C
Endurance test at 105 °C 1500 hours
Endurance test at 85 °C 5000 hours
Useful life at 105 °C 2000 hours
Useful life at 40 °C, 1.3 x I applied 200000 hours
Shelf life at 0 V, 105 °C 1500 hours
Based on sectional specification IEC 384-4/CECC 30300
Climatic category IEC 68 55/105/56
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Aluminium electrolytic capacitors

Radial Long Life TR
Selection chart for Cg, Ug and relevant nominal case sizes (2D x L in mm)
Preferred types in bold.

Ck Ug (V)

(uF) 6.3 10 16 25 35 40 50 63 100
0.47 = = = = = = 5x 11 = —
1.0 = = = = = = 5x 11 = =
1.5 = — — = ~ = 5% 11 - -
2.2 = = = = - = 5x 11 = 8.2 x 11
3.3 = = — — — = 5% 11 — —
47 = = = = = = 5x 11 - 8.2 x 11
6.8 —~ = — — — = 5x 11 = =

16 - - - - - - 5x11 | 82x11 | 8.2x11

- - - = - = 8.2 x 11 = -

15 - - - - - - 5x 11 - -

20 = = = = = = 5x11 | 82xM -

- - - - - - 8.2x11 - -

33 - - - = 5x 11 5x11 | 82x11 = e

47 - = = 5% 11 = - 8.2x 11 = =

68 = = 5 x 11 — — = 8.2 x 11 = —

100 - 5x 11 = = 82x11 | 82x11 = = .
150 5% 11 - N 8.2 x 11 - o = = -
220 - - 8.2 x 11 - - - - S =
330 — 8.2 x 11 = = = - = -~ —
4700 | 8.2x11 = - = = a = = -

Note
1. For higher CV-values see data sheet “048 RML".
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Aluminium electrolytic capacitors

" . 116 RLL
Radial Long Life
MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES
<— 0D »‘
i
L
v
i + -
%
it ; - od
MGB133- 1
. —! F |l
MBC317 —
)
Dimensions in mm. Dimensions in mm.
For dimensions see Table 1. For dimensions see Table 1.
Fig.2 Form CA: Long leads. Fig.3 Form CB: Cut leads.
Table 1 Physical dimensions, mass and packaging quantities; see Figs 2 and 3
NOMINAL PACKAGING QUANTITIES
CASESIZE | CASE | Jd | 9Dmax| Lmax F MASS
@D xL CODE | (mm) | (mm) | (mm) | (mm) (9) FORM FORM FORM
(mm) CA,CB TR+,TN+ | TFA, TNA
B x11 11 0.5 55 12 25405 =0.4 1000 1000 2000
8.2x 11 13 0.6 8.7 12 5£0.5 =1.1 1000 500 1000
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Taped products

Of o} io)) o SHEMNE

10 I = 1I
MRA448 MAA449
Form TNA:

Form TFA: Pitch F = 2.5 mm.

Pitch F =5 mm. Case @D x L =5 x 11 mm only.

Case DD xL=5x11and8.2x 11 mm. Tape dimensions are specified in this
Tape dimensions are specified in this handbook, Section “Packaging”. handbook, Section “Packaging’.

Fig.4 Taped in box (ammopack). Fig.5 Taped in box (ammopack).

MARKING

The capacitors are marked (where possible) with the following information:
¢ Rated capacitance (in uF)

¢ Tolerance on rated capacitance, code letter in accordance with “/EC 62"
+ Rated voltage (in V)

e Group number (116)

e Name of manufacturer (PH)

e Date code in accordance with “IEC 62”

e Code indicating factory of origin

e Minus-sign on top to identify the negative terminal.

400Q larn DO N47
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Product specification

Aluminium electrolytic capacitors
Radial Long Life

116 RLL

ELECTRICAL DATA
Unless otherwise specified, all electrical values in Tables 2 and 4 apply at Tamp = 20 °C, P = 86 to 106 kPa,

RH = 45 to 75%.

SYMBOL DESCRIPTION
Cr rated capacitance at 100 Hz, tolerance £20%
Ir rated RMS ripple current at 100 kHz, 105 °C
ILq max. leakage current after 1 minute at Ug
ILs max. leakage current after 5 minutes at Ug
Tan & max. dissipation factor at 100 Hz
ESR equivalent series resistance at 100 Hz (calculated from tan 8max and Cg)
Z1o max. impedance at 10 kHz and 20 or -40 °C
Zi00 max. impedance at 100 kHz and 20 °C

Table 2 Electrical data; preferred types in bold

Cr NOMINAL Ir . i ESR Zyo Z100 Zy0
Ug 100 Hz CASE SIZE | CASE | 100 kHz ol 5 min Tan § 100 Hz 10 kHz | 100 kHz | 10 kHz
) (uF) @D x L CODE | 105°C (uA) (uA) 100 Hz ©) 20°C 20°C | -40°C
(mm) (mA) (9] (©) (©)
6.3 150 5x11 1 130 8.7 3.9 0.25 2T 2 1.3 32
470 8.2x 11 13 300 21 6 0.25 0.8 0.64 0.45 10
10 100 5 x11 1 130 9 4 0.2 3.2 2 1.4 32
330 82x11 13 280 23 6.3 0.2 1.0 0.61 0.45 9.7
16 68 5x11 11 130 9.5 4.1 0.16 3.7 2.4 1.5 29
220 8.2x11 13 280 24 6.5 0.16 1.2 0.73 0.5 9.1
25 47 5x11 " 120 10 4.2 0.14 4.7 2.6 1.6 32
150 8.2x11 13 260 26 6.8 0.14 1.5 0.8 0.5 10
35 33 5% 1 1 110 9.9 4.2 0.12 5.8 2.7 17 33
100 8.2x11 13 240 24 6.5 0.12 1.9 0.9 0.55 1
40 33 5x11 11 110 10.9 4.3 0.12 5.8 2.7 17 33
100 8.2x 11 13 240 27 7 0.12 1.9 0.9 0.55 11
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Aluminium electrolytic capacitors

Radial Long Life HEViEL
ORDERING INFORMATION
Ordering example
Electrolytic capacitor 116 series
220 uF/16 V; £20%
Nominal case size: @8.2 x 11 mm; Form TFA
Catalogue number: 2222 116 35221.
Table 3 Ordering information; preferred types in bold
CATALOGUE NUMBER 2222 ... .....
Cr BULK PACKAGING
Ur CASE TAPED AMMOPACK
) 100FI-)Iz CODE LONG LEADS CUT LEADS
i FORM F FORM F FORM F FORM F
CA (mm) cB (mm) TFA (mm) TNA (mm)
6.3 150 1 11653151 | 26 - - 116 33151 5.0 116 73151 215
470 13 11653471 | 50 |[11663471| 5.0 116 33471 50 - -
10 100 1 116 54101 | 25 - - 116 34101 5.0 116 74101 25
330 13 116 54331 5.0 116 64331 5.0 116 34331 5.0 — -
16 68 1 116 55689 25 = = 116 35689 5i0 116 75689 255
220 13 116 55221 | 5.0 |11665221| 5.0 116 35221 5.0 = =
25 47 11 116 56479 | 2.5 - - 116 36479 5.0 116 76479 25
150 13 116 56151 | 5.0 |11666151| 5.0 116 36151 5.0 - =
35 33 1 11650339 | 2.5 - - 116 30339 5.0 116 70339 25
100 13 116 50101| 5.0 |11660101| 5.0 116 30101 5.0 - ~
40 33 11 116 57339 2.5 - - 116 37339 5.0 116 77339 25
100 13 116 57101 | 5.0 |[11667101| 5.0 116 37101 5.0 - -

400Q larn DO n41Q



Philips Components

Product specification

Aluminium electrolytic capacitors

Radial Long Life HE Bl
ELECTRICAL DATA (continued)
Table 4 Electrical data continued; preferred types in bold
Ca NOMINAL Ir ILs ILs ESR Zy PATY AT
Ur 100 Hz CASE SIZE | CASE | 100 kHz it | 5ein Tan 3 100 Hz 10 kHz | 100 kHz | 10 kHz
V) (uF) @DxL | CODE | 105°C (uA) (uA) 100 Hz @) 20°C 20°C | 40°C
(mm) (mA) (Q) (&) (Q)
50 0.47 5x11 1 30 3.1 3 0.09 300 150 10 1900
1.0 5x1 1 40 3.3 3.1 0.09 140 70 6 900
1:5 5x11 1 50 3.5 3.1 0.09 95 47 4 600
2.2 5x11 11 60 3.7 3.1 0.09 65 32 35 410
3.3 5x11 1 65 4 3.2 0.09 43 21 3.1 270
4.7 5x11 1 70 4.4 32 0.09 30 15 2.8 190
6.8 5x1 1 75 5 3.3 0.09 21 10 25 130
10 5x11 11 80 6 3.5 0.09 14 7 22 90
10 8.2 x 11 13 160 6 3.5 0.05 8.0 3.6 1.0 40
15 51 11 90 75 3.8 0.09 9.5 47 2.0 60
22 5% 1 110 9.6 41 0.09 6.5 82 1.9 41
22 8.2x11 13 190 9.6 41 0.06 4.4 22 0.9 29
33 8.2 x 11 13 190 13 4.7 0.09 43 21 0.77 27
47 8.2x11 13 210 17 5.4 0.09 3.0 1.5 0.65 19
68 8.2x11 13 240 23 6.4 0.09 21 1.0 0.55 13
63 | 10 8.2x11 13 160 7 3.6 0.06 9.5 3.5 1.3 45
22 8.2x11 13 190 11 4.4 0.06 4.4 1.8 0.9 23
100 22 8.2x11 13 60 43 3.2 0.06 43 18 4 190
4.7 8.2 x 11 13 75 5.8 35 0.07 24 12 3.5 170
10 8.2x 11 13 100 9 4 0.08 13 4.5 3 70
Additional electrical data
PARAMETER CONDITIONS VALUE
Voltage
Surge voltage for short periods Us<1.3UR
Reverse voltage Uy=1V

Current

Leakage current

after 1 minute at Ug

IL1 £0.006CR x Ug + 3 A

after 5 minutes at Ug

IL.5 £0.001Cg x Ug + 3 pA

Inductance

Equivalent series inductance (ESL)

case D xL=5x11 mm

typ. 13 nH

case D xL =8.2x 11 mm

typ. 16 nH

1908 .l1an 29
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Aluminium electrolytic capacitors

Radial Long Life 1R e
ORDERING INFORMATION (continued)
Table 5 Ordering information continued; preferred types in bold
CATALOGUE NUMBER 2222 ... .....
ta BULK PACKAGING
Ur CASE TAPED AMMOPACK
V) 1‘(’°F")'= CODE | LONG LEADS CUT LEADS
d FORM F FORM E FORM F FORM F
CA (mm) cB (mm) TFA (mm) TNA (mm)
50 0.47 1 116 51477 | 25 - 5.0 116 31477 5.0 116 71477 2.5
1.0 11 116 51108 | 25 - 5.0 116 31108 5.0 116 71108 2.5
15 1 116 51158 | 2.5 - 5.0 116 31158 5.0 116 71158 2.5
2.2 11 11651228 | 2.5 - 5.0 116 31228 5.0 116 71228 25
3.3 11 11651338 | 25 - 5.0 116 31338 5.0 116 71338 25
4.7 11 116 51478 | 2.5 - 5.0 116 31478 5.0 116 71478 25
6.8 11 116 51688 2,5 - 5.0 116 31688 5.0 116 71688 2.5
10 1 116 51109 | 2.5 - 5.0 116 31109 5.0 116 71109 2.5
10 13 116 90084 | 5.0 | 11690085 | 5.0 116 90036 5.0 = =
15 11 116 51169 | 2.5 - 5.0 116 31159 510 116 71159 25
22 11 116 51229 | 2.5 - 5.0 116 31229 5.0 116 71229 2.5
22 13 | 11690025 | 5.0 | 11690086 | 5.0 116 90039 5.0 = =
33 13 11651339 | 50 | 11661339 | 5.0 116 31339 5.0 - =
47 13 | 11651479 | 5.0 | 11661479 | 5.0 116 31479 5.0 - =
68 13 11651689 | 5.0 | 11661689 | 5.0 116 31689 5.0 - =
63 10 13 11658109 | 5.0 | 11668109 | 5.0 116 38109 5.0 - -
22 13 11658229 | 5.0 | 11668229 | 5.0 116 38229 5.0 - =
100 2.2 13 11659228 | 5.0 | 11669228 | 5.0 116 39228 5.0 - =
4.7 13 11659478 | 5.0 | 11669478 | 5.0 116 39478 5.0 = =
10 13 11659109 | 5.0 | 11669109 | 5.0 116 39109 5.0 = =
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Long Life
ELECTRICAL DATA (continued)
Capacitance (C)
MGB144
1 2]
" s
c Z e
(o} 0 ‘/
1.0
L~ ?
A1 7//
09 —4 /’/
[/
0.8 —13 /
—2
0.7 /
Curve 1: 6.3 V. o6 1
Curve 2:10V; 16 V. 2
Curve 3: 35 V; 40 V; 63 V; 100 V.
Curve 4: 50 V. -60 -40 -20 0O 20 40 60 80 100 120
C, = capacitance at 20 °C, 100 Hz. Tamb (°C)
Fig.6 Typical multiplier of capacitance as a function of ambient temperature.
MGB145
7kl
1.0 1+
==
O, §S:~\“- 1
Co NN N2 N
\ \\\ TaN \\\
0.9 \\ N \\ \‘\
\\ N NN
\ N \ \\ N
5 N | N
\
0.8
Curve 1: 50 V (2.2 pF). 6
Curve 2: 50 V (>2.2 uF).
Curve 3: 50 V (215 uF).
Curve 4: 35 V; 40 V; 63 V; 100 V. 07
Curve 5: 25 V. 4
Curve 6: 16 V.
Curve 7:6.3 V; 10 V. 10 102 103 10% f (Hz 10°
Cy = capacitance at 20 °C, 100 Hz.
Fig.7 Typical multiplier of capacitance as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Long Life
Equivalent series resistance (ESR)
MGB146
102
[2
ESR 4\
ESRg
10 -\
N\
\
3
N
N,
N
\\\\
| N
1 ==
9_"_
10"
Curve 1: 50 V (210 uF). -50 0 50 " ) 100
Curve 2: 6.3 V; 63 V; 100 V. amb (°C)
ESR = typical at 20 °C, 100 Hz.
Fig.8 Typical multiplier of ESR as a function of ambient temperature.
20 MGB126
ESR
ESR,
16 2
1
12
N
0.8 e S
N\ ~—L [ [[]] 1
H—
\\
04 B L
2
0
Curve 1:6.3 V. 10 102 108 104 f(Hz 10°
Curve 2: 50 V (210 uF); 63 V; 100 V.
ESRy = typical at 20 °C, 100 Hz.
Fig.9 Typical multiplier of ESR as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Long Life 116 RLL

Impedance (2)

MGB166 - 1
| T B 1 O [ [T 11T
i I R A LH__J.% |
\\ o \ EEEI TTTT]
108 IS ‘ L ; et
= ™ : | i 7 = : maN
Z S'z\ s N T % H i [ HHHH uii
N AN N |
Curve 1: 0.47 uF. Q) fé\\ N TN [
) SRR N T ‘
Curve 2: 1.0 uF. 5 ~6\> NN \ w\ ‘ | | l ! ‘ ‘ | |
Curve 3: 1.5 pF. 107 g :7 NSO : ====sss = H
Curve 4: 2.2 uF. —— ; Q\ = f = o
Curve 5: 3.3 uF. 10N NN\ \\‘\ u N T L1
Curve 6: 4.7 uF. 11\\\ h \\:\ | H \H | I‘ [ ;
3 NN ) N N I I
Curve 7: 6.8 u.F - ﬂgb \\\\\\‘\\t\\\\ NG N | ‘ |
Curve 8: 10 uF. T4 NINOSCIN SO
Curve 9: 15 uF. M 5 N IR \\ NN I H
i — N N ] I
gﬂz:}? 22 “:: [ TN NN \\\\ N N 111
: ur. | \\‘::E~~~~ ) (]
Curve 12: 47 yF. i s
Curve 13: 68 uF. iL i HH == maa
Curve 14: 100 pF. L T 1 T I mEEN
Curve 15: 150 iF. 102 103 104 0% f (g 10°
Case @D xL=5x11 mm.
Tamb =20 °C.
Fig.10 Typical impedance as a function of frequency.
MmBC182
108 E
| — i i T I T
Es e ] ‘ i i
Z N [ 1 — [ [ 111
© 1% T %‘
N l [TTIT [ [T
o2 NI | L L
& =2 t SEEE =
! !
f‘%\ N h N I 1 l [
Curve 1: 22 4F. \6\\ N \ ‘\ L H ] ‘ }\I ‘
Curve 2: 4.7 uF. TN (D N ‘ | [1]
3 N N | [
Curve 3: 10 uF. 100 V. 0 BN AN = ==
Curve 4: 10 uF, 50 V. 1”0 N N =~ N = il
Curve 5: 22 uF, 50 V. B INRS N I 2]
Curve 6: 33 uF. 32:\\‘:‘ \\\\ N = s
Curve 7: 47 uF. i 13NN \t: \L T
Curve 8: 68 uF. = 4 H
Curve 9: 100 uF. ~— S = H
Curve 10: 150 uF. ey s
Curve 11: 220 uF. T i M T
Curve 12: 330 uF. 10-1 ‘1‘ - | 88 R0
Curve 13: 470 uF. 102 108 10* 0% f(Hz 108

Case D xL=8.2x11 mm.
Tamt =20 °C.

Fig.11 Typical impedance as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors

‘ : 116 RLL
Radial Long Life
RIPPLE CURRENT AND USEFUL LIFE
Table 6 Multiplier of ripple current (Ig/lro) as a function of frequency; Iro = ripple current at 100 kHz
FREQUENCY Ir MULTIPLIER
(Hz) Ur=6.3t010V Ur=16t035V Ug = 40 to 100 V (Cg > 10 uF)
50 0.7 0.6 0.5
100 0.77 0.71 0.63
300 0.86 0.85 0.78
1000 0.92 0.93 0.88
3000 0.96 0.96 0.94
10 to 100 k 1.0 1.0 1.0
MEA240
38 T
Iy 37 N
R 36
35 N\ A1
- \\ =
\
33
gl T W |
3.1 \\ \ \
30 AN NN
ANAARY
g - AL NN N
W% TN
ot N \\ \ \\ \\ \\ \\ lifetime multiplier
ANANAVAN IR W WAy Z
so B B N N ININT N
SIS SIS Y S X
2.2 I\ \\ \ \\ \ \\ \0\ \\
ANIANIAVAN A NAN A S WA
R V. W R A NG AN
N N INCININEIN | N N
e ANEAN B VP T VI N B N N AN
N N _5< N b NN\ N
g N N NN EN N N N
X NG NN AN/ N N
14 1N P AN W N X S
IS N A A NANANAVANAN A\
el LN NN e NN ™\ 1)
08 D\t B IN_IN_ N N ANERN
OSA%OO. N NN NN NN N TN
0:0 AN \‘ AN \, N\ N R N |
40 50 60 70 80 90 100 110
|a = actual ripple current at 100 kHz. Temb (°c)

I = rated ripple current at 100 kHz, 105 °C.
(1) Useful life at 105 °C and g applied: 2000 hours.

Fig.12 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Long Life 116 RLL

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 7 Test procedures and requirements

TEST
PROGEDIRE REQUIREMENTS
NAME OF TEST | REFERENCE (quick reference)
Endurance IEC 384-4/ Tamb = 105 °C; Ug applied; Ur £6.3V; AC/C: +15/-30%
CECC 30300 1500 hours

4 . O,
subclause 4.13 Ur>6.3V; AC/C: £15%

tan & < 1.3 x spec. limit
Z1o < 2 x spec. limit
I.s < spec. limit

Useful life CECC 30301 Tamp = 105 °C; Ug and I applied; Ur <6.3V; AC/C: +45/-50%
subclause 1.8.1 2000 hours Ug > 6.3 V: AC/C: +45%

tan & < 3 x spec. limit
Z10 < 3 x spec. limit

ILs < spec. limit

no short or open circuit

total failure percentage: <1%

Shelf life IEC 384-4/ Tamb = 105 °C; no voltage applied; AC/C, tan 9, Z:

(storage at CECC 30300 1500 hours for requirements

high temperature) |subclause 4.17 after test: U to be applied for 30 minutes, see ‘Endurance test’ above
24 to 48 hours before measurement I s £ 2 x spec. limit
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Aluminium electrolytic capacitors

Radial Long Life 116 RLL

NOTES
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Philips Components

Product specification

Aluminium electrolytic capacitors

Radial, Low Impedance

FEATURES

¢ Polarized aluminium electrolytic
capacitors, non-solid

Radial leads, cylindrical aluminium
case with pressure relief, insulated
with a blue vinyl sleeve

Charge and discharge proof

Long useful life:
1500 to 2500 hours at 105 °C

* Low ESR, low impedance, high
ripple current capability.

APPLICATIONS

¢ General industrial, EDP,
telecommunication and
audio-video

¢ Smoothing, filtering, buffering in
SMPS and DC/DC converters.

QUICK REFERENCE DATA

135 RLI

5 &=

=
—

-

= —Jd

—

-

ﬁ%@”ﬁ @%

MAMO06S

Fig.1 Component outlines.
165 RHT
125°C
higher
temperature
lower longer life
16 RLL |y yaes 135RLl = onerz | 136 RVI

I
higher
CV/volume

ccBeo42

DESCRIPTION

VALUE

Case sizes (DDnom X Lpom in mm)

8x12t0 8 x20

10 x 12to 18 x 40

Rated capacitance range, Cr

22 to 10000 uF

Tolerance on Cr +20%

Rated voltage range, Ug 6.3t0 100 V

Category temperature range -55to +105 °C

Endurance test at 105 °C 1000 hours 2000 hours
Useful life at 105 °C 1500 hours 2500 hours
Useful life at 40 °C, 1.3 x Ig applied 150000 hours 250000 hours
Shelf life at 0 V, 105 °C 1000 hours 1000 hours
Based on sectional specification IEC 384-4/CECC 30300

Climatic category IEC 68 55/105/56
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial, Low Impedance L
Selection chart for Cg, U and relevant nominal case sizes (JD x L in mm)
Preferred types in bold.
Cr U (V)
(uF) 6.3 10 16 25 35 50 63 100
22 - - - - - - - 8x12
47 - - - - - - 8x12 -
100 - - - - 8x12 10x 16 - 12.5x20
220 - = 8x12 8x15 8x20 10x25 | 125x20 16 x 25
- - 8x15 - 10x20 | 12.5x20 - 16 x 31
330
- - - - - - - 18 x 25
- 10x12 8x15 8x20 10 x 20 10x30 | 125x25 16 x 25 16 x 40
- - - - - 18 x 15 - —
680 10x 16 - 10 x 20 - 12.5x25 - 16 x 31 18 x40
§606 - 12.5x 16 10x30 | 125%x25 | 12.:5x31 16 x 31 16 x 40 -
- - - - 16 x 20 - - -
1500 - 10x30 | 125%x25 | 12.5x31 12.5 x40 16 x 40 - -
5056 125x20 | 12.5x25 | 12.5x31 12.5 x40 16 x 35 18 x40 - -
- 18 x 15 16 x 20 18 x 20 18 x 31 - - -
o - 12:5:%.35 - 16 x 35 18 x 40 - - -
- 16 x 20 - 18 x 31 =, - - =
4700 - 16 x 31 16 x 35 18 x40 = = = —
- 18 x25 18 x 31 - - - - -
6800 16 x 31 16 x 35 18 x 35 = = = = —
10000 18 x 31 18 x 40 - - - - - =
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Philips Components Product specification

Alummmm electrolytic capacitors 135 RL|
Radial, Low Impedance

MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES

Dimensions in mm.
For dimensions see Table 1.

Dimensions in mm.
For dimensions see Table 1.

Fig.2 Form CA: Long leads. Fig.3 Form CB: Cut leads.

Taped products

CCB058

Form TFA:
Tape dimensions are specified in this handbook, Section “Packaging”.

Fig.4 Taped in box (ammopack).
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial, Low Impedance 1o
Table 1 Physical dimensions, mass and packaging quantities; see Figs 2 and 3
NOMINAL PACKAGING QUANTITIES
CASE SIZE | CASE @d | DDmax | Lmax F MASS
@D x L CODE | (mm) | (mm) | (mm) | (mm) (9) | FORMCA | FORMCB | FORM TFA
(mm)
8x12 13 0.6 8.5 13 3.5+0.5 =1.1 1000 2000 1000
8x 15 13L 0.6 8.5 16 3.5+0.5 =1.3 1000 2000 1000
8 x 20 13LL 0.6 8.5 21 3.5+0.5 =1.5 1000 1000 1000
10x12 14 0.6 10.5 13.5 510.5 =1.6 1000 500 800
10x 16 15 0.6 10.5 175 540.5 =1.9 500 500 800
10x 20 16 0.6 10.5 22 540.5 =2.2 500 500 800
10x 25 16L 0.6 10.5 27 530.5 =3.0 1000 1500 800
10 x 30 16LL 0.6 10.5 32 510.5 =3.5 1000 750 —
125 x 16 17a 0.6 13 175 5405 =2.7 1000 1500 500
12.5 x 20 17 0.6 13 22 5+0.5 =4.0 500 500 500
12.5:% 25 18 0.6 13 27 540.5 =5.0 250 250 500
12.5 x 31 18L 0.6 13 33.5 540.5 =5.5 1000 750 =
12.5x 35 18LL 0.6 13 37.5 540.5 =6.0 500 750 =
12.5 x40 1240 0.6 13 42 510.5 =7.5 500 750 =
16 x 20 19a 0.8 16.5 235 7.5+0.5 =6.0 250 250 250
16 x 25 19 0.8 165 27 75105 =8.0 250 250 250
16 x 31 20 0.8 16:5 33.5 7.530:56 =9.0 100 100 250
16 x 35 21 0.8 16.5 37.5 7.510.5 =11 100 100 =
16 x 40 21L 0.8 16.5 42 7.5:£0:5 =13 250 500 =
18 x 15 1815 0.8 18.5 17 75105 =6.0 500 500 =
18 x 20 1820 0.8 185 | 235 | 7.540.5 =8.0 100 100 =
18 x 25 1825 0.8 18.5 27.0 7.510.5 =10 100 100 =
18 x 31 1831 0.8 185 | 835 | 75105 | =125 100 100 -
18 x:35 22 0.8 18.5 37.5 7.520.5 =14.5 100 100 —
18 x 40 23 0.8 18.5 42 7:530.5 =16 250 500 =
MARKING

The capacitors are marked (where possible) with the following information:
o Rated capacitance (in uF)

s Tolerance on rated capacitance, code letter in accordance with “/EC 62"
¢ Rated voltage (in V)

Upper category temperature (105 °C)

Group number (135)

o Name of manufacturer (PHILIPS)

¢ Date code, in accordance with “/IEC 62”
e Code indicating factory of origin

Negative terminal identification.
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial, Low Impedance 135 RLI

ELECTRICAL DATA
Unless otherwise specified, all electrical values in Tables 2, 4 and 6 apply at Tamp = 20 °C, P = 86 to 106 kPa,
RH = 45 to 75%.

SYMBOL DESCRIPTION
Cr rated capacitance at 120 Hz, tolerance + 20%
Ir rated RMS ripple current at 120 Hz, 105 °C
IrH rated RMS ripple current at 100 kHz, 105 °C
I max. leakage current after 1 minute at Ug
IL2 max. leakage current after 2 minutes at Ug
Tan & max. dissipation factor at 120 Hz
ESR equivalent series resistance at 120 Hz (calculated from tan dmax and Cg)
y 4 max. impedance at 100 kHz and 20 or —10 °C

Table 2 Electrical data; preferred types in bold

c N%T\?EA g Ir lrn I I ESR ‘ -
U |, 20F‘Hz oize | CASE | 120Hz | 100 kHz | r;‘in : ;fin Tand | o', | 100 kHz | 100 kHz
™ | "ue | opxL CODE | 105°C | 105°C | ' i)' | © ) [ 120Kz | X0 20°C | -10°C
(e (mA) | (mA) (@) @
6.3 470 | 1ox12 | 14 410 510 89 30 | 022 | 062 0.28 0.73
680 | 10x16 | 15 510 640 129 43 | 022 | 043 0.22 0.57
2200 | 125x20 | 17 | 1000 1100 416 140 | 024 | 0.14 0.089 | 023
6800 | 16x31 | 20 | 1600 1800 | 1290 430 | 032 | 0062 | 0055 | 0.14
10000 | 18x31 | 1831 | 1800 | 2000 | 1890 630 | 0.40 | 0.053 | 0047 | 0.12
10 470 8x15 | 13L 400 500 141 47 | 019 | 054 0.24 0.62
1000 | 125x16 | 17a 780 970 300 100 | 0.19 | 0.25 0.12 0.31
1500 | 10x30 | 16LL | 1000 1200 450 150 | 0.19 | 0.17 0.093 | 024
2200 | 125x25 | 18 | 1200 1300 660 220 | 021 | 0.13 0.073 | 0.19
2200 | 18x15 | 1815 | 1200 1300 660 220 | 021 | 0.13 0.080 | 0.21

3300 | 125x35 | 18LL | 1600 1800 990 330 0.23 0.092 0.052 0.14
3300 16x20 | 19a 1200 1400 990 330 0.23 0.092 0.075 0.20
4700 16 x 31 20 1600 1800 1410 470 0.25 0.071 0.054 0.14
4700 18 x25 | 1825 1700 1800 1410 470 0.25 0.071 0.053 0.14
6800 16 x 35 21 1800 2000 2040 680 0.29 0.057 0.046 0.12
10000 18 x 40 23 2200 2500 3000 1000 0.37 0.049 0.037 0.096
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial, Low Impedance 0GR Mk
ORDERING EXAMPLE
Electrolytic capacitor 135 series
1000 uF/16 V; +20%
Nominal case size: @10 x 30 mm; Form CB
Catalogue number: 2222 135 65102.
Table 3 Ordering information; preferred types in bold
CATALOGUE NUMBER 2222 ... .....
NOMINAL
Un 12((:)““2 CS?ZSEE — BULK PACKAGING —
(V) CODE LONG LEADS CUT LEADS
(uF) @D xL
(mm) FORM CA F FORM CB i FORM TFA F
(mm) (mm) (mm)
6.3 470 10x12 14 135 53471 5.0 135 63471 5.0 135 33471 5.0
680 10x 16 15 135 53681 5.0 135 63681 5.0 135 33681 5.0
2200 | 12.5x20 17 135 53222 5.0 135 63222 5.0 135 33222 5.0
6800 16 x 31 20 135 53682 75 135 63682 7.5 135 33682 75
10000 18x31 | 1831 | 13553103 75 135 63103 7.5 - -
10 470 8x15 | 13L | 13554471 3.5 135 84471 3.5 135 34471 5.0
1000 | 125x16 | 17a | 13554102 5.0 135 64102 5.0 135 34102 5.0
1500 10x30 | 16LL | 13554152 5.0 135 64152 5.0 - -
2200 | 12.5x25 18 135 54222 5.0 135 64222 50 135 34222 5.0
2200 18 x15 | 1815 | 13590001 7.5 135 90002 75 - -
3300 | 12.5x35 | 18LL | 13554332 5.0 135 64332 5.0 - -
3300 16x20 | 19a | 13590025 Z5 135 90026 7.5 135 90042 75
4700 16 x 31 20 135 54472 75 135 64472 75 135 34472 5
4700 18 x25 | 1825 | 13590003 7.5 135 90004 7.5 - -
6800 16 x 35 21 135 54682 75 135 64682 7.5 - -
10000 18 x 40 23 135 54103 75 135 64103 7.5 - -
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial, Low Impedance AeAEE
ELECTRICAL DATA (continued)
Table 4 Electrical data continued; preferred types in bold
c N%“KISN; L In IR I | ESR £ Z
Ug 120“Hz SizE | CASE | 120Hz | 100 kHz | | r;‘in 5 .l{fm Tan§ | o' | 100 kHz | 100 kHz
v) W) | opxL CODE | 105°C | 105°C WA | (A) 120 Hz @ 20°C | -10°C

(mm) (mA) (mA) (©) (Q)

16 220 8x12 | 13 220 400 106 35 | 0.16 | 0.96 0.33 0.86
330 8x15 | 13L 350 500 158 53 | 0.16 | 0.64 0.23 0.60

470 8x20 | 13LL | 520 650 226 75 | 0.16 | 0.45 0.18 0.47

680 | 10x20 | 16 690 860 326 110 | 0.16 | 0.31 0.14 0.36

1000 | 10x30 | 16LL | 920 1200 480 160 | 0.16 | 0.21 0.091 0.24

1500 | 125x25 | 18 | 1200 1300 720 240 | 0.16 | 0.14 0.072 0.19

2200 | 12.5x31 | 18L | 1400 1500 | 1060 350 | 0.18 | 0.11 0.063 0.16

2200 16x20 | 19a | 1200 1400 | 1060 350 | 0.18 | 0.11 0.073 0.19

4700 | 16x35 | 21 1800 2000 | 2260 750 | 0.22 | 0.062 | 0.046 0.12

4700 | 18x31 | 1831 | 1800 2000 | 2260 750 | 022 | 0.062 | 0.046 0.12

6800 | 18x35 | 22 | 2000 2200 | 3260 | 1100 | 0.26 | 0.051 0.040 0.10

25 220 8x15 | 13L 350 500 165 55 | 0.14 | 0.84 0.23 0.60
470 | 10x 20| 16 690 860 353 120 | 0.14 | 0.40 0.14 0.36

1000 | 12.5x25 | 18 | 1100 1300 750 250 | 0.14 | 0.19 0.071 0.18

1500 | 12.5x31 | 18L | 1400 1500 | 1125 380 | 0.14 | 0.12 0.062 0.16

2200 | 12.5x40 | 1240 | 1800 2000 | 1650 550 | 0.16 | 0.10 0.044 0.11

2200 | 18x20 | 1820 | 1400 1600 | 1650 550 | 0.16 | 0.10 0.060 0.16

3300 16x35 | 21 1800 2000 | 2475 830 | 0.18 | 0.072 | 0.045 0.12

3300 | 18x31 | 1831 | 1800 2000 | 2475 830 | 0.18 | 0.072 | 0.045 0.12

4700 | 18x40 | 23 | 2200 2500 | 3525 | 1200 | 0.20 | 0.056 | 0.036 0.94

35 100 gx12 | 13 280 400 105 3 | 012 | 159 0.32 0.83
220 8x20 | 13LL | 460 650 231 77 | 012 | 072 0.18 0.47

330 | 10x20 | 16 610 860 347 120 | 0.12 | 0.48 0.13 0.34

470 10 x30 | 16LL 920 1200 490 160 0.12 0.34 0.089 0.23

680 | 12.5x25 | 18 | 1100 1300 714 240 | 0.12 | 0.23 0.070 0.18

1000 | 12.5x31 | 18L | 1400 1500 | 1050 350 | 0.12 | 0.16 0.061 0.16

1000 | 16x20 | 19a | 1100 1370 | 1050 350 | 0.12 | 0.16 0.071 0.18

1500 | 12.5x40 | 1240 | 1800 2000 | 1575 530 | 0.12 | 0.11 0.043 0.1

2200| 16x35 | 21 1800 2000 | 2310 770 | 0.14 | 0.084 | 0.044 0.11

2200 | 18x31 | 1831 | 1800 2000 | 2310 770 | 0.14 | 0.084 | 0.044 0.1
3300 | 18x40 | 23 | 2200 2500 | 3465 | 1200 | 0.16 | 0.064 | 0.035 0.091
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial, Low Impedance 155 il
ORDERING INFORMATION (continued)
Table 5 Ordering information continued; preferred types in bold
CATALOGUE NUMBER 2222 ... .....
NOMINAL
U Ca CASE o BULK PACKAGING —
) | 120 HE| BIZE | oanp LONG LEADS CUT LEADS
(WF) | @DxL
(mm) FORM CA i FORM CB " FORM TFA F
(mm) (mm) (mm)
16 220 8x12 13 135 55221 3.5 135 85221 3.5 135 35221 5.0
330 8x15 13L | 13555331 35 135 85331 3.5 135 35331 5.0
470 8x20 | 13LL | 13555471 3.5 135 85471 3.5 135 35471 5.0
680 10 x 20 16 135 55681 5.0 135 65681 5.0 135 35681 5.0
1000 10x30 | 16LL | 13555102 5.0 135 65102 5.0 - =
1500 | 12.5x25 18 135 55152 5.0 135 65152 5.0 135 35152 5.0
2200 | 12.5x31 18L | 135 55222 5.0 135 65222 5.0 - -
2200 16 x20 | 19a | 13590007 7.5 135 90008 75 135 90043 7.5
4700 16 x 35 21 135 55472 75 135 65472 75 = =
4700 18 x31 | 1831 | 13590009 7.5 135 90011 7.5 - =
6800 18 x 35 22 135 55682 7.5 135 65682 7.5 - -
25 220 8x15 13L | 135 56221 3.5 135 86221 35 135 36221 5.0
470 10x 20| 16 | 13556471 5.0 135 66471 5.0 135 36471 5.0
1000 | 125x25 | 18 | 13556102 5.0 135 66102 5.0 135 36102 5.0
1500 | 12.5x 31 18L | 13556152 5.0 135 66152 5.0 - =
2200 | 12.5x40 | 1240 | 13556222 5.0 135 66222 5.0 - =
2200 18x20 | 1820 | 13590012 7.5 135 90013 7.5 = =
3300 16 x 35 21 135 56332 7.5 135 66332 75 = =
3300 18 x31 | 1831 | 13590014 7.5 135 90015 75 - =
4700 18 x40 23 135 56472 7.5 135 66472 7.5 = =
35 100 8x12 13 135 50101 3.5 135 80101 3.5 135 30101 5.0
220 8x20 | 13LL | 13550221 3.5 135 80221 3.5 135 30221 5.0
330 10 x 20 16 | 13550331 5.0 135 60331 5.0 135 30331 5.0
470 10x30 | 16LL | 13550471 5.0 135 60471 5.0 = -
680 | 12.5x25 18 135 50681 5.0 135 60681 5.0 135 30681 5.0
1000 | 12.5 x31 18L | 13550102 5.0 135 60102 5.0 = =
1000 16x20 | 19a | 13590016 75 135 90017 7.5 135 90044 7.5
1500 | 12.5x40 | 1240 | 13550152 5.0 135 60152 5.0 - =
2200 16 x 35 21 135 50222 7.5 135 60222 75 - -
2200 18 x31 | 1831 | 13590018 7.5 135 90019 7.5 - -
3300 18 x40 | 23 | 13550332 7:5 135 60332 75 - -
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Aluminium electrolytic capacitors

Radial, Low Impedance Ll
ELECTRICAL DATA (continued)
Table 6 Electrical data continued; preferred types in bold
NOMINAL e - . 2
Un | CR | CASE | cace | 120Hz | 100kHz | " | "2 | Tans | ESR | 100 kHz | 100 k2
(v | 120Hz| SIZE ieope| q0soc | t0s°c | TM | 2T | 120 Hz 120Hz | 55.c | _10°C
(uF) @(rl; :1 )L (mA) (mA) (HA) | (nA) (L) ©) ©)
50 100| 10x16 | 15 450 640 150 50 | 0.10 | 1.33 0.20 0.52
220 | 10x25 | 16L 730 1000 330 110 | 0.10 | 0.60 0.11 0.29
330 | 125x20 | 17 790 1100 495 170 | 0.10 | 0.40 0.081 0.22
470 | 125x25 | 18 | 1100 1300 705 240 | 0.10 | 0.28 0.068 | 0.19
470 | 18x15 | 1815 | 1000 1300 705 240 | 0.10 | 0.28 0.074 | 0.19
1000 | 16x31 | 20 | 1500 1800 | 1500 500 | 0.10 | 0.13 0.050 | 0.13
1500 | 16x40 | 21L | 2100 2300 | 2250 750 | 0.10 | 0.088 | 0.035 | 0.091
2200 | 18x40 | 23 | 2200 2500 | 3300 | 1100 | 0.12 | 0072 | 0.034 | 0.091
63 47 8x12 | 13 220 300 89 30 | 008 | 226 0.56 15
220 | 12.5%x20 | 17 630 890 416 140 | 0.08 | 0.48 0.16 0.42
470| 16x25 | 19 | 1200 1400 888 300 | 0.08 | 023 0.091 0.25
680| 16x31 | 20 | 1400 1800 | 1285 430 | 008 | 0.16 0.065 | 0.18
1000 | 16x40 | 21L | 1800 2200 | 1890 630 | 008 | 0.11 0.049 | 0.13
100 22 8x12 | 13 120 310 66 22 | 007 | 422 0.53 1.4
100 | 12.5x20 | 17 630 890 300 100 | 0.07 | 0.93 0.15 0.40
220| 16x25| 19 | 1000 1400 660 220 | 0.07 | 042 0.086 | 023
330| 16x31| 20 | 1300 1800 990 330 | 007 | 028 0.062 | 0.17
330 | 18x25 | 1825 | 1200 1700 990 330 | 007 | 028 0.074 | 0.20
470 | 16x40 | 21L | 1800 2200 | 1410 470 | 0.07 | 0.20 0.047 | 0.13
680 | 18x40 | 23 | 1900 2400 | 2040 680 | 0.07 | 0.14 0.043 | 0.12
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Aluminium electrolytic capacitors

Radial, Low Impedance MR
ORDERING INFORMATION (continued)
Table 7 Ordering information continued; preferred types in bold
CATALOGUE NUMBER 2222 ... .....
NOMINAL
" Cr CASE | sk BULK PACKAGING P
oy [1R0HE) SUEE aane LONG LEADS CUT LEADS
(uwF) | @DbxL
(mm) FORM CA I FORM CB F FORM TFA ’
(mm) (mm) (mm)
50 100 10x16 | 15 | 13551101 5.0 13561101 5.0 135 31101 5.0
220 | 10x25 | 16L | 13551221 5.0 135 61221 5.0 135 31221 5.0
330 | 125%x20 | 17 | 13551331 5.0 135 61331 5.0 135 31331 5.0
470 | 125x25 | 18 | 13551471 5.0 135 61471 5.0 135 31471 5.0
470 | 18x15 | 1815 | 13590021 75 135 90022 75 = ~
1000 | 16x31 | 20 | 13551102 75 135 61102 75 135 31102 75
1500 | 16x40 | 21L | 13551152 75 135 61152 75 - —
2200 | 18x40 | 23 | 13551222 7.5 135 61222 7.5 = =
63 47 8x12 | 13 | 13558479 35 135 88479 35 135 38479 5.0
220 | 125x20 | 17 | 13558221 5.0 135 68221 5.0 135 38221 5.0
470 | 16x25 | 19 | 13558471 75 135 68471 75 135 38471 7.5
680 | 16x31 | 20 | 13558681 75 135 68681 75 135 38681 75
1000 | 16x40 | 21L | 13558102 75 135 68102 75 = =
100 22 8x12 | 13 | 13559229 35 135 89229 35 135 39229 5.0
100 | 125x20 | 17 | 13559101 5.0 135 69101 5.0 135 39101 5.0
220 | 16x25 | 19 | 13559221 75 135 69221 75 = =
330| 16x31 | 20 | 13559331 75 135 69331 75 - -
330 | 18x25 | 1825 | 13590023 75 135 90024 75 = =
470 | 16x40 | 21L | 13559471 75 135 69471 75 = -
680 | 18x40 | 23 | 13559681 75 135 69681 75 = =
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Aluminium electrolytic capacitors

Radial, Low Impedance 135 RLI

Additional electrical data

PARAMETER [ CONDITIONS 1 VALUE
Voltage
Surge voltage for short periods Us<1.15 UR
Reverse voltage Uev<1V
Current
Leakage current after 1 minute at Ug IL4 £0.03Cg x Ug
after 2 minutes at Ug IL2 £0.01Cg x Ug

Capacitance (C)
Ratio of capacitance at 120 Hz Ur=6.3V C_55°0/C20°c 2 0.7
Ug=10to 100 V C_55°d0200020.8

Impedance (2)
Ratio of impedance at 120 Hz |Z_55:0/Z20-c < 3
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Aluminium electrolytic capacitors 135 RLI

Radial, Low Impedance

Curve 1: 100 pF, 35 V;
@DxL=8x12mm.

Curve 2: 470 uF, 6.3 V;
@D xL=10x12mm.

Curve 3: 680 uF, 16 V;
@D x L=10x20 mm.

Curve 4: 1000 pF, 25 V;
@D x L =125 x25 mm.

Curve 5: 2200 uF, 16 V;
@D xL =16 x 20 mm.

Tamp= 20°C.

10

1072

MLB309

/

&I(A) N
V.

7Y,

-
o
n

Fig.5 Typical impedance as a function of frequency.

] 6
10 fHz 10

Curve 4: 4700 pF, 25 V;
@D x L =18 x 40 mm.

Tamb =20 °C.

Fig.6 Typical impedance as a function of frequency.

MLB310
102
z
Q)
10
1
AN
~N
7 R
~
NG3
N ™
ANNEEN N
2 N q| N
" NN \ \\ )
10
Curve 1: 330 uF, 100 V; = =
@D x L =18 x 25 mm. NN - 7.
Curve 2: 1000 pF, 50 V; L |_—T [ A
@D xL=16x31 mm. ™~ [ L
Curve 3: 3300 uF, 35 V; 1072
@D x L =18 x 40 mm. 102 108 104 10° g4y 10°
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Aluminium electrolytic capacitors

. 135 RLI
Radial, Low Impedance
RIPPLE CURRENT AND USEFUL LIFE
Table 8 Multiplier of ripple current (Ir/Iro) as a function of frequency; Igo = ripple current at 100 kHz
FREQUENCY Ir MULTIPLIER
(Hz) 22 uF 33 to 330 uF 470 to 1000 uF >1000 uF
50 0.4 0.6 0.65 0.8
120 0.5 0.7 0.8 0.9
300 0.6 0.8 0.9 0.95
1000 0.8 0.9 0.98 0.98
10000 0.9 0.95 1.0 1.0
100000 1.0 1.0 1.0 1.0
38 MEA240
' 1
I 37 —‘F ! t
— |
'R 36 ‘l !
N
35 N
34 \\
33 4
3.2 \\ \\ \\ [
N NEANAVER N
3.0 N\ NC NN
ANANIAYAY |
s 1N X \\ N\ |
ANANANE U WAN ||
N \\ \ \\ \ \ \\ lifetime multiplier
Al ANANAVAN ER W N A N 7 o
N\ N ‘ T
20 N NN NEANANER Y |
b Y AV WA SHAN ,
sa AN N K AN \\90\ \
LA TR AR YA NN
o A NN NN YN OIN
AN\ AN AN\ BN AN
- NN Y NN RO R TN
’ N N _}'5< N\ RN LN N
1.6 N\ NN (N2 O N
NN NG NN NI N,
1ot N N, 00\? N N N X X
S N A AN NANANANAN A
1.0 = ;\0 \\ \ \\ \ \\ \ \ \ \)
oe \f CA AN LY AN EANEAN
05 NN\ \\ \\ N N X A\ b3
I = actual ripple current at 100 kHz. 0.0 \ XN
|r = rated ripple current at 100 kHz, 105 °C. 40 50 60 70 80 90 100 110
(1) Useful life at 105 °C and Iy applied: Tain (°C)
@D =8 mm: 1500 hours
@D =10 to 18 mm: 2500 hours.
Fig.7 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Aluminium electrolytic capacitors

Radial, Low Impedance 135 RLI

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 9 Test procedures and requirements

TEST

PBOCEDURE REQUIREMENTS
NAME OF TEST | REFERENCE (quick reference)
Endurance IEC 384-4/ Tampb = 105 °C; Ug applied; AC/C: £20%
CECC 30300 @D =8 mm: 1000 hours tan 5 < 2 x spec. limit
subclause 4.13 | @D = 10 to 18 mm: 2000 hours e
IL2 < spec. limit
Useful life CECC 30301 Tamb = 105 °C; Ug and Ig applied; AC/C: £50%
subclause 1.8.1 | &D =8 mm: 1500 hours Yah B2 B % E5EG. [t
@D = 10 to 18 mm: 2500 hours BRI ERE
Z < 3 x spec. limit
ILo < spec. limit
no short or open circuit
total failure percentage: <1%
Shelf life IEC 384-4/ Tamb = 105 °C; no voltage applied; AC/C: £20%
(storage at CECC 30 300, 1000 hours e
" tan 6 < 1.5 x spec. limit
high temperature) | subclause 4.17 . . "
after test: Ug to be applied for 30 minutes, i scsbiains, fii
24 to 48 hours before measurement L2 = Spec.

1998 Jan 29

241




Philips Components

Product specification

Aluminium electrolytic capacitors

Radial Miniature Long-Life

FEATURES

¢ Polarized aluminium electrolytic
capacitors, non-solid

Radial leads, cylindrical aluminium
case with pressure relief, insulated
with a blue vinyl sleeve

e Charge and discharge proof
Miniaturized, high CV-product per
unit volume

e Very long useful life:
3000 to 4000 hours at 105 °C,
high reliability.

APPLICATIONS

e EDP, telecommunication,
industrial, automotive and
audio-video

e Smoothing, filtering, buffering in
SMPS, timing

¢ Portable and mobile equipment
(small size, low mass).

QUICK REFERENCE DATA

048 RML

SIS

| —+

\

]
| ==l s

D =

/]
—
——

MAMO79

Fig.1 Component outlines.

lower longer life
116 RLL *Cv-values- 048 RML =" 0. 7 =»| 136 RVI

151 RLH

high
voltage

CCB005

DESCRIPTION

VALUE

Case sizes (DDnom X Lnom in mm)

10x 1210 18 x 35

Rated capacitance range, Cg

100 to 10000 puF

Tolerance on Cg +20%
Rated voltage range, Ug 6.3t0 63V
Category temperature range —40to +105 °C
Endurance test at 105 °C 2000 hours
Useful life at 105 °C:
case D = 10 and 12.5 mm 3000 hours
case @D =16 and 18 mm 4000 hours

Useful life at 40 °C, 1.6 x |g applied:
case D =10 and 12.5 mm
case @D = 16 and 18 mm

200000 hours
260000 hours

Shelf life at 0 V, 105 °C 1000 hours
Based on sectional specification IEC 384-4/CECC 30300
Climatic category IEC 68 40/105/56
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial Miniature Long-Life G i
Selection chart for Cg, Ug and relevant nominal case sizes (JD x L in mm)
Preferred types in bold.
Cr Ur (V)
(1F) 6.3 10 16 25 35 40 50 63
100" - - - - - - - 10x 12
220 - - - = 10x12 - 10x 16 10x 20
330 - - - = B - - 12.5%x20
470 - - 10x 12 10x 16 10 x 20 - 125x20 | 125x25
1000 - 10%x 16 10x20 | 125%x20 | 12.5x25 - 16 x 25 16 x 31
2200 - 125%x20 | 125x25 16 x 25 16 x 31 16 x 35 18 x 35 18 x 35
3300 - 12.5x 25 16 x 25 16 x 31 18 x 35 18 x 35 18 x 35 -
4700 - 161 25 16 x 31 18 x 35 18 x 35 ~ - =
6800 16 x 25 16 x 31 16 x 35 - - - = =
10000 16 x 35 18 x 35 18 x 35 - - - B -
Note

1. For lower CV-values see data sheet “1716 RLL".
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Aluminium electrolytic capacitors

; e ; 048 RML
Radial Miniature Long-Life
MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES
A i ‘
> F |le MBC417
Dimensions in mm. Dimensions in mm.
For dimensions see Table 1. For dimensions see Table 1.
Fig.2 Form CA: Long leads. Fig.3 Form CB: Cut leads.
Table 1 Physical dimensions, mass and packaging quantities; see Figs 2 and 3
NOMINAL PACKAGING QUANTITIES
CASESIZE |CASE | @d |@Dmax| Lmax F MASS PER BOX
@D xL CODE | (mm) | (mm) | (mm) | (mm) (9) FORM FORM FORM
(mm) CA cB TFA
10x 12 14 0.6 10.5 13.5 |5.010.5 ~1.6 1000 500 800
10x 16 15 0.6 10.5 17,5 |5.040.5 =1.9 500 500 800
10 x 20 16 0.6 10.5 22.0 |5.0£0.5 =2.2 500 500 800
12!5 %20 17 0.6 13.0 22.0 |5.0105 =~4.0 500 500 500
125 %25 18 0.6 13.0 27.0 |5:010.5 =5.0 250 250 500
16 x 25 19 0.8 16.5 27.0 | 75105 =8.0 250 250 250
16 x 31 20 0.8 16.5 33.5 |7.510.5 =9.0 100 100 250
16 x 35 21 0.8 16.5 375 |7.51X05 =11.5 100 100 =
18 x 35 22 0.8 18.5 37.5 |7.540.5 =14.5 100 100 -
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Aluminium electrolytic capacitors
Radial Miniature Long-Life

048 RML

Taped products

) Of 11O

Form TFA:
Case @D x L <16 x 31 mm.
Tape dimensions are specified in this handbook, Section “Packaging”.

Fig.4 Taped in box (ammopack).

MAMO66

MARKING

The capacitors are marked with the following information:

Rated capacitance value (in uF)

Tolerance on rated capacitance, code letter in accordance with “/EC 62” (M for +20%)
Rated voltage (in V)

Upper category temperature (105 °C)

Group number (048)

Code indicating factory of origin

Name of manufacturer, PHILIPS

Date code, in accordance with “/EC 62"

Negative terminal identification.
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Aluminium electrolytic capacitors

048 RML

ture Long-Life
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Radial M

= 2ce89 810 | ¢ce8S 810 14 14 08 L0 08¢ ooyt 009} [44 SE X8I 00c¢e
2018€ 8¥0 | ¢0189 8%0 | 20185 8¥0 (94 S5 ovl 600 oEl 0€9 0StL1 0c € X 9L 000 L
LL¥8E 8Y0 | LLV89 8V0 | | /¥8S 810 08 OLL 00€ 60°0 29 00€ 004 8l G¢ X G¢Ch 0Ly
L€€8E 870 | 1€E89 80 | LEEBS 8Y0 ocl 0Lt (0194 600 14 Ole 0SS Ll 02 X g¢ch 0€ee
1228€ 80 | 12289 810 | L228S 810 00¢ 0S¢ 059 600 1€ orl ooy 9l 0C X0} 0ce
1018€ 8¥0 | L0189 8¥0 | LOL8S 810 oLe 0SS oov | 600 9l 99 ove vi ¢Lx0lL 00} €9
- ceE9 8Y0 | cEELS 810 (014 oy 89 v1L0 0oee 004} 006 | [44 ge X8l 00ee
=3 ¢eel9 80 | ¢cccls 810 0s 0S /8 cLo 0ce 00t 00S | [44 GE X8l 00ce
coLLE 80 | 2OLI9 80 | COLLS 8¥0 09 0L 091 010 00} 00S 0€0t 61 TR ] B 000}
LLVLE 8V0 | LLVI98VO0 | LLVIS 810 Okt ocl ove 00 0S8 ove 029 Ll 02 xg¢Clt 0Ly
Lecle 80 | Lecl9 810 | LSctS 810 0S¢ 00€ 0cL 010 S¢ Okl ove sl 9L X0l 0ce 0S
= 2eeL9 80 | ¢€€LS 8¥0 9€ oy cl S0 0L¢ 00€+ 0091 cc GE X 81 00g€e
N ¢cel9 810 | ¢cclS 8¥0 14 8Y 6 €10 081 088 005} (54 GE X9l 00ce oy
= ¢/¥09 8v0 | ¢/¥0S 8¥0 Ve 014 19 810 0ee 0091 0S61 (44 GE X8l 00L¥
- ¢€€09 810 | ¢EE0S 8¥0 9€ (44 Ll 910 0€e 00cH 009 44 GeEX 8L 00ge
¢ceoe 8¥0 | 22209 8¥0 | ¢ccOs 810 Sy (4] 00} 14%Y 091 0LL ove L 0c 1€ X9l 0oce
c¢010€ 8¥0 | c0L09 8¥0 | c0LOS 810 S 06 061 clo €L 0se 006 81 GecxGel 000+
LLPOE 80 | LLV09 8V0 | LLV0S 8Y0 oSt (/43 (0]8 4 cl’o 9€ 0L} 00S 9l 0C <0l 0Ly
L220€ 80 | 12209 8¥0 | Lcc0S 8¥0 08¢ 09¢€ 0/8 ko 8l 08 oLe vi kX0l 0ce Ge
= ¢L¥99 80 | ¢Lv9S 8¥0 9€ ov 89 0c0 ove 00ct 0cLt (44 SE X8I 00L¥
CEE9E 8Y0 | CEE99 810 | CEEIS 810 Sy 0S /8 810 0Lt (0194} oSy | (114 1€ X 91 00€€E
2cc9€E 8¥0 | ¢2c99 8¥0 | ¢2c9s 810 9§ €9 oclt 910 Ot 0SS ocli 61 G¢ X9l 00c¢e
2019€ 810 | 20199 80 | 019G 810 00} oct 0ce vL0 €5 0S¢ 0cL Ll 0ec xgch 0001}
LZ¥9E 8Y0 | LLV99 810 | LLYV9S 8¥0 08l ove (VA4 VL0 x4 ocl (01474 Gl 9l X0} (/A4 Ge
VALWHOA | 80 WHOA | VO WHOA | (5w | (ow) | (ow) | L, o0 | (o | o | ST )
a3dvi ONIDVIIVd X1Ng NIv_Noc_. NIvN_ [1]8 N“MM—, Quey :_mr.—___ S :_w:._.__ 8 zZH 001 | 3SVD | 321S 3SVD NIEMOP Hn
........ Zeez HIGWNN IND0TVLYD Hy TYNINON

247

199K |an 20



Philips Components

Product specification

Aluminium electrolytic capacitors

Radial Miniature Long-Life gl ROuL
Additional electrical data
PARAMETER CONDITIONS VALUE
Voltage
Surge voltage for short periods Us<1.15UR
Reverse voltage Uiy £1V

Current

Leakage current

after 1 minute at Ug

.41 £0.01Cg x Ug + 3 A

after 5 minutes at Ug

ILs £0.002CR x UR + 3 1A

Inductance

Equivalent series inductance (ESL)

case YD =10 mm

typ. 16 nH

case @D >12.5 mm

typ. 18 nH
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Product specification

Aluminium electrolytic capacitors

. 048 RML
Radial Miniature Long-Life
Capacitance (C)
MGC694
1.2 T
c
Co
LA
1.1
/ Lo
P //
1t
1.0
///
o
0.9 /
1
0.8
Curve 1:6.3 V. -60 -40 -20 0 20 40 60 80 100 120
Curve 2: 63 V. Tamb (°C)
Cy = capacitance at 20 °C, 100 Hz.
Fig.5 Typical multiplier of capacitance as a function of ambient temperature.
MGC696
12
C
Co
1.0
RTINS
N N
0.8 \\\\:\ ~\\\
; N 4
NN NN
NN NN
\x N\
0.6 N
\ \
\ N
0.4
N
0.2 N\
Curve 1: 10 V. N
Curve 2: 16 V. \
Curve 3: 25 V. 0
v 2 3 4 5
Curve 4:50 V. 10 10 10 10 fHy 10
Curve 5: 63 V.
Cy = capacitance at 20 °C, 100 Hz.
Fig.6 Typical multiplier of capacitance as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors
R
Radial Miniature Long-Life 048 RML

Equivalent series resistance (ESR)

MGC695

\ 1

ESR_ A\
ESR, \ \\

N\

1 5—
~ 2|
1—
|
Curve 1: 10 V; [
case @D =10 mm. |
Curve 2:6.3V; 0.1 !
case @D =16 mm. -60 -40 =20 0 20 40 60 80 100 120
Curve 3: 63 V. Tamb (°C)

ESRq = typical at 20 °C, 100 Hz.

Fig.7 Multiplier of ESR as a function of ambient temperature.

MGC697

2.0
ESR
ESR,
1.6
\
1.2
~
N |
§N~~A-..,.
08 = 1
A T~~~
\Q\#g:., R
N I 3
\\~~. e
0.4 — L
5
Curve 1: 6.3 V.
Curve 2: 16 V.
Curve 3: 35 V. o
Curve 4:50 V. 10 102 108 104 f (Hzy 10°
Curve 5: 63 V.

ESR = typical at 20 °C, 100 Hz.

Fig.8 Multiplier of ESR as a function of frequency.
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Product specification

Aluminium electrolyti

C capacitors

Radial Miniature Long-Life
Impedance (2)
MGC692
102
Z
%9
i
10 \
) AN
2]\
, . 7
N \‘
\\\\
\Q
1
s—]
=11
107!
Curve 1: case @D = 10 mm. -60 -40 -20 0 20 40 60 80 100 120
Curve 2: case @D = 16 mm. Tamb (°C)
Z, = typical impedance at 20 °C, 10 kHz.
Fig.9 Typical impedance as a function of ambient temperature.
102 MGC698
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1 < \‘ N =
AN S N
. ¥ N
.
i N N
VERN > S
\ AN N —
Ug=6.3t016 V. 107! N Mg
Curve 1: 470 uF, 16 V; @10 x 12 mm. S
Curve 2: 1000 uF, 10 V; @10 x 16 mm. 6
Curve 3: 1000 uF, 16 V; @10 x 20 mm.
Curve 4: 2200 uF, 16 V; @12.5 x 25 mm. s
H F,16 V; &1 s 10
Curve 5: 3300 uF, 16 V; @16 x 25 mm 10 102 10° 10° i 105

Curve 6: 6800 uF, 6.3 V; @16 x 25 mm.
Tamb=20°C.

Fig.10 Typical impedance as a function of frequency.
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Radial Miniature Long-Life
MGC699
102
\\
Z N
@ N
N N
oD N
N s ™3
S N
55 NS
\\ \\\ Q\
N N
1 b N \§~ N
S .. "N
b
Ne
~ NN
\\\ \ \ - L 1
N - 2 3
o N =
Up=25t035V. 10 =
Curve 1: 220 pF, 35 V; @10 x 12 mm. . -
Curve 2: 330 puF, 35 V; @10 x 16 mm. N L] 6
Curve 3: 470 uF, 25 V; @10 x 16 mm. mREn 7
Curve 4: 470 pF, 35 V; @10 x 20 mm. 10-2
Curve 5: 1000 uF, 25 V; @12.5 x 20 mm. 10 102 103 " 105
Curve 6: 1000 uF, 35 V; @12.5 x 25 mm. ihia)
Curve 7: 3300 pF, 25 V; @16 x 31 mm.
Tamb =20 °C.
Fig.11 Typical impedance as a function of frequency.
102 . MGC700
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1 MU \> DN
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2 . . \\ N =S
\\ NN :\_ ~——ll
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Up=40t0 63 V. o N \ NN ]2
Curve 1: 100 pF, 63 V; @10 x 12 mm. 10 = %‘;
Curve 2: 220 uF, 50 V; @10 x 16 mm. s —16
Curve 3: 220 uF, 63 V; @10 x 20 mm. L N 7
Curve 4: 330 uF, 63 V; @12.5 x 20 mm. i s
Curve 5: 470 pF, 50 V; @12.5 x 20 mm. 10°2
Curve 6: 470 uF, 63 V; @12.5 x 25 mm. g 10 102 108 104 . 10°
Curve 7: 1000 uF, 63 V; @16 x 31 mm. {Hz)
Curve 8: 2200 pF, 40 V; @16 x 35 mm.
Tamp =20 °C.
Fig.12 Typical impedance as a function of frequency.
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Radial Miniature Long-Life
RIPPLE CURRENT AND USEFUL LIFE
Table 3 Multiplier of ripple current (Ig/Iro) as a function of frequency; Iro = ripple current at 100 Hz
FREQUENCY Ir MULTIPLIER
(Hz) Ur=6.3t025V Ur=35and 40V Ur =50and 63 V
50 0.95 0.85 0.80
100 1.00 1.00 1.00
300 1.07 1.20 1.25
1000 112 1.30 1.40
3000 1.15 1.35 1.50
>10000 1.20 1.40 1.60
38 MEA240
iy 87 N
R 3.6
35 N
- \\
33
o \\
3.1 \ N \
a0 AN NN\
N\ N
5 o N\ NN
e
A% \¥\ N \ \\ _ lifetime multiplier
EANANAVAVE W WAV 74
2a N NN ANANER"
NN S W
2.2 N\ \\ \ \\ \ \\ \v”o \\
NS SIS SIS NN
2o S NN\ A NANCEANEIAN
NEANEANSAZ\NEEN
15 N 0 NERNC NN
b q% \ K B N
1.6 N\ N[N N NP bY N
=N N N NN\ N, N N
4 N ?0;0 NN Y X N,
W T A AN
2NN N NN Y * L 0
S S CA W AN AR VAN AN AR AR BRI S N N
os SBNNC N\ N—N N X N\
|a = actual ripple current at 100 Hz. ) 40 50 60 70 80 90 100 110
|g = rated ripple current at 100 Hz, 105 °C. T (°c)
(1) Useful life at 105 °C and I applied: RImb
case @D =10 and 12.5 mm: 3000 hours
case @D = 16 and 18 mm: 4000 hours.
Fig.13 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Radial Miniature Long-Life

048 RML

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 4 Test procedures and requirements

after test: Ug to be applied for 30 minutes,
24 to 48 hours before measurement

TEST
PBOCEDURE REQUIREMENTS
NAME OF TEST | REFERENCE (quick reference)
Endurance IEC 384-4/ Tamb = 105 °C; URg applied; Ur =6.3 V; AC/C: +15/-30%
CECC 30300 2000 hours Un > 6.3 V: AC/C: +15%
subclause 4.13
tan 8 < 1.3 x spec. limit
Z < 2 x spec. limit
ILs < spec. limit
Useful life CECC 30301 Tamp = 105 °C; Ugr and Iy applied; Ur =6.3 V; AC/C: +45/-50%
subclause 1.8.1 | case @D = 10 and 12.5 mm: 3000 hours; : . "
case @D =16 and 18 mm: 4000 hours Up b a0 O s
tan & < 3 x spec. limit
Z < 3 x spec. limit
ILs < spec. limit
no short or open circuit
total failure percentage: <1%
Shelf life IEC 384-4/ Tamb = 105 °C; no voltage applied; Ug =6.3 V; AC/C: +15/-30%
(storage at high CECC 30300 1000 hours Un > 6.3 V: AC/C: £15%
temperature) subclause 4.17

tan 8 < 1.3 x spec. limit
Z < 2 x spec. limit

ILs <2 x spec. limit
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Aluminium electrolytic capacitors

Radial Long-Life, High voltage

FEATURES

¢ Polarized aluminium electrolytic
capacitors, non-solid

Radial leads, cylindrical aluminium
case, insulated with a blue vinyl

Product specification

151 RLH

S

=)
I
||

ok —l —ff)
e Pressure relief 19 1)
¢ Charge and discharge proof H ” H H
e Long useful life: |_| AMo7o

3000 to 4000 hours at 105 °C, ”

high reliability
e High rated voltage, up to 450 V. Fig.1 Component outlines.
APPLICATIONS
. ;{[I)%Ti::tliﬁ:!ny and professional 4_ 8540 1;5(1)55%_
o Lighting, monitors, consumer ,:W

electronics, general industrial voltage
o Filtering of high voltages in power

supplies. o
QUICK REFERENCE DATA

DESCRIPTION VALUE

Case sizes (DDpom X Lnom in mm) 10x12t018x 35
Rated capacitance range, Cr 1to 220 uF
Tolerance on Cg +20%
Rated voltage range, Ug 160 to 450 V
Category temperature range —-40 to +105 °C
Endurance test at 105 °C 2000 hours
Useful life at 105 °C:

case @YD =10 and 12.5 mm 3000 hours

case @YD =16 and 18 mm 4000 hours
Useful life at 40 °C, 1.6 x Ig applied:

case @D =10 and 12.5 mm 200000 hours

case @D =16 and 18 mm 260000 hours
Shelf life at 0 V, 105 °C 500 hours
Based on sectional specification IEC 384-4/CECC 30300
Climatic category IEC 68 40/105/56
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Radial Long-Life, High voltage 131 Bl
Selection chart for Cg, Ug and relevant nominal case sizes (D x L in mm)
Preferred types in bold.
Cr Ur (V)
(1F) 160 200 250 350 400 450
1.0 - - - - - 10x 12
2.2 - - = - 10x12 10x 16
3.3 - - - 10x 12 10x 16 10x 20
4.7 - 10x 12 10x 12 10x 16 10 x 20 12.5/% 20
10 10x 16 10x 16 10 x 20 12.5x 20 12.5x 20 16 x 20
o0 10 x 20 10 x 20 12.5:%25 12.5x 25 16 x 25 16 x 31
- - 16 x 20 16 x 20 18 x 20 18 x 25
12.5x20 12.5 %20 12.5% 25 16 x 25 16 x 31 18 x 35
o - - 16 x 20 - 18 x 25 -
12.5x25 12.5x 25 16 x 25 16 x 35 18 x 31 -
4 16 x 20 16 x 20 18x 20 18 x 31 - -
100 16 x 25 16 x 31 16 x 31 - - -
18 x 20 18 x 25 18 x 25 - - -
220 18 x 35 — - - - -
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Radial Long-Life, High voltage
MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES
- O D 4‘
od
¥ ‘ ‘
> F |l MBC417
Dimensions in mm. Dimensions in mm.
For dimensions see Table 1. For dimensions see Table 1.
Fig.2 Form CA: Long leads. Fig.3 Form CB: Cut leads.
Table 1 Physical dimensions, mass and packaging quantities; see Figs 2 and 3
NOMINAL PACKAGING QUANTITIES
CASESIZE |CASE| Od |@Dmax| Lmax F MASS PER BOX
@D x L CODE | (mm) | (mm) | (mm) | (mm) (9) FORM FORM FORM
(mm) CA cB TFA
10x12 14 0.6 10.5 13:56 | BI0£0.5 ~1.6 1000 500 800
10x 16 15 0.6 10.5 17.5 |5.0+0.5 =1.9 500 500 800
10 x 20 16 0.6 10:5 22.0 |5.040.5 =2.2 500 500 800
125 %20 L4 0.6 13.0 22.0 |5.0+0.5 =4.0 500 500 500
12,5 %25 18 0.6 13.0 270 |5.040.5 =5.0 250 250 500
16 x 20 19a 0.8 16.5 22.0 (75205 =6.0 250 250 250
16 x 25 19 0.8 16.5 27.0 |7.540.5 =8.0 250 250 250
16 x 31 20 0.8 16.5 335 |7.5%0.5 =9.0 100 100 250
16 x 35 21 0.8 16.5 37.5 |7.5%0.5 =11.0 100 100 -
18 x 20 1820 0.8 18.5 22.0 |7.530.5 =8.0 100 100 —
18 x 25 1825 0.8 18.5 27.0 |7.5+0.5 =10.0 100 100 -
18 x 31 1831 0.8 18.5 33.5 |7.5+0.5 =12.5 100 100 —
18 x 35 22 0.8 18.5 375 (75405 ~14.5 100 100 -
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H
Radial Long-Life, High voltage T i

Taped products

:

MAMO66

Form TFA.
Case @D x L <16 x 31 mm.
Tape dimensions are specified in this handbook, Section “Packaging”.

Fig.4 Taped in box (ammopack).

MARKING

The capacitors are marked with the following information:

» Rated capacitance value (in uF)

e Tolerance on rated capacitance, code letter in accordance with “/EC 62" (M for £20%)
* Rated voltage (in V)

Upper category temperature (105 °C)

Group number (151)

¢ Code indicating factory of origin

e Name of manufacturer, PHILIPS

« Date code, in accordance with “/EC 62"
o Negative terminal identification.
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Aluminium electrolytic capacitors

: : : 151 RLH
Radial Long-Life, High voltage
RIPPLE CURRENT AND USEFUL LIFE
Table 3 Multiplier of ripple current (Ir/lro) as a function of frequency; Igo = ripple current at 100 Hz
FREQUENCY
(Hz) Ir MULTIPLIER
50 0.75
100 1.00
300 1.20
1000 1.35
3000 1.45
>10000 1.50
MEA240
3.8 T
I 3.7 N
R 3.6
N\
3.5 N
3.4 \ \\
33
32 N A \\
N NIANANERN
30 \\ NN
ANANAEY
26 NI NN N
ANAVANEA W AN
- \ \ \ \\ \ \\ \\ lifetime multiplier
ANAVAVAVEL W W AN g7l
24 \ \ \ \ \ \ \\Ia
SESUST NS TN
22 N\ \\ \ \\ \ \\ \\:’0 \\
ANIANIANAN TN N
s NN N N X W NN
‘ SIS S NN TN S
” AVEANEA NI HAVEAN R N 5
i i T ﬁ% AN NG [EN N
1.6 -\ NN [N NN N
N\ g NN\ N N
4.4 y 00\0 NN N N NN
W A AR N
40 N N NN NN YN N \\1)
s R TN \ X NS
PR CANTAN o Y T Y
0.0 SN N— XN N=ek
I = actual ripple current at 100 Hz. 40 50 50 70 80 % 100 - 119
Ig = rated ripple current at 100 Hz, 105 °C. Tamb( C)
(1) Useful life at 105 °C and I applied:
case @D =10 and 12.5 mm: 3000 hours
case @D =16 and 18 mm: 4000 hours.
Fig.5 Multiplier of useful life as a function of ambient temperature and ripple current load.
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SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 4 Test procedures and requirements

TEST

PROCEDURE

REQUIREMENTS

after test: Ug to be applied for 30 minutes,
24 to 48 hours before measurement

NAME OF TEST | REFERENCE (quick reference)
Endurance |IEC 384-4/ Tamb = 105 °C; UR applied; AC/C: +20%
CECC 30300 2000 hours {6 B2 s spac. limlt
subclause 4.15 - i
Z <2 x spec. limit
I5 < spec. limit
Useful life CECC 30301 Tamp = 105 °C; Ug and Iy applied; AC/C: £50%
subclause 1.8.1 | case @D =10 and 12.5 mm: 3000 hours; -
case @D = 16 and 18 mm: 4000 hours | 2 &< 3 spec. limit
Z < 3 x spec. limit
ILs < spec. limit
no short or open circuit
total failure percentage: <1%
Shelf life IEC 384-4/ Tamp = 105 °C; no voltage applied; AC/C: £20%
(storage at high CECC 30300 500 hours _—
tan & <2 x spec. limit
temperature) subclause 4.17

Z <2 x spec. limit

ILs <2 x spec. limit
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Aluminium electrolytic capacitors

Radial Standard Long-Life

FEATURES
e Polarized aluminium electrolytic
capacitors, non-solid

» Radial leads, cylindrical aluminium
case with pressure relief, insulated
with a blue vinyl sleeve

o Charge and discharge proof

¢ Very long useful life:

3000 to 4000 hours at 105 °C,
high reliability

e High ripple current capability, low
impedance, low ESR.

APPLICATIONS

e Power conversion, EDP,
telecommunication, industrial and
audio-video

e Smoothing, filtering, buffering in
SMPS, timing.

QUICK REFERENCE DATA

Maintenance type

046 RSL

3

<=

)

_,_
q

\

—_
= =}

=

———]
=
\

Fig.1 Component outlines.

116 ALL |«g=

CV-values

165 RHT
125 °C

higher
temperature

lower 046 RSL |__ longer life
=1 105°C owz | 136RVI

I
higher
CV/volume

048 RML
©CB039

DESCRIPTION

VALUE

Case sizes (DDpom X Lnom in mm)

10x12to 18 x 40

Rated capacitance range, Cr

22 to 10000 pF

Tolerance on Cgr +20%
Rated voltage range, Ug 6.3t0 63 V
Category temperature range —40 to +105 °C
Endurance test at 105 °C 2000 hours
Useful life at 105 °C:
case @D = 10 and 12.5 mm 3000 hours
case @D =16 and 18 mm 4000 hours

Useful life at 40 °C, 1.6 x |g applied:
case @D =10 and 12.5 mm
case @D =16 and 18 mm

200000 hours
260000 hours

Shelf life at 0 V, 105 °C 1000 hours
Based on sectional specification IEC 384-4/CECC 30300
Climatic category IEC 68 40/105/56
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Aluminium electrolytic capacitors

Radial Standard Long-Life il
Selection chart for Cg Ug and relevant nominal case sizes (JD x L in mm)
Preferred types in bold.
Ch Ur (V)
(1F) 6.3 10 16 25 35 40 50 63
22(1) - - - - - - - 10x 12
47 - - - - - - - 10x 12
100 - - - - - 10x 12 10x 16 10 x 20
220 = - 10%12 = 10x 16 10x 20 12.5x 20 125%25
330 = 10x12 10x 16 - 10 x 20 12.5 %20 125x%x25 16 x 25
470 10x 12 10x 16 10 x 20 - 12.5% 20 | 125 %25 - 16 x 25
1000 10 x 20 12.5%20 | 125x25 | 12.5x25 16 x 25 - 16 x 31 18 x 35
2200 12.5% 25 — 16 x 25 16 x 31 16 x 35 18 x 35 18 x40 -
3300 16 x 25 - 16 x 31 18 x 35 = 18 x 40 = -
4700 16 x 31 16:x/ 85 18 x 35 18 x 40 - - - -
6800 16 x 35 18 x 35 18 x 40 = = = = =
10000 18 x 35 18 x 40 - - - - - -
Note

1. For lower CV-values see data sheet “176 RLL".
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Maintenance type

Aluminium electrolytic capacitors

Radial Standard Long-Life

046 RSL

MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES

Dimensions in mm.
For dimensions see Table 1.

Fig.2 Form CA: Long leads.

| i
> F |le MBC417

Dimensions in mm.
For dimensions see Table 1.

Fig.3 Form CB: Cut leads.

Table 1 Physical dimensions, mass and packaging quantities; see Figs 2 and 3

NOMINAL PACKAGING QUANTITIES
CASESIZE |CASE | @d |@Dmax| Lmax F | MAss
@DxL | CODE | (mm) | (mm) | (mm) | (mm) | (g) FORM FORM FORM
(mm) CA CB TFA
10x 12 14 06 | 105 | 135 [50+05| =16 1000 500 800
10x 16 15 06 | 105 | 175 [50+05| =~1.9 500 500 800
10x 20 16 06 | 105 | 220 [50405| =22 500 500 800
12.5 x 20 17 06 | 130 | 220 [50+05| =4.0 500 500 500
12:6 X 25 18 0.6 18:0 27.0 |5.0+0.5 =5.0 250 250 500
16 x 25 19 08 | 165 | 27.0 |75+05| =~8.0 250 250 250
16 x 31 20 08 | 165 | 335 |75+05| =9.0 100 100 250
16 x 35 21 08 | 165 | 375 [75+05| =115 100 100 =
18x 35 22 08 | 185 | 375 [75405 | =~145 300 1000 -
18 x 40 23 0.8 | 185 | 42.0 [7.5+05 [ ~16.0 300 1000 -
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Aluminium electrolytic capacitors

Radial Standard Long-Life 046 RSL

Taped products

| 0 O
(= I ==

MAMO066

Form TFA:.
Case @D x L <16 x 31 mm.
Tape dimensions are specified in this handbook, Section “Packaging”.

Fig.4 Taped in box (ammopack).

MARKING

The capacitors are marked with the following information:
» Rated capacitance (in uF)

» Tolerance on rated capacitance, code letter in accordance with “/EC 62" (M for £20%)
» Rated voltage (in V)

» Upper category temperature (105 °C)

e Group number (046)

» Code indicating factory of origin

+ Name of manufacturer, PHILIPS

« Date code, in accordance with “/EC 62”

* Negative terminal identification.
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Aluminium electrolytic capacitors

Radial Standard Long-Life

046 RSL
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Aluminium electrolytic capacitors

Radial Standard Long-Life 046 RSL

Capacitance (C)
12 MBB977
8 |
(e 17
4 // |
1 I
// —1 2
- |
-l
1.0 —
"_1_2 I~
//
0.9 v
F
0.8
0.7
0.6
Curve 1:6.3 V. -60 -40 -20 0 20 40 60 80 100 120
Curve 2: 63 V. Tamb (°c)

Cy = capacitance at 20 °C, 100 Hz.

Fig.5 Typical multiplier of capacitance as a function of ambient temperature.

MBB978

12
<
Co
1.0 - i
...-.-.,:\s_\_‘
N I 2
NN N
0.8 N
\ N
N 1
0.6
0.4 \\
0.2 \
. V o
Curve 1: 6.3 V. 10 102 103 104 f (Hz) 105

Curve 2: 63 V.
Co = capacitance at 20 °C, 100 Hz.

Fig.6 Typical multiplier of capacitance as a function of frequency.
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Aluminium electrolytic capacitors

Radial Standard Long-Life
Equivalent series resistance (ESR)
MBB979
10 —— }
T3\
\
N
\N
ESR N N
ESRq
\Y
\\\\
1 =3—]
‘\\ =2
—— 1‘
Curve 1: 6.3 V;
case @D =10 and 12.5 mm. |
Curve 2: 6.3 V; 107 [ .
case 0D =16 and 18 mm. -60 -40 -20 0 20 40 60 80 100 120
Curve 3:63 V. Tarib (°c)
ESR = typical at 20 °C, 100 Hz.
Fig.7 Typical multiplier of ESR as a function of ambient temperature.
20 MBB980
ESR
ESR
16
1
1.2
\
0.8 \\ N i
T — 1
\\\ [
0.4 244
0
Curve 1:6.3 V. 10 102 103 104 f(Hy 10°
Curve 2: 63 V.
ESR;q = typical at 20 °C, 100 Hz.
Fig.8 Typical multiplier of ESR as a function of frequency.
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Radial Standard Long-Life
Impedance (Z)
10 MBB981
S\
N
) N\
p
z AN
NN
RN
1
&R‘ 2—]
S 3_‘
s |
Curve 1: 6.3 V;
case @D =10 and 12.5 mm. l
Curve 2: 6.3 V; 107! l
case OD =16 and 18 mm. -60 -40 -20 0 20 40 60 80 100 120
Curve 3: 63 V. Tamb (°o)
Z, = typical impedance at 20 °C, 10 kHz.
Fig.9 Typical multiplier of Impedance as a function of ambient temperature.
MBB748
102
74
Q@ [\
1o IR,
kS
AN Ny
™y
Y §|
NG N2
1 o~
N \&
N 5N SR
g N 44 — ]
6\\ B \‘
= T
Curve 1: 47 uF, 63 V; @10 x 12 mm. 10
Curve 2: 100 pF, 40 V; @10 x 12 mm.
Curve 3: 220 uF, 16 V; @10 x 12 mm.
Curve 4: 220 uF, 40 V; @10 x 20 mm.
Curve 5: 470 uF, 16 V; @10 x 20 mm. 5
: : 10”
Curve 6: 1000 uF, 6.3 V; @10 x 20 mm. 162 163 104 105 f (Hz) 106
Case @D =10 mm.
Tamb = 20 °C.
Fig.10 Typical impedance as a function of frequency.
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MBB749
102
z
Q)
10
N
%,
NN
NN
SNON
1 \ﬁ \\\\
. 8 - N
N
\‘\ N N
N N \\\\~
Curve 1: 220 pF, 50 V; @12.5 x 20 mm. 167 N o \ \‘\,:“\12_
Curve 2: 330 uF, 50 V; @12.5 x 25 mm. AN 3=§:
Curve 3: 470 uF, 40 V; @12.5 x 25 mm. N N L
o =
Curve 4: 1000 F, 35 V; @16 x 25 mm. .\546 T
Curve 5: 1000 pF, 50 V; @16 x 31 mm. \-_,___‘_'7
Curve 6: 1000 pF, 63 V; @18 x 35 mm. 10-2 : . 5
Curve 7: 4700 uF, 16 V; @18 x 35 mm. 102 108 10 10°  f(Hy 10
Case @D =12.5to 18 mm.
Tamb =20 °C.
Fig.11 Typical impedance at as a function of frequency.
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RIPPLE CURRENT AND USEFUL LIFE

38 MEA240
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|a = actual ripple current at 100 Hz or 100 kHz.
|p = rated ripple current at 100 Hz or 100 kHz, 105 °C.

(1) Useful life at 105 °C and Ig applied:
case @D =10 and 12.5 mm; 3000 hours
case @D =16 and 18 mm; 4000 hours.

Fig.12 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Aluminium electrolytic capacitors

Radial Standard Long-Life

046 RSL

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 3 Test procedures and requirements

TEST
PBOCEDURE REQUIREMENTS
NAME OF TEST REFERENCE (quick reference)
Endurance IEC 384-4/ Tamb = 105 °C; Ug applied; Ugr = 6.3 V; AC/C: +15/-30%
CECC 30300 2000 hours Un > 6.3 V: AC/C: +15%
subclause 4.13
tan 4 < 1.3 x spec. limit
Z <2 x spec. limit
ILs < spec. limit
Useful life CECC 30301 Tamb = 105 °C; Ug and | applied; Ur = 6.3 V; AC/C: +45/-50%
subclause 1.8.1 3000 hours, case @D = 10 and 12.5 mm; ) g o
4000 hours, case @D = 16 and 18 mm Uy 8 ¥; 4CHC: 245%
tan & < 3 x spec. limit
Z < 3 x spec. limit
IL5 < spec. limit
no short or open circuit
total failure percentage: <1%
Shelf life IEC 384-4/ Tamb = 105 °C; no voltage applied; Ugr =6.3 V; AC/C: +15/-30%
(storage at high CECC 30300 1000 hours Ur > 6.3 V: AC/C: +15%
temperature) subclause 4.17 ’ .
after test: U to be applied for 30 minutes, vy 5% 1.8 sspec. limit
24 to 48 hours before measurement - e
Z < 2 x spec. limit
ILs <2 x spec. limit
1908 .l1an 29 276
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Aluminium electrolytic capacitors

Radial, Very Low Impedance

FEATURES
¢ Polarized aluminium electrolytic
capacitors, non-solid

¢ Radial leads, cylindrical aluminium
case with pressure relief, insulated
with a blue vinyl sleeve

e Charge and discharge proof

e Very long useful life:

4000 to 10000 hours at 105 °C,
very high reliability

¢ Very low impedance or ESR
respectively, which is significantly
lower than the RLI 135 series

» Excellent ripple current capability.

APPLICATIONS

e Power supplies (SMPS, DC/DC
converters) for general industrial,
EDP, audio-video, automotive and
telecommunications

¢ Smoothing, filtering, buffering.

QUICK REFERENCE DATA

Product specification

136 RVI

—

b &=

-

=

\

—]s; =

MAMO079

Fig.1 Component outlines.

165 RHT
125:9C

higher
temperature

standard
135 RLI |«@= grade low Z ] 136 RVI

higher
CV/volume

048 RML
€CB043

DESCRIPTION

VALUE

Case sizes (DDnom % Lpom in mm)

10x12t0 18 x 35

Rated capacitance range, Cg

22 to 10000 pF

Tolerance on Cg

+20%

Rated voltage range, Cr

10to 100 V

Category temperature range

-551t0 +105 °C

Endurance test at 105 °C

3000 to 5000 hours (dependent on case size)

Useful life at 105 °C

4000 to 10000 hours (dependent on case size)

Useful life at 40 °C, 1.8 x | applied

200000 to 500000 hours (dependent on case size)

Shelf life at 0 V, 105 °C 1000 hours
Based on sectional specification IEC 384-4/CECC 30300
Climatic category IEC 68 55/105/56

4140082 |Ian 2Q
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Product specification

Aluminium electrolytic capacitors
Radial, Very Low Impedance

136 RVI

Selection chart for Cg, Ug and relevant nominal case sizes (ZDnom X Lnom in mm). Preferred types in bold.

Cr Ur (V)

(uF) 10 16 25 35 50 63 100
22 - = = = = — 10x 12
33 — - - = =) - 10 x 12
47 = - £ = = 10 x 12 10 x 16
56 = = = = = 10 x 12 -
68 = = - - — 10% 16 10 x 20
82 = = — — 10 x 12 = -
100 = = = = 10 x 12 10 x 16 12.5 x 20

= = = 10x 12 10x 16 10 x 20 -

b = — = = = 12.5x 16 =
150 = — = 10x 12 10 x 20 10 x 25 16 x 20

- - 10x12 - 10 x 20 10 x 30 -

0 5 = = = 12.5x 16 — -

220 — = 10x 12 10x 16 10x 25 12.5 x 20 16 x 25

270 = 10x 12 =~ = = 12.5 x 25 -

siors = 10x 12 10x 16 10 x 20 10 x 30 16 x 20 16 x 31

= = = 12.5x 16 12.5 x 20 = -

390 10x 12 = = 10 x 25 - 12.5 x 31 =

0 10x 12 10 x 16 10 x 20 12.5 x 20 12.5 x 25 16 x 25 16 x 35

= = 12.5x 16 - — = 18 x 31

- - 10 x 25 10 x 30 12.5 x 31 = =
oo = = = 12.5 x 20 — - -
- 10x 16 10 x 20 = 12.5 x 25 16 x 20 16 x 31 18 x 35

= 12.5x 16 = = e 18 x 25 —

= 10%x 25 10 x 30 — 16 x 25 16 x 35 —

— = = 12.5 x 20 — = = =

S 10 x 20 12.5 x 20 12.5 x 25 12.5 x 31 16 x 31 18 x 31 =

12.5x 16 = = 16 x 20 18 x 20 — -
10x 25 10 x 30 = 16 x 25 16 x 35 = =

e = 12.5 x 20 — — - - -

— 10 x 30 12.5 x 25 12.5 x 31 16 x 25 18 x 31 18 % 35 —

12.5x 20 - 16 x 20 - - - —

1800 12.5 x 20 o 16 x 25 16 x 31 - = =

2500 12.5 x 25 12.5> 31 16 x 31 16 < 35 18 x 35 - -

- 16 x 20 18 x 20 18 x 31 - - -

2700 12.5 x 31 16 x 25 16 x 31 — — = =

16 x 20 16 x 25 16 x 35 18 x 35 = = =

R -~ = 18 x 31 = = = =

3900 16 x 25 16 x 31 = = — — =

16 x 31 16 x 35 18 x 35 = — = =
4
e - 18 x 31 = = - = =
16 x 31 = - - — = =
SE 18 x 25 = = B = = =
16 x 35 18 x 35 = = = - =
S 18 x 31 - — = = = =
10000 18 x 35 = = B = = =
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial, Very Low Impedance 136 RVI

MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES

[
K’
L
5%1 od
) ‘ ‘
| F |= MsSB146
—| |- d 5
min
MRA220 A
Dimensions in mm. Dimensions in mm.
For dimensions see Table 1. For dimensions see Table 1.
Fig.2 Form CA: Long Leads. Fig.3 Form CB: Cut leads.
W 10 i 0 i {
) Off 1O} 1O ) 1O Hon O 1O
/ 1 ! I I
[P oy Ly 1y L
— 1 —!
MAMO66
Form TFA:
Case @D x L <16 x 31 mm.
Tape dimensions are specified in this handbook, Section “Packaging”.
Fig.4 Taped in box (ammopack).
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial, Very Low Impedance Ha]
Table 1 Physical dimensions mass and packaging quantities; see Figs 2, 3 and 4
NOMINAL PACKAGING QUANTITIES
CASE SIZE CASE ad DDmax Limax F MASS
@D x L CODE | (mm) (mm) (mm) (mm) (9) | FORM | FORM | FORM

(mm) CA CB TFA
10x 12 14 0.6 10.5 185 5.0 +0.5 =1.6 1000 500 800
10x 16 15 0.6 10.5 17.5 5.0+0.5 =1.9 500 500 800
10 x 20 16 0.6 10.5 22.0 5005 =2.2 500 500 800
10x 25 16L 0.6 10.5 27.0 5.0 £0.5 =3.0 1000 1500 800

10x 30 16LL 0.6 10:5 32.0 5.0 £0.5 =3.5 1000 750 -
12.5%x 16 17a 0.6 13.0 175 5.01£0.5 =2.7 1000 1500 500
12.5x20 17 0.6 13.0 22.0 5.0+0.5 =4.0 500 500 500
12.5%25 18 0.6 13.0 27.0 5.0+0.5 =5.0 250 250 500

12.5 x 31 18L 0.6 13.0 33.5 5.0 +0.5 =5.5 1000 750 -
16 x 20 19a 0.8 16.5 22.0 75405 ~6.0 250 250 250
16 %25 19 0.8 16.5 27.0 7.520.5 =8.0 250 250 250
16 x 31 20 0.8 16.5 33.5 7.510.5 =9.0 100 100 250

16 x 35 21 0.8 16.5 375 75405 | =110 100 100 -

18 x 20 1820 0.8 18.5 22.0 7505 =8.0 100 100 -

18 x 25 1825 0.8 18.5 27.0 75105 | =10.0 100 100 -

18 x 31 1831 0.8 18.5 33.5 75105 =12.5 100 100 -

18 x 35 22 0.8 18.5 37.5 7.540.5 =14.5 100 100 -

MARKING

The capacitors are marked with the following information:

¢ Rated capacitance (in pF)

e Tolerance on rated capacitance, code letter in accordance with “/EC 62" (M for £20%)
e Rated voltage (in V)

e Upper category temperature (105 °C)

e Group number (136)

¢ Code indicating factory of origin

e Name of manufacturer, PHILIPS

e Date code, in accordance with “/EC 62"

» Negative terminal identification.
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Product specification

Philips Components

Aluminium electrolytic capacitors

136 RVI

Radial, Very Low Impedance
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Product specification

Philips Components

Aluminium electrolytic capacitors
Radial, Very Low Impedance

136 RVI
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Product specification

Philips Components

Aluminium electrolytic capacitors
Radial, Very Low Impedance

136 RVI
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Product specification

Philips Components
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Aluminium electrolyt

136 RVI

Radial, Very Low Impedance
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Philips Components

Product specification

Aluminium electrolytic capacitors

. 136 RVI
Radial, Very Low Impedance
Additional electrical data
PARAMETER | CONDITIONS VALUE
Voltage
Surge voltage for short periods Ug<1.15x UR
Reverse voltage Ue <1V

Current

Leakage current

after 2 minutes at Ug

.2 £0.01Cr x Ug or 3 A,
whichever is greater

C, = capacitance at 20 °C, 100 Hz.

Inductance
Equivalent series inductance (ESL) case @D =10 mm typ. 16 nH
case @D > 12.5 mm typ. 18 nH
Capacitance (C)
1.2 MGC702
2
[o;
5 /
/
1.1 / / 1
// e
T
LT
1.0 44/
= |
////
T /
/ I
0.9
Ve
/|
2
0.8
Curve 1:63 V. -60 -40 -20 0 20 40 60 80 100 120
Curve 2: 10 V. Tamb (°C)

Fig.5 Typical multiplier of capacitance as a function of ambient temperature.
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial, Very Low Impedance 136 RV

MGC701
1.2
C
Co
1.0 3
\"~~_ ———al 42
RN
08 ™ ‘\3\ N
4
\ \\\\‘§§
5\ \ \:
0.6 \
| \\
0.4 \
0.2 i
Curve 1: 63 V.
Curve 2: 50 V.
Curve 3: 35 V. 0
Curve 4:25 V. 10 102 108 104 105
Curve 5: 10 V. f (Hz)
Co = capacitance at 20 °C, 100 Hz.
Fig.6 Typical multiplier of capacitance as a function of frequency.
Equivalent series resistance (ESR)
20 CCA677
ESR
ESR,
10
A\
\
LN\
X
\\
o
-60 40 20 0 20 40 60 80 100 120
T 6
ESRy = typical at 20 °C, 100 Hz. ams (C)
Fig.7 Typical multiplier of ESR as a function of ambient temperature.
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial, Very Low Impedance 136 RVI

MGC703

2.0 T T

ESR
ESRg

1.6

0.8 N

0.4

Curve 1: 63 V. 10 102 103 104
Curve 2: 10 V.
ESRy = typical at 20 °C, 100 Hz.

5
f(Hz) 1©

Fig.8 Typical multiplier of ESR as a function of frequency.

Impedance (2)

CCA678

102
Z
Z;
3
10 \\\\\
S\
NN
NN
™ N
1 \
ONR
X ]
1
e
[
|
‘
Curve 1: 10 V. iG9
Curve 2:50 V. 60 -40 20 0 20 40 60 80 100 120
Curve 3: 63 V. Tamp (°C)
amb

Z, = typical impedance at 20 °C, 100 kHz.

Fig.9 Typical multiplier of impedance as a function of ambient temperature.
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial, Very Low Impedance 136 RV

CCA679
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Ugr=10and 16 V. ~
Curve 1: 470 uF, 16 V; @10 x 16 mm. O =
Curve 2: 680 uF, 10 V; @10 x 16 mm.
Curve 3: 1000 pF, 10 V; @10 x 20 mm. 5
Curve 4: 2200 F, 10 V; @12.5 x 25 mm. 107 = 5 .
10 10 10 10 10°
Curve 5: 4700 uF, 16 V; @16 x 35 mm. f (Hz)
Curve 6: 10000 pF, 10 V; @18 x 35 mm.
Tario =20 °C.

Fig.10 Typical impedance as a function of frequency.
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Curve 4: 470 iF, 25 V; @10 x 20 mm. \~\§ e E |
Curve 5: 470 uF, 35 V; @12.5 x 20 mm. i “
Curve 6: 1000 pF, 25 V; @12.5 x 25 mm. 1072 9 J
Curve 7: 1200 uF, 35 V; @16 x 25 mm. 10 102 108 104 10°

Curve 8: 2200 puF, 35 V; @16 x 35 mm.
Curve 9: 3300 pF, 25 V; @16 x 35 mm.
Tamt=20°C:

Fig.11 Typical impedance as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial, Very Low Impedance
102 = CCA680
Z N
(N AN
Q N
10 DDORNL NI
SES =
N NS s
N N, k.
™N 2 ™
N \\\ N,
N \
1 MIINNNTE
4N ~ =
o 3 S,
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\\ ~\\Q N
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™N
101 N §§
. 7S .2
e \‘
Up=50V. NN ==
Curve 1: 100 pF, 50 V; @10 x 12 mm. N
Curve 2: 470 pF, 50 V; @12.5 x 25 mm.
. : 102
Curve 3: 680 uF, 50 V; @16 x 20 mm. 10 102 103 104 108
Curve 4: 1000 pF, 50 V; @16 x 31 mm. f (Hz)
Curve 5: 2200 pF, 50 V; @18 x 35 mm.
Tamb=20°C.
Fig.12 Typical impedance as a function of frequency.
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Curve 1: 47 uF, 63 V; @10 x 12 mm.
Curve 2: 68 pF, 63 V; @10 x 16 mm.
Curve 3: 100 pF, 63 V; @10 x 20 mm.
Curve 4: 220 pF, 63 V; @12.5 x 20 mm. 102
Curve 5: 270 uF, 63 V; @12.5 x 25 mm. 10 102 103 104 i 108
Curve 6: 470 uF, 63 V; @16 x 25 mm. (Hz)
Curve 7: 680 uF, 63 V; @16 x 31 mm.
Tamb =20 °C.
Fig.13 Typical impedance as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors

Radial, Very Low Impedance HEH
RIPPLE CURRENT AND USEFUL LIFE
Table 3 Multiplier of ripple current (Ig/lro) as a function of frequency; Iro = ripple current at 100 kHz
Ir MULTIPLIER
FRE?:SNCY Ug=10V Up=16and25V | Ug=35and50V | Ug=63and 100V
<125 216 g<12.5 216 <125 2216 <125 =16
100 0.7 0.83 0.63 0.69 0.5 0.6 0.35 0.5
300 0.8 0.9 0.72 0.79 0.61 0.71 0.51 0.64
1000 0.88 0.95 0.8 0.87 0.72 0.8 0.66 0.74
3000 0.92 0.98 0.88 0.92 0.81 0.88 0.76 0.83
10000 0.96 0.99 0.92 0.96 0.88 0.93 0.85 0.9
30000 0.99 1.0 0.98 0.99 0.94 0.96 0.92 0.95
100000 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Table 4 Endurance test duration and useful life as a function of case size; see Fig.14
NOMINAL CASE SIZE ENDURANCE TEST USEFUL LIFE
@D x L o at 105 °C at 105°C
(mm) (hours) (hours)
10x 12 14 3000 4000
10x 16 15 3000 6000
10x 20 16 3000 6000
10x 25 16L 5000 7000
10 x 30 16LL 5000 7000
12.5x 16 17a 3000 5000
12.5x20 17 3000 7000
12.5 x25 18 5000 8000
12.5 x 31 18L 5000 8000
16 x 20 19a 3000 7000
16 x 25 19 5000 10000
16 x 31 20 5000 10000
16 x 35 21 5000 10000
18 x 20 1820 3000 7000
18 x 25 1825 5000 10000
18 x 31 1831 5000 10000
18 x 35 22 5000 10000

1998 Jan 29 291



Philips Components Product specification

Aluminium electrolytic capacitors

136 RVI
Radial, Very Low Impedance

MEA240

38
Ia 3.7 N
IR 36
35 N\ .
3.4 N
33 \\ N
32 N\ \\
3.1 \ \ \ \ |
o AN NN
\ N
5 AR S L
VAVAVEL W AN
g \\\\\ \\ \\ 1 N\ / lfetime multiplier
N N
NN N AN N W
B ANANAVAVANVEL W VAN
22 AN\ N \v?o N
N \\ \\ \\\ ! NN TN
2.0 N\ N \’7’0 2 \\ \\
\\\ \\\\0\ LY I T T
1.8 N X “f’oo\ X N ICS N
1.6 N N N (5\ N NN N AN
1.4 \\ 0\\{"0\\ \\\x \‘ \\ N .
2 NN NN N %N N
o IS T X NN Y N XN N
oiaax‘,\o%\ X N NN X ‘\ AN
8(5) JB%LO\[L \C \\ \ \\ \\ \‘ \\ \T \
40 50 60 70 80 90 100 110

|a = actual ripple current at 100 kHz.
|g = rated ripple current at 100 kHz, 105 °C.
(1) Useful life at 105 °C and Ig applied; see Table 4.

Fig.14 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Philips Components

Product specification

Aluminium electrolytic capacitors
Radial, Very Low Impedance

136 RVI

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 5 Test procedures and requirements

TEST

after test: Ug to be applied for 30 minutes,
24 to 48 hours before measurement

o REQUIREMENTS
NAME OF TEST REFERENCE (quick reference)
Endurance IEC 384-4/ Tamp = 105 °C; URg applied; AC/C: £20%
CECC 30300 for test duration see Table 4 o s
tan 8 < 2 x spec. limit
subclause 4.13
ILo < spec. limit
Useful life CECC 30301 Tamb = 105 °C; Ug and I applied; AC/C: £30%
subclause 1.8.1 for test duration see Table 4 -
tan & < 3 x spec. limit
ILo < spec. limit
no short or open circuit
total failure percentage: <1%
Shelf life IEC 384-4/ Tamb = 105 °C; no voltage applied; AC/C: £20%
(storage at high CECC 30300 1000 hours & ;s
tan & < 2 x spec. limit
temperature) subclause 4.17

I» < spec. limit
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Philips Components Maintenance type

Aluminium electrolytic capacitors

165 RHT
Radial High Temperature

FEATURES

e Polarized aluminium electrolytic
capacitors, non-solid

* Radial leads, cylindrical aluminium
case with pressure relief, insulated
with a blue sleeve |

)
>

2

—
=

¢ Charge and discharge proof

o Very long useful life:
1500 hours at 125 °C,
high stability, high reliability

MAMO079

/]
::L
] ¢
.

| —

Extended temperature range up to
125°C

High ripple current capability.

Fig.1 Component outlines.

165 RHT
APPLICATIONS e

e EDP, telecommunication, |
industrial, automotive and military 105 °C

e Smoothing, filtering, buffering in

SMPS ‘
longer life -
¢ High ambient temperature lowaliz -»

. CCB002
environments.

QUICK REFERENCE DATA

DESCRIPTION VALUE
Case sizes (DDpom X Lnom in mm) 10x 12t0 16 x 35
Rated capacitance range, Cr 22104700 uF
Tolerance on Cg +20%
Rated voltage range, Ug 10to 50 V
Category temperature range —40to +125°C
Endurance test at 125 °C 1000 hours
Useful life at 125 °C 1500 hours
Useful life at 40 °C, 1.6 x |g applied 300000 hours
Shelf life at 0 V, 125 °C 500 hours
Based on sectional specification IEC 384-4/CECC 30300
Climatic category IEC 68 40/125/56
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Philips Components Maintenance type
Aluminium electrolytic capacitors
i . 165 RHT
Radial High Temperature
Selection chart for Cg, Ug and relevant nominal case sizes (JD x L in mm)
Preferred types in bold.
CH UR (V)
(1F) 10 16 25 35 40 50
22 = - = = = 10x 12
47 - - - - 10 x 12 10x 16
100 - -~ 10 x 12 10x 16 10 x 20 12.5 x 20
220 10x 12 10x 16 10 x 20 = 12.5 x 20 16 x 25
470 10 x 20 12.5 x 20 12.5 x 25 16 x 25 16 x 31 16 x 35
1000 - 12.5x 25 16 x 31 = 16 x 35 16 x 35
2200 16 x 31 16 x 35 16 % 35 - — -
3300 16 x 35 16 x 35 - - - -
4700 16 % 35 - - - - -
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Philips Components Maintenance type

Aluminium electrolytic capacitors

fal i 165 RHT
Radial High Temperature
MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES
~— @D
B
|
L
o —re
19 4% od
min
' I .
| F |l MBC417
5
min
MRA220 [}
Dimensions in mm. Dimensions in mm.
For dimensions see Table 1. For dimensions see Table 1.
Fig.2 Form CA: Long leads. Fig.3 Form CB: Cut leads.
Table 1 Physical dimensions, mass and packaging quantities; see Figs 2 and 3
NOMINAL PACKAGING QUANTITIES PER BOX
CASE SIZE CASE | @d DDmax Lmax F MASS
@D xL CODE | (mm)| (mm) | (mm) | (mm) (@9 | FORMCA | FORM CB | FORM TFA
(mm)
10x 12 14 0.6 10.5 13.5 |50+0.5 ~1.6 1000 500 800
10x 16 15 0.6 10.5 17.56 |50 £0.5 =1.9 500 500 800
10 x 20 16 0.6 10.5 22.0 |5.0+0.5 =2.2 500 500 800
12.5x 20 17 0.6 13.0 22.0 |5.0+0.5 =4.0 500 500 500
12.5x 25 18 0.6 13.0 27.0 |5.0+0.5 =5.0 250 250 500
16% 25 19 0.8 16.5 27.0 |7.540.5 =8.0 250 250 250
16 x 31 20 0.8 16.5 335 |7.510.5 =9.0 100 100 250
16 x 35 21 0.8 16.5 375 |75+05| =115 100 100 -
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Philips Components

Maintenance type

Aluminium electrolytic capacitors
Radial High Temperature

165 RHT

Taped products

10} [0}

MAMO66

Form TFA:
Case @D x L <16 x 31mm.
Tape dimensions are specified in this handbook, Section “Packaging’.

Fig.4 Taped in box (ammopack).

MARKING

The capacitors are marked with the following information:

« Rated capacitance value (in uF)

e Tolerance on rated capacitance, code letter in accordance with “/EC 62” (M for £20%)
* Rated voltage (in V)

e Upper category temperature (125 °C)

e Group number (165)

¢ Code indicating factory of origin

¢ Name of manufacturer, PHILIPS

¢ Date code, in accordance with “/IEC 62"

* Negative terminal identification.

1998 Jan 29 297




Maintenance type

Philips Components
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Philips Components
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Philips Components Maintenance type

Aluminium electrolytic capacitors 165 RHT
Radial High Temperature

Capacitance (C)
MGB190
1.2
£ 1
G
0 -2
3
14 | /4/
///‘/ 4
P
1.0
4T
47
0.9 7
1
Curve 1: 10 V. T ‘
Curve 2: 16 and 25 V. | |
Curve 3:35and 40 V. 0.8 ‘ | |
Curve 4:50 V. -40  -20 0 20 40 60 80 100 120 140
Co = capacitance at 20 °C, 100 Hz. Tamb (°C)
Fig.5 Typical multiplier of capacitance as a function of ambient temperature.
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Curve 1: 10V; 16 V; 25 V.
Curve 2: 35 V. o \
Curve 3: 49 and 50 V. i 10 102 103 104 f (Hz) 10%
Co = capacitance at 20 °C, 100 Hz.
Fig.6 Typical multiplier of capacitance as a function of frequency.
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Philips Components

Maintenance type

Aluminium electrolytic capacitors

Radial High Temperature

165 RHT

Equivalent series resistance (ESR)

MGB192
10 T
ESR
ESRy \1
\\Q\'
N\
6&
N
1
—76<5_
— %’3’
Curve 1: 10 V. L
Curve 2: 16 V. '
Curve 3: 25 V.
Curve 4:35 V. -40  -20 0 20 40 60 80 100 120 140
ESR = typical at 20 °C, 100 Hz. Tamb (°C)
Fig.7 Typical multiplier of ESR as a function of ambient temperature.
20 MGB193
: 6
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ESRg
1.6 ‘5
5
12
|
0.8 ‘
\\‘S:
N —T
Curve 1: 10 V. o \\“:~::§:
Curve 2: 16 V. ’ "~~‘.\
Curve 3:25 V. | fa
Curve 4:35 V. :
Curve 5:40 V. 0 |
Curve 6: 50 V. 10 102 103 104§ (Hy  10°

ESRq = typical at 20 °C, 100 Hz.

Fig.8 Typical multiplier of ESR as a function of frequency.
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Philips Components Maintenance type

Aluminium electrolytic capacitors 165 RHT
Radial High Temperature

RIPPLE CURRENT AND USEFUL LIFE

MBC242

4.0 N
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- \\ NN \
35 \ \ \ \\
MALE NV
WE\NNA W NA
NEANER NN NN
NN \\\ N
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NNV G EAVAN 1T
= \\ \\ \\ \\ \ \ \\ / lifetime multiplier

\ ANAVEA NI NHIAN N
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N N AN N\ NN NN X
B . W A N N . W N\ NEEEAN N
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ACHANANERN SN N IR X N Q)

. N i . . 0 Y B, 7 SR . .
0s TGN NG Y ™ . .Y
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Tamb (°c)

| = actual ripple current at 100 Hz.
Ir = rated ripple current at 100 Hz, 125 °C.
(1) Useful life at 125 °C and Ig applied: 1500 hours.

Fig.9 Multiplier of useful life as a function of ambient temperature and ripple current load; see Table 3.
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Philips Components Maintenance type

Aluminium electrolytic capacitors

Radial High Temperature 165 RHT

Table 3 Multiplier of ripple current (Ir/lro) as a function of frequency; Iro = ripple current at 100 Hz; see Fig.9

FREQUENCY In MULTIPLIER

{Hz) Ur=10t0 25V Ug =35 0r 40 V Up=50V

50 0.85 0.80 0.75

100 1.00 1.00 1.00

300 1.20 125 1.30

1000 130 1.40 1,50

3000 135 150 1.65

>10000 1.40 1,60 1.80

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 4 Test procedures and requirements

TEST
PBOCEDURE REQUIREMENTS
NAME OF TEST | REFERENCE (quick reference)
Endurance IEC 384-4/ Tamb = 125 °C; Ug applied; AC/C: £15%
CECC 30300 1000 hours

subclause 4.13 tan & < 1.3 x spec. limit

Z <2 x spec. limit
IL5 < spec. limit

Useful life CECC 30301 Tamb = 125 °C; Ug and Iy applied; AC/C: £45%
subclause 1.8.1 1500 hours

tan & < 3 x spec. limit
Z < 3 x spec. limit

I5 < spec. limit

no short or open circuit

total failure percentage: <1%

Shelf life IEC 384-4/ Tamb = 125 °C; no voltage applied; AC/C: £15%
CECC 30300 500 hours
subclause 4.17

tan & < 1.3 x spec. limit
after test: Ug to be applied for 30 minutes,

24 to 48 hours before measurement S 20 open. Uil

ILs < 2 x spec. limit
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AXIAL ALUMINIUM ELECTROLYTIC CAPACITORS

STANDARD and

EXTRA LONG-LIFE ch

MINIATURE  semi.proFEssionaL ~ LONG-LIFE  LiGH TEMPERATURE
= ===
1 150010 2000 hours 2500 to 8000 hours 1000010, 15000 hours 4000 hours
prm.
o ° 2000 to 10000 hours 5 °C
85°C 85°C ) 100 12
» g page 370 N =y
2 3 13792 AB 042/043 ASH-ELB
o Q bipolar
'é' > 137 ABA 600 V/24 hours
o s bipolar audio
£ g. page 372 \_ page 361 )
3 >
1‘3 Q ( page 334 N page 396 N
T 5 030/031 AS 132/133 ALL-DIN
£ S 119 AHT-DIN
g 041 ASH 042/043 ASH
' \_ page 347 \_ page 347 ) page 432
N\
— page 334 /i N\
— 030/031 AS
iy 2D =33mm 021 ASM 138 AML 118 AHT
— 117 ASD
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Philips Components Product specification
e 0 e S s S

Aluminium electrolytic capacitors 117 ASD

Axial, Smallest Diameter
S TR R o A e O e N e A A S e M A A e

FEATURES

o Polarized aluminium electrolytic

capacitors, non-solid [l
¢ Axial leads, cylindrical aluminium

case, insulated with a blue sleeve ——
e Taped for automatic insertion
¢ Charge and discharge proof

s . Ll

e Ultra miniature, diameter 3.3 mm. e

APPLICATIONS

e General purpose, low profile and
lightweight equipment

MGC665

Fig.1 Component outlines.

¢ Smoothing, filtering, buffering,

decoupling, timing

¢ Boards with restricted mounting
height.

021 ASM

higher
CV-values

117 ASD

QUICK REFERENCE DATA

DESCRIPTION VALUE
Case sizes (DDnom X Lpom in mm) 3.3x8and 3.3x 11
Rated capacitance range, Cr 0.47 to 22 uF
Tolerance on Cr —-10 to +50% (+20% to special order)
Rated voltage range, Ug 6.3t0 63V
Category temperature range -40to +85 °C
Endurance test at 85 °C 1500 hours
Useful life at 85 °C 2000 hours
Useful life at 40 °C, 1.4 I applied 60000 hours
Shelf life at 0 V, 85 °C 500 hours
Based on sectional specification IEC 384-4/CECC 30300
Climatic category IEC 68 40/085/56

1998 Jan 29

306




Philips Components

Product specification

Aluminium electrolytic capacitors

. . 117 ASD
Axial, Smallest Diameter
Selection chart for Cg Ug and relevant nominal case sizes (D x L in mm)
Cr Ur (V)
(uF) 6.3 10 16 25 40 63
0.47 = = = = = 33%8
1.0 = = - = - 3.3x8
2P — - - - 3.3x8 3.3 x 11
83 - - - 3.3:x 8 - 3:8 %11
4.7 - - 33x%8 - 3.3x 11 -
6.8 - 3.3x8 - 3.3x 11 - -
10 3.3x8 - 813 %11 - - -
22 3.3% 11 - - - - -
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Product specification

Aluminium electrolytic capacitors
Axial, Smallest Diameter

117 ASD

MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES

Dimensions in mm.

Form BR: Taped on reel.
Form BA: Taped in box.
Case D xL=33x8and3.3x11 mm.
For dimensions see Table 1.

63.5£1.5

v

-+ Lmax r—

— L1

I
2D

9 d

L~——

MBC446

Fig.2 Components insulated with a blue plastic sleeve.

Table 1 Physical dimensions, mass and packaging quantities; see Fig.2

NOMINAL AXIAL: FORM BA and BR PACKAGING QUANTITIES
CASE SIZE CASE MASS
@D x L CODE od PDmax | Lmax | Fmin (9) FORM FORM
(mm) (mm) (mm) | (mm) | (mm) BA BR
3.3x8 1a 0.6 3.5 9 12,5 =0.3 1000 4000
3.3x11 1 0.6 3.5 12 15 =0.35 1000 4000
MARKING

The capacitors are marked (where possible) with the following information:

¢ Rated capacitance (in uF)

o Rated voltage (in

V)

e Group number (117)
¢ Name of manufacturer (PHILIPS)

e Date code, in accordance with “/EC 62"

e Code indicating factory of origin

¢ Band to identify the negative terminal.
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Product specification

Aluminium electrolytic capacitors
Axial, Smallest Diameter

117 ASD

ELECTRICAL DATA AND ORDERING INFORMATION

Unless otherwise specified, all electrical values in Table 2 apply at
Tamb =20 °C, P = 86 to 106 kPa, RH = 45 to 75%.

Ordering example

Electrolytic capacitor 117 series

SYMBOL DESCRIPTION
Cr rated capacitance at 100 Hz, tolerance —10 to +50%
IR rated RMS ripple current at 100 Hz, 85 °C
IL1 max. leakage current after 1 minute at Ug
ILs max. leakage current after 5 minutes at Ug
Tan & max. dissipation factor at 100 Hz
ESR equivalent series resistance at 100 Hz

(calculated from tan 6,2 and Cg)

max. impedance at 10 kHz

Table 2 Electrical data and ordering information

10 uF/16 V; -10/+50%

Nominal case size: @3.3 x 11 mm;
Form BA

Catalogue number: 2222 117 35109.

NOMINAL | CATALOGUE
Un |, CR | CASE SIZE | CASE 100Hz| s | rans | ESR £ SR E
V) 100 Hz oDxL |CODE| 85°C 1 min | 5min 100 Hz 100Hz |[10kHz| - - - =----"
(1F) (mm) ma) | ®A | (A (%)) () | ONREEL | INBOX
FORM BR | FORM BA
6.3| 10 3.3x8 1a il B 3 0.30 48 20 | 11723109 | 117 33109
22 3.3x 11 1 20 6 3 0.30 22 9 | 11723229 | 117 33229
10 6.8 33x8 1a 10 4 3 0.25 59 24 | 117 24688 | 117 34688
16 4.7 33x8 1a 9 5 3 0.20 68 26 | 11725478 | 117 35478
10 8:3x 11 1 16 6 3 0.20 32 12 | 117 25109 | 117 35109
25 8.3 3.3x8 1a 8 5 3 0.18 87 27 | 117 26338 | 117 36338
6.8 3.3x 11 1 14 6 3 0.18 42 13 | 117 26688 | 117 36688
40 22 3.3x8 1a 7 5 3 0.16 120 32 | 11727228 | 117 37228
4.7 3.3x 11 1 13 i 3 0.16 54 15 | 117 27478 | 117 37478
63 0.47 3.3x8 1a 4 - 3 0.10 340 120 | 11728477 | 117 38477
1 3.3x8 1a 6 4 3 0.12 190 55 | 11728108 | 117 38108
2.2 3.3x 11 1 11 6 3 0.14 87 25 | 117 28228 | 117 38228
3.3 3.3x 11 1 13 7 3 0.14 68 17 | 117 28338 | 117 38338
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Philips Components

Product specification

Aluminium electrolytic capacitors

Axial, Smallest Diameter

117 ASD

Additional electrical data

PARAMETER

CONDITIONS

VALUE

Voltage

Surge voltage for short periods

Us<1.15x Ug

Reverse voltage

Uy <1V

Current

Leakage current

after 1 minute at Ug

IL1 £0.02Cgr x Ug + 3 A

after 5 minutes at Ug IL5 £0.002CR x Ug + 3 UA
Inductance
Equivalent series inductance (ESL) case ID xL =3.3x8 mm typ. 13 nH

case ID xL=3.3x 11 mm typ. 15 nH
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Philips Components Product specification
Aluminium electrolytic capacitors 117 ASD
Axial, Smallest Diameter

Capacitance (C)

12 MGB103
S 1
N gBEs=22H
1.0 - ==
e %d
e edParle
/ /|
08 /
/
0.6 /
Curve 1: 6.3 V.
Curve 2 25V. 5 -20 0 20 40 60 80 100
Curve 3: 63 V. Tamb (°C)

Cy = capacitance at 20 °C, 100 Hz.

Fig.3 Typical multiplier of capacitance as a function of ambient temperature.

MGB104

Cy = capacitance at 20 °C, 100 Hz.

4

1.1

c N\
C__ .~
0 3\\hs
1.0
—
N ~
§\\ hN\
0.9 NI
N N
Ji‘\ T
N
0.8 \\ .
NN
N
0.7
NI

0.6
Curve 1:6.3 V. \
Curve 2: 25 V. 5 5 .
Curve 3: 63 V. 10 10 10 f (Hz) 10

Fig.4 Typical multiplier of capacitance as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors

Axial, Smallest Diameter
Impedance (2)
MGB107 - 1
T [ '
i
104
z
(RN
N
103 \2 \\
ga NS N
N
ﬂ \\ N
\ N
102 e b \‘ N
=
B
N N > ‘\‘
NN ™ A 111
. ~ N
Curve 1: 0.47 uF. \\:N\ N Iy
Curve 2: 1 uF. 10
Curve 3: 2.2 uF. J] i J%
Curve 4: 4.7 pF. | [T
Curve 5: 10 uF. 102 103 10 10°  f gy 10°
Case @D x L =3.3x8 mm.
Tamb = 20 °C.
Fig.5 Typical impedance as a function of frequency.
le] =
103 “ MGB108 - 1
I
AWl ]
Z \\
@ B2 N
L. 'a\\\\‘
4 \\\
102 i\ \
ji = "% \‘ NG
\
e NN
ELN \‘ |
NN NN |
N N [
NN
10 ™ \ NN ~\‘
S~ B2
Curve 1: 2.2 uF. -
Curve 2: 3.3 uF.
Curve 3: 4.7 uF. [
Curve 4: 6.8 uF.
Curve 5: 10 uF. "
Curve 6: 22 iF. 102 10° 104 10°  f(Hy 10°
Case PDxL=3.3x11 mm.
Tamb =20 °C.
Fig.6 Typical impedance as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors

Axial, Smallest Diameter 117 ASD

RIPPLE CURRENT AND USEFUL LIFE

Table 3 Multiplier of ripple current (Ig/lro) as a function of frequency; Iro = ripple current at 85 °C, 100 Hz

FREQUENCY Ir MULTIPLIER
(Hz) Up=6.3t016V Ur=25t0 40V Up =63V
50 0.8 0.75 0.7
100 1.0 1.0 1.0
300 T2 1.8 165
1000 1.35 1.55 1.9
3000 1.45 1.7 2.3
>10000 1.5 1.8 2.5
3.3 l ‘ ] ‘ MBC243
IA 3.2 i i ‘
FRETRAN
3.0
N
2 ORI |
26 N\ N N\ |
ANAVANAN
24 S NN N
N NN [ T T
o5 N \\ \\ \\ lifetime multiplier
NN X, N d
2.0 N b \ LY 5 =
X N 9\\6‘
g NN\ o X
=N N Y \"’f’\o N \
TR NAWANENA N N X
N 2 O
14 TN NN
N AN N NN N
10 > iﬁ\\ i \\ \\ i)
] \ \,
o5 PR N NSRRI T SISCTS
o 8 Y I Y . ¥ X N
40 50 60 70 80 90 100
Tamb (°C)

| = actual ripple current at 100 Hz.
Ig = rated ripple current at 100 Hz, 85 °C.
(1) Useful life at 85 °C and Ig applied: 2000 hours.

Fig.7 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Philips Components Product specification

Aluminium electrolytic capacitors

Axial, Smallest Diameter 117 ASD

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 4 Test procedures and requirements

TEST

s REQUIREMENTS
NAME OF TEST| REFERENCE (quick reference)
Endurance IEC 384-4/ Tamb = 85 °C; Ug applied; AC/C: £20%

CECC 30300 1500 hours

" -
silelaussAa tan & < 2 x spec. limit

Z < 3 x spec. limit

ILs < spec. limit

Useful life CECC 30301 Tampb = 85 °C; Ug and Iy applied; AC/C: £50%
subclause 1.8.1 2000 hours

tan & < 3 x spec. limit
Z < 3 x spec. limit

ILs < spec. limit

no short or open circuit

total failure percentage: <3%

Shelf life IEC 384-4/ Tamb = 85 °C; no voltage applied; AC/C, tan §, Z:

(storage at high | CECC 30300 500 hours for requirements

temperature) subclause 4.17 after test: Ug to be applied for 30 minutes, see ‘Endurance test’ above
24 to 48 hours before measurement ILs < 2 x spec. limit
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Philips Components Product specification

Aluminium electrolytic capacitors

Axial Standard Miniature 021 ASM

FEATURES

e Polarized aluminium electrolytic

capacitors, non-solid ‘_‘__[I]

Axial leads, cylindrical aluminium

case, insulated with a blue sleeve I l | :

Mounting ring version (single

e Case @10 x 30 to 21 x 40 mm with
pressure relief

Charge and discharge proof

e Taped versions up to Fig.1 Component outlines.
case @15 x 30 mm available for
automatic insertion

Miniaturized, high CV-product per
unit volume.

APPLICATIONS

e General purpose, industrial,
automotive, audio-video high voltage
Coupling, decoupling, smoothing, l

. . i s smaller 021 ASM |_ longer 138 AML
filtering, buffering and timing 117 ASD | oy aives (85 °C) ite P (105 °C)

CCB053

Portable and mobile equipment
(small size, low mass)

Low mounting height boards,
vibration and shock resistant.

QUICK REFERENCE DATA

DESCRIPTION VALUE
Case sizes (DDnom X Lnom in mm) 45%x10to10x 25 10 x 30 to 21 x 40
Rated capacitance range, Cr 0.47 to 15000 uF
Tolerance on Cr +20%
Rated voltage range, Ur 6.3to 100 V
Category temperature range -40 to +85 °C
Endurance test at 85 °C:
Ug=6.3t025V 1000 hours 5000 hours
Ug=40to 100V 2000 hours 5000 hours
Useful life at 85 °C 2500 hours 8000 hours
Useful life at 40 °C, 1.4 x | applied 70000 hours 200000 hours
Shelf life at 0 V, 85 °C 500 hours 500 hours
Based on sectional specification IEC 384-4/CECC 30300 IEC 384-4/CECC 30300
Climatic category IEC 68 40/085/56
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Philips Components

Product specification

Aluminium electrolytic capacitors

Axial Standard Miniature il sk
Selection chart for Cg, U and relevant nominal case sizes (JD x L in mm)
Preferred types in bold.
Cr Ugr (V)
(1F) 6.3 10 16 25 40 63 100
0.47 = = - - - 45x10 -
1 - - - - - 4.5x10 45x10
2.2 - - - - - 4.5x10 45x%10
3.3 - - — - - 45x10 -
4.7 - - - - - 4.5x10 45x10
10 - - - - - 45x10 6x10
- - - = = 45x10 8 x 11
15
- - - - - - 6.5x18
25 — - = = 4.5x10 6x10 8x 11
- - - - - — 6.5x 18
33 — - - - - 6x 10 6.5 18
47 - - - 4.5x10 6 x10 %11 8x18
- - = - = 6.5x18 -
= = 45x%x10 = = 8x 11 10x 18
68
- - - = — 6.5%x18 =
- 4.5x10 - 6x10 8 x 11 8x18 10x 25
. - - - - 6.5x18 - 10 x 30
150 — - 6x10 8 x 11 8x18 10x18 12.5x 30
= = = 6.5x18 - - -
220 = 6 x10 8 x 11 6.5x18 10x 18 10 x 25 12.5 x 30
- - - - - 10 x 30 -
330 - 8x 11 6.5x18 8x18 10 x 25 12.5 x 30 15 x 30
470 8x11 6.5x18 8x18 10x 18 10 x 25 12.5x 30 18 x 30
- - - - 10 x 30 - =
= 8x18 10x18 10 x 25 12.5x 30 15x 30 18 x 40
i - - - 10 x 30 - - =
o 8x18 10x 18 10 x 25 12.5 x 30 12.5 x 30 18 x 30 21 x40
- - 10 x 30 = = = =8
1500 - 10 x 25 12.5 x 30 12.5 x 30 15 x 30 18 x 40 -
- 10 x 30 = = — = -
2200 10x 25 12.5 x 30 12.5x 30 15 x 30 18 x 30 21 x40 -
3300 = 12.5x 30 15x 30 18 x 30 18 x 40 - —
4700 - 15x 30 18 x 30 18 x40 21 x40 - -
6800 - 18 x 30 18 x 40 21 x40 - - -
10000 - 18 x 40 21 x40 - - - -
15000 - 21 x40 - - = = =
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Philips Components Product specification

Aluminium electrolytic capacitors

Axial Standard Miniature 021 ASM

MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES

635+ 1.5
g D ‘4— s —>|

f | 4
| Il &t d MBC193 - 1
n i

i
q
MLA432 Li Fesl

Dimensions in mm.
Form BR: Taped on reel,

Dimensions in mm.

Form BR: Taped on reel. case @D x L = 6.5 x 18 to 15 x 30 mm.

Form BA: Taped in box (ammopack). Form BA: Taped in box (ammopack),

Case PDxL=45x10to 8 x 11 mm. case D xL =6.5x181to 10 x 25 mm.

For dimensions see Table 1. For dimensions see Table 1.

Tape dimensions are specified in this handbook, Section “Packaging”. Tape dimensions are specified in this handbook,Ssection “Packaging”.
Fig.2 Dimensional outline; Forms BA and BR. Fig.3 Dimensional outline; Forms BA and BR.

Table 1 Axial; physical dimensions, mass and packaging quantities; see Figs 2, 3 and 4

NOMINAL AXIAL: FORM AA, BA, and BR PACKAGING QUANTITIES
CASE SIZE CASE MASS
D x L CODE | g4 I DPmax | Limax | Frmin (9) FORM FORM FORM
(mm) (mm) | (mm) | (mm) AA BA BR
45x%x10 2 0.6 - 5.0 10.5 15 =0.50 - 1000 3000
6x 10 3 0.6 - 6.3 10.5 18 =0.70 - 1000 1000
8 x 11 5a 0.6 - 8.5 11.5 15 =1.1 - 500 500
6.5%x18 4 0.8 - 6.9 18.5 25 =1.3 - 1000 1000
8x18 5 0.8 - 8.5 18.5 25 =1.7 - 500 500
10x 18 6 0.8 - 10.5 18.5 25 =2.5 - 500 500
10x 25 7 0.8 - 10.5 25.0 30 =3.3 - 500 500
10 x 30 00 0.8 | 565+1 | 10.5 30.5 35 ~4.8 200 - 500
12.5x 30 01 0.8 | 55+1 | 13.0 30.5 35 =7.4 200 - 400
15x30 02 08 | S5*l | 15.6 30.5 35 =11.7 200 - 250
18 x 30 03 0.8 | 6541 | 18.5 30.5 35 |=129 200 - -
18 x 40 04 0.8 | 34+1 | 185 415 45 |=19.4 100 - -
21 x40 05 0.8 | 34£1 | 215 415 45 | =247 100 - =
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Philips Components Product specification

AILfminium electrc?lytic capacitors 021 ASM
Axial Standard Miniature

| L 331 —»
[ | T
@d L—‘* { + ——=a @D
i 4 |
n n ccBoss

—
m

Dimensions in mm.

Form AA: Axial in box.

Case @D x L =10 x 30 and 21 x 40 mm.
For case @D x L = 18 x 40 and 21 x 40 mm, the stated L may be exceeded by 0.7 mm.
For dimensions see Table 1.

Fig.4 Dimensional outline; Form AA.

(3%)

L
+0.03
j LLOS%M (3x)
0
13_0 05(3%)
1879 g
mounting holes ; 1 -3
Dimensions in mm. % 2 i
— +1.0

Form MR: case @D x L = 15 x 30 to 21 x 40 mm. e ) 1
—‘4 -0.5

Case not insulated (insulation on request). -»J L— @d1

Especially for applications with severe shocks and vibrations. D2 CCBO63

For dimensions see Table 2.

Fig.5 Mounting hole diagram and outline; Form MR; single ended with mounting ring and pins.

Table 2 Single ended; mass and packaging quantities; see Fig.5

NOMINAL SINGLE ENDED WITH MOUNTING RING: FORM MR
CASE SIZE CASE MASS | PACKAGING
@D xL CODE | @d1 @d2 2D2max D3 Lmax (9) QUANTITIES
(mm) (mm) (mm) (mm) (mm) (mm)
15 x 30 02 0.8 1.0 +0.4 175 | 16502 | 33 =117 200
18 x 30 03 08 | 1.0+04 195 | 185+02 | 33 =12.9 200
18 x 40 04 0.8 1.0 +0.4 195 | 18502 | 45 ~19.4 100
21 x 40 05 0.8 1.0 +0.4 225 | 215%02 | 45 ~24.7 100
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Product specification

Philips Components

Aluminium electrolytic capacitors

Axial Standard Miniature

021 ASM
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Product specification

Philips Components

lectrolytic capacitors
Axial Standard Miniature

inium e

Alum

021 ASM
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Philips Components Product specification

Aluminium electrolytic capacitors

Axial Standard Miniature L 0N
Additional electrical data
VALUE
PARAMETER CONDITIONS
AXIAL SINGLE ENDED
Voltage
Surge voltage for short periods Us<1.15x UR
Reverse voltage Uev <1V
Current
Leakage current after 1 minute at Ug IL1 £0.006Cg x Ug + 4 UA
after 5 minutes at Ug:
Ug=6.3Vto 100V IL5 £0.002CR x UR + 4 A
Inductance
Equivalent series inductance (ESL) |case @D x L mm:
45x%x10 typ. 10 nH -
6x10 typ. 22 nH =
8 x 11 typ. 85 nH —
6.5x18 typ. 25 nH =
8x18 typ. 40 nH =
10x 18 typ. 61 nH -
10x 25 typ. 38 nH =
10 x 30 typ. 38 nH =
12.5 x 30 typ. 46 nH —
15 x 30 typ. 48 nH typ. 39 nH
18 x 30 typ. 50 nH typ. 39 nH
18 x40 typ. 54 nH typ. 39 nH
21 x40 typ. 59 nH typ. 39 nH

1998 Jan 29 323



Philips Components Product specification

Aluminium electrolytic capacitors
Axial Standard Miniature 021 ASM

Capacitance (C)

MGB200
12
£
Co 1
LA
1.1 Fapr gl
= //3’4/5 6
A ridinc)
4“¢¢/
1.0 —
-
,/”r
/
0.9 7
5,6
08 4 /
Curve 1: 10 V. 3
Curve 2: 16 V. 0.7
Curve 3:25 V.
Curve 4:40 V. 12
Curve 5:63 V. 06 L
Curve 6: 100 V. -60 -40 -20 0 20 40 60 80
Co = capacitance at 20 °C, 100 Hz. Tamb (°C)
Case IDxL=4.5x10to 10 x 25 mm.
Fig.6 Typical multiplier of capacitance as a function of ambient temperature.
11 MGB201
: 1
7
7
e s,
Co . ~
1.0
|4 —
=
7~ a
e/
095 7’/
7
/
/4
salel]
Curve 1: 10 V. 1 /
Curve 2: 16 V.
Curve 3:25 V.
Curve 4: 40 V. 0.7
Curve 5: 63 V. -60 -40 -20 0 20 40 60 80
% ; 5 Tamb (°C)
Cy = capacitance at 20 °C, 100 Hz.
Case @D x L =10 x 30 to 21 x 40 mm.
Fig.7 Typical multiplier of capacitance as a function of ambient temperature.
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Philips Components Product specification

Aluminium electrolytic capacitors

Axial Standard Miniature
MGB202
1.0 T ’
T~
T~~~
B T~
Co RO
\ \§\5>
0.9 N\ W
4 TN
\\\ N
NN
AN
N
2
0.8
1 __XK
Curve 1: 10 V. 0.7
Curve 2: 16 V. ’ |
Curve 3: 25 V. ‘
Curve 4: 40 V. 10 102 108 f (Hz) 104
Curve 5: 63 V.
Cy = capacitance at 20 °C; 100 Hz.
Fig.8 Typical multiplier of capacitance as a function of frequency.
Equivalent series resistance (ESR)
102 - MGB203
Y
L1 \‘
ESR |2, \
ESR, N
10 N\
A ¥
N
N\
NN
K
NI
\\
1 o —
= —
P
Curve 1: 10 V.
Curve 2: 63 V (24.7 uF). 107
Curve 3: 100 V. -50 0 50 100
— o Tamb (°C)
ESRg = typical ESR at 20 °C, 100 Hz.
Case @D x L =4.5x1010 10 x 25 mm.
Fig.9 Typical multiplier of ESR as a function of ambient temperature.
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Philips Components Product specification

Aluminium electrolytic capacitors

Axial Standard Miniature
102 MGB204
ESR [
ESRO \
[2 \\
10 \
‘\ N
N
NG
N
N \\
NN
~
1 & =
2v
; -
I
107
Curve 1: 10 V; 16 V; 25 V. -50 0 50 . 100
Curve 2: 40 and 63 V. Tamb (°C)
ESR = typical ESR at 20 °C, 100 Hz.
Case @D x L =10 x 30, 12.5 x 30 and 15 x 30 mm.
Fig.10 Typical multiplier of ESR as a function of ambient temperature.
102 MGB205
ESR
ESR,
4
2
10 50
N
N
NN
N
RN <
1 1
=
107! ‘
Curve 1: 10 V; 16 V; 25 V. -50 0 50 . 100
Curve 2: 40 and 63 V. Tamb (°C)

ESR; = typical ESR at 20 °C, 100 Hz.
Case @D x L = 18 x 30, 18 x 40 and 21 x 40 mm.

Fig.11 Typical multiplier of ESR as a function of ambient temperature.
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Philips Components Product specification

Aluminium electrolytic capacitors

Axial Standard Miniature
2.0 MGB206
ESR
ESR,
1.6 2
g
i2
\
0.8 ~
\ Tl 1
\\
N
AL 2
0.4
0 |
Curve 1: 10 V. 10 102 108 104 f (Hzy  10°
Curve 2: 63 V (24.7 uF).
ESRg = typical ESR at 20 °C, 100 Hz.
Case UD x L =4.5x10to 10 x 25 mm.
Fig.12 Typical multiplier of ESR as a function of frequency.
14 MGB207
ESR .
ESR,
1.2
"
1.0
N
N
NN
0.8 N \‘\:
NUTY ~—
\:\\\:\ Tl 1
NUTH Nl | T 2
\\\ \\\~._‘_\ 3
06 P =~
\\ T — 4
Curve 1: 10 V. T~ 5
Curve 2: 16 V.
Curve 3:25 V. 0.4 |
Curve 4: 40 and 100 V. 10 102 108 0% f(Hy 105
Curve 5: 63 V.
ESRy = typical ESR at 20 °C, 100 Hz.
Case @D x L =10 x 30 to 21 x 40 mm.
Fig.13 Typical multiplier of ESR as a function of frequency.
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Philips Components

Product specification

Aluminium electrolytic capacitors

. L 021 ASM
Axial Standard Miniature
Impedance (2)
Table 4 Impedance x capacitance values (case @D x L = 4.5 x 10 to 10 x 25 mm)
- Z x Cr(Q x uF) at 10 kHz
b
— 6.3V 0V 16V 25V 40V 63V 100V
+20 °C <300 <200 <160 <120 <70 <55 <90
-25°C <2000 <1200 <750 <560 <300 <180 <600
-40 °C <5500 <3200 <2000 <1500 <900 <500 <1600
104 MBA713
Z
Q)
102 %H
NoC
IS
102 }‘ DI
*.5 ‘\\ a
A N N N
\‘ s NN 3 N
o >\ NUTNG NN ;é
Curve 1: 1 uF, 63 V; @4.5 x 10 mm. S~ == —
Curve 2: 2.2 uF, 63 V; @4.5 x 10 mm. N o ~ == S
Curve 3: 4.7 uF, 63 V; @4.5 x 10 mm. N NN ~_| i
Curve 4: 10 uF, 63 V; @4.5 x 10 mm. = ===c==
Curve 5: 22 iF, 63 V; @6 x 10 mm. \ T
Curve 6: 47 uF, 40 V; @6 x 10 mm. —
Curve 7: 100 uF, 25 V; @6 x 10 mm. 5 [
Curve 8: 220 uF, 25 V; 6.5 x 18 mm. 102 103 10* 10°  f(Hz 10
Curve 9: 470 uF, 10 V; @6.5 x 18 mm.
Curve 10: 1000 pF, 6.3 V; @6.5 x 25 mm.
Case @D x L =4.5x 10 to 6.5 x 25 mm.
Fig.14 Typical impedance as a function of frequency.
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Aluminium electrolytic capacitors

Axial Standard Miniature 021 ASM

103 MBA714
Z
Q)
Lﬁw
102 NN
E=N2TS
N .
3
~\
~N ‘\
A-4 § N \\
1o NI \‘\‘
. 3 e \\ N, ~
& N
SO :
NN \\\ N
N
\ N
1 b \\\ NN N
.5} N\ N S,
Curve 1: 47 pF, 63 V; @8 x 11 mm. AN NG SN
Curve 2: 100 pF, 63 V; @8 x 18 mm. < . N ~
™ ™
Curve 3: 220 iF, 40 V; 310 x 18 mm. RS e
™~ 6\:\. B
Curve 4: 470 pF, 25 V; @10 x 18 mm. — ——

Curve 5: 1000 pF, 10 V; @10 x 18 mm. 10 102 108 104 f (Hz) 105
Curve 6: 1000 pF, 16 V; @10 x 25 mm.

Curve 7: 2200 uF, 6.3 V; @10 x 25 mm.

Case D x L =8x11t0 10 x 25 mm.

Fig.15 Typical impedance as a function of frequency.

102 MGB208
z
Q)
1
10 2N
3
—4
15 NN
6 NNURINNN, /|
7 NONTRNNN
1 BN /
—7
107!
Curve 1: 330 uF, 63 V.
Curve 2: 470 uF, 63 V.
Curve 3: 680 uF, 40 V.
Curve 4: 1000 pF, 25 and 40 V.
Curve 5: 1500 pF, 16 and 25 V.

—2
;
Curve 6: 2200 yF, 10 and 16 V. S0 102 108 10% 10° 10° ¢ () 107

Curve 7: 3300 pF, 10 V.
Case @D x L =12.5 x 30 mm.
Tamb = —40 °C.

Fig.16 Typical impedance as a function of frequency.
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Philips Components

Product specification

Aluminium electrolytic capacitors
Axial Standard Miniature

021 ASM

MGB209

Curve 6: 2200 pF, 10 and 16 V. 10 102 103 104 108
Curve 7: 3300 pF, 10 V.

Case @D x L =12.5 x 30 mm.

Tamb =20 °C.

Fig.17 Typical impedance as a function of frequency.

102
Z
Q)
IN
10 =2
s
 — |
EEEIN N
L [6AN \:\\ I A
7 N
N
1 AW ‘\\‘b‘\ {
NG v
AVAN
NS
NI £
N \\\ A\
\\\ NN \\‘\‘ A
§ \\.\\\'\ /
Curve 1: 330 uF, 63 V. 10
Curve 2: 470 uF, 63 V.
Curve 3: 680 uF, 40 V.
Curve 4: 1000 pF, 25 and 40 V.
Curve 5: 1500 uF, 16 and 25 V. Y
10

6
10° f (Hz) 107

Curve 5: 6800 uF, 10 V.
Case @D x L =18 x 30 mm.
Tamb = —40 °C.

Fig.18 Typical impedance as a function of frequency.

102 MGB210
Z
@ T T T T T f
10
=Tk
N
| === N,
2 N N /
3
N
1 |4 :’ N \ ,//
=5 ~
N\ = 3
¥ &
NN
n =
107"
Curve 1: 1000 pF, 63 V.
Curve 2: 2200 pF, 40 V.
Curve 3: 3300 uF, 25 V. -
. 10
Curve 4: 4700 uF, 16 V. 10 102 10° 10* 10° 108 ¢ (Hg) 107
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Product specification

Aluminium electrolytic capacitors

Axial Standard Miniature
102 MGB211
z
(@)
10
I
2
3 /
14 ‘\ \‘ /
=1 7~
N 5 II
AN \\
\§\\
107" NN /
6. " N 5 4
Curve 1: 1000 uF, 63 V.
Curve 2: 2200 iF, 40 V.
Curve 3: 3300 uF, 25 V. 52
Curve 4: 4700 uF, 16 V. 10 10? 10° 10* 10° 10° § (Hz) 107

Curve 5: 6800 uF, 10 V.
Case @D x L =18 x 30 mm.
Tans =20 #C.

Fig.19 Typical impedance as a function of frequency.

MARKING

The capacitors are marked (where possible) with the following information:

Rated capacitance (in uF)

Tolerance on nominal capacitance (in accordance with “/EC 62”)

Rated voltage (in V)
Group number (021)

Name of manufacturer (PHILIPS)
Date code in accordance with “/EC 62"

Code for factory of origin

Band to indicate the negative terminal

‘+’ sign to identify the positive terminal (not for case sizes L < 18 mm).
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Philips Components Product specification

Aluminium electrolytic capacitors
Axial Standard Miniature

021 ASM

RIPPLE CURRENT AND USEFUL LIFE

Table 5 Multiplier of ripple current (Ir/Iro) as a function of frequency (Irp = rated ripple current at 100 Hz and 85 °C)

FREQUENCY Ir MULTIPLIER
(Hz) Ur=6.3t0 16V Ur=25t0 40V Ur=63t0 100V
50 0.95 0.9 0.85
100 1 1 1
300 1.07 1.12 1.2
1000 1512 1.2 1.3
3000 1.15 1.25 1.35
>10000 1.2 1.3 1.4
33 M’BC243
Iy 32
R a1
3.0 i
N | |
0 IR0
N i
S NANNY
54 NN N N N
\\ \\ \N\ \\ lifeti Itipli
\ \ Ifetime muitiplier
2.2
LA WA LW
LN N N o |
2.0 N~
LA N e |
iy ANANANAANAN
N N\ &% NN X
WA ., O W A !
- IN A AL N\G, Y R [
14 \\\ NN NN NN N | |
e RSN R N NN N
2 NN N NN NN SN
8 AN NN I O,
o5 KONENNIN Xs N N
40 50 60 70 80 90 100
Tamb (°C)
|a = actual ripple current at 100 Hz.
|g = rated ripple current at 100 Hz, 85 °C.
(1) Useful life at 85 °C and Ig applied:
case D x L =4.5x10 to 10 x 25 mm: 2500 hours
case @D x L =10 x 30 to 21 x 40 mm: 8000 hours.
Fig.20 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Philips Components Product specification

Aluminium electrolytic capacitors

Axial Standard Miniature 021 ASM

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 6 Test procedures and requirements

TEST

PROGERURE REQUIREMENTS
NAME OF TEST | REFERENCE (quick reference)
Endurance IEC 384-4/ Tamb = 85 °C; Ug applied; Ur £6.3V; AC/C: +15/-30%

CECC 30300 case D xL=4.5x10to 10 x 25 mm:
subclause 4.13 | Ug = 6.3 to 25 V: 1000 hours; Wt 58 Vi ALY #1057
Ugr =40 to 100 V: 2000 hours; tan & < 1.3 x spec. limit

case ID x L =10x30to 21 x40 mm: Z <2 x spec. limit
Ugr = 6.3 to 100 V: 5000 hours - ’

ILs < spec. limit

Useful life CECC 30301 Tamb = 85 °C; Ug and I applied; Ugr £6.3V; AC/C: +45/-50%
subclause 1.8.1 |case @D xL =4.5x10to 10 x 25 mm: Un > 6.3 V: AC/C: +45%
2500 hours;
case @D x L =10 x 30 to 21 x 40 mm: tan & < 3 x spec. limit
5000 hiouss Z < 3 x spec. limit
I.5 < spec. limit
no short or open circuit
total failure percentage: <1%
Shelf life IEC 384-4/ Tamb = 85 °C; no voltage applied; AC/C, tan 9, Z:
(storage at CECC 30300 500 hours for requirements
high temperature) | subclause 4.17 after test: Ur to be applied for 30 mintes, see ‘Endurance test’ above
24 to 48 hours before measurement ILs £ 2 x spec. limit
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Philips Components Product specification

Aluminium electrolytic capacitors

Axial Standard 030/031 AS

FEATURES

Polarized aluminium electrolytic

capacitors, non-solid =[:m=
Axial leads, cylindrical aluminium

case, insulated with a blue sleeve =Em=
Taped version available for

automatic insertion MBB121
Charge and discharge proot

Useful life: 3000 hours at 85 °C ] .
(case @D = 3.3 mm: 1500 hours) i1 SRR A

Standard dimensions.

APPLICATIONS

¢ General purpose and industrial, f
automotive, telecommunication, high
audio-video "°“Iage
e Coupling, decoupling, timing,
smozthi%g, filterilrjlg,%ufferingg in DS0/03TIAS == Iolr:f%er "
SMPS I CCB046
¢ Boards with restricted mounting G
height, vibration and shock
resistant.
021 ASM
117 ASD

QUICK REFERENCE DATA

DESCRIPTION VALUE
Case sizes (DDnom X Lnom in mm) 3.3x 11 45x10to 10 x 25
Rated capacitance range, Cg 0.47 to 1000 uF
Tolerance on Cgr —10 to +50%
Rated voltage range, Ug 6.3to 100 V
Category temperature range —40 to +85 °C
Endurance test at 85 °C 1000 hours 2000 hours
Useful life at 85 °C 1500 hours 3000 hours
Useful life at 40 °C, 1.4 x |g applied 40000 hours 80000 hours
Shelf life at 0 V, 85 °C 500 hours
Based on sectional specification IEC 384-4/CECC 30300
Climatic category IEC 68 40/085/56
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Product specification

Aluminium electrolytic capacitors

Axial Standard CORIB As
Selection chart for Cg, Ug and relevant nominal case sizes (D x L in mm)
Preferred types in bold.
Ci Ur (V)
(1F) 6.3 10 16 25 40 63 100
0.47 - - - - - - 4.5x%x10
- - - - - 4.5x10 45x%x10
1.0
— - - - - 3.83x 11 -
2.2 - - - - 3:3 %11 4.5x10 45x%x10
313 - - - - - 45x%x10 45x%x10
4.7 - - 3.3x 11 - - 4.5x10 6x10
6.8 - - - - - 45x%10 6x10
10 3.3 %11 - - 4.5x10 45x10 6x10 8% 1
- - — - - — 6.5x18
15 - - - = 45x10 6x 10 -
29 - - - 4.5x10 6 x10 8 x 11 8x18
- - - - - 6.5x 18 -
33 - - 45x%x10 - 6x10 - 10x 18
a7 - 45x%x10 - 6x10 8 x 11 8x18 10 x 25
- - - - 6.5%x 18 - -
68 45x%x10 - 6x10 - - 10x 18 -
—_— - 6x10 - 8x11 8x18 10 x 25 -
= - - 6.5x18 = = =
150 6x10 - 8 x 11 8x18 10x 18 - =
- - 6.5x 18 - - - -
- 8x 11 8x18 10x18 10 x 25 - -
220
- 6.5x18 - - - - =
330 - 8x18 10x 18 10 x 25 - - -
470 8x18 10x 18 10 x 25 - - - -
680 10x 18 10 x 25 - - - - =
1000(") 10 x 25 - - - - - -
Note

1. For larger CV-values see data sheet ‘027 ASM".
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Aluminium electrolytic capacitors

. 030/031 AS
Axial Standard
MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES
A+16
DD =L —>‘
L gd
1
= 1
4 | i
l o+
[ﬁ‘ H MBC554
S
Dimensions in mm.
Form BR: Taped on reel, non-preferred.
Form BA: Taped in box (ammopack), preferred.
Case @D x L =3.3 x 11 to 10 x 25 mm.
For dimensions see Table 1.
Tape dimensions are specified in this handbook, Section “Packaging”.
Fig.2 Dimensional outline.
Table 1 Axial; Physical dimensions, mass and packaging quantities; see Fig. 2
NOMINAL AXIAL FORM BA and BR PACKAGING QUANTITIES
CASE SIZE | CASE MASS
D x L CODE | @d A DDmax | Lmax Fiin (9) FORM FORM
(mm) (mm) (mm) (mm) | (mm) | (mm) BA BR
3.3 11 1 0.6 | 63.5%1.5 3.5 12 175 =0.35 1000 4000
4.5x10 2 06 | 63.5+1.5 5.0 10.5 15 =0.5 1000 3000
6x10 3 0.6 | 63.5%1.5 6.3 105 15 =0.7 1000 1000
8 x 11 5a 0.6 63.5+1.5 8.5 1.5 15 =1.1 500 500
6.5x18 4 0.8 73116 6.9 18.5 25 =1.3 1000 1000
8x18 5 0.8 73+1.6 8.5 18.5 25 =17 500 500
10x18 6 0.8 73 +1.6 10.5 18.5 25 =2.5 500 500
10x286 Z 0.8 73+1.86 10.5 25.0 30 =3.3 500 500
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Product specification

Aluminium electrolytic capacitors
Axial Standard

030/031 AS

Additional electrical data

PARAMETER | CONDITIONS VALUE
Voltage
Surge voltage for Us<1.15x Ug
short periods
Reverse voltage Ue <1V

Current

Leakage current | after 1 minute at Ug:

case D xL=33x11and 4.5 x 10 mm
case D xL=6x10to 10 x 256 mm

IL1 £0.05CR x Ug or 5 pA, whichever is greater
I for CV <1000 pC: <0.01Cr x Ug or 1 A,
whichever is greater

IL4 for CV > 1000 pC: <0.006CR x Ug + 4 nA

after 5 minutes:

Ur=6.3t063V ILs £0.002Cg x UR + 5 A
Ug=100V IL5 £0.006CR x UR + 4 LA
Inductance
Equivalent series | case @D x L mm:
inductance (ESL) 3.3x 11 typ. 11 nH
45x10 typ. 10 nH
6x10 typ. 22 nH
8 x 11 typ. 85 nH
6.5x18 typ. 25 nH
8x18 typ. 40 nH
10x18 typ. 61 nH
10x25 typ. 38 nH

MARKING

The capacitors are marked (where possible) with the following information:

* Rated capacitance (in uF)

e Tolerance on rated capacitance, code letter in accordance with “/EC 62" (not for case code 1)

* Rated voltage (in V)

e Group number (030 or 031)

e Code indicating factory of origin

e Name of manufacturer (PHILIPS)

Date code, in accordance with “/EC 62”
Band to identify the negative terminal

1998 Jan 29

‘+’ sign to indicate the positive terminal (not for case sizes L < 18 mm).
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Aluminium electrolytic capacitors

Axial Standard
Capacitance (C)
12 MGB220
C
Co 1
1.4 Lz |
ZZZ
=17
=
1.0 ==
: =
=
0.9
087
6
Curve 1: 6.3 V. 5
Curve 2: 10 V. 4
Curve 3: 16 V. 0.7 3
Curve 4: 25 V. f
Curve 5: 40 V.
Curve 6: 63 V. 0.6
Curve 7: 100 V. - 60 -40 -20 0 20 40 60 y 80
Co = capacitance at 20 °C, 100 Hz. Tamb (°C)

Fig.3 Typical multiplier of capacitance as a function of ambient temperature.

MGB222

1.05
Cc
Co 1
7 :::\
1.00
o~ :~
0.95 =
. NN
N
\\§§§‘6 N
0.90 \\\‘5 N
Ot \
NN
3‘
0.85 2 \59
AN
1 K K
Curve 1: 6.3 V. 0.80
Curve 2: 10 V.
Curve 3: 16 V. T
Curve 4:25 V. - L ‘ { |
Curve 5:40 V. . 2 3 4
10 10 10 10
Curve 6: 63 V. f (Hz)
Curve 7: 100 V.

Cy = capacitance at 20 °C, 100 Hz.

Fig.4 Typical multiplier of capacitance as a function of frequency.
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Aluminium electrolytic capacitors

Axial Standard
Equivalent series resistance (ESR)
MRA499
30 T
20
ESR
ESRg |
10 |——r1 1
— I
|
1
L
1
|
1
1 2
1 {
3 |
Curve 1: 6.3 V.
Curve 2: 63 V. 0.3
Curve 3: 100 V. =6d e P
ESRy = typical at 20 °C, 100 Hz. Tamb ("C)
Fig.5 Typical multiplier of ESR as a function of ambient temperature.
2 MRA498
ESR
ESRg
3
|
~ I
N
19
—~ 1.
T2
0
Curve 1:6.3 V. 0 104
Curve 2: 63 V. f (Hz)
Curve 3: 100 V.
ESR = typical at 20 °C, 100 Hz.
Fig.6 Typical multiplier of ESR as a function of frequency.
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Product specification

Aluminium electrolytic capacitors

Axial Standard

030/031 AS

Impedance (Z)

Table 3 Impedance x capacitance values at 10 kHz
. Z x Cg(Q x uF) at 10 kHz
b
o 6.3V 10V 16V 25V 40V 63V 100 v

+20 °C <200 <160 <120 <90 <70 <55 <45
-25°C <1200 <750 <560 <400 <300 <180 <130
—40 °C <3200 <2000 <1500 <1100 <900 <500 <350

104 MBC185

z

Q)
10°
1
B~
2 N
102 mbal NN
_;T‘_-"
\5~ N ™~ ™
Curve 1: 1 uF, 63V, iR M6 L PN T T~ Tk
case ZD x L =3.3x11 mm. = =22
Curve 2: 2.2 uF, 40 V. ;\;7 NG N = -
Curve 3: 4.7 uF, 16 V. L T [TH ]
Curve 4: 10 uF, 25 V. ; N ST
Curve 5:22 uF, 25 V. = H
Curve 6:47 uF, 25 V. = = il
Curve 7: 100 puF, 25V,
case @D x L =6.5x18 mm. -
10
Curve 8: 220 uF, 10V, 102 102 104 10° {4y 10°
case ZDx L =6.5x18 mm
case D xL=3.3x111t06.5x 18 mm.
Tamb = 20 °C.
Fig.7 Typical impedance as a function of frequency.
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Aluminium electrolytic capacitors

Axial Standard
MBC186
102
Z
NG
Q) Ay
NN
10! 2
o
Y N
3 | N
S N \\
N N
g \‘ SN TN N
L0, ‘\\
. | N N~ —~
1 N
NN N —
N N ™
ST =
Curve 1: 22 uF, 63 V, 10-1 ST
case D xL =8x11 mm.
Curve 2: 47 uF, 40V,
case D xL=8x11 mm.
Curve 3: 150 pF, 25 V.
Curve 4: 330 uF, 16 V. 10-2
Curve 5: 470 uF, 16 V. 102 103 104 105 f(Hz) 108
Curve 6: 1000 uF, 6.3V,
case D x L =8x111010x25 mm.
Tamb =20°C.
Fig.8 Typical impedance as a function of frequency.
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Aluminium electrolytic capacitors

Axial Standard 030/031 AS

RIPPLE CURRENT AND USEFUL LIFE

Table 4 Multiplier of ripple current (Ig/lro) as a function of frequency; Iro = ripple current at 85 °C, 100 Hz

FREQUENCY Ix MULTIPLIER
(Hz) Up=63t010V Upr=16t025V Ug = 40 to 100 V
50 0.95 0.9 0.85
100 1.0 1.0 1.0
300 1.07 1.12 12
1000 112 12 13
3000 1.15 1.25 1.35
>10000 12 13 14
3.3 MBC243 ;
Ia 3.2
E 3.1
3.0
N
28 \\ \\\
N \
s NI
NN Y
24 NN N N
\\ \\ \\\ \\ lifeti Itipli
¥ \ \ \ Iretime muitiplier
22
SN % N A
A N,
20 N N \\ \‘ s $
S S N NAN R AN
=N N X 3“‘?\0 NN N
PR NVAWAWA A NE-L-
LN A N W20 G N W A N A N
14 \\\ N N NONXI N
12 NQE NEAN NEAN
bl T P N\, N M
o Ne N N AN AN N N N
08 A NI YR RN
0:0 NZAN| NN PN N AN N N
40 50 60 70 80 90 100

Tamb (°C)

|a = actual ripple current at 100 Hz.
|g = rated ripple current at 100 Hz, 85 °C.

(1) Useful life at 85 °C and Ig applied:
case @D x L = 3.3 x 11 mm: 1500 hours
case @D x L =4.5x10to 10 x 25 mm: 3000 hours.

Fig.9 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Product specification

Aluminium electrolytic capacitors
Axial Standard

030/031 AS

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 5 Test procedures and requirements

high temperature)

subclause 4.17

after test: Ug to be applied for 30 minutes,
24 to 48 hours before measurement

TEST
PBOCEDURE REQUIREMENTS
NAME OF TEST | REFERENCE (quick reference)
Case YD xL=38.3x11 mm
Endurance IEC 384-4/ Tamb = 85 °C; Ug applied; AC/C: £20%
CECC 30300 1000 hours S C——
subclause 4.13 - el
Z <3 x spec. limit
ILs < spec. limit
Useful life CECC 30301 Tamb = 85 °C; Ug and Iy applied; AC/C: £50%
subclause 1.8.1 1500 hours -
tan § <3 x spec. limit
Z < 3 x spec. limit
I 5 < spec. limit
no short or open circuit
total failure percentage: <3%
Shelf life IEC 384-4/ Tamb = 85 °C; no voltage applied; AC/C, tan 3, Z:
(storage at CECC 30300 500 hours for requirements

see ‘Endurance test’ above

ILs <2 x spec. limit

Case YD xL=4.5x10to 10 x 25 mm

high temperature)

subclause 4.17

after test: Ug to be applied for 30 minutes,
24 to 48 hours before measurement

Endurance IEC 384-4/ Tamb = 85 °C; Ug applied; Ur £6.3V; AC/C: +15/-30%
FeifenaG | Pl Un>6.3V; AGIC: 157%
tan & < 1.3 x spec. limit
Z <2 x spec. limit
ILs < spec. limit
Useful life CECC 30301 Tamb = 85 °C; Ug and Iy applied; Ug <£6.3V; AC/C: +45/-50%
subclause 1.8.1 | 3000 hours Ug > 6.3 Vi AC/C: +45%
tan & < 3 x spec. limit
Z < 3 x spec. limit
ILs < spec. limit
no short or open circuit
total failure percentage: <1%
Shelf life IEC 384-4/ Tamb = 85 °C; no voltage applied; AC/C, tan, Z:
(storage at CECC 30300 500 hours for requirements

see ‘Endurance test’ above

IL5 £ 2 x spec. limit

1998 Jan 29
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Aluminium electrolytic capacitors

Axial Standard, High Voltage 041-043 ASH

FEATURES

Polarized aluminium electrolytic
capacitors, non-solid |:m
e Axial leads, cylindrical aluminium
case, insulated with a blue sleeve : l | :
e Mounting ring version (single
ended) not insulated : ] | :
Case @10 x 30to 21 x 40 mm
with pressure relief

mBB121

Taped versions up to case
@15 x 30 mm available for Fig.1 Component outlines.
automatic insertion

Charge and discharge proof

o Useful life:
5000 to 15000 hours at 85 °C 133 ALL-DIN
¢ High rated voltage: up to 450 V. I
longer life
|
APPLICATIONS
042/043
. . 041ASH | 042/043 ASH [= S0OV/ ! (B S
¢ General purpose, industrial, power
supply, audio-video and lighting -
* Smoothing, filtering, buffering at {}
high voltages
AM
e Boards with restricted mounting 021 /ASM 11335 °CL
height, vibration and shock Fira0s
resistant.
QUICK REFERENCE DATA
DESCRIPTION VALUE
Case sizes (DDnom X Lpom in mm) 6.5x181t0 10 x 25 10 x 30to 21 x 40
Rated capacitance range, Cg 1to 220 uF
Tolerance on Cg —10 to +50%
Rated voltage range, Ur 160 to 450 V
Category temperature range —40 to +85 °C (450 V: —25 to +85 °C)
Endurance test at 85 °C 2000 hours 8000 hours (450 V: 2000 hours)
Useful life at 85 °C 5000 hours 15000 hours (450 V: 5000 hours)
Useful life at 40 °C 1.4 x | applied: 120000 hours 1.8 x |g applied: 240000 hours
(450 V: 120000 hours)
Shelf life at 0 V, 85 °C 500 hours 500 hours
Based on sectional specification IEC 384-4/CECC 30300
Climatic category IEC 68 40/085/56 (450 V: 25/085/56)

100K |an 20 QAA7
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Aluminium electrolytic capacitors

Axial Standard, High Voltage Dgissadh
Selection chart for Cr, Ug and relevant nominal case sizes (ZD x L in mm)
Preferred types in bold.
CH Ug (V)
(LF) 160 250 350 385 400 450
1.0 - - - 6.5x18 - -
2.2 - 6.5x18 - 8x18 - -
4.7 6.5%x 18 8x18 10x 18 10x 25 - -
6.8 - - 10 x 30 10 x 30 10 x 30 10 x 30
10 8x18 10 x 25 12.5 x 30 12.5 x 30 12.5 x 30 12.5 x 30
- 10 x 30 - - - -
15 - 12.5x 30 12.5x 30 15 x 30 15x 30 12.5x 30
10x 25 12.5 x 30 15 x 30 18 x 30 18 x 30 15 x 30
. 10 x 30 - - - - -
33 12i5%.30 15 x 30 18 x 30 18 x 40 18 x 40 18 x 30
47 15 x 30 18 x 30 18 x 40 18 x 40 18 x 40 18 x 40
68 15 x 30 18 x 40 21 x40 21 x40 21 x40 21 x40
100 18 x 30 21 x40 - - - -
150 18 x 40 - - - - -
220 21 x40 - - - - -
MARKING

The capacitors are marked (where possible) with the following information:
» Rated capacitance (in uF)

e Tolerance on rated capacitance, code letter in accordance with “/EC 62”
¢ Rated voltage (in V)

Group number (041, 042 or 043)

Name of manufacturer (PHILIPS)

Date code, in accordance with “/EC 62”
¢ Code indicating factory of origin
* Band to identify the negative terminal

e ‘+' sign to indicate the positive terminal.
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Aluminium electrolytic capacitors

Axial Standard, High Voltage 041-043 ASH

MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES

73+1.6

Q*D—F‘LT -

MBC193 - 1

Dimensions in mm.

Form BR: Taped on reel,
case UD x L =6.5x18 to 15 x 30 mm.

Form BA: Taped in box (ammopack),
case PD x L =6.5x18t0 10 x 25 mm.

For dimensions see Table 1.
Tape dimensions are specified in this handbook, Section “Packaging”.

Fig.2 Dimensional outline; Forms BA and BR.

L 33 +1—»

!
:’;,?' + DFv:: {af

CCB08s

@d

[

o e
=2

.
il

Dimensions in mm.

Form AA: Axial in box,
case @D x L =10x30to 21 x40 mm

For dimensions see Table 1.
For case sizes 18 x 40 mm and 21 x 40 mm, the stated L may be exceeded by 0.7 mm.

Fig.3 Dimensional outline; Form AA.
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Aluminium electrolytic capacitors

; " 041-043 ASH
Axial Standard, High Voltage
Table 1 Axial; physical dimensions, mass and packaging information; see Figs 2 and 3
NOMINAL AXIAL: FORM AA, BA, and BR PACKAGING QUANTITIES
CASE SIZE | CASE MASS
oD x L cope | @d | @Dmax | Lmax | Fmin (9) FORM FORM FORM
(mm) (mm) | (mm) | (mm) | (mm) | (mm) AA BA BR
6.5x18 4 0.8 - 6.9 18.5 25 =1.3 - 1000 1000
8x18 5 0.8 - 8.5 18.5 25 =1.7 - 500 500
10x18 6 0.8 - 10.5 18.5 25 =2.5 - 500 500
10x 25 7 0.8 - 10.5 25.0 30 =3.3 - 500 500
10 x 30 00 0.8. | 8541 105 30.5 35 =4.8 200 - 500
12.5 x 30 01 0.8 | 551 13.0 30.5 35 =7.4 200 - 400
15 %30 02 0.8 | 55+1 1556 30.5 35 =11.7 200 = 250
18 x 30 03 0.8 | 551 | 185 30.5 35 =12.9 200 - -
18 x 40 04 0.8 | 34+1 | 185 415 45 =19.4 100 - -
21 x40 05 08 |34+1| 215 41.5 45 =24.7 100 - -
i -
~ D —»
,;____},?‘\ i \\ |
L ! S e

NG

mounting holes

D22 pzz] bz bozzzzd™
Dimensions in mm. V ——'1 +1.0
Form MR: case @D x L = 15 x 30 to 21 x 40 mm. P [y =0s
Case not insulated (insulation on request).
. e : . s l«— QD2 —»' CCB063
Especially for applications with severe shocks and vibrations.
For dimensions see Table 2.
Fig.4 Mounting hole diagram and outline; Form MR; single ended with mounting ring and pins.
Table 2 Single ended; physical dimensions, mass and packaging information; see Fig.4
NOMINAL SINGLE ENDED WITH MOUNTING RING: FORM MR
CASE SIZE CASE MASS PACKAGING
@D x L CODE | @d1 @d2 ODmax | DD2max D3 Limax (9) QUANTITIES
(mm) (mm) (mm) (mm) (mm) (mm) (mm)
15 %30 02 0.8 1.0+0.4 15:5 175 16.5 0.2 33 =11.7 200
18 x 30 03 0.8 1.0+0.4 18.5 19.5 18.51+0.2 33 =12.9 200
18 x 40 04 0.8 1.0+0.4 18.5 19.5 18.510.2 45 =19.4 100
21 x40 05 0.8 1.0 +0.4 21.5 22.5 215402 45 =24.7 100

100K .lan 20 250
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Philips Components

Product specification

Aluminium electrolytic capacitors

Axial Standard, High Voltage (41-048 AGH
Additional electrical data
VALUE
PARAMETER CONDITIONS
AXIAL SINGLE ENDED
Voltage
Surge voltage for short | Ug = 160 to 250 V Us<1.15x UR
periods Up = 350 to 450 V Us<1.1xUg
Reverse voltage Usys1V
Current
Leakage current after 1 minute:
case D x L =6.5x18t0 10 x 25 mm:
CV <1000 uC IL1 £0.05Cg x Ug or 5 uA, whichever is greater
CV > 1000 nuC IL1 £0.03Cg x Ug + 20 uA
case D xL =10 x30to 21 x 40 mm:
Ug =1601t0 385V IL1 £0.009Cg x Ug + 10 uA
Ugr =400 and 450 V IL1 £0.009CR x Ug + 200 pA
after 5 minutes:
Ug=1601t0385V:
CV <1000 uC ILs £0.01CRg x Ug or 1 uA, whichever is greater
CV >1000 uC IL5 <0.006CR x UR + 4 uA
Ugr =400 and 450 V ILs £0.002Cg x Ug + 100 LA
Inductance
Equivalent series case D x L mm:
inductance (ESL) 6.5x%18 typ. 15 nH =
8x18 typ. 35 nH -
10x 18 typ. 69 nH N
10 x 25 typ. 38 nH =
10 x 30 typ. 38 nH -
12.5x 30 typ. 46 nH -
15x 30 typ. 48 nH typ. 39 nH
18 x 30 typ. 50 nH typ. 39 nH
18 x 40 typ. 54 nH typ. 39 nH
21 x40 typ. 59 nH typ. 39 nH
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Philips Components Product specification

Aluminium electrolytic capacitors

Axial Standard, High Voltage 041-043 ASH

Capacitance (C)

MGB227

1.2
<
Co

1.1

v
>
//
1.0 O
/
]
L~
0.9 //
0.8
-40 =20 0 20 40 60 80 100
Cy = capacitance at 20 °C, 100 Hz. Tamb (°C)

Fig.5 Typical multiplier of capacitance as a function of ambient temperature

Equivalent series resistance (ESR)

MGB228

10
ESR 2
ESRg \
1 \\
10 N
N\
AN
X
X
N
N
1 ™~
-1
: = 1
Curve 1:case @D xL=10x30to 21 x40 mm. 10 50 0 50 100
Curve 2: case @D x L =6.5x 18 to 10 x 25 mm. Tamb (°C)

ESRy = typical at 20 °C, 100 Hz.

Fig.6 Typical multiplier of ESR as a function of ambient temperature.
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Philips Components

Product specification

Aluminium electrolytic capacitors

Axial Standard, High Voltage
16 MGB229
ESR 3
ESRp
1.4
27\
1.2
1.0
A\
0.8 WK
NN
N
0.6 3
i ~ = 2
04 o
N3
0.2
Curve 1: case @D x L = 10 x 30 mm. o
Curve 2: case @D x L = 21 x 40 mm. 10 102 108 104 10% f (H2) 108
Curve 3: case @D x L = 6.5 x 18 to 10 x 25 mm.
ESRy = typical at 20 °C, 100 Hz.
Fig.7 Typical multiplier of ESR as a function of frequency.
Impedance (2)
MGB230
102
z 2
Zp \
1 \\
10 N\
N\
N\
\
N\
X
A,
1 ™~
—
e
Curve 1: case @D x L = 10 x 30 to 21 x 40 mm. -50 0 50 5 100
Tamb (°C)

Curve 2: case ZD x L = 6.5 x 18 to 10 x 25 mm.
Z, = impedance at 20 °C, 10 kHz.

Fig.8 Typical multiplier of impedance as a function of ambient temperature.
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Philips Components Product specification

Aluminium electrolytic capacitors

Axial Standard, High Voltage
103 MGB231
1
A
(%) \2
N N
102 N3 M
\\ N
N, N
X AN
‘\ N N
NN \\
N I \\ L
N N
\\\ N
10
Curve 1: 2.2 uF. 4
Curve 2: 4.7 uF. 102 10° 104 0% ¢ (Hz) 10°
Curve 3: 10 pF.
Case DD x L= 8x18 mm.
Tanis =20 °C.
Fig.9 Typical impedance as a function of frequency.
103 MGB232
z
[(9)] V
N
102D
i S N
N3\,
N\ N
AN N
N N
N
NUIN N
N
10 \\ N
k\ N
S N A
~ N —
T -~ T
— T
S=ay
Curve 1: 4.7 uF. 4
Curve 2: 10 uF. 102 10° 10* 10°  f gy 10°
Curve 3: 22 pF.
Case JD x L =10x 18 and 10 x 25 mm.
Tamb=20°C.
Fig.10 Typical impedance as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors

Axial Standard, High Voltage
MGB233
108 ==
mm
N
%
(®)]
N (TN T+ A
102 NN Ql&g. —~~
NS
S
N q 1
\\ N T XS
10 N 18 SN
“:‘ :
s .
AN - 4
AN N L1l _'r: I~
N N
Curve 1: 10 uF, 350 and 385 V; ~40 °C. 1 RO Y 4] . T
Curve 2: 15 uF, 250 V; —40 °C. N =
Curve 3: 33 uF, 160 V; 40 °C. s FEEEss:
Curve 4: 10 uF, 350 and 385 V; 20 °C. S g
Curve 5: 15 uF, 250 V; 20 °C. SRS =
Curve 6: 33 uF, 160 V; 20 °C. 4 |
10 2 3 4 5 6 T
Curve 7: 10 uF, 350 and 385 V; 85 °C. 10 10 10 10 10 10° § (Hz) 10

Curve 8: 15 uF, 250 V; 85 °C.
Curve 9: 33 uF, 160 V; 85 °C.
Case @D x L =12.5 x 30 mm.

Fig.11 Typical impedance as a function of frequency at different ambient temperatures.
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Philips Components Product specification

Aluminium electrolytic capacitors

Axial Standard, High Voltage 041-043 ASH

RIPPLE CURRENT AND USEFUL LIFE

Table 4 Multiplier of ripple current (Ir/lro) as a function of frequency; Irg = ripple current at 85 °C, 100 Hz

FRE(():ZENCY Iz MULTIPLIER
- 0.75
T 1.0
300 1.15
1000 1
3000 L
>10000 18
. MBC243
lA 3.2
G 34
3.0

AN
28 N
ANANEAN
26 \ \\
ANIANANIAN
2.4 I\ N N N,
ANAWANANIAN ——
22 I\ " N lifetime multiplier
N AN AN AN P
20 -\ N \\) ©
NN
b \\ N ‘?oL‘o\ NN
16 DN ¥0 NN % |
LN SR NEANCA I N B WA N AN
1.4 NI\ % NN\ N \\ N
NN XN X NN o
by NS N N AN AN X
P AN AN SANEAN . AN AT AN
0.0 NO X1 AT XN .4 S N
40 50 60 70 80 90 100
Tamb(oc)

|5 = actual ripple current at 100 Hz.
|g = rated ripple current at 100 Hz, 85 °C.

(1) Useful life at 85 °C and | applied;
case @D x L = 6.5 x 18 to 10 x 25 mm: 5000 hours
case @D x L = 10 x 30 to 21 x 40 mm: 15000 hours (450 V: 5000 hours).

Fig.12 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Philips Components

Product specification

Aluminium electrolytic capacitors
Axial Standard, High Voltage

041-043 ASH

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 5 Test procedures and requirements

TEST
PBOCEDURE REQUIREMENTS

NAME OF TEST | REFERENCE (quick reference)

Endurance IEC 384-4/ Tamb = 85 °C; Ug applied; Ugr = 160 V; AC/C: £15%
CECC 30300 case @D x L: - . &
subclause 413 | 6.5 x 18 to 10 x 25 mm: 2000 hours; | UR = 25010450 V; AC/C: +10%

10 x 30 to 21 x 40 mm: 8000 hours tan 6 < 1.3 x spec. limit
(450 V: 2000 hours) Z <2 x spec. limit
ILs < spec. limit
Useful life CECC 30301 Tamb = 85 °C; Ug and I applied; Ur =160 V; AC/C: £45%
subclause 1.8.1 case @D x L:
= . v309

6.5 x 18 to 10 x 25 mm: 5000 hours; et b
10 x 30 to 21 x 40 mm: 15000 hours tan 4 < 3 x spec. limit
(450 V: 5000 hours) Z <3 x spec. limit

ILs < spec. limit

no short or open circuit

total failure percentage: <3%

Shelf life IEC 384-4/ Tamb = 85 °C; no voltage applied; AC/C, tan 9, Z:

(storage at high | CECC 30300 500 hours for requirements

temperature) subclause 4.17 aftertest: U to be appliedfor 30 minutes, see ‘Endurance test’ above

24 to 48 hours before measurement ILs < 2 x spec. limit
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ELECTRICAL DATA AND ORDERING INFORMATION
Unless otherwise specified, all electrical values in Table 2 apply at Tamp = 20 °C,
P =86 to 106 kPa, RH = 45 to 75%.

SYMBOL DESCRIPTION
Cgr rated capacitance at 100 Hz, tolerance —10/+50%
IR rated RMS ripple current at 100 Hz, 85 °C or 10 kHz, 70 °C
ILq max. leakage current after 1 minute at Ug
ILs max. leakage current after 5 minutes at Ug
ESR max. equivalent series resistance at 100 Hz
Z max. impedance at 10 kHz

Table 2 Electrical data and ordering information; preferred types in bold

Ordering example

Electrolytic capacitor 042 series

10 uF/450 V; —10/+50%

Nominal case size: @15 x 30 mm; Form BR

Catalogue number: 2222 042 92109.

CATALOGUE NUMBER
& NOMINAL Ir I ; ; . = e :
Ug 4 CASE SIZE | CASE | 100 Hz 10 kHz Gl L3 AXIAL
100 Hz 1 min 5 min 100 Hz 10 kHz
v) F) @D x L CODE | 85°C 70 °C (LA) (1A) @ @ p———
K (mm) (mA) (mA) H 4 IN BOX
FORM AA i
FORM BR
450 6.8 12.5 x 30 01 110 630 230 105 7.9 4.4 042 91688 042 92688
10 15 x 30 02 170 980 240 110 5.3 3.0 042 91109 042 92109
15 18 x 30 03 250 1400 260 115 3.6 2.0 042 91159 -
22 18 x 40 04 320 1850 290 120 2.4 1.4 043 91229 -
33 21 x 40 05 390 2200 330 130 1.7 1.0 043 91339 =
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ELECTRICAL DATA AND ORDERING INFORMATION
Unless otherwise specified, all electrical values in Table 3 apply at Tymp = 20 °C,
P =86 to 106 kPa, RH = 45 to 75%.

Ordering example

Electrolytic capacitor 118 series

Cr

rated capacitance at 100 Hz, tolerance +20%

rated RMS ripple current at 100 Hz, 125 °C

max. leakage current after 1 minute at Ug

max. leakage current after 5 minutes at Ug

max. dissipation factor at 100 Hz

equivalent series resistance at 100 Hz (calculated from tan 6,4« and Cg)

max. impedance at 10 kHz

Table 3 Electrical data and ordering information; preferred types in bold

1000 uF/10 V; +20%

Nominal case size: @10 x 30 mm; Form BR

Catalogue number: 2222 118 24102.

CATALOGUE NUMBER 2222 ...

Uy | =8 M_M,_\_m_mww CASE SA_U,.E i | hs fopn5| ESR [ 2 AL w_,._‘%__m._m
V) 100 Hz oD x L CODE | 125 °C 1 min | 5min 100 Hz 100 Hz | 10 kHz
(uF) (mm) (mA) (nA) | (nA) (Q) (Q) IN BOX TAPED | TAPEDIN | MOUNTING
FORM AA ON REEL BOX RING
FORM BR | FORMBA | FORM MR
6.3 1000 10x 18 6 251 42 17 0.50 | 0.79 0.8 - 118 23102 | 118 33102 -
1500 10x 25 7 352 61 23 0.50 | 0.53 0.53 - 118 90502 | 118 90503 -
10 220 6.5x18 4 109 20 84| 0.35 2.53 241 - 118 24221 | 118 34221 =
330 8x 18 5 150 24 1 0.35 1.69 1.4 - 118 24331 | 118 34331 -
470 8x18 5 179 32 13 0.35 1.19 1.0 - 118 24471 | 118 34471 -
1000 10 x 25 Z 343 64 24 0.35 | 0.56 0.55 - 118 90504 | 118 90505 -
1000 10 x 30 00 409 64 24 0.32 | 0.505 | 0.45 | 11814102 | 118 24102 -~ -
1500 12.5 x 30 01 590 94 34 0.32 | 0.340 | 0.28 | 11814152 | 118 24152 - -
2200 12.5 x 30 01 634 | 136 48 0.40 | 0.290 | 0.27 | 11814222 | 118 24222 - B
3300 15 x 30 02 826 | 202 70 0.40 | 0.190 | 0.18 | 118 14332 | 118 24332 - 118 44332
4700 18 x 30 03 1035 | 286 98 046 | 0.155 | 0.15 | 118 14472 - - 118 44472
6800 18 x 40 04 1395 | 412 | 140 0.53 | 0.100 | 0.10 | 118 14682 - - 118 44682
10000 21 x40 05 1674 | 604 | 200 0.53 | 0.084 | 0.10 | 11814103 - - 118 44103

ainyesodwsa] ybiH [eixy

sioyoeded o1jA|041088 WNuIWN|Y

1HV 8L

susuodwo) sdijiyd

uoneon1oads Jonpold



6¢ Uel 8664

6Ly

CATALOGUE NUMBER 2222 ... .....

Up | ,CR gene car. | ohe | et | it | g B8R L 2 ARk Slic
v) 100 Hz oD x L CODE | 125 °C 1 min | 5 min 100 Hz 100 Hz | 10 kHz
(uF) (mm) (mA) (nA) | (uA) () (Q) IN BOX TAPED | TAPEDIN | MOUNTING
FORM AA ON REEL BOX RING
FORM BR | FORM BA | FORM MR
16 220 8x18 5 145 25 1 0:25 | 1.81 1.5 — 118 25221 | 118 35221 -
330 10x18 6 204 36 15 0.25 | 1.21 1.2 = 118 25331 | 118 35331 -
470 10x 18 6 243 49 19 0.25 | 0.85 0.83 = 118 25471 | 118 35471 -
680 10 x 30 00 389 69 30 0.22 | 0525 | 0.45 | 118 15681 | 118 25681 - -
1000 12.5 x 30 01 557 | 100 36 0.22 | 0.345 | 0.28 | 11815102 | 118 25102 — =
1500 12.5 x 30 01 609 | 148 52 0.29 | 0.305 | 0.27 | 11815152 | 11825162 = =
2200 15 x 30 02 790 | 215 74 0.29 | 0.205 | 0.18 | 118 15222 | 118 25222 — 118 45222
3300 18 x 30 03 1008 | 321 110 0.34 | 0.165 | 0.15 | 118 15332 = - 118 45332
4700 18 x 40 04 1363 | 455 | 150 0.34 | 0.105 | 0.10 | 118 15472 - - 118 45472
6800 21 x40 05 1627 | 657 | 220 0.38 | 0.088 | 0.10 | 118 15682 - - 118 45682
25 100 6.5x18 4 102 20 9 0.18 | 2.86 23 - 11826101 | 118 36101 -
220 10x18 6 196 37 15 0.18 | 1.30 1.25 - 118 26221 | 118 36221 =
330 10 x 25 7 274 54 21 0.18 | 0.87 0.82 — 118 26331 | 118 36331 -
470 10x 25 Z 327 75 28 0.18 | 0.61 0.57 - 118 90508 | 118 90509 =
470 10 x 30 00 366 75 28 0.18 | 0.61 0.50 | 118 16471 | 118 26471 ~ =
680 12.5x 30 01 515 | 106 38 0.18 | 0.42 0.30 | 118 16681 | 118 26681 - -
1000 12.5 x 30 o1 531 | 154 54 0.24 | 0375 | 0.28 | 11816102 | 118 26102 - =
1500 15x 30 02 691 | 229 79 0.25 | 0263 | 0.22 | 11816152 | 118 26152 - 118 46152
2200 18 x 30 03 919 | 334 110 0.26 | 0.185 | 0.17 | 118 16222 - - 118 46222
3300 18 x 40 04 1280 | 499 | 170 0.26 | 0.12 014 118 16332 = - 118 46332
4700 21 x40 05 1464 | 709 | 240 0.28 | 0.095 | 0.10 | 11816472 - - 118 46472
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CATALOGUE NUMBER 2222

us | L CR %hmum_,m_mprm CASE S%:N i | hs | g5 | ESR | 2 A mm__,,__w__m.w
V) 100 Hz oD x L CODE | 125 °C 1 min | 5 min 100 Hz doo Hz | 10 kHz
(uF) bl oy | 68 | @) © | @ | sox | TAPED |TAPEDIN | MOUNTING
ORI An | ONREEL | BOX RING
FORM BR | FORMBA | FORM MR
40 a7 6.5 18 4 go8| 20 | 78| 011 | 372 | 28 - 118 27479 | 118 37479 =
100 8x18 5| 147| 28| 12 | o1 | 175 | 1.3 . 118 27101 | 118 37101 B
150 10 % 18 6| 207| 40| 16 | 011 | 147 | 10 . 118 27151 | 118 37151 g
220 10 % 25 7| 287| 57| 22 | 011 | 080 | 068 . 118 90511 | 118 90512 B
220 10x30 | 00 | 338 | 57| 22 | 010 | 070 | 055 | 11817221 | 118 27221 - B
330 | 125x30 | o1 | 484 | 83| 30 | 010 | 043 | 033 |11817331 | 11827331 - -
470 | 125x30 | o1 | s22 | 117 | 42 | 011 | 038 | 030 |11817471 | 118 27471 - -
680 15%x30 | 02 | 695 | 167 | 58 | 011 | 0255 | 0.23 | 11817681 | 118 27681 R 118 47681
1000 18x30 | 03 | 852 | 244 | 84 | 013 | 0205 | 0.18 | 11817102 B - 118 47102
1500 18x40 | 04 | 1196 | 364 | 120 | 043 | 013 | 0.11 | 11817152 B - 118 47152
2200 21x40 | 05 | 1403 | 532 | 180 | 0.5 | 0.105 | 0.10 | 11817222 = - 118 47222
63 10| 65x18 4 164 20 | 41] 007 |10 |22 : 118 28108 | 118 38108 -
22| 65x18 4 243 20 | 43| 007 |51 15 . 118 28228 | 118 38228 .
47| 65x18 4 36| 20 | 46| 007 |24 8.9 . 118 28478 | 118 38478 .
10 6.5 18 a 519] 20 | 53| 0.07 |11 5.6 = 118 28109 | 118 38109 .
22 6.5x 18 4 770 20| 68| 007 |51 |32 . 118 28229 | 118 38229 .
47 8x18 5 126| 22| 99| 007 |24 |15 > 118 28479 | 118 38479 .
100 10x 25 7| 243| 42| 17 | 007 | 11 | 07 B 118 90513 | 118 90514 .
100 10x30 | o0 | 262 | 42| 17 | o007 | 11 |10 |11818101 | 11828101 = "
150 | 125x30 | o1 | 415| 61| 23 | 007 | 065 | 0.61 | 11818151 | 118 28151 | .
220 | 125x30 | 01 | 454 | 87| 32 | 008 | 061 | 056 |11818221 | 11828221 - -
330 15%x30 | 02 | 544 | 129 | 46 | 009 | 042 | 040 | 11818331 | 118 28331 ” 118 48331
470 18x30 | 03 | 695 | 182 | 63 | 009 | 031 | 029 |11818471 - - 118 48471
680 18x40 | 04 | o971 | 261 | 90 | 009 | 02 | 018 |11818681 - | 118 48681
1000 21x40 | 05 | 1161 | 383 | 130 | 040 | 016 | 0.15 | 11818102 - - 118 48102
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CATALOGUE NUMBER 2222

Ur Cr mmwwumw CASE _o%:u I 5 | mpy | BR A BEIRL. wﬁmmw
V) 100 Hz oD x L CODE | 125 °C 1 min | 5min 100 Hz 100 Hz | 10 kHz
(uF) (uA) | (uA) @ (©) TAPED | TAPEDIN | MOUNTING
i) (mify _"_n_v,_m_”\_ow> ONREEL | BOX RING
FORM BR | FORM BA | FORM MR
100 47 65x 18 4 36 | 20 49| 007 |24 19 . 11829478 | 118 39478 -
10 6.5x 18 4 52 | 20 6.0| 0.07 |11 9.0 S 11829109 | 118 39109 =
22 8x18 5 91 20 84| 007 | 5.1 4.0 = 118 29229 | 118 39229 =
33 10% 25 7 140 | 24 11 0.07 | 3.4 2.7 S 11829339 | 118 39339 =
47 10% 25 7 170 | 33 13 0.07 | 26 2.0 = 118 90535 | 118 90536 =
47 10 x 30 00 178 | 33 13 0.08 | 26 2.0 | 11819479 | 118 29479 = -
68 12.5 % 30 01 278 | 45 18 0.08 | 1.8 1.2 118 19689 | 118 29689 — =
100 12.5 x 30 o1 303 | 64 | 24 0.09 | 1.4 1.15 | 11819101 | 118 29101 = =
150 15 x 30 02 368 | 94 34 0.10 | 094 | 0.78 | 11819151 | 11829151 - 118 49151
220 18 x 30 03 481 | 136 48 0.10 | 0.66 | 0.55 | 11819221 = - 118 49221
330 18 x 40 04 694 | 202 70 0.10 | 0.45 | 0.37 | 11819331 = = 118 49331
470 21 x 40 05 833 | 286 98 0.10 | 0.33 | 0.28 | 11819471 - = 118 49471
200 2.2 6.5x 18 4 27 | 20 49| 006 |44 23 - 118 90537 | 118 90538 —
47 8x18 5 46 | 20 59| 0.06 |21 11 = 118 90539 | 118 90541 =
10 10x 25 7 85 | 20 80| 006 | 9.4 5.0 = 118 90542 | 118 90543 =
15 10 x 30 00 129 | 22 10 | 0.046 | 476 | 3.75 | 11892159 | 118 90012 = =
22 12.5 x 30 01 198 | 31 13 | 0.046 | 3.17 | 222 | 11892229 | 118 90013 - -
33 15 x 30 02 242 | 44 17 | 0.046 | 211 | 1.11 | 11892339 | 118 90014 - 118 90002
47 18 x 30 03 317 | 61 23 | 0046 | 1.48 | 060 | 11892479 = = 118 90003
68 18 x 40 04 428 | 86 | 31 | 0046 | 1.02 | 042 | 11892689 = = 118 90004
100 21 x 40 05 551 | 124 | 44 | 0.046 | 096 | 0.39 | 11892101 - - 118 90005

ainesadwa| ybiH eixy

slojoeded o13A|04108|8 wWNUIWN|Y

1HV 811

syusuodwo) sdijiyd

uoneolyioads Jonpold



444

6¢ UEl 8661

‘leuiway anisod ayy Ayjuapl o} ubis +, e

[euiwia) aanebau sy} Ajuapl o) pueg e

uibuo jo Aiojoey Buneoipul 8poy) e
.29 031, YIM 80UBPIOOO. U ‘8p00 8jeq e

(SdITIHd) Jeinioejnuew jo swen e

(81 1) Jaqwnu dnoin) e
Do G8 PUB O, G2 1B (A ur) 86e}0A pajey e

.29 D3/, YIM 80UBpPIOdJ. Ul Jo)8| 8pod ‘eoueloeded pajel U0 80UBIS[0]

(4n ui) @oueyoRdED POlRY o

:uoewlojul Buimoljo) eyl yum (ajqissod siaym) payiew aie siojoeded ay|

ONIIHVYIN

24N o} pasiel aq Aew (Hn) abeyjon pajel ayl ‘O, 685 Jo sainjesadwsay jusique je suoneoldde o4 |

(1o18016 SI J9ABYDIYM)
V11 0Z 10 w1l + 80 x 809000 5 M|

40 je sjnuiw | Jaye

1ualino abeyesn

3JON
A 0sz | gzt 00} €9 ov Ge 9l ok 0, 68594 gdn
A 00z | 00L €9 (07 G2 9l oL €9 . 621 0} Gg < IUE| 8N
1INN SaNvA SNOILIONOD JO9INAS
| 8l0u ‘ainjesadwa) Jusiqwe paonpal Je sanjea Buneidn ¢ a1qeL
Hu 6¢ "dA Hu 66 "dAy or x 12
Hu 6g "dAy Hu v "dAy or x 81
Hu 6€ "dAy Hu 0g "dAy 0€ X 8L
Hu 6¢ "dA Hu gy "dAy 0E X Gl
- Hu of dAy 0EXG2L
= Hu gg "dAy 0E X0}
= Hu g¢ "dAy Gz X0l
= Hu 69 dAy 8L X0l
~ Hu gg “dAy 8L x8
= Hu gL dA 8L X569
‘ww 1 X g esed (‘|SE|) 20uelonpul salies 1ue|9/\!nb3
aouejonpu|
v1i & + 80 x 80520005 9| 8M 1e sejnuiw G Jaye

juaiing
AEE2S0 obe)joA asionay
ENxgLLsen spouad poys 1o} abeyjjon abing
abejjon
d3AaN3 3T1ONIS AVIXV
SNOILIONOD H313NVHYd
3ANTVA

ejep |e01199|9 [eUOIIPPY

1HV 811

ainjeladwsa] ybiH jeixy
sloyoeded o13A|0J410818 WNiuIWN|y

uoneonioads 1onpold

syuauodwo) sdijiyd



g€y 6¢ Uer 866+

"ainjeladwsa) Jusiquie Jo UolOUN B Sk soueyoeded jo saydiynw [eoidA| 9'6i4

‘ww oy x L2 010€ X 0L =7 X QU 3se)

(@) 9uEy 'ZH 00} ‘Q. 02 ¥e douejoeded = 09
09L Ovk O0Zk 00 08 09 OF 02 O 02— Ov- 09- "AOLA €9y BMND
90 ‘A'SZ A 9} i€ BAINY
t.’ ‘A €9 A OV 2 8nnD
] "A 002 ‘A 00} i} 8MIND
: L0
| | €
/g0
/ 2]
A 60
9 P%
| L
//
L T gk
’f |
//
L b
7
4 %
2 9
el

662dON

‘ainjeladwa} Jusiquie Jo uoioun) e se aouejoedeo Jo Jaidiynw eaidAL g B4

‘Wi Gz X 0L 01 8L X §'9 =7 X QY ¥se)

(0,) AR 'ZH 001 ‘. 0 ¥e 8ouBNoRdED = 00
09t Ovk Ozt 00k 08 09 Oy 02 O 0Z- Ob- 09- ‘A €91z 8AIND
[ ] I o "A£9:L 8nND
z+— 20
g0
/
7 - 60
A/
A |
///;/ o
| T LA .
/
\ // 95
| é A )
gecaon : el
(D) @oueyoeden
aineladwa] ybiH |eixy
1HVY 811 siojoeded 213A|043088 wWNUIWN|Y

uoneooads 1onpold syusuodwo) sdijiyd



14494 6¢ Uer 8664

*Aouanbalj Jo uonouny e se soueyoedeo jo Jaldinw jeaidA] g'6i4
‘Ww Oy X LZ 03 0€ X 0} =7 X @Y 3se)
"ZH 00} ‘0. 02 Y& oueyoeded = 09
0L (zH) 4 0t 201 oL ‘A €9 :88MND
S0 ‘A OL :Z8MnD
"A 9L 19 8nng
\ | "A S2 :G amnD
90 ‘A O ‘¥ ®MND
2 ‘A €9 :€ OMND
"A 00} g 8uNnD
£ . "A 002 :} 8uND
\ N 10
__5; \\
\
N \\\\\\ -
S
NN \\\\
14
h*é b \\‘k\ N 60
Mo TS NN
e ::\Q\:Esg\
\--E
— I oL
T 09
B 23
ik
Lyegon
*Aouanbayy jo uonouny e se aoueyoeded Jo Jaidiynw jeoidAl /614
[ ]
‘Ww GZ X 0L 03 8L X §'9 = X Y 3sBY
*ZH 00} Q. 02 & 8ouejoedeo = 09
0L @ Lol 0t 20t ok "NE'9:LBNND
0 ‘A Ol :9 8AN)
"A 9L g annD
"A G2 i 8uNnD
co ‘A Ob i€ 8N
\‘\ (41 G12) A 00k ‘A €9 g BMND
\ 9\ \ (47 G1>) A 002 O} A €9 1} BAIND
\ \ Ne \ Vo
\\ \ N \\ \\
\4
\ \ \ \ \ 90
N ‘\ \ N
hUMNEANN)
N \ \
N
>x \ N \\ N\ 80
N
L \._\:\ N \\N:\
o't
0o
)
c'l
oregon
1HY 8LL ainieladwsa] ybiH jeixy

sioyoeded o1Aj04108]8 wniuIWN)yY

uoneayoads jonpold sjuauodwo) sdijiyd



ri4 6¢ Uer 866

‘ainjeladwa) Jusiquie Jo uoiouUN} B se YS3 4o Jaidninw jeoidA oL B4
‘Ww Op X 1Z 01 0€ X 81 =1 X AQ 9s€)
(o5 ey ZH 00} ‘0. 02 18 [ealdA} = 0ys3
oSt 00} 05 0 0s- 001 - ‘A 002 ‘A 00} i€ 9AIND
o ‘A €9 A O ‘A G2 7 SMND
‘A9LAOLAEY L auND
b1
=7
N 3
& N
N
A
N\
ok
\
52 Oys3
v Hs3
1 vT
I £
|
er28ON : : 20!
‘ainjesadwsa) Jusiquie Jo uonouN) e se Ys3 Jo Jaydynw jeaidA] 6614
‘Ww 0g X G 0} 8L X §'9 =1 X QY 8se)
(9,) qWey "ZH 001 !D6 02 18 201l = OH4g3
05t oot 0 0 05— M= A9LIAOLIAEY EBAND
y=0 ‘A €9 ‘A OF ‘A 2 2 8unD
"A 002 ‘A 001 1 BAIND
e
&3
—
N L
8 \\
N
\\
X
\ ok
\ Ouys3
\ us3
2626890 2ok
(4S3) @oue)sisal salias juajeainbg
9 aJmeJedwel qﬁ!H |eIxXy

siojoeded onAj04108[8 WniuIWN|y

uoneolioads jonpoid sjuauodwo) sdijiud



9cv 6¢ Uer 8661

‘Aousnbalj Jo uonouny e se Yg3 Jo Jaidninw |eoidAL z1 B4

‘ww Qp X LZ 01 0€ X 0L = X QY 8sed
‘ZH 00} ‘. 02 1e [ealdA) = 04g3

o @i o Ot 20t ot ‘AOL'AE9:GanND
0 ‘A G2 A QL ¥ aMND
"A€9 ‘A OF '€ 8NIND
"A 00} g 8N
L] "A00Z :} 8uND
FT
T~ .
- ¥0
Z -.-.-._‘N\ \\\
_______i """‘~\\ "«\ ‘\\
4 = <
5 T TN \\\\ 80
LN
RN
NS
Ny
| T
€
-
) Oys3
| HS3
L
L ‘ 9L

Sreaon

‘Aousnbaly jo uopnouny e se Ys3 Jo Jajdiynw jeoidAy |1 By

‘Ww Gz X 0L 01 8L X §'9 = x A 3seD
“ZH 00} Q5 02 1e [ed1dA} = 0gS3

S0t (zH) 4 ,O0b Ok 201 (o] ‘A9L A OL A €9 b anND
9 ‘A §2 € BMND
‘A Ob g @ung
(41 GL=) A 0Ok ‘A €9 1} BAIND
iy )
L T
— I~
——— — N
1T et 1 N
T el DN ON .
v TS 80
M
Nt
\é Al
i
<
L 9l
Oys3
ds3
rreaon o
LHVY 811 GJNlBJGdUJG_]_ l.lﬁlH |eIXYy

sioyoeded oi3A|0410818 WNUIWN|Y

uoleolyoads jonpoid syusuodwo) sdijiyd



Ley 6¢ UEl 8661

‘Kousnbeuy Jo uonouny e se souepadwi jeaidA| 41 Big
D008 =10
_ ‘Ww 62 X 01 =7 X QQ 8seD
90t g0t 0+ g0t O o 4110001 ¥ 8AIND
T “
41 022 2 enny
. = s== N 41004 11 anny
NN +
\\ \\v
\‘ N S\‘
N z&
S
N
20t
(v5)
z
Zvzaon €0t
‘Kousnbaly Jo uonouny e se souepadwi [eoidA] ¢} Bi4
0002 =°1
‘ww gL x 8 =7 x ay 9seD
o @ o »0+ ¢O 20 o 41 0zt 1 oD
B 411 022 :¢ auND
‘41001 g2 8D
4 2y 1L annD
~ N L
™~ \ \\\ ™N
NN
v
NEeN
\\ ~
N
201
(v5)
Z
9Z8ON e0t
(2) aouepaduwy
g alnjesaedwsa| ybiH |eixy
1Hv Ll siojoeded 2134|04108(8 wnUIWN|Y

uoleo1oads 1onpoid suauodwo) sdijiyd



82y 6¢ Uel 8661

‘Aousnbayj Jo uonoun; e se aouepadwi [eoidA] 91 -6i4

Q0 02 =%°)
‘ww 0g X §'ZL =X QY 3seD
Lot @H 4 o Ot L0t &0t 0t ot "A€9 41 00E€ 111 BMNY
10k ‘A €9 4110022 PUB A OL ‘4110022 0L 8MND
l oy ‘A 0L ‘411 00G L pue A 9} ‘411 00G } 6 dAND
P 5 NS RN “A 91 ‘411000 PUE A G2 ‘4T 000 | ig BAIND
S N _ ‘A G2 411089 £ M)
7 = = = ‘A OF ‘41 0% :9 BAIND
S O i ‘ _
/ N \\ RN N ‘A O ‘411 0E€ :§ MY
i N t\‘\ :\\OL ‘A £9 ‘41 022 ¥ annD
> NORN T "A €941 08} € BN
\\ \}\ 8 ‘A 00L ‘411 89 :g ann)
=== Ié "A 00z ‘4 g 1L enng
N\ ANN
\ NN\ S
N WINY?
N
. g
b,
T4 m—
ok
\ 4
, AL ©)
: z
! !
: 0L

6r2dON

‘Aouanbayj Jo uonouny e se aouepadw [eaidA] G| 6i4

Qe Op— =51
‘ww g X gl =1 x Ay esed

L0 @EH L oy QoL o Ol L0t oL A €941 00€€ 1L L 2nND
0L A €9 ‘4110022 PUB A 0L ‘411 0022 :0} 8AND
‘A OL ‘411 00 | Pue A 91 ‘41 00G | :6 8AIND
"A 9}k ‘41 000+ PUE A G2 ‘41 000 } 8 8MND
‘A G2 ‘411089 1L 8AND
! ‘A O ‘411 0Lp 19 BAIND
" - ‘A Op ‘471 0EE g BAIND
N |
A NI ‘ ‘A €9 ‘31 022 ¥ annD
> o " ‘A €941 08t € annD
—HL N “A 001 ‘47 89 2 BMIND
= S 8 ‘A 002 ‘47 22 1} BAIND
RUOTNC SN L
N N

‘ N \\ NN 24

‘ pL |

T N ol |

N
\;
==
= .ol
4
N
| | @
i z
! !
= I 0L

8redoON

aineladwa] ybiH [eixy

LY ik siojoeded 2114|04109|8 wnuIWN|Y

uoneoyoads jonpold sjusuodwo) sdijiyd



6cv 6¢ Uel 866}

“Aousnbeuy Jo uonouny e se souepaduw jeoidA] gL B4

0008 =°)
‘ww 0g X 84 = X QU 9z|s ased
01 @H 1 oy Ot L01 ot S01 ot ‘A €9 410089 8 2AIND
T H ‘ ‘ H . . T 2.0k A Ok ‘41 00y 2 8N
1N || | | Il "A 8L 41 00gE 9 omNnY
i | I ‘A S2 ‘410022 g e
i ! i ] ‘A OY ‘410001 ¥ 8MND
= o o ‘A €9 '41 0Ly € BAIND
A =T~ RN - "A 001 ‘41 022 2 8nnD
/o N N \ NN ‘A 002 ‘41 Lt 1L aning
/ W
Avjil NN
2 I \ N\, n
- I‘ AN \\ o—
S L=
v N \ \ \ J
LN NN 9
/ ANIHHA AN g
N
N\
(B . o —
= i N ANg— ot
N\ g ()
1 > { Z
e — ! |
; : o HEEE ST — 20L
Lscgon

“Aousnbauy jo uonouny e se souepaduwi [eaidAL /1 Bi4

Do Ofy—=E]
‘ww o€ x 8L =7 x QY ase)
‘A €9 410089 8 8AND

(zH) 4
Pk o0t 0t 0 g0t 0t Ot ol "AOL ‘41 0027 :L MY
—— - T T = P . §
M1 g ‘ H ‘M w 1 A 8L ‘41 00g€ 19 8AIND
T T T ‘A G2 ‘41 0022 i 8nND
— N ‘A OF ‘410001 ¥ 8BAIND
i ma 11 i ‘A €9 ‘41 0Ly i€ 8AIND
£ =5 = 1 ‘A 001 ‘41 022 12 amng
T~ ~ | ‘ .
/| N~ ‘ ™ Nz "A00Z ‘41 Ly 1L 8MND
/ | T —— il \S 9 |
T T ] ~_ | N L ar—
B N =
.
S— (018
| ‘ ] N |
T T
ot
N i e
| (v5)
i i 4
I T I 1
e ] ;
: ==

oscaon

ainjesedwa] ybiH [eixy

1HV 8L sloyoedes onAj04108]9 wniuwN|y

uoleolloads jonpoid syuauodwo) sdijiud



(0534 6¢ Uel 866}

‘G 8|qe. 8es ‘peoj| ualno a|ddu pue ainjesedwsa) JUSIGWE JO UOKOUNY B SE 8yl [njasn jo Jandnpy 61614

'sinoy 000+ :peljdde ¥ pue O, Gz1 1e 8yl Inyesn (1)
Do G2} ‘ZH 001 1e ueund ojddu pajes = |
‘ZH 00} e Juauno ajddu [enjoe = ¥|

(0p) ML
oet ozt oL 001 06 08 oz 09 0s or
AN NN o TR < R 1% TN o
X R N NN O O Y . NN N ‘ON_ =
N N N N N S N P\
) NN NENL NN N kN >
SIS R NS NN NES ot
N N b . NN DN\__1\ N
N, NI\ NN N N X1 N\ 91
N N\ NN N @\ N\
W LN N . W WL NEEPAN L.
X \ SIS T NN SN
N X X <N\ X [N Y 0z
h Y Nl X NEZ AN e |OX
N\ NN RN NN = -
AN N AP N\ \\ N
N\ Sl e N ININTNE NN ] .
NI S AN AR W W NEAN
AN NGLN A W AN AN N N
I \\ ENANER W N WA
N NN 1
Jaidinw swiay e \\ \\ \\ \ \ \\ \\ _
\ N \\ \ \\ \ e
LR N -
\\ \ \\ N ze
AN NN W AN
\\ NN T,
NNCRN
AN .
N gt
| \\ A RNIA i
N\ \k \\ -
\‘ \\ 6¢
N o
N L'y
\\1 Ty
ey !

2r2oan

3417 IN43SN ANV LN3HHND 37ddId

ainjesadwsa] ybiH [eixy

1HV 81} sioyoedes onAjo1109]e WNUIWN)Y

uoneoloads jonpold sjusuodwo) sdijiyd



LEY

6¢ Uer 866

Jwi| -oads s €7y
H ™
| *08dS S @ UB) N ¥e sinoy 5z | Aq pamoj|o} GL'v esnejogns
A L==N1kesinoy Gg| 00€0€ 0030
%0¢+F :0/0V 10, G2l =ME) /p-¥8¢€ O3 | ebejjon esiensy
JuswiaINsesw 810jaq sinoy gy 0] $2
Huwij o8ds x 2 s 97 ‘sanuiw Qg 10} patjdde aq 01 Hn :1s8) Jeye
9A0QE }$8} 90UBINpUT, 98S sinoy 001 :A 002 PUB 001 = &N /L'y esnejogns (aunyesadws)
sjuswalinbal 1o} '$IN0Y 00S ‘A €9 01 £'9 = Hn 00£0€ 0030 | Ybiy 1e abeios)
'Z ‘Q ue} ‘D/oVv ‘paljdde abeyjon ou 10, Gg| = IWE) /v-¥8€ O3l aJll Jlays
%S :abejuadlad ainjie) |10}
}No.110 uado 10 poys ou
Hwi| "oads s §7)
ywi oeds x g5 7
Hwi| -0ads x ¢ S Q ue)
o {] . H
%S+ :0/QV-A €9 <N SIN0Y 000 1'g'| esnejgns
%0S—/S¥+ :0/OV ‘A €95 8N ‘paljdde Y| pue H¥n 9, Gg| = M L0€0€ 0030 ajll Injasn
| -oads s 97y
Jwy oeds xgsz
Jwij oeds X €| S Q uey Sinoy 000 € ‘WW O X L2 0} 0E X Ok
. T 'sInoy 000¢ ‘WwW GZ X 0} 01 8} X G'9 €'y esnejogns
0, d
%G HF :0/OV ‘A €9 <Hn sEzE Ews 00808 9935
%0€—/GL+ :0/OV A €95 8N ‘paydde Hn 19, Gg| = ME| /7-¥8€ O3l aoueInpuy
(e9ouauajai yoinb) 3ON3H3434 1S31 40 JNVN
SININIHINO3H :
34NA300Hd 1s3l

sjuswalinbal pue sainpadoid 1sa] 9 a|qeL

“Sluswalinbay pue s}se ], UONV8S ‘oogpuey sy} Ul palloads aie sjuswalinbal pue sjse) [elaust)

SLININIHINO3H ANV S1S3l J14103dS

vl et zh 00001<
ce't ge'l GL'L 000€
et 27k 2zl 000
2z AN 101 00€
ot 0t 0k 00}
§8°0 60 S6°0 0S
A 00Z 01 00} = ¥n A €9 010V =Hn ASzo1E'9=4n (zH)
EREITR AON3INO3HH
61°0i4 098

ZH 001 ‘D. G2 e aund a|ddu = 04| ‘Aouanbaly jo uonouny e se (Od|/H)) uauino aiddu jo Jaydiyny G ajgeL

1HV 8L1

ainjeladwsa] ybiH jeixy

siojoedeod o1Aj04108(8 WniuiwNly

uoneoloads Jonpoid

syusuodwo) sdijiud



4574 6¢ Uelr 866}

€€00/1€00 31N = Jenolddy
96/5c}/SS 89 D3| Aobajeo anewn

00€0€ 0030/¥-¥8€ O3l uoleal1oads |euonoss uo paeseq

sinoy 001 A 002 PUB 001 =8N
sinoy 00§ A€9010L =¢Hn

{06 G2 ‘A 0 1e 31| J]Iaus

sinoy 00000S sinoy 000005 paiidde ¥| 8'L ‘D, OF ¥e i Injasn

sinoy 000¥ :A 001 :sinoy 000G sinoy 000+ 0o G2l 1e 8l Injesn
sinoy 000€ ‘A 001 ‘sinoy 000 Y sinoy 0002 Do G2 1B 1s8) ouRINpU]
sinoy 005 sInoy 005 Do 0G 1B s8] 8ourINpU]

Qo G2+ 0} GG~ abues ainjesadwsa) Aiobere)

A 002010} Hn ‘ebues abeyjon pajey

%05+/0}— d9 uo adueIs|0]

41 001 0} LY H9 ‘abues soueyoedeo pajey

Ov X k201 0€ X O} GZxX0L018L%XG9 (W uy Wou x Woun ) sazis asen)

INTVA NOILdIHOS3a
V.iva 3ON3H343H MOIND
(s1eah 1) abeyjon 1noyim
JuEjSISal abeiojs Buoj Aien Jeye esn 1o e ‘ UO!IE‘O!UNU?JOOGIGl

%00Us pue uonelqiA Juepoduw si Buiidnooep ‘Buiidnod ‘SAINS puE d@3 ‘|041u00 [euisnpul ‘Arejiy e
1ybiay Bununow Moj 818ym asn 10 e ul Builayng ‘Bunayy ‘Buiyioows e SNOILYDITddVY

$50800

1HV 8L

suoisuawip
J9|jews

(0. 521)
NIQ-1HV 611

b= O S01/0- S8 =P | NIG-TTV 24

'sau||ino usuodwo) | Bi4

-
——
——

‘Aijigedeo juauno aiddu ybiH e
(0. 0G1 03 dn s|gesn) O, G2l
:abuel ainjeiadwsa) pepusixy e
Aunqeres ybiy ‘Anpiqess ybiy
‘0. G2 ¥e sinoy 000 ¢
:9Jl| Injosn Buo| BAXT e
jooid abieyosip pue abiey) e
uolJasul oljewone
10} 9|qe|IBAR WW O X G|LCJ 9SBO
0] dn suoisian pade| e

Jalj81 ainssaid
YIMww Of X |2 01 0€E X 0L 8se) e
paje|nsul jou (papus a|buis)
uoisian Buu Bununopy e
9A89|S aNn|g B YlIm paje|nsul ‘aseo
wnjuiwnfe [eoupuljAo ‘spes| [eIxy e
pljos-uou ‘sioyoeded
o1314|04108|8 WiniuIWN[e pazielod e

S3dNivad

paseq-NIq ‘@injesadwa)] ybiH jeixy

NIQ-1LHV 611

sioyoeded 2134|04309|9 winjuIWNyY

uoneaiyoads Jonpoid

sjuauodwo) sdijiyd



eey 6¢ UEl 8661

‘leuiwsa) aalisod ay) Ajnuspl 0y ubis +, e

[euiwla) aAnebau ay) 81edlpul 0} pueg e

uiblio jo Alojoey Buljeosipul 8po)) e

.29 D3I, YUM 90UBPIOIJE Ul ‘9pod aleq e

(SdITIHd) J8injoejnuEewW JO swep e

(61 1) Jequnu dnolg) e

0o §8 PUB O, G21 1B (A Ul) abeloA pajey e

.29 D3/, YIM 80UBpIOODE Ul Jo)I9| ©p0d ‘eour)ioeded pajes U0 9ouUel|0] e

(41 u1) eoueyoeded pajey e
:uonewuoul Buimolol ayy yum (ejqissod alaym) paxlew ale sioyoeded ayl

ONDIHYIN
- . = = N ov < 12 or X 12 00Lt
= = i = = ov X Ile oy X 81 oocee
& 5 = ov X 12 o X 12 ov X 81 o€ X 8l 00ce
= . = oy < 12 oY x 8l 0€ X 8l 0€ X 8l 005 +
- - (1) 2 4 o X 81 0€ X 8} 0€ X G} 0€ X G} 000}
&= = o X 1e 0 X 8l 0E X8l 0€ X G| 0gExGelh 089
= = = = = = 0E X G¢Ch o
= ov X 12 ov X 81 0€ X St 0€ X G¢Ch 0€ X Gg¢Ch G2 X0l
= ov X8l 0g X8l 0E X G| 0E X G2l 0E X G2l s 0ee
= = = = 0€ X g¢Ch = = T
- 0€ X 81 0€ X G 0€ X G¢Ch G2 X0} Ge X0l 8L X0l
- 0E X Gl 0E X GlL 0ogExXgch - . - oSt
= 0€ X G} 0€ X0} Ge X0l 81 X0} 8L x8 81 XG9 00}
& 0EXg¢ch 0€ X0} = = = - 89
- 0g X0l - S 5 = - m
= Ge X0l 8L X0} 8L X8 = 81 XG9 =
N 8L X0l 8L X8 - 81 X 69 - - [44
Ge X0} 8L X8 81 X§9 N - = = ol
8L X0} 81 XG9 = = . - o LY
002 00} €9 ov 14 9l 1] (4m)
(N ¥n ¥
pjog ui sadA patisjaid
(ww ul 7 X @Q) Sazis ased |eulwiou JueA3|al pue dn ‘89 10) eyd uonosies
aseq- ‘@injesadwa] ybiH [eix
NIG-LHY 611 paseq-NId 1 | UYOIH [BIXY

sJo)oedeo o114j0J108]8 Wniuiwn|y

uoljeolioads 1onpold sjusuodwo) sdijiud



1494 6¢ Uer 8661

VY Wio4 ‘aulpino [euoisuawiqg €614

‘| 9|ge ] 98S suoIsuswIp 104
‘ww 20 Aq pepaadxa aq Aew X®Yq palels 8yl ‘WW OF X LZ PUB OE X 8| S8ZIS 8SeD 104

‘ww op X L2 01 0€ X 0L =7 X QJ ased
X0q Ul [BIXY Yy Wiod
‘wiw U suoisuswig

-~ o ~-——>‘
" ]
980600 U
T 0 ; I
ag =l£q ‘ +
i U

-— | T EE —J% g ‘ !

Pl f e

v
=] P2

w
|

"'Hg pue vg swio- ‘auipno jeuoisuswiq z'bi4

“Buibexoed, uonoag joogpuey siy) ul payioads ale suolisuswip ade|
‘| 8|ge @8s suoisuawip 104

‘Ww Gz X 0} 0181 X §'9 =" XY ased
‘(oedowwe) xoq ul pede] :yg wio4

‘wwi 0g X G} 031 81 X 69 =7 x QY 8sed
‘|91 uo pade] :Hg wio4
‘ww uj suolsuswiq

L-g6108NW

=3¢

=

0 T

0L 1=
R P o &

9LFeL ——mm—————

S3AILILNVYNO DNIDVXIOVd ANV SINHOS 318V TIVAY ‘V.LVaA TVOINVHOIN

! paseq-N|Q ‘@injesadws] ybiH |eixy
NIQ-LHY 611 sJojoeded o134|04108|8 wniuIwN)y

uonealoads 1onpo.d sjusuodwo) sdijiyd



Sey 6¢ Uer 866+

001 L6lL= Sy |20¥Sie| S | Sie | votOoL | 80 S0 ovx1eg

001 Syl= Sy | 20Ts8L| g6l S8L | ¥0+0L | 80 0 O X 81

002 b= € | 20¥g8L | G6L S8l | ¥0+0L | 80 €0 0E X 84

002 9'8= ge | 2oTgoL | gL SGL [ ¥o+0oL | 80 20 0€ X G}

(ww) | (ww) | (ww) | (ww) | (ww) | (ww) (ww)

S3AILILNYND (6) xew e Xewzqos | Xewqos | apgy 1pg | 300D 1xag
ONIOVIOVd | SSYIN 3svo | 3JzIS3SVD
HIN INHOH ONIH DNILNNOW HLIM Q3AN3 I1ONIS TVNIWNON

614 @9s ‘sennuenb Buibeyoed pue ssew ‘papus ajbulis z a|qeL

‘suid pue Bui Buunow yyum papus a|buls YN WioH ‘euljno pue weibelp sjoy Bununopy 4 B4

'Z 8|qe | 88S Suoisuswip 104

—Ta 209 ) "SUOIJBIGIA PUB SY%00US 818A8s UM suoleoljdde 1oy Ajjeroadsg

‘(1sanbas uo uole|NSUl) paje|nNsul Jou ase)
[Heley] —>‘ e

go- ¥ WW op X 12 0} OF X G} = 7 X AP 9SE HI W0

0+ L ‘—tr’\ ﬂ /‘ ‘Ww ul suoisuawiqg

ss|oy Bununow

--——

—_ % A

- - 00+ 1ve= | sy | s | g2 | 1Fve | 80| <o oy X 12
- - 00+ v6l= | Sy | Sy | S8L | LFvE | 80| O or X 81
- - 002 62k~ ge | goe | g8 | 1¥s5 | 80| €0 0€ X 81
0s2 - 002 L= ge | goe | g5t | 1xgs | 80| 2o 0€ X G
00t - 002 y/= ge | goe | oet | k¥SS | 80| 10 0% G2l
005 - 002 gy~ ge | soe | sor | L¥sS | 80| 00 0€ X 0l
005 008 - g'e= oc | 0sz | got - |so| 2 SZ X0k
005 005 - g~ Gz | g8k | SOk - | 80| 9 81 X0l
005 008 - L= Gz | g8L | S8 - |eo| s 8l %8
000} 000} - gL~ sz | g8+ | 69 - | 80| ¥ 8L XG'9
usg ve vy (ww) | (ww) | (ww) | (ww) (uw)
nHO4 WHOo4 nHo4 (6) wwy | xewq | xewqo | | PZ) 3000 e
SSVIN 3svo | 3zIS 3svo
S3ILILNVYND DNIDVMOVd Hd pue ‘v ‘vv INHOA TVIXY TVYNINON

¢ pue g sbi4 aas ‘sannuenb Buibeyoed pue ssew ‘suoisuswip [eoisAyd {jeixy | a|qeL

paseq-NIq ‘esneladwsa] ybiH [eixy

NIQ-LHV 611 sJo)ioedeo o11A|0J108]8 WnIuIWN|Y

uoleol10ads 10npoid sjusuodwo) sdijiyd



6¢ Uel 866}

9EY

ELECTRICAL DATA AND ORDERING INFORMATION

Unless otherwise specified, all electrical values in Table 3 apply at Tomp = 20 °C,
P =86 to 106 kPa, RH = 45 to 75%.

SYMBOL

DESCRIPTION

Cr

rated capacitance at 100 Hz, tolerance —10/+50%

IR

rated RMS ripple current at 100 Hz, 125 °C

Iy

max. leakage current after 1 minute at Ug

s

max. leakage current after 5 minutes at Ug

Tan 6

max. dissipation factor at 100 Hz

ESR

equivalent series resistance at 100 Hz (calculated from tan ,,ax and Cg)

z

max. impedance at 10 kHz

Table 3 Electrical data and ordering Information; preferred types in bold

Ordering example

Electrolytic capacitor 119 series

470 uF/16 V; —10/+50%

Nominal case size: @12.5 x 30 mm; Form BR

Catalogue number: 2222 119 25471.

CATALOGUE NUMBER 2222 ... .....
NOMINAL I
Un |, oochN CASE SIZE | CASE | 100 Hz ; _h_: . __ﬂ: Tans :m%nn : oM:N s s e
V) oDxL |CODE|125°C 100 Hz TAPED | TAPED
{0F) (mm) ma) | A | (A) &) @ _u"w_ww_o” s | ONREEL | INBOX go_muu_,z\_ﬂ”\_”_zo
FORM BR | FORM BA
10 | 100 6.5x 18 4 130 | 10 6 | 02 35 2.2 | 11924101 | 119 34101 &
220 10% 18 6 240 | 17 84| 018 | 1.3 1.0 - 119 24221 | 119 34221 =
470 10 x 25 7 380 | 32| 13 | 018 | 061 | 049 - 119 90501 | 119 90502 -
470 12.5 % 30 01 550 | 32 | 13 | 0.16 | 054 | 0.38 | 11914471 | 119 24471 - =
680 12.5 x 30 01 500 | 45 | 18 | 020 | 047 | 0.38 | 11914681 | 119 24681 = .
1000 15 x 30 02 715 | 64 | 24 | 020 | 032 | 0.24 [11914102| 119 24102 - 119 44102
1500 18 % 30 03 945 | 94 | 34 | 022 | 023 | 0.17 | 11914152 . - 119 44152
2200 18 x 30 03 | 1025 | 136 | 48 | 026 | 019 | 0.17 [11914222 = ~ 119 44222
3300 18 x 40 04 | 1405 | 202 | 70 | 027 | 0.3 | 0.10 |11914332 - - 119 44332
4700 21 x 40 05 | 1700 | 286 | 90 | 030 | 0.10 | 0.09 |119 14472 - - 119 44472
16 | 47 6.5x 18 4 110 | 10 | 55| 013 | 44 22 - 11925479 | 119 35479 -
100 8x 18 5 170 | 14 | 72| 013 | 21 15 - 11925101 | 119 35101 =
220 10 25 7 300 | 25| 11 | 013 | 094 | 055 - 119 25221 | 119 35221 e
330 12.5 x 30 01 510 | 36 | 15 | 013 | 063 | 0.38 11915331 | 11925331 u -
470 12.5 x 30 01 565 | 50 | 19 | 015 | 051 | 0.38 [11915471 | 119 25471 - -
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CATALOGUE NUMBER 2222 ... .....

NOMINAL I
Un So%zn CASE SIZE | CASE | 100 He 1 _ﬂm: 5 _wms s :mw nN ::NAIN L e
(V) oDxL |CODE |125°C 100 Hz TAPED | TAPED
¥ (mm) ma) | ®A) | WA) I _n_nw_mm_u_ow\y ONREEL | INBOX zoﬂuw__q_msm_zo
FORM BR | FORM BA
16 | 680 15 % 30 02 680 | 69 | 26 | 0.15 | 0.35 | 0.24 | 11915681 | 119 25681 = 119 45681
1000 15 x 30 02 735 | 100 | 36 | 0.19 | 030 | 0.24 |11915102 | 119 25102 - 119 45102
1500 18 % 30 03 970 | 148 | 52 | 020 | 021 | 0.17 [11915152 = - 119 45152
2200 18 % 40 04 | 1310 | 215 | 74 | 020 | 014 | 0.10 |119 15222 = = 119 45222
3300 21 x 40 05 | 1650 | 321 | 110 | 022 | 011 | 0.09 |119 15332 - 2 119 45332
4700 21 40 05 | 1700 | 455 | 154 | 0.28 | 0.09 | 0.09 | 11915472 = = 119 45472
25 | 22 6.5x 18 4 85 | 10 | 51| 010 | 7.2 3.2 = 119 26229 | 119 36229 =
100 1018 6 210 | 19| 9 | 010 | 16 1.0 - 11926101 | 119 36101 -
220 10 25 7 350 | 37 | 15 | 010 | 072 | 058 - 119 90503 | 119 90504 -
220 12.5 x 30 01 500 | 37 | 15 | 0.09 | 065 | 0.38 |11916221 | 119 26221 - .
330 12,5 x 30 01 555 | 54 | 21 | 011 | 053 | 0.38 11916331 | 11926331 - =
470 12.5 % 30 01 610 | 75 | 28 | 0.13 | 0.44 | 0.38 | 11916471 | 119 26471 E
680 18 x 30 03 810 | 106 | 38 | 013 | 030 | 0.17 | 119 16681 - » 119 46681
1000 18 x 30 03 980 | 154 | 54 | 013 | 021 | 0.17 |11916102 - s 119 46102
1500 18 x 40 04 | 1345 | 229 | 79 | 0.13 | 0.4 | 0.10 [ 119 16152 R » 119 46152
2200 21 % 40 05 | 1640 | 334 | 114 | 0.13 | 041 | 0.09 |119 16222 B - 119 46222
40 | 47 8x 18 5 150 | 15 | 7.8| 0.08 | 27 15 = 11927479 | 119 37479 =
100 10 % 25 7 260 | 28 | 12 | 008 | 13 0.7 - 11927101 | 119 37101 5
150 12.5 % 30 01 440 | 40 | 16 | 008 | 085 | 051 [11917151 | 119 27151 = .
220 12.5 % 30 01 500 | 57 | 22 | 009 | 065 | 0.48 |11917221 | 119 27221 - =
330 15 % 30 02 615 | 83 | 30 | 009 | 043 | 037 |11917331 | 11927331 = 119 47331
470 15 % 30 02 630 | 117 | 42 | 012 | 041 | 037 |11917471| 119 27471 R 119 47471
680 18 x 30 03 845 | 167 | 58 | 012 | 028 | 022 |119 17681 - . 119 47681
1000 18 x 40 04 | 1140 | 244 | 84 | 012 | 0.19| 0.14 | 11917102 B R 119 47102
1500 21 % 40 05 | 1400 | 364 | 124 | 014 | 015| 0.12 11917152 - 119 47152
2200 21 % 40 05 | 1490 | 532 [180 | 0.18 | 0.13| 0.1 [11917222 . . 119 47222
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CATALOGUE NUMBER 2222 ... .....

NOMINAL i
Ur SM_NIN CASE SIZE | CASE S%_c# i _h._; g _.%s Tan s dm%HN o M:N RNIAL SINGLE ENDRD
i muw q_x:r CODE _Aw% ot by LT R m_%mm_”\_ o”> oﬂ>nmm_. _4z>mww o o_n.uw__,z\_ n”\_ n_z R
FORM BR | FORM BA
63 | 10 65x18 | 4 68 | 20 | 53| 007 | 11 56 B 11928109 | 119 38109 -
22 8x18 | 5 | 10| 20| 67| 007 | 51 | 28 ~ | 11928229 | 119 38229 =
a7 10x18 | 6 | 180 | 22| 99| 007 | 24 | 13 ~ | 11928479 | 119 38479 -
68 10x25 | 7 | 230 | 80| 13 | 007 | 16 | 10 . 119 90505 | 119 90506 .
68 10x30 | 00 | 250 | 30 | 13 | 007 | 16 | 092 |11918689| 119 28689 : .
100 10x30 | 00 | 285 | 42 | 17 | 008 | 13 | 075 |11918101 | 119 28101 . .
150 15%x30 | 02 | 440 | 61 | 23 | 008 | o085| 037 [11918151| 11928151 - 119 48151
220 15%x30 | 02 | 530 | 87 | 3 | 008 | 058| 037 |11918221| 119 28221 B 119 48221
330 18x30 | 03 | 680 | 120 | 46 | 009 | 043| 023 |11918331 B . 119 48331
470 18x40 | 04 | 905 | 182 | 63 | 009 | 030| 0.15 |119 18471 5 = 119 48471
680 21x40 | 05 | 1175 | 261 | 90 | 009 | 021| 0.12 |119 18681 - - 119 48681
1000 21x40 | o5 | 1385 | 382 | 130 | 010 | o0.16| o011 |11918102] - g 119 48102
00| 47| 65x18 | 4 44| 20| 10 | 008 | 27 | 10 ~ [ 11929478 | 119 39478 B
10 8x18 | 5 70| 20| 10 | oos | 13 6.0 ~ | 11929109 | 119 39109 B
22 10x18 | 6 | 12| 20| 10 | 008 | 58 | 35 ~ | 11929229 | 119 39229 -
47 1ox25 | 7 | 178 | 32| 13 | 008 | 27 | 20 ~ | 11990518 | 119 90519 "
a7 10x30 | 00 | 178 | 32 | 13 | 008 | 27 | 20 |11919479| 11929479 - -
68 | 125x30 | o1 | 278 | 45| 18 | 008 | 19 | 12 |11919689| 119 29689 - i
100 15x30 | 02 | 365 | 64 | 24 | 009 | 14 | 096 |11919101| 11929101 - 119 49101
150 15%30 | 02 | 368 | 94 | 34 | 010 | 1.1 | 078 |11919151| 119 29151 = 119 49151
220 18x30 | 03 | 481 | 136 | 48 | 010 | 072 | 055 |11919221 N . 119 49221
330 18x40 | 04 | 694 | 202 | 70 | 010 | 048 | 037 |11919331 o " 119 49331
470 21x40 | 05 | 833 | 286 | 98 | 010 | 034 | 028 |11919471 - - 119 49471
200| 47| 10x18 | 6 52 | 20 | 10 | 008 |27 10 ~ [ 11990507 | 119 90508 a4
10 10x25 | 7 g2 | 20| 10 | 008 |13 5.0 ~ | 11990509 | 119 90511 L
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Philips Components Product specification

Aluminium electrolytic capacitors

Power Standard Miniature Snap-in 056/057 PSM-SI

Table 4 Electrical data and ordering information (continued) for 057 series; preferred types in bold

Ur Cr g:snglgﬁlﬁ CASE 10:)RHz Iy s Eaf 3 CATALOGUE
W | 10Hz | o™ | GobE | 8sec 1 min 5min | 100Hz | 10kHz NUMBER
(F) (i) ) (1A) (uA) (mQ) (mQ) 2222 ... .....
450 47 22 x 30 2230 0.26 131 45 5600 4400 057 67479
68 22 x 30 2230 0.33 188 65 3900 3100 057 57689
100 30 x 30 3030 0.48 274 94 2600 2100 057 57101
100 25 x 35 2535 0.46 274 94 2600 2100 057 37101
150 3035 3035 0.66 409 140 1600 1300 057 37151
150 25 x 50 2550 0.70 409 140 1600 1300 057 47151
220 35 x 40 3540 0.92 598 202 1100 900 057 57221
220 30 x 45 3045 0.73 598 202 1100 900 057 37221
330 35 x 50 3550 1.26 895 301 700 600 057 57331
330 35 x 45 3545 1.20 895 301 700 600 057 47331
MARKING

The capacitors are marked (where possible) with the following information:
¢ Rated capacitance (in uF)

e Tolerance code on rated capacitance (M for £20%)

¢ Rated voltage (in V)

Climatic category in accordance with “/EC 68"

Date code (year and week) in accordance with “/EC 62”

Code for factory of origin
¢ Name of manufacturer
e '~ sign to indicate the negative terminal, visible from the top and side of the capacitor

Code number (last 8 digits)
e Code for basic specification in accordance with “/EC 384-4-1"and “CECC 30301".
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Philips Components

Product specification

Aluminium electrolytic capacitors
Power Standard Miniature Snap-in

056/057 PSM-SI

ELECTRICAL DATA (continued)

Additional electrical data

PARAMETER

CONDITIONS

VALUE

Voltage

Surge voltage for short periods

<250 V versions

Us =1.15x Ug

>385 V versions

Us=1.1xUg

Reverse voltage

Uey<1V

Current

Leakage current

after 1 minute at Ug

||_1 = OOOGCR X UR +4 }J.A

after 5 minutes at Ug

L5 < 0.002Cg x Ug + 4 pA

Inductance

Equivalent series inductance (ESL)

all case sizes

typ. 19 nH

max. 25 nH

1998 Jan 29
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Philips Components Product specification

Aluminium electrolytic capacitors

Power Standard Miniature Snap-in 056/057 PSM-SI

Capacitance (C)

MRA457

1.2 ‘
c | s
Co | '

1l I [
| ‘. —T \
| LT

1.0 |
|
|

oY V74

| 7
1
Y4
0.8 3
0.7
Curve 1: Ug =100 V.
o e 0.6
Curve 2: Ug = 200 V. 200 _50 0 50 ) 100
Curve 3: Ug > 250 V and <40 V. Tamb("C)

Cop = capacitance at 20 °C and 100 Hz.

Fig.4 Typical multiplier of capacitance as a function of ambient temperature.

MRA453

1.1
C
Co
1.0
—
\'\\
NN |
N ~~
\\\\\
N N3
0.9
\\ 2 \\
\\
1IN
N
0.8 \
0.7
Curve 1: U =10V and 16 V. |
Curve 2: Ug =25V, 35V and 40 V. 0'610 102 10° el
Curve 3: Ug 240 V. f(Hz)

Cy = capacitance at 20 °C and 100 Hz.

Fig.5 Typical multiplier of capacitance as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors

Power Standard Miniature Snap-in 056/057 PSM-SI

Equivalent series resistance (ESR)

MRA456

ESR
ESRq

101

w

A
=

/Z
y7 it

Curve 1: Ug 2250 V.
Curve 2: Ug =200 V.
Curve 3: Ug <100 V.

-100 -50 0 50 100 150

A Tamb (°C)
ESR( = typical at 20 °C and 100 Hz.
Fig.6 Typical multiplier of ESR as a function of ambient temperature.
MRA454
15
ESR
ESRo
\\
\\
1
\\_~~__ o
\\
\\\
\\\ 1
0.5
Curve 1: Ug > 100 V. 0 ; . = ’
Curve 2: Ur <100 V. 10 10 10 f (Hz 10

ESR( = typical at 20 °C and 100 Hz.

Fig.7 Typical multiplier of ESR as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors

Power Standard Miniature Snap-in 056/057 PSM-SI

Impedance (Z)

MRA455
z
Zg
1
1
10 \
27\
X
\\
NN
A\
N\
\%
y
2,37
1
Curve 1: Ug 2250 V.
Olrveio; Ug =200 ¥, -100 -50 0 50 o 100
Curve 3: Ug <100 V. Tamb (°C)
Z, = typical impedance at 20 °C and 10 kHz.
Fig.8 Typical multiplier of impedance as a function of ambient temperature.
MRA458
10°
Z 1
(ma) N
2
10 3N
AR
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| X
ISR NN
1IN \: g
6 N
o NN N
Curve 1: 47 pF. 10° O A ST, }
SN N
Curve 2: 100 uF. 5 N N 2
Curve 3: 150 pF. 10 \\\\ N ~
Curve 4: 220 F. 1 ARNNNNNN [T
NMRRCK
Curve 5: 470 puF. NN \ i
102 N % ™
Curve 6: 1000 pF. NS
Curve 7: 1500 pF. S
Curve 8: 2200 pF.
Curve 9: 3300 pF.
Curve 10: 4700 uF. 101
Curve 11: 6800 pF. 101 102 103 104 10° 108 107
Case @D x L = 22 x 25 mm. f (Hz)
Tamb = 20 °C.
Fig.9 Typical impedance as a function of frequency.
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Power Standard Miniature Snap-in
105 MRA459
z
(mQ) 1
104 U \\\
Q. \\
10
AN
ﬁ ) : NN [
103 sl N\ ‘\\ /
Curve 1: 68 uF. TR ~ N
Curve 2: 150 pF. 8 \\\\ = N
Curve 3: 220 uF NN =
Curve 44 330 Fl 1(1) \%\\\\‘ \\ = — /
urve 4: 330 uF. NN
Curve 5: 680 uF. 102 \\ NN TN
Curve 6: 1500 pF. NN
Curve 7: 2200 pF.
Curve 8: 3300 uF. |
Curve 9: 4700 UF. , I
Curve 10: 6800 yF. 10 :
1 2 3 4 5 6 7
Curve 11: 10000 pF. 10 10 10 L B 0% f(Hg) 10
Case @D x L =22 x 30 mm.
Tamp=20"°C.
Fig.10 Typical impedance as a function of frequency.
105 MRA460
b4
(mQ)
1
10t N
% N
SN\
41NN\
AN
5 N
103 i \\\ N \\
Curve 1: 100 pF. 6 a X,
Curve 2: 220 iF. 7 :\‘
3 8 B
Srassns NS .
urve4: 47O UF. NN /
Curve 5: 1000 pF. 102 11 AN
Curve 6: 2200 pF. N D S 2
Curve 7: 3300 pF. NN A
Curve 8: 4700 pF. =
Curve 9: 6800 uF. } ’ '
Curve 10: 10000 uF. 10
Curve 11: 15000 uF 10° 102 10° 104 10° 108 . 107
i : Z
Case @D x L = 25 x 30 and 22 x 40 mm.
Taimp=20°C.
Fig.11 Typical impedance as a function of frequency.
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Power Standard Miniature Snap-in

056/057 PSM-SI

MRA461

Case @D x L = 30 x 40 and 25 x 50 mm.
Tamp= 20°C:

Fig.13 Typical impedance as a function of frequency.

105
Z
(mQ)
10* !
HIE
T \
2INTN
SN
4 \§ N
NN
108 Ll NANLTN /
Curve 1: 150 uF. i — ~\
Curve 2: 330 uF. S INNR NI H 5
Curve 3: 470 uF. 8IN :\ \INN T o
Curve 4: 680 uF. 9 %\\ N RS B
Curve 5: 1500 uF. 10? AN e
Curve 6: 3300 uF. X % 7
NN Soma ’
Curve 7: 4700 pF. AN P
Curve 8: 6800 pF.
Curve 9: 10000 uF. o HH ‘ |
Curve 10: 15000 pF. 101 102 103 104 105 108 107
Curve 11: 22000 uF. f (Hz)
Case @D x L = 30 x 30 and 25 x 40 mm.
Tame =20 °C.
Fig.12 Typical impedance as a function of frequency.
18 MRA462
z
(mQ)
104
1
TN
TN
2 N,
3 \\ [
4
163 I \\\\ N /
Curve 1: 220 pF. 5 N
TN N, N\ 7
Curve 2: 470 pF. g . AY
Curve 3: 680 uF. L L7 \\‘ NN \i\ A /
Curve 4: 1000 pF. 8 \\\ { N
Curve 5: 2200 pF. 102 9N N T =
Curve 6: 4700 uF. IISS =S
Curve 7: 6800 F. SONRORR S 1
Curve 8: 10000 uF. N
Curve 9: 15000 pF. ’
10
Curve 10: 22000 uF. 1 > 3 4 B 6 4
1 1 10 1 10 10
Curve 11: 33000 uF. 10 2 0 0 f (Hz)
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Power Standard Miniature Snap-in CER IS Welttesl

105 MRA463
z
(mQ)
102
1
AN
N \\\
3
108 4 \\‘\\
Curve 1: 330 uF. [N
Curve 2: 680 uF. 5 IR
Curve 3: 1000 F. IIANENAVEN -
Curve 4: 1500 uF 2 \\\\ " ra
urve 4: uF. 7 NN \\:\__
Curve 5: 3300 uF. 102 8 ‘\ N N I
Curve 6: 6800 pF. 15. \:
Curve 7: 10000 pF. 11 \\ N ~
Curve 8: 15000 pF. N 3
Curve 9: 22000 pF. & il |
1
Curve 10: 33000 uF. 10
1 2 3 4 5 6 g
Curve 11: 47000 uF. 10 10 10 10 10 e f (Hz) .
Case @D x L = 35 x 40 and 30 x 50 mm.
Tamb = 20 °C.
Fig.14 Typical impedance as a function of frequency.
MRA464
10%
Z
(mQ)
104
1
1IN
2
108 AN N
Curve 1: 470 uF. AT,
- N
Curve 2: 1000 pF. THSONN
Curve 3: 1500 pF. 5 \\ N
Curve 4: 2200 pF. i /
g \\ N N —/
Curve 5: 4700 pF. 102 71 NN N A
Curve 6: 10000 uF. 8N =
[ JIIN k.
Curve 7: 15000 pF. 10 i
Curve 8: 22000 pF. TN
Curve 9: 33000 pF. | ‘ = L
Curve 10: 47000 uF. 10!
Curve 11: 68000 uF. 10! 102 108 104 105 108 ¢ 107
Case @D x L = 35 x 50 mm. t2)
Tari= 207°C..
Fig.15 Typical impedance as a function of frequency.
y
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Power Standard Miniature Snap-in 056/057 PSM-SI

RIPPLE CURRENT AND USEFUL LIFE

Table 5 Multiplier of ripple current (Ig) as a function of frequency

FREQUENCY Ir MULTIPLIER
(Hz) Upr=10t025V Ur=401t0 100 V Ug>100V
50 0.93 0.91 0.86
100 1.00 1.00 1.00
200 1.04 1.05 1.13
400 1.07 1.09 1.21
1000 141 1.13 1.29
2000 1.13 1.15 1.32
4000 1.15 1.18 1.35
>10000 1.18 1.22 1.40
MGA453
24
23
'A
|
H 22
241
2.0
19
" AN
1.7
16 > <— life multiplier
7
N
- NG \
)
1.4 Ny
13 B N
&
1.2 2 %
14
)
0NN\ N
08 R, % \
0.0
40 50 60 70 80 G 90
Tamb (°C)
1o = actual ripple current at 100 Hz and 85 °C.
|g = rated ripple current at 100 Hz and 85 °C.
(1) Useful life at 85 °C and Ig applied: 12000 hours (450 V types: 5000 hours).
Fig.16 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Aluminium electrolytic capacitors
Power Standard Miniature Snap-in

056/057 PSM-SI

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 6 Test procedures and requirements

TEST
PBOCEDURE REQUIREMENTS
NAME OF TEST | REFERENCE (quick reference)
Endurance IEC 384-4/ Tamb = 85 °C; Ug applied; Ur <100 V; AC/C: £15%
CECC 30300 5000 hours (450 V types: 2000 hours) Ur > 100 V: AC/C: £10%
subclause 4.13
Z <2 x spec. limit
ILs < spec. limit
Useful life CECC 30301 Tamb = 85 °C; Ug and I applied; Ugr <100 V; AC/C: +45%
subclause 1.8.1 | 12000 hours (450 V types: 5000 hours) Ug > 100 V: AC/C: +30%
Z < 3 x spec. limit
I.5 < spec. limit
no short or open circuit,
no visible damage
total failure percentage:
Ugr <100 V: £1%;
Ugr > 100 V: <3%
Shelf life IEC 384-4/ Tamb = 85 °C; no voltage applied; AC/C: £10%
(storage at CECC 30300 500 hours b
high temperature) | subclause 4.17 lig S Rex epig limit
9 P ' after test: Ug to be applied for 30 minutes,
24 to 48 hours before measurement
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Aluminium electrolytic capacitors
Power Long Life Snap-in

058/059 PLL-SI

FEATURES

e Polarized aluminium electrolytic
capacitors, non-solid

Large types, minimized
dimensions, cylindrical aluminium
case, insulated with a blue sleeve

Pressure relief on the top of the
aluminium case

Charge and discharge proof

Very long useful life:
up to 10000 hours at 105 °C

Extended temperature range:
105 °C

Low ESR, high ripple current

{ ...

MAMO71 - 1

Fig.1 Component outlines.

capability.

APPLICATIONS

¢ Computer, telecommunication and
industrial systems

159 PUL-SI

~smaller
¢ Smoothing and filtering dimensions
applieations 168/169 keyed polarty 058/059 | 056057
e Standard and switched mode PLL-4TSI *Sho%ge%mam T s [T PSM-SI
power supplies coBoos
e Energy storage in pulse systems.
QUICK REFERENCE DATA
VALUE
DESCRIPTION
058 | 059
Case size (DDnom X Lnom in mm) 22 x2510 35x 50
Rated capacitance range (E6 series), Cr 33 to 47000 uF
Tolerance on Cg +20%
Rated voltage range, Ug 10to 100 V 200 to 400 V

Category temperature range

—40to +105 °C

Endurance test at 105 °C

<50 V: 2000 hours; =63 V: 5000 hours

Useful life at 105 °C

<50 V: 5000 hours; 263 V: 10000 hours

Useful life at 40 °C and 1.9 x Iy applied

<50 V: 125000 hours; 263 V: 250000 hours

Shelf life at 0 V, 105 °C

500 hours

Based on sectional specification

IEC 384-4/CECC 30300

Detail specification

CECC 30301-807

Climatic category IEC 68

40/105/56
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Aluminium electrolytic capacitors
Power Long Life Snap-in

058/059 PLL-SI

Selection chart for Cg, Ug and relevant nominal case sizes (JD x L in mm) for 058 series
Preferred types in bold.

Gk Ur (V)

(uF) 10 16 25 40 50 63 100
330 - - - - - - 22 x.25
470 - - - - - - 22 x30

- - - - - 22 x25 25 x 30
680
- - = - - - 22 x 40
- - - - 22 x 25 22 x 30 30 x 30
1000
- - — — - — 25 x 40
- - - 29 %25 22 x 30 25 x 30 30 x 40
1500
- - - = - 22 x 40 25 x 50
2200 - - 22 x 25 22 x 30 25 x 30 30 x 30 35 x40
- - - - 22 x 40 25 x 40 30 x50
3300 - 22% 25 22 x 30 25 x 30 30 x 30 30 x 40 35 x50
- - - 22 x 40 25 x 40 25 x50 -

p— 22 x 25 22 x 30 25 x 30 30 x 30 30 x 40 35 x 40 -

- - 22 x 40 25 x 40 25 x 50 30 x 50 -

6800 22 x 30 25 x 30 30 x 30 30 x 40 35 x 40 35 x 50 -

- 22 x 40 25 x40 25 x 50 30 x 50 - -
10000 25 x 30 30 x 30 30 x40 35 x 40 35 x 50 - -
22 x 40 25 x40 25 x50 30 x50 - - -
30 x 30 30 x40 35 x40 35 x50 - - -

15000
25 x40 25 x 50 30 x50 - - - -
30 x 40 35 x 40 35 x50 - - - -

22000
25 x 50 30 x 50 - - - - -
35 x40 35 x 50 - - - - -

33000
30 x 50 - - - - - -
47000 35 x50 - - - - - -
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Aluminium electrolytic capacitors
Power Long Life Snap-in

058/059 PLL-SI

Selection chart for Cg, Ug and relevant nominal case sizes (JD x L in mm) for 059 series

Preferred types in bold.

Cr Ur (V)

(1F) 200 250 385 400
33 - — 22 x 25 -
47 - - 22 x 30 22 x 30
68 — 22 %25 22 %85 22 35

- - 25 x 30 25 x 30
22 X.25 22 x 30 30 x 30 30 x 30
L - - 25 x 40 25 x 40
22 x 30 22 x 35 25x 50 30% 35
150 - 25 x 30 30 x 40 25 x 50
220 22 x.35 30 x 30 35 x 40 35 x 40
25 x 30 2535 30 x 50 30 x 50
330 30 x 30 30 x 35 35 x 50 35 x50
25 x 40 25 x 50 - -
470 30 x 35 35 35 = -
25 x 50 30 x 45 - =
35 %85 35 x 45 = =
680
30 x 45 - - =
1000 35 x50 - - =
MARKING

The capacitors are marked (where possible) with the following information:

o Rated capacitance (in uF)
e Tolerance code on rated capacitance (M for £20%)

e Rated voltage (in V)

Climatic category in accordance with “/EC 68”

Date code (year and week) in accordance with “/EC 62”

Code for factory of origin

e Name of manufacturer

e Minus-sign to indicate the negative terminal, visible from the top and side of the capacitor
Code number (last 8 digits)

« Code for basic specification in accordance with “/EC 384-4-1" and “CECC 30301".
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Aluminium electrolytic capacitors
Power Long Life Snap-in

058/059 PLL-SI

MECHANICAL DATA AND PACKAGING QUANTITIES

+ TERMINAL

— TERMINAL

Bottom view

Dimensions in mm.
For dimensions see Table 1.

-— - ~>‘

Fig.2 Snap-in.

CCA994 < > 7.

The minus terminal can be marked with a black dot or with an imprinted -~ sign.

CCA995

Dimensions in mm.

Fig.3 Mounting hole diagram.

Table 1 Physical dimensions, mass and packaging information; see Fig.2

NOMINAL CARDBOARD BOX

CASE SIZE CASE PDDmax Lmax MASS Zﬁizﬁﬁgg DIMENSIONS
@D x L CODE (mm) (mm) (9) (units per box) Ixwxh

(mm) (mm)
22 x 25 2225 23 27 =12 100 260 x 250 x 39
22 x 30 2230 23 32 =16 100 260 x 250 x 44
22x 35 2235 23 37 =20 100 260 x 250 x 49
22 x 40 2240 23 42 =23 100 260 x 250 x 54
25:% 30 2530 26 32 =22 100 290 x 280 x 44
25i% 35 2535 26 37 =24 100 290 x 280 x 49
25 x 40 2540 26 42 =27 100 290 x 280 x 54
25 x50 2550 26 52 =38 100 290 x 280 x 64
30 x 30 3030 31 32 =30 100 340 x 330 x 44
30 x 35 3035 31 37 =35 100 340 x 330 x 49
30 x 40 3040 31 42 =40 100 340 x 330 x 54
30 x 45 3045 31 47 =45 100 340 x 330 x 59
30 x 50 3050 31 52 =50 100 340 x 330 x 64
35 x 35 3535 36 37 =48 50 390 x 198 x 49
35 x 40 3540 36 42 =55 50 390 x 198 x 54
35 x 45 3545 36 47 ~63 50 390 x 198 x 59
35 x 50 3550 36 52 =72 50 390 x 198 x 64
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Aluminium electrolytic capacitors

Power Long Life Snap-in 058/059 PLL-SI

ELECTRICAL DATA AND ORDERING INFORMATION Ordering example
Unless otherwise specified, all electrical values in Tables 2 and 3 apply at

Electrolytic capacitor 058 series
Tamb = 20 °C, P = 86 to 106 kPa, RH = 45 to 75%. ectrolytic cap

10000 uF/25 V; £20%

SYMBOL DESCRIPTION
Cn rated capacitance at 100 Hz Nominal case size: @30 x 40 mm
'n rated RMS ripple current at 100 Hz or 210 kHz and 105 °C Catalogue number: 2222 058 56103.
IL1 max. leakage current after 1 minute at Ug
ILs max. leakage current after 5 minutes at Ug
ESR max. equivalent series resistance at 100 Hz
4 max. impedance at 10 kHz

Table 2 Electrical data and ordering information for 058 series; preferred types in bold

Un | . CR g&“ﬁ'gﬁé CASE 10:)RHz 21()|F;(Hz It s ESR z CATALOGHE
V) 100 Hz oD x L coDE | 105°C | 105°C 1 min 5min | 100 Hz | 10 kHz NUMBER
(uF) (mm) A) A) (LA) (1A) mQ) | (mQ) | 2222....
10 | 4700 22x25 | 2225 | 1.95 2.30 286 98 82 57 058 54472
6800 22x30 | 2230 | 2.44 2.88 412 140 61 44 058 54682
10000 25x30 | 2530 | 2.81 3.32 604 204 54 42 058 54103
10000 22x40 | 2240 | 3.29 3.88 604 204 43 32 058 44103
15000 30x30 | 3030 | 3.53 417 904 304 42 34 058 54153
15000 25x40 | 2540 | 3.78 4.46 904 304 38 30 058 44153
22000 30x40 | 3040 | 4.62 5.45 1324 444 31 25 058 54223
22000 25x50 | 2550 | 4.68 5.52 1324 444 31 24 058 44223
33000 35x40 | 3540 | 5.15 6.08 1984 664 30 24 058 54333
33000 30x50 | 3050 | 5.70 6.73 1984 664 24 21 058 44333
47000 35x50 | 3550 | 6.23 7.35 2824 944 24 21 058 54473
16 | 3300 22x25 | 2225 | 1.90 2.24 321 110 86 57 058 55332
4700 22x30 | 2230 | 2.36 2.78 455 154 65 44 058 55472
6800 25x30 | 2530 | 2.75 3.25 657 222 56 42 058 55682
6800 22x40 | 2240 | 3.18 3.75 657 222 46 32 058 45682
10000 30x30 | 3030 | 3.44 4.06 964 324 44 34 058 55103
10000 25x40 | 2540 | 3.66 4.32 964 324 40 30 058 45103
15000 30x40 | 3040 | 4.55 5.37 1444 484 32 25 058 55153
15000 25x50 | 2550 | 4.55 5.37 1444 484 32 24 058 45153
22000 35x40 | 3540 | 5.07 5.98 2116 708 31 24 058 55223
22000 30x50 | 3050 | 5.67 6.69 2116 708 25 21 058 45223
33000 35x50 | 3550 | 6.23 7.35 3172 | 1060 25 21 058 55333
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Aluminium electrolytic capacitors
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Ug Cr c?fs“ggf\zlis CASE 10(I)RHz 210|in I s ESR A CATALOGUE
V) 100 Hz oD x L CODE | 105°C | 105°C 1 min 5min | 100 Hz | 10 kHz NUMBER
(uF) (mm) ) ) (LA) (LA) mQ) | (mQ) | 2222.....
25 | 2200 22x 25 2225 1.76 2.08 334 114 100 57 058 56222
3300 22 x 30 2230 2.23 2.63 499 169 73 44 058 56332
4700 25x 30 2530 2.60 3.07 709 239 62 42 058 56472
4700 22 x40 2240 3.00 3.54 709 239 52 32 058 46472
6800 30 x 30 3030 3.26 3.85 1024 344 49 34 058 56682
6800 25 x40 2540 3.49 412 1024 344 44 30 058 46682
10000 30 x40 3040 4.37 5.16 1504 504 35 25 058 56103
10000 25 x50 2550 4.37 5.16 1504 504 35 24 058 46103
15000 35 x40 3540 | 4.91 5.79 2254 754 33 24 058 56153
15000 30 x 50 3050 | 5.43 6.41 2254 754 27 21 058 46153
22000 35 x50 3550 6.07 7.16 3304 1104 20 21 058 56223
40 1500 22x 25 2225 1.65 2.01 364 124 114 65 058 57152
2200 22 x 30 2230 2.04 2.49 532 180 87 50 058 57222
3300 25 x 30 2530 2.43 2.99 796 268 71 45 058 57332
3300 22 x40 2240 2.78 3.39 796 268 60 37 058 47332
4700 30 x 30 3030 2.96 3.61 1132 380 59 40 058 57472
4700 25 x40 2540 3.26 3.90 1132 380 5i 32 058 47472
6800 30 x 40 3040 3.94 4.81 1636 548 42 29 058 57682
6800 25 x 50 2550 | 4.10 5.00 1636 548 39 26 058 47682
10000 35 x40 3540 418 5.10 2404 804 46 29 058 57103
10000 30 x50 3050 4.98 6.08 2404 804 36 24 058 47103
15000 35 x50 3550 5.21 6.36 3604 1204 36 24 058 57153
50 1000 22%25 2225 1.50 1.83 304 104 138 69 058 51102
1500 22x 30 2230 1.88 2.29 454 154 102 54 058 51152
2200 25 x 30 2530 2.27 2.77 664 124 82 47 058 51222
2200 22 x40 2240 2.55 3.1 664 124 71 38 058 41222
3300 30 x 30 3030 | 2.81 3.43 994 334 66 41 058 51332
3300 25 x40 2540 3.07 3.75 994 334 57 33 058 41332
4700 30 x40 3040 3.77 4.60 1414 474 47 30 058 51472
4700 25 x 50 2550 | 3.85 4.70 1414 474 43 27 058 41472
6800 35x40 3540 4.01 4.89 2044 684 49 30 058 51682
6800 30 x 50 3050 4.74 5.78 2044 684 38 24 058 41682
10000 35 x 50 3550 5.04 6.15 3004 1004 38 24 058 51103
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Ug | R gfshggleé CASE 10:)RHz 210IT(HZ i he | ESR & | GATALOBUE
on | 100tz | O S | e | 0o | Josec | min | Smin | 100Hz | 10kHz | NUMBER
(uF) e " | @A) | @A) | mo) | (ma) | 2222.....
63 | 680 | 22x25 | 2225 | 117 | 143 261 90 | 228 | 150 | 05858681
1000 | 22x30 | 2230 | 146 | 178 382 | 130 | 170 | 115 | 05858102
1500 25 x 30 2530 1.76 2.15 571 193 137 85 058 58152
1500 22 x 40 2240 2.00 2.44 571 193 115 85 058 48152
2200 30 x 30 3030 2.27 2.77 836 281 101 70 058 58222
2200 | 25x40 | 2540 | 240 | 2.93 836 | 281 | 94 70 | 05848222
3300 | 30x40 | 3040 | 307 | 375 | 1251 | 420 | 70 50 | 05858332
3300 | 25x50 | 2550 | 3.07 | 375 | 1251 | 420 | 70 50 | 05848332
4700 | 35x40 | 3540 | 365 | 445 | 1781 | 596 | 60 45 | 05858472
4700 | 30x50 | 3050 | 388 | 473 | 1781 | 596 | 53 45 | 05848472
6800 | 35x50 | 3550 | 458 | 559 | 2574 | 861 | 46 35 | 05858682
100 330 22 %25 2225 0.92 112 202 70 370 250 058 59331
470 22 x 30 2230 1.14 1.39 286 98 280 190 058 59471
680 25 x 30 2530 1.38 1.65 412 140 232 140 058 59681
680 22 x 40 2240 1.57 1.92 412 140 190 140 058 49681
1000 | 30x30 | 3030 | 179 | 240 604 | 204 | 163 | 115 | 05859102
1000 | 25x40 | 2540 | 185 | 226 604 | 204 | 158 | 115 | 05849102
1500 | 30x40 | 3040 | 245 | 299 904 | 304 | 111 85 | 05859152
1500 | 25x50 | 2550 | 238 | 2.90 94 | 304 | 116 85 | 05849152
2200 | 35x40 | 3540 | 305 | 372 | 1324 | 444 | 86 65 | 05859222
2200 | 30x50 | 3050 | 313 | 382 | 1324 | 444 | 82 65 | 05849222
3300 35 x 50 3550 3.84 4.68 1984 664 64 50 058 59332
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Table 3 Electrical data and ordering information for 059 series; preferred types in bold

NOMINAL I

- 10((:)HHz GRDESIER | CARD | T | - & 15(? A 10in cm\ﬁgé;: :
M| we @(3:‘)" Gols 10(‘:’\)0 (uA) (uA) (mQ) (mQ) | 2222...
200| 100 22x25 | 2225 | 053 124 24 1280 730 | 059 52101
150 22x30 | 2230 | o067 184 64 850 540 | 05952151
220 22x35 | 2235 | 0.6 268 92 610 430 | 05932221
220 25x30 | 2530 | 0.87 268 92 610 430 | 05952221
330 30x30 | 3030 | 1.2 400 136 435 300 | 05952331
330 25x40 | 2540 | 1.12 400 136 435 300 | 05942331
470 30x35 | 3035 | 146 568 192 335 225 | 05932471
470 25x50 | 2550 | 1.25 568 192 335 225 | 05942471
680 30x45 | 3045 | 187 820 276 235 155 | 05932681
680 35x35 | 3535 | 1.85 820 276 235 155 | 05962681
1000 35x50 | 3550 | 245 | 1204 404 160 125 | 05952102
250| 68 22x25 | 2225 | 049 106 38 1640 760 | 05953689
100 22x30 | 2230 | 062 154 54 1110 570 | 05953101
150 22x35 | 2235 | 082 229 79 795 440 | 05933151
150 25x30 | 2530 | 082 229 79 795 440 | 05953151
220 25x35 | 2535 | 1.03 334 114 540 300 | 05933221
220 30x30 | 3030 | 1.06 334 114 540 300 | 05953221
330 30x35 | 3035 | 143 499 169 385 225 | 05933331
330 25x50 | 2550 | 1.40 499 169 385 225 | 05943331
470 30x45 | 3045 | 179 709 239 270 155 | 05933471
470 35x35 | 3535 | 1.79 709 239 270 155 | 05963471
680 35x45 | 3545 | 225 | 1024 344 190 125 | 05943681
85| 33 22x25 | 2225 | 032 80 29 3860 | 3000 | 05958339
a7 22x30 | 2230 | 041 113 40 2710 | 2100 | 05958479
68 22x35 | 2235 | 053 161 56 1870 1460 | 05938689
68 25x30 | 2530 | 052 161 56 1870 1460 | 05958689
100 30x30 | 3030 | o072 235 81 1270 1010 | 05958101
100 25 x 40 2540 0.72 235 81 1270 1010 059 48101
150 30x40 | 3040 | 0.99 351 119 850 675 | 05958151
150 25x50 | 2550 | 0.99 351 119 850 675 | 05948151
220 35x40 | 3540 | 1.31 512 173 580 465 | 05958221
220 30x50 | 3050 | 1.31 512 173 580 465 | 05948221
330 35x50 | 3550 | 175 766 258 390 320 | 05958331
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Ur Cr g/?s“ggllle]s CASE 10:)RHz It s oyl - CATNLOGUE
V) 100 Hz oD x L CODE | 105°C 1 min 5 min 100 Hz 10 kHz NUMBER
(uF) (mm) (A) (uA) (uA) (mQ) (mQ) 2029 ... e
400 47 22 x 30 2230 0.30 117 42 4260 3490 059 56479
68 22% 35 2235 0.38 167 58 2950 2420 059 36689
68 25 x 30 2530 0.41 167 58 2950 2420 059 56689
100 30 x 30 3030 0:55 244 84 2020 1660 059 56101
100 25 x 40 2540 0:55 244 84 2020 1660 059 46101
150 30 x 35 3035 0.68 364 124 1350 1110 059 36151
150 25 x 50 2550 0.78 364 124 1350 1110 059 46151
220 35 x 40 3540 0.94 532 180 930 760 059 56221
220 30 x 50 3050 0.94 532 180 930 760 059 46221
330 35 x 50 3550 1256 796 260 620 510 059 56331
Additional electrical data
PARAMETER CONDITIONS VALUE
Voltage
Surge voltage for short periods <250 V versions Us =1.15 xUg
>385 V versions Us=1.1%Ugr
Reverse voltage Uey <1V
Current
Leakage current after 1 minute at Ug IL1 £0.006CR x Ug + 4 UA
after 5 minutes at Ug ILs <0.002CR x Ug + 4 LA
Inductance
Equivalent series inductance (ESL) all case sizes typ. 19 nH
max. 25 nH
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Aluminium electrolytic capacitors

Power Long Life Snap-in 058/059 PLL-SI

Capacitance (C)
MRA469
1.1
C —
Co L+
1.0
/
0.9 7
w7
0.8 14 ,/
i/
0.7 /
0.6
0.5
Curve 1: Ug =63 t0 100 V. 0.4
Curve 2: Ug =200 V. -100 -50 0 50 100 .. 150
Curve 3: Ug 2250 V and <40 V. Tamb (°C)

Cy = capacitance at 20 °C and 100 Hz.

Fig.4 Typical multiplier of capacitance as a function of ambient temperature.
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3
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\\ 2
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\\
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N N
0.8
NN
N
0.7
Curve 1: Ug=10and 16 V. 06
Curve 2: Ug = 25, 35 and 40 V. 10 102 108 f (Hz) 10*

Curve 3: Ug >40 V.
Cy = capacitance at 20 °C and100 Hz.

Fig.5 Typical multiplier of capacitance as a function of frequency.
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058/059 PLL-SI

Power Long Life Snap-in

Equivalent series resistance (ESR)

MRA

Y

68

108

ESRy = typical at 20 °C and 100 Hz.

: : ==
i ] i
ESR T
ESRo T
11
102 | \
23 =
1\l
\‘ \!
A\
10! \. —
\\ \\\ =
\N -
AN
N\
RN
1 2.3
1¥44 =f—
I T
|
:
| ‘
Curve 1: Ug 2250 V. 10-1 \ L)
Curve 2: Ug = 200 V. -100 -50 0 50 100 150
Curve 3: Ug <100 V. Tamb (°C)
ESRq = typical at 20 °C and 100 Hz.
Fig.6 Typical multiplier of ESR as a function of ambient temperature.
CCA412
1.5 ‘ T
| |
1 |
ESR
ESR,
2
R
1
\\§~
N
s
0.5
:Ug=10t0 100V 0
Curve 1: Ug =10 to : 10 102 108 104x
Curve 2: Ug = 200 to 400 V. f (Hz)

Fig.7 Typical multiplier of ESR as a function of frequency.
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Aluminium electrolytic capacitors

59 PLL-SI
Power Long Life Snap-in 058/0

Impedance (2)

MRA467
108 ——r—
‘ ]
Z
Zp
1
102 1
231
\\\
LY
\
3 \ |
101 \ \ ;
NS
\\\
NN
; ~uil
| |
Curve 1: Ug 2250 V. 10-1 | ’ | \
Curve 2: Ug =200 V. -100 -50 0 50 100 L. 150
Curve 3: Ug <100 V. Tamb (°C)
Z, = typical impedance at 20 °C and 10 kHz.
Fig.8 Typical multiplier of impedance as a function of ambient temperature.
105‘ - = : MRA470
i ! !
z il T
(mQ) AN
2 \\\\
3
104 il ‘\\
SN
4
1
[T \\ WNN
g N N \\\
N
103 FAN \\ AN
BN X §
Curve 1: 33 uF. Ig \\\ \ \\
N 8 .
Curve 2: 68 uF. AR S \: \\ ~ = /
Curve 3: 100 pF. ‘\\ \\ § m
Gurve 4: 330 uF. 102 NN \\‘\\\ el b
N
Curve 5: 680 uF. _
Curve 6: 1000 uF.
Curve 7: 1500 uF.
Curve 8: 2200 pF. 3 ‘ | ‘l
Curve 9: 3300 uF. 10 e
1 2 3 4 5 6 7
Gurve 10: 4700 JF. 10 10 10 10 10 10 e 10
Case @D x L =22 x 25 mm.
T =20 20
Fig.9 Typical impedance as a function of frequency.
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Aluminium electrolytic capacitors

Power Long Life Snap-in 058/059 PLL-SI

105 MRA471
2 1
(mQ) l
2
10* 3 \\ \
‘; \\\ €. %
} N
114 N\
| \\ NN
5 [N
103 6 \‘ ‘\\ \
RN =~
Curve 2: 100 uF. EENN s
) IRNI N N b
e NN z
. . \ \ \ i
Curve 4: 470 pF. 102 | b\ AN ‘\ N A
Curve 5: 1000 uF. X e
Curve 6: 1500 pF. h
Curve 7: 2200 pF. |
Curve 8: 3300 pF. f
Curve 9: 4700 uF. 10! . '2 " i ; ‘ ; "
. 10 10 10 10 10 10 10
Curve 10: 6800 uF. f (H2)
Case @D x L =22 x 30 mm.
Tamb=20"°C.
Fig.10 Typical impedance as a function of frequency.
q Y
105 . MRA472
Z
. \1\
104 £ \\ N
A
I
| \\\‘
INCY
N
N
103 5 ‘\ \ N \\\\
6 N N
ok N %
Curve 1: 68 uF. ; N\ N
Curve 2: 150 uF. 5 Q\\\ i N ‘\..::\\\
Curve 3: 220 uF. IR, \\ N[N
N
Curve 4: 680 uF. 102 \%b\\ N \\ /
Curve 5: 1500 uF. S o= i ¥
Curve 6: 2200 pF. N N I 7
Curve 7: 3300 uF. ' T
Curve 8: 4700 uF. ‘ ‘ | ‘ J
1
Curve 9: 6800 uF. 10
i 10! 102 108 104 105 108 107
Curve 10: 10000 pF. f (Hz)
Case @D x L =25 x 30 and 22 x 40 mm.
Tamb = 20 °C.
Fig.11 Typical impedance as a function of frequency.
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Aluminium electrolytic capacitors

Power Long Life Snap-in 058/059 PLL-SI

MRA473
10°
Z
(mQ)
!
104 . \‘
S
AN
3N
TAN
Y]
4 N ()
103 I \\ NN \‘
5N =
Curve 1: 100 pF. 6 \\\ \\
; 7INON AN
Curve 2: 220 uF. 5 \\\ { NN N
Curve 3: 330 iF. 5 \\\\\ NI~ [] .
Curve 4: 1000 pF. 102 0okt
Curve 5: 2200 pF. N
y
Curve 6: 3300 pF. SR pd
Curve 7: 4700 pF. I i
Curve 8: 6800 UF. H ’ |
Curve 9: 10000 pF. 10' ; ) = 7 = = =
Curve 10: 15000 pF. . 18 i 12 0 19 f (Hz) "
Case @D x L =30 x 30 and 25 x 40 mm.
Tais =20 °C.
Fig.12 Typical impedance as a function of frequency.
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(mQ)
104 1o
T
HEN
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AN
NN
108 4NN
Curve 1: 150 uF. : \‘ N
" [IIANAN
gurve 2: 330 pF. 7 \\\\ N NN /
urve 3: 470 pF. 8 \S\\\ N \\N:.T SSEERI
Curve 4: 1500 uF. 102 9 AN N n:
Curve 5: 3300 uF. NN ~
SN
Curve 6: 4700 pF. > 7
Curve 7: 6800 yF. TR
Curve 8: 10000 uF.
Curve 9: 15000 uF. 10l s q P P = 5
Curve 10: 22000 pF. 19 10 10 1o . i f (Hz) 10
Case @D x L = 30 x 40 and 25 x 50 mm.
Tamb=20°C.
Fig.13 Typical impedance as a function of frequency.
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105 MRA475
z
(mQ)
104
11\ N
1]
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3 \ N
\\\ \ 7
108 : SN /
4
TN NN
Curve 1: 220 pF. \51 N X
% DN N N,
i Sl NN /
urve 3: uF. 7 N N
| N N
Curve 4: 2200 yF. 102 8 }‘\}\ N NN
Curve 5: 4700 pF. : :\ N ~
Curve 6: 6800 pF. QK 1 o i
Curve 7: 10000 pF. NN
Curve 8: 15000 pF. : i
Curve 9: 22000 pF. 10
1 2 3 4 5 6 7
Curve 10:33000 F. 10 10 10 10 10 10 —_— 10
Case @D x L = 35 x 40 and 30 x 50 mm.
Tamp =20 °C.
Fig.14 Typical impedance as a function of frequency.
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: urE. N N
[
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Curve 6: 10000 uF. OISR i
Curve 7: 15000 pF. NN
Curve 8: 22000 uF. : il
1
Curve 9: 33000 uF. 10
1 2 3 4 (3 6 7
Curve 10: 47000 yF. 10 10 10 10 10 10 1B 10
Case @D x L = 35 x 50 mm.
Tamp =20 °C.
Fig.15 Typical impedance as a function of frequency.
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Aluminium electrolytic capacitors

058/059 PLL-SI
Power Long Life Snap-in .

RIPPLE CURRENT AND USEFUL LIFE

Table 4 Multiplier of ripple current (Ig) as a function of frequency

FREQUENCY Ir MULTIPLIER
(Hz) Ur=10t025V Ug = 40 to 100 V Up>100 V
50 0.93 0.91 0.86
100 1.00 1.00 1.00
200 1.04 1.05 113
400 1.07 1.09 1.21
1000 1.11 1.13 1.29
4000 1.15 1.18 1.35
>10000 1.18 1.22 1.40
MGA454
2T
'a
g 28
2.5
2.4

2.3 \ ;
2.2
5

2.0

1.9

K‘i life multiplier
1.8 2N\
'\
17 & |
4

16 S :
15 \ X N

. 7
&
1.4 \>0§"‘o
1.3 6070 AN
7

1.2 & %
1.1
10 Y) N2 N
0.8 kXN X

y O
0s N .
0.0

40 50 60 70 80 20 100 110

Tamb (°c)
|a = actual ripple current at 100 Hz and 105 °C.
|g = rated ripple current at 100 Hz and 105 °C.
(1) Useful life at 105 °C and Ig applied: 5000 hours for <50 V types; 10000 hours for 263 V types.

Fig.16 Multiplier of useful life as a function of ambient temperature and ripple current load.
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058/059 PLL-SI

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 5 Test procedures and requirements

TEST

PBOCEDURE REQUIREMENTS
NAME OF TEST | REFERENCE (quick reference)
Endurance IEC 384-4/ Tamp = 105 °C; Ug applied; Ugr <100 V; AC/C: £15%
CECC 30300 <50 V types: 2000 hours;
. . + O,
subclause 4.13 | 263 V types: 5000 hours gy 0V Sl nxiin
Z <2 x spec. limit
ILs < spec. limit
Useful life CECC 30301 Tamb = 105 °C; Ug and Iy applied; Ugr <100 V; AC/C: £45%
subclause 1.8.1 | <50 V types: 5000 hours;
s . 4 O°
>63 V types: 10000 hours L YOG ARG 28D
Z < 3 x spec. limit
IL5 < spec. limit
no short or open circuit,
no visible damage
total failure percentage:
Ur <100 V: <1%;
Ur > 100 V: <3%
Shelf life IEC 384-4/ Tamb = 105 °C; no voltage applied; AC/C: £10%
(storage at CECC 30300 500 hours -
high temperature) | subclause 4.17 lgs 5.2 s, i
9 P ' after test: Ug to be applied for 30 minutes,
24 to 48 hours before measurement
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Aluminium electrolytic capacitors
Power Standard Miniature 4-Terminal Snap-in 166/167 PSM-4TSI

FEATURES

o Keyed polarity obtained by
4 snap-in terminals

Polarized aluminium electrolytic
capacitors, non-solid

f
|

)

e Large types, minimized
dimensions, cylindrical aluminium

case, insulated with a blue sleeve .

Pressure relief on the top of the MEASSS
aluminium case

e Charge and discharge proof

Long useful life: Fig.1 Component outlines.

10000 hours at 85 °C

High ripple current capability.

APPLICATIONS

e General purpose, industrial and

audio/video systems 168169 | @ fonglie ___1 1eerte7 | i‘ﬁ;‘gﬂd 056/057
 Smoothing and filtering PLL-4TSI L PSM-4TSI 85°C e
e Standard and switched mode eeboe

power supplies
¢ Energy storage in pulse systems
e For excellent mounting stability.

QUICK REFERENCE DATA
VALUE
DESCRIPTION
166 167
Case size (PDnom X Lnom in mm) 35 x 40; 35 x 50 35'% 40; 35 x45; 35 x50
Rated capacitance range (E6/E12 series), Cr 3300 to 68000 pF 330 to 1500 uF
Tolerance on CRr +20%
Rated voltage range, Ug 10 to 100 V 200 to 400 V
Category temperature range -40to +85 °C
Endurance test at 85 °C 5000 hours
Useful life at 85 °C 10000 hours
Useful life at 40 °C and 1.4 x I applied 175000 hours
Shelf life at 0 V, 85 °C 500 hours
Based on sectional specification IEC 384-4/CECC 30300
Climatic category IEC 68 40/085/56
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Aluminium electrolytic capacitors
Power Standard Miniature 4-Terminal Snap-in

166/167 PSM-4TSI

Selection chart for Cg, Ug and relevant nominal case sizes (D x L in mm) for 166 series
Preferred types in bold.

Cr

Ur (V)

(LF)

10

16

25

40

63

100

3300

35 x 40

4700

35 x50

6800

35 x40

10000

35 x 50

15000

22000

33000

35 x40

47000

35 x40

35 x50

68000

35 x 50

Selection chart for Cg, Ug and relevant nominal case sizes (D x L in mm) for 167 series
Preferred types in bold.

Cr

Ur (V)

(uF)

200

250

385

400

330

35 x40

35 x 40

390

35 x 45

470

35 x45

35 x 50

35 x 50

680

35 x 40

820

35 x 45

1000

35 x 50

1200

1500
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Aluminium electrolytic capacitors
166/167 PSM-4TSI
Power Standard Miniature 4-Terminal Snap-in il

MECHANICAL DATA AND PACKAGING QUANTITIES

60 @ | B 607

e -
1 Ly \’/C ‘ ‘ A
S dummy}i dummy
@D ST E———— s e 8y 3 ‘ . \
[ ! ' 225
- B R By
\ !
N4
ccBo62 e ‘ - \‘\7 | ’ -
6.3 1 = ccaoss

e

Bottom view

Dimensions in mm.

Dimensions in mm. Dummy terminals (A and C) must
For dimensions see Table 1. be free from the electrical circuit.
Fig.2 4-Terminal Snap-in. Fig.3 Mounting hole diagram.

Table 1 Physical dimensions, mass and packaging information; see Fig.2

NOMINAL CARDBOARD BOX
CASE SIZE | CASE | DDmax | Lmax | MASS | PACKAGING QUANTITIES DIMENSIONS
oD xL CODE | (mm) (mm) (9) (units per box) Ixwxh
(mm) (mm)
35 x40 3540 36 42 =55 50 390 x 198 x 54
35 x 45 3545 36 47 ~63 50 390 x 198 x 59
35 x 50 3550 36 52 =72 50 390 x 198 x 64
MARKING

The capacitors are marked (where possible) with the following information:
e Rated capacitance (in uF)
e Tolerance code on rated capacitance (M for £20%)

¢ Rated voltage (in V)

Climatic category in accordance with “/EC 68”

Date code (year and week) in accordance with “/EC 62”

Code for factory of origin
e Name of manufacturer

e ‘“’sign to indicate the negative terminal, visible from the top and side of the capacitor

Code number (last 8 digits)
Code for basic specification in accordance with “/EC 384-4-1"and “CECC 30301".
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Aluminium electrolytic capacitors

Power Standard Miniature 4-Terminal Snap-in 188157 PSk-41S)

ELECTRICAL DATA AND ORDERING INFORMATION Ordering example
Unless otherwise specified, all electrical values in Table 2 apply at Tamp = 20 °,

P = 86 10 106 kPa. RH = 45 to 75% Electrolytic capacitor 166 series
= 5 = 0.

SYMBOL DESCRIPTION b it
Cn rated capacitance at 100 Hz Nominal case size: @35 x 40 mm
I rated RMS ripple current at 100 Hz and 85 °C Catalogue number: 2222 166 57153.
IL4 max. leakage current after 1 minute at Ug
ILs max. leakage current after 5 minutes at Ug
ESR max. equivalent series resistance at 100 Hz
Z max. impedance at 10 kHz

Table 2 Electrical data and ordering information for 166/167 series; preferred types in bold

Ur Cr gfsng:f\zlé CASE 10:)RHz It s ESH & GAlALASIE
V) 100 Hz oD x L CODE | 85°C 1 min 5 min 100 Hz 10 kHz NUMBER
(uF) (mm) (A) (1A) (1A) (mQ) (mQ) 2222 ;s
10 47000 35 x 40 3540 510 2824 944 31 26 166 54473
68000 35 x 50 3550 5.88 4084 1364 28 23 166 54683
16 33000 35 x40 3540 5.02 3172 1060 32 28 166 55333
47000 35x 50 3550 5.34 4516 1508 34 32 166 55473
25 22000 35 x40 3540 4.48 3304 1104 40 28 166 56223
33000 35x% 50 3550 4.98 4954 1654 39 33 166 56333
40 15000 35 x40 3540 4.05 3604 1204 49 41 166 57153
22000 35 x50 3550 4.86 5284 1764 40 33 166 57223
63 6800 35 x40 3540 4.01 2574 861 50 42 166 58682
10000 35 x 50 3550 5.00 3784 1264 39 33 166 58103
100 3300 35 x 40 3540 2.84 1984 664 100 95 166 59332
4700 35 x50 3550 3.59 2824 677 i 70 166 59472
200 1000 35 x40 3540 2.85 1204 404 160 135 167 52102
1200 35x45 3545 2.98 1444 484 150 130 167 42122
1500 35x 50 3550 3.66 1804 604 120 105 167 52152
250 680 35 x40 3540 2.60 1024 344 240 145 167 53681
820 35x 45 3545 2.70 1234 414 195 128 167 43821
1000 35 x 50 3550 3.12 1504 504 160 105 167 53102
385 330 35 x 40 3540 2.11 766 258 480 280 167 58331
470 35 x 45 3545 2.29 1089 366 340 220 167 48471
470 35 x 50 3550 2.76 1089 366 340 220 167 58471
400 330 35 x40 3540 1.85 796 268 480 280 167 56331
390 35x45 3545 2.08 940 316 410 265 167 46391
470 35 x50 3550 2.76 1132 380 340 220 167 56471
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Aluminium electrolytic capacitors
Power Standard Miniature 4-Terminal Snap-in

166/167 PSM-4TSI

Additional electrical data

PARAMETER CONDITIONS VALUE
Voltage
Surge voltage for short periods <250 V versions Us =115 xUg
>385 V versions Us=1.1xUgR

Reverse voltage

Uey<1V

Current

Leakage current

after 1 minute at Ug

L1 < 0.006Cg x Ug + 4 A

after 5 minutes at Ug I.5 £0.002Cg x UR + 4 A
Inductance
Equivalent series inductance (ESL) all case sizes typ. 19 nH
max. 25 nH
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Aluminium electrolytic capacitors

Power Standard Miniature 4-Terminal Snap-in 166/167 PSM-4TS

RIPPLE CURRENT AND USEFUL LIFE

Table 3 Multiplier of ripple current (Ig) as a function of frequency

FREQUENCY Ir MULTIPLIER
(Hz) Ur=10t0 25V Ur=40t0 100V Ugr >100V
50 0.93 0.91 0.86
100 1.00 1.00 1.00
200 1.04 1.05 1.13
400 1.07 1.09 1.21
1000 1.11 1.13 1.29
2000 113 1.15 1.32
4000 1.15 1.18 1.35
>10000 1.18 1.22 1.40
24 MGA453

BN
A

1.9

1.8

1:7 \ \ \ > <— life multiplier
WD N
N
AN

)

N

AANNANRANNANY
hY kY
b
Q
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RCRNRX
N

N\ (1)

1.0 &) \

0.8 2

05 D\D NN\ Y

; N

0.0

40 50 60 70 80 oy 20

Tamb( C)

I = actual ripple current at 100 Hz and 85 °C.
Ig = rated ripple current at 100 Hz and 85 °C.
(1) Useful life at 85 °C and I applied: 10000 hours.

Fig.4 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Aluminium electrolytic capacitors
Power Standard Miniature 4-Terminal Snap-in

166/167 PSM-4TSI

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 4 Test procedures and requirements

TEST
PBOCEDURE REQUIREMENTS
NAME OF TEST | REFERENCE (quick reference)
Endurance |IEC 384-4/ Tamb = 85 °C; Ug applied; Ur <100 V; AC/C: £15%
CECC 30300 5000 hours Ug > 100 V; AC/C: +10%
subclause 4.13
Z < 2 x spec. limit
ILs < spec. limit
Useful life CECC 30301 Tamb = 85 °C; Ug and I applied; Ug <100 V; AC/C: £45%
subclause 1.8.1 10000 hours Ur > 100 V: AC/C: +30%
Z < 3 x spec. limit
I 5 < spec. limit
no short or open circuit,
no visible damage
total failure percentage:
Ur <100 V: £1%;
Ugr > 100 V: <3%
Shelf life IEC 384-4/ Tamb = 85 °C no voltage applied; AC/C: £10%
(storage at CECC 30300 500 hours ILs < 2 x spec. limit
. L5 = .
high temperatins) | Bubelauss 4.17 after test: Ug to be applied for 30 minutes,
24 to 48 hours before measurement
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Aluminium electrolytic capacitors

Product specification

168/169 PLL-4TSI

Power Long Life 4-Terminal Snap-in

FEATURES

Keyed polarity obtained by
4 snap-in terminals

Polarized aluminium electrolytic
capacitors, non-solid

blank —

Large types, minimized
dimensions, cylindrical aluminium
case, insulated with a blue sleeve

Pressure relief on the top of the
aluminium case

Charge and discharge proof

Very long useful life:
5000 hours at 105 °C

)

~~
(! )

) MEA555

Fig.1 Component outlines.

Temperature range up to 105 °C
e Low ESR, high ripple current

capability.

APPLICATIONS

e Computer, telecommunication and

industrial systems 166/167

PSM-4TSI

Smoothing and filtering
applications

Standard and switched mode
power supplies

Energy storage in pulse systems

For excellent mounting stability.

standard

b SNAP-IN —p
105 °C

168/169
PLL-4TSI

058/059

% high ripple
85°C PLL-SI

CCB034

QUICK REFERENCE DATA

DESCRIPTION

VALUE

168 169

Case size (DDnom X Lnom in mm)

35 x 40; 35 x 50 35 % 40; 35 % 45; 35 % 50

Rated capacitance range (E6/E12 series), Cr

2200 to 47000 uF 220 to 1000 uF

Tolerance on Cg

+20%

Rated voltage range, Ug

10to 100 V 200 to 400 V

Category temperature range

-40to +105 °C

Endurance test at 105 °C

2000 hours

Useful life at 105 °C

5000 hours

Useful life at 40 °C and 1.9 x Ig applied

125000 hours

Shelf life at 0 V, 105 °C

500 hours

Based on sectional specification

|IEC 384-4/CECC 30300

Climatic category IEC 68

40/105/56
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Product specification

Aluminium electrolytic capacitors
Power Long Life 4-Terminal Snap-in

168/169 PLL-4TSlI

Selection chart for Cgr, Ug and relevant nominal case sizes (D x L in mm) for 168 series
Preferred types in bold.

Cr

Ugr (V)

(uF) 10

16

25

40

63

100

2200

35 x40

3300

35 x50

4700

35 x40

6800

35 x 50

10000

35 x40

15000

35 x 50

22000

33000

35 x40

47000

35 x50

Selection chart for Cg, Ug and relevant nominal case sizes (JD x L in mm) for 169 series

Preferred types in bold.

Cr

Ugr (V)

(uF)

200

250

385

400

220

35x40

35 x40

270

35 x 45

35 x 45

330

35 x 50

35 x 50

470

35 x40

35 x 40

35 x 45

680

35 x 50

820

35 x 45

1000

35 x 50
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Aluminium electrolytic capacitors

Power Long Life 4-Terminal Snap-in 168/169 PLL-4TS

MECHANICAL DATA AND PACKAGING QUANTITIES

4
|
1
:

ccBo62

Lma)( »_d SRS <
ccBoss
S

Bottom view

Dimensions in mm.

Dummy terminals (A and C) must be free
For dimensions see Table 1. from the electrical circuit.

Dimensions in mm.

Fig.2 4-Terminal Snap-in. Fig.3 Mounting hole diagram.

Table 1 Physical dimensions, mass and packaging information; see Fig.2

NOMINAL CARDBOARD BOX
CASE SIZE | CASE | @Dmax | Lmax | MASS | PACKAGING QUANTITIES DIMENSIONS
@D x L CODE | (mm) (mm) (9) (units per box) Ixwxh
(mm) (mm)

35 x40 3540 36 42 =55 50 390 x 198 x 54

35x 45 3545 36 47 =63 50 390 x 198 x 59

35 x 50 3550 36 52 =72 50 390 x 198 x 64
MARKING

The capacitors are marked (where possible) with the following information:
* Rated capacitance (in uF)

e Tolerance code on rated capacitance (M for +20%)

» Rated voltage (in V)

L]

Climatic category in accordance with “/EC 68"

o Date code (year and week) in accordance with “/EC 62”
s Code for factory of origin

* Name of manufacturer

'~ sign to indicate the negative terminal, visible from the top and side of the capacitor

Code number (last 8 digits)
Code for basic specification in accordance with “/EC 384-4-1"and “CECC 30301".
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Aluminium elelctrolync cgpacﬁors . 168/169 PLL-4TSI
Power Long Life 4-Terminal Snap-in
ELECTRICAL DATA AND ORDERING INFORMATION Ordering example
Unless otherwise specified, all electrical values in Table 2 apply at Electrolytic capacitor 168 series
Tamp = 20 °C, P = 86 to 106 kPa, RH = 45 to 75%.
15000 uF/25 V; £20%
SYMBOL DESCRIPTION _ _
Cn Fatod SaApRGIENDS BT 100 HZ Nominal case size: @35 x 40 mm
IR rated RMS ripple current at 100 Hz and 105 °C Catalogue number: 2222 168 56153.
IL4 max. leakage current after 1 minute at Ug
ILs max. leakage current after 5 minutes at Ug
ESR max. equivalent series resistance at 100 Hz
Z max. impedance at 10 kHz
Table 2 Electrical data and ordering information for 168/169 series; preferred types in bold
NOMINAL Ir R P CA E
l{,“ 10C0RHz C’g’g S:_ZE ggﬁi 120 Hg 1 I|~Ln1in 5 Irll_15in 1§§ Hz | 10kHz NTl-?I\;gs:
M wR (m:‘) (5A) (uA) @A) | me) | m) | 2222....
10 | 33000 35 x 40 3540 5.15 1984 664 30 24 168 54333
47000 35 x 50 3550 6.23 2824 944 24 21 168 54473
16 | 22000 35 x 40 3540 5.07 2116 708 31 24 168 55223
33000 8550 3550 6.23 3172 1060 25 21 168 55333
25 | 15000 35 x 40 3540 4.91 2254 754 83 24 168 56153
22000 35 x 50 3550 6.07 3304 1104 27 21 168 56223
40 | 10000 35 x40 3540 4.18 2404 804 46 29 168 57103
15000 35 x 50 3550 5121 3604 1204 36 24 168 57153
63 4700 35 x40 3540 3.65 1781 596 60 45 168 58472
6800 35 x 50 3550 4.58 2574 861 46 35 168 58682
100 2200 35 x 40 3540 3.05 1324 e 86 65 168 59222
3300 35 x 50 3550 3.84 1984 664 64 50 168 59332
200 680 35 x40 3540 1.91 820 276 235 155 169 52681
820 35x 45 3545 2.18 988 332 195 150 169 42821
1000 35 x50 3550 2.45 1204 404 160 125 169 52102
250 470 35x40 3540 1.82 709 239 270 155 169 53471
680 35 x 45 3545 225 1024 344 190 125 169 43681
680 35 x:50 3550 2.30 1024 344 190 125 169 53681
385 220 35 x40 3540 1.31 512 173 580 465 169 58221
270 35 x 45 3545 152 627 212 475 385 169 48271
330 35 %60 3550 1.75 766 258 390 320 169 58331
400 220 35 x40 3540 0.94 532 180 930 760 169 56221
270 35 x 45 3545 1.07 652 220 770 630 169 46271
330 35 x 50 3550 1.25 796 260 620 510 169 56331
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168/169 PLL-4TSI

Additional electrical data

PARAMETER CONDITIONS VALUE
Voltage
Surge voltage for short periods <250 V versions Us=9.15x Ug
>385 V versions Us=1.1xUg

Reverse voltage

UevS1V

Current

Leakage current

after 1 minute at Ug

IL1 £0.006Cg x UR + 4 uA

after 5 minutes at Ug

IL5 < 0.002Cg x Ug + 4 pA

Inductance

Equivalent series inductance (ESL) all case sizes typ. 19 nH
max. 25 nH
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Aluminium electrolytic capacitors

Power Long Life 4-Terminal Snap-in

168/169 PLL-4TSI

RIPPLE CURRENT AND USEFUL LIFE

Table 3 Multiplier of ripple current (Ig) as a function of frequency

| = actual ripple current at 100 Hz and 105 °C.
| = rated ripple current at 100 Hz and 105 °C.
(1) Useful life at 105 °C and I applied: 5000 hours.

FREQUENCY Ir MULTIPLIER
(Hz) Up=10t0 25V Ur =4010 100 V U >100V
50 0.93 0.91 0.86
100 1.00 1.00 1.00
200 1.04 1.05 1.13
400 1.07 1.09 121
1000 111 1:18 1.29
2000 1.33 1.15 1.32
4000 1.15 1.18 1.35
>10000 1.18 1.22 1.40
MGA454
27
Ia
In 28
25
24
BN\
NN
2.1
N Sk
NN O
\ \ > g life multiplier
18 X
NS
17 X
16 \ R
NNV NNNY
1.4 N \\{’96\ N\
' 2NN b
13 N
id 2NN\ ALK
o RO XN X
1.0 &%0 N N \{)
0.8 kKGNO
e S = .
40 50 60 70 80 90 100 110
Tamb(oc)

Fig.4 Multiplier of useful life as a function of ambient temperature and ripple current load.

1998 Jan 29

520



Philips Components

Product specification

Aluminium electrolytic capacitors
Power Long Life 4-Terminal Snap-in

168/169 PLL-4TSI

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 4 Test procedures and requirements

TEST
PBOCEDURE REQUIREMENTS
NAME OF TEST | REFERENCE (quick reference)
Endurance IEC 384-4/ Tamp = 105 °C; Ug applied; Ugr <100 V; AC/C: £15%
CECC 30300 2000 hours Ug > 100 V: AC/C: +10%
subclause 4.13
Z <2 x spec. limit
Is < spec. limit
Useful life CECC 30301 Tamb = 105 °C; Ug and I applied; Ur <100 V; AC/C: +45%
subclause 1.8.1 5000 hours Ur > 100 V; AC/C: +30%
Z < 3 x spec. limit
ILs < spec. limit
no short or open circuit,
no visible damage
total failure percentage:
Ur <100 V: £1%;
Ur> 100 V: 1%
Shelf life IEC 384-4/ Tamb = 105 °C; no voltage applied; AC/C: £10%
f]s',tohr?ge at : CF:;)CIC 3032(17 500 hours ILs < 2 x spec. limit
18 SHRERanG] | | SulsElelmE . after test: Ug to be applied for 30 minutes,
24 to 48 hours before measurement
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Aluminium electrolytic capacitors
Power Economic Printed Wiring

Product specification
B i v e b o e e e R S L e e it i

051/053 PEC-PW
e e e T e T A e S e e e e S T O R R 0

FEATURES
¢ Polarized aluminium electrolytic
capacitors, non-solid

e Large types with reduced
dimensions, cylindrical aluminium
case, insulated with a blue sleeve

Provided with keyed polarity

Pressure relief on the top of the
aluminium case

Charge and discharge proof

Long useful life:
12000 hours at 85 °C

High ripple current capability

High resistance to shock and

CCB065

o

1w

Fig.1 Component outlines.

vibration.
APPLICATIONS
¢ General purpose, industrial and
audio/video systems 050/052 high 051/053 long life 162/163
<4— ripple — 90—
e Smoothing and filtering RED:EW current PEC-PW 105°C PLL-PW
e Standard and switched mode coeese
power supplies
e Energy storage in pulse systems.
QUICK REFERENCE DATA
VALUE
DESCRIPTION
051 \ 053
Case size (ZDpom X Lnom in mm) 25 x 30 to 40 x 100
Rated capacitance range (E6 series), Cr 680 to 150000 pF I 68 to 2200 uF
Tolerance on Cr +20%
Rated voltage range, Ug 10 to 100 V | 200 to 400 V
Category temperature range —40 to +85 °C
Endurance test at 85 °C 5000 hours
Useful life at 85 °C 12000 hours
Useful life at 40 °C, 1.4 x |g applied 200000 hours
Shelf life at 0 V, 85 °C 500 hours
Based on sectional specification IEC 384-4, CECC 30300
Detail specification DIN 45910-T129, former DIN 41238
Climatic category IEC 68 40/085/56
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Aluminium electrolytic capacitors

Power Economic Printed Wiring 051/053 PEC-PW

Selection chart for Cg, Ug and relevant nominal case sizes (2D x L in mm)
Preferred types in bold

Cn Ur (V)
(uF) 10 16 25 40 63 100 200 385 400
68 N = _ - = N 2 25x30 | 25x 30
100 = p = = = = = 2540 | 25x40
150 N = - _ - = 25x30 | 30x40 | 30 x40
220 - - = - - - 2540 | 35x40 | 35x40
= N - - - N 30x40 | 35x50 | 35x50
330
- - - = - = - 40x40 | 40 x40
470 N - = u - - 35x40 | 40x50 | 40 x50
= = = = e = 25%30 | 35x50 | 40x70 | 40x70
= = = = 2 < 40 x 40 — -
1000 = = = = = 25x40 | 40x50 | 40 x100 | 40 x 100
1500 = = = = = 30x40 | 40x70 - =
2200 = = = = 25x30 | 35x40 | 40 x 100 - §
- = = 2530 | 25x40 | 35x50 = = -
3300
N = = . a 40 x 40 N - -
4700 - — 25x30 | 25x40 | 30x40 | 40 x50 - N -
6800 - 25x30 | 25x40 | 30x40 | 35x40 | 40x70 = - -
25x30 | 25x40 | 30x40 | 35x40 | 35x50 | 40 x 100 - s -
10000
_ i _ E 40 x 40 - - - -
25x40 | 30x40 | 35x40 | 35x50 | 40x70 = - - =
15000
= = = 40 x 40 = = = - -
3040 | 35x40 | 35x50 | 40x50 | 40 x 100 - ” N -
22000
- = 40 x 40 - - - - - -
35x40 | 35x50 | 40x50 | 40x70 = = = = -
33000
- 40 x 40 = e - - - - -
35x50 | 40x50 | 40x70 | 40x100 = = = e =
47000
40 x 40 — = = - — - —~ ~
68000 | 40x50 | 40x70 | 40x 100 = £ = = - =
100000 | 40x70 | 40 x 100 - = = = = = =
150000 | 40 x 100 - - = = = ~ - -
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Aluminium elect[rolyt.lc capaq’tors 051/053 PEC-PW
Power Economic Printed Wiring

MECHANICAL DATA AND PACKAGING QUANTITIES

025
1 7
10% 0.1 HHe t
T v
L L +5 max
1.3
(3x)
— J 125 L
] ] +0.1 MGB266
CCA975 H H +0.1
A
Dimensions in mm; for L see Table 1. Dimensions in mm.
1 = positive terminal; 5 = negative terminal. Case @D = 25 mm.

Case D = 25 mm. .
Fig.3 Mounting hole diagram viewed

Fig.2 Printed wiring pin version. from component side.

025
— a
5 3
15% 0.1 He Tt
©
1.3
L L + 5 max. (4x)
7.5 0.1— L
—~117.5% 0.1~ e
=
A —
CCA976 0.1
Dimensions in mm; for L see Table 1. Dimensions in mm.
1 = positive terminal; 5 = negative terminal. Case @D =30 mm.

Case @D = 30 mm.
Fig.5 Mounting hole diagram viewed

Fig.4 Printed wiring pin version. from component side.
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(e ——]

—_——

‘% @D +1 max,»‘

Dimensions in mm; for
1 = positive terminal; 5
Case @D =35 mm.

T

L see Table 1.
= negative terminal.

A

max.

5.1
0.1

Fig.6 Printed wiring pin version.

Dimensions in mm.
Case @D =35 mm.

025

! i}

15+ 0.1 & {

\ T

o
\.1.3
(4%)
7.5% 0.1— -—

== 7B 0 Mebees

Fig.7 Mounting hole diagram viewed
from component side.

Table 1 Physical dimensions, mass and packaging information; see Figs 2, 4, 6 and 8

NOMINAL CARDBOARD

CASE SIZE @Dmax | Lmax | MASS | PACKAGING QUANTITIES BOX DIMENSIONS
@D x L (mm) | (mm) (9) (units per box) Ixwxh

(mm) (mm)

25x 30 26 35 =24 100 290 x 280 x 45
25 x40 26 45 ~28 100 290 x 280 x 55
30 x 40 31 45 ~38 100 340 % 330 x 55
35 x 40 36 45 =51 50 390 x 198 x 55
35 x 50 36 55 =66 50 390 x 198 x 65
40 x 40 41 45 =78 50 440 x 223 x 55
40 x 50 41 55 =82 50 440 x 223 x 65
40x 70 41 75 =110 50 440 x 223 x 85
40 x 100 41 105 =176 50 440 x 223 x 115

1998 Jan 29

525




Philips Components

Product specification

Aluminium electrolytic capacitors
Power Economic Printed Wiring

051/053 PEC-PW

L L +5 max.

N _H i "ﬁjﬁ 5.1
CCA978 +0.1

Dimensions in mm; for L see Table 1.
1 = positive terminal; 5 = negative terminal.
Case @D = 40 mm.

Fig.8 Printed wiring pin version.

025

71T

D e

n
)
+
=)
d

! 1.3
(5x)
M
1754011+
— 20+0.1 l=— MGB269

Dimensions in mm.
Case UD =40 mm.

Fig.9 Mounting hole diagram viewed
from component side.

Mounting

When a number of capacitors are connected in a bank,
they must not be closer together than 15 mm, when no
derating of ripple current and/or temperature is applied.

Pin numbers 2, 3 and 4 (if present) must be free from the
electrical circuit.

MARKING

The capacitors are marked (where possible) with the
following information:

¢ Rated capacitance (in uF)
e Tolerance on rated capacitance (M for +£20%)

1998 Jan 29

Rated voltage (in V)

Climatic category in accordance with “/EC 68"

Date code (year and week) in accordance with “/EC 62”
Code for factory of origin

Name of manufacturer

Polarity of the terminals and ‘-’ sign to indicate the
negative terminal, visible from the top and/or side of the
capacitor

Code number

Code for basic specification in accordance with
“IEC 384-4-1"and “CECC 30301".



Philips Components Product specification

Aluminium electrolytic capacitors

Power Economic Printed Wiring 051/053 PEC-PW

ELECTRICAL DATA AND ORDERING INFORMATION Ordering example
Unless otherwise specified, all electrical values in Tables 2 and 3 apply at

Electrolyti it i
Tamp = 20 °C, P = 86 to 106 kPa, RH = 45 to 75%. Sl Kpadior DI el

10000 pF/25 V; +20%

SYMBOL DESCRIPTION
Cr rated capacitance at 100 Hz Nominal case size: &30 x 40 mm
IR rated RMS ripple current at 100 Hz, 85 °C or at 20 kHz, 70 °C Catalogue number: 2222 051 56103.
IL4 max. leakage current after 1 minute at Ug
ILs max. leakage current after 5 minutes at Ug
ESR max. equivalent series resistance at 100 Hz
Z max. impedance at 10 kHz

Table 2 Electrical data and ordering information for 051 series; preferred types in bold

Ur Cr ggggfzﬁz 10:)RHZ ZOIEHZ It Ius o & ki el
) 100FHz 2D x L 85 °C 70 °C 1 ml;n 5 mAn 100£|2-Iz 10 kglz-lz Zr\;tzlgnBER
(uF) (mm) (A) (A) (mA) (mA) (mQ) (mQ) |  2222.....
10 10000 25 x 30 3.1 5.9 0.60 0.20 51 40 051 54103
15000 25 x40 4.1 7.8 0.90 0.30 37 30 051 54153
22000 30 x40 5.0 9.5 1.32 0.44 30 25 051 54223
33000 35 x 40 5.5 10.4 1.98 0.66 28 24 051 54333
47000 35 x50 6.8 12.9 2.82 0.94 23 20 051 54473
47000 40 x 40 5.8 10.4 2.82 0.94 29 22 051 44473
68000 40 x 50 71 18.5 4.08 1.36 24 20 051 54683
100000 40 x70 9.2 17.4 6.00 2.00 19 16 051 54104
150000 40 x 100 12.0 22.7 9.00 3.00 16 14 051 54154
16 6800 25 x30 3.1 5.9 0.65 0.22 53 42 051 55682
10000 25 x40 4.0 7.6 0.96 0.32 39 34 051 55103
15000 30 x 40 5.0 9.5 1.44 0.48 31 27 051 55153
22000 35 x40 5.5 10.4 212 0.71 29 26 051 55223
33000 385 x50 6.7 12.7 3.17 1.06 23 21 051 55333
33000 40 x40 5.7 10.8 317 1.06 30 24 051 45333
47000 40 x 50 7.9 13.3 4.52 1.51 24 20 051 55473
68000 40 x 70 9.2 17.4 6.53 2.18 19 16 051 55683
100000 40 x 100 12.0 22.7 9.60 3.20 16 14 051 55104
25 4700 25 x 30 29 5:5 0.71 0.24 60 42 051 56472
6800 25 x 40 3.9 7.4 1.02 0.34 42 34 051 56682
10000 30 x40 4.8 9.1 1.50 0.50 34 27 051 56103
15000 35 x 40 5.3 10.0 2:25 0.75 30 26 051 56153
22000 35 x50 6.5 123 3.30 1.10 24 21 051 56223
22000 40 x 40 5.7 10.8 3.30 1.10 31 24 051 46223
33000 40 x50 7.0 13:3 4.95 1.65 25 20 051 56333
47000 40 x70 9.2 17.4 7.05 2.35 19 16 051 56473
68000 40 x 100 12.0 22.7 10.20 3.40 16 14 051 56683
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Aluminium electrolytic capacitors

EC-PW
Power Economic Printed Wiring 051/053 PEC

¢ HOMINAL ln In I | ESR z CATALOGUE
(L\’,’; 100 Hz c;x@s:xsll_ze 1:500';'; 27°o'f,"(':z imin | Smin | 100 Hz | 10 kHz NUMBER
(LF) pmdel ) @ | @A) | mA) | (mo) | (mo) 29D o v
40 | 3300 | 25x30 2.9 55 | 080 | 027 | 87 63 051 57332
4700 | 25x40 3.8 72 | 113 | 038 | 62 47 051 57472
6800 | 30x40 47 89 | 164 | 055 | 49 38 051 57682
10000 | 35x40 5.2 98 | 240 | o080 | 48 37 051 57103
15000 | 35x50 63 | 119 | 360 | 120 | 37 28 051 57153
15000 | 40 x40 56 | 106 | 360 | 120 | 50 35 051 47153
22000 | 40 x50 58 | 1.0 | 528 | 176 | 39 28 051 57223
33000 | 40x70 78 | 148 | 792 | 264 | 28 21 051 57333
47000 | 40x100 | 104 | 19.7 | 1128 | 376 | 22 17 051 57473
63 | 2200 | 25x30 25 47 | o084 | 028 | 83 62 051 58222
3300 | 25x40 3.3 62 | 125 | 042 | 58 42 051 58332
4700 | 30 x40 4.1 78 | 178 | 060 | 49 38 051 58472
6800 | 35x40 45 85 | 257 | 086 | 48 37 051 58682
10000 | 35x50 54 | 102 | 378 | 126 | 37 28 051 58103
10000 | 40 x 40 46 87 | 3878 | 126 | 52 37 051 48103
15000 | 40x70 75 | 142 | 567 | 189 | 29 24 051 58153
22000 | 40x100 | 100 | 190 | 832 | 277 | =22 19 051 58223
100 680 | 25x30 174 | 330 | 041 | 014 | 190 | 130 051 59681
1000 | 25x40 234 | 444 | 060 | 020 | 130 90 051 59102
1500 | 3040 295 | 559 | 090 | 030 | 95 67 051 59152
2200 | 35x40 369 | 700| 132 | 044 | 71 53 051 59222
3300 | 35x50 437 | 820| 198 | 066 | 55 41 051 59332
3300 | 40x40 416 | 789 | 198 | 066 | 64 48 051 49332
4700 | 40 x50 521 | o988 | 282 | 094 | 49 38 051 59472
6800 | 40x70 697 | 1322 | 408 | 136 | 35 28 051 59682
10000 | 40 x 100 950 | 18.00 | 6.00 | 200 | 26 21 051 59103
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Aluminium electrolytic capacitors
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Table 3 Electrical data and ordering information for 053 series; preferred types in bold

c el | In I I ESR | Z CATALOGUE
K/“) 100 Hz CAQS;XS:_ZE 1:500*(':2 2700'222 Amin | 5min | 100 Hz | 10 kHz NUMBER
(1F) Pl P | ™A | mA) | me) | (mo) 2222 ... .....
200 150 | 25x30 070 | 133 | 018 | 006 | 1000 | 770 053 52151
220 | 25x40 094 | 178 | 026 | 0.09 680 | 525 053 52221
330 | 30x40 127 | 241 | 040 | 0.14 460 | 360 053 52331
470 | 35x40 166 | 315 | 057 | 0.19 320 | 250 053 52471
680 | 35x50 219 | 415 | 082 | 0.28 220 170 053 52681
680 | 40x40 217 | 411 | 082 | 028 220 170 053 42681
1000 | 40x50 286 | 542 | 120 | 0.40 150 15 053 52102
1500 | 40x70 381 | 722 | 180 | 060 110 85 053 52152
2200 | 40x100 | 520 | 986 | 264 | 0.88 80 60 053 52222
385 68 | 25x30 047 | 089 | 0.16 | 006 | 2200 | 1480 053 58689
100 | 25x40 064 | 121 | 023 | 008 | 1500 | 1020 053 58101
150 | 30x40 090 | 171 | 035 | 012 | 1000 | 700 053 58151
220 | 35x40 115 | 218 | 051 | 017 680 | 480 053 58221
330 | 35x50 153 | 290 | 077 | 026 450 | 340 053 58331
330 | 40x40 152 | 288 | 077 | 026 450 | 340 053 48331
470 | 40x50 196 | 372 | 1090 | 036 320 | 260 053 58471
680 | 40x70 270 | 512 | 158 | 053 220 190 053 58681
1000 | 40x100 | 370 | 7.02 | 231 | 078 180 140 053 58102
400 68 | 25x30 054 | 102 | 016 | 0.06 | 2100 | 1000 053 56689
100 | 25x40 073 | 138 | 024 | 008 | 1400 | 780 053 56101
150 | 30x40 098 | 18 | 036 | 0.12 950 520 053 56151
220 | 35x40 128 | 243 | 052 | 017 650 | 400 053 56221
330 | 35x50 167 | 317 | 079 | 026 480 | 280 053 56331
330 | 40x40 167 | 317 | 079 | 026 480 | 280 053 46331
470 | 40x50 212 | 402 | 112 | 037 340 | 220 053 56471
680 | 40x70 290 | 550 | 163 | 054 235 155 053 56681
1000 | 40x100 | 405 | 7.68 | 240 | 0.80 160 110 053 56102
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Additional electrical data

PARAMETER | CONDITIONS VALUE
Voltage
Surge voltage for short periods <250 V versions Us=1.15xUR
>385 V versions Ug=1.1xUR
Reverse voltage Uev<1V

Current

Leakage current

after 1 minute at Ug

IL1 £0.006Cg x Ug + 4 uA

after 5 minutes at Ug

ILs £0.002Ck x Ug + 4 uA

Curve 3: Ug =385 V.
Cy = capacitance at 20 °C and 100 Hz.

Inductance
Equivalent series inductance (ESL) |case @D =25 mm max. 25 nH
case @D = 30 and 35 mm max. 30 nH
case @D =40 mm max. 35 nH
Capacitance (C)
MGB271
1.1 !
2
LA
LS LT
G i 5
0 | LT d | [ +—11.3
[ g:——-—""—- |
1.0 -
o
1 B g
11 //
0.9 /
2.3
|
\
0.8
Curve 1: Ug = 100 V and 200 V. -40 -20 0 20 40 60 80 100
Curve 2: Ug =10V, 16V, 25V, 40 V and 63 V. Tamb (°C)

Fig.10 Typical multiplier of capacitance as a function of ambient temperature.
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MGB270

1.1
€
Co
4l
1.0 1 = —
e~ | T
~ ~
\\\\~\\ \.\
\\\\ ‘\ N 1
NN |
N 2
\\
0.9
\\ 3
Curve 1: Ug = 100 V and 200 V. 4
Curve 2: Ug =40V and 63 V. 08 ‘
Curve 3: Uz =25V and 385 V. 10 102 103 f (Ha) 104

Curve 4: Ug =10V and 16 V.
Cy = capacitance at 20 °C and 100 Hz.

Fig.11 Typical multiplier of capacitance as a function of frequency.

Equivalent series resistance (ESR)

MGB272

1.4
3
ESR
ESR(
1.2 ?
1 ﬁ
1.0
NG
%
\ \N-___\
N 1
0.8 \\ NG
N T
N | T 5
.\\
T 3
0.6
Curve 1: Ug =10V, 16 Vand 25 V.
Curve 2: Ug =40V, 63 Vand 385 V. 10 102 103 104 f (Hz) 105

Curve 3: Ug =100 V and 200 V.
ESRg = typical at 20 °C and 100 Hz.

Fig.12 Typical multiplier of typical ESR as a function of frequency.
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MGB273

ESRg = typical at 20 °C and 100 Hz.

Case @D x L = 35 x 50, 40 x 40, 40 x 50, 40 x 70 and 40 x 100 mm.

10
ESR 1
ESRO \
10 > =
AN AN
N X
N
o N N\
LW
N
N
L 3
&=
1
Curve 1: Ug =385 V. 107!
Curve 2: Ug =100 V and 200 V. =80 0 50 N 100
Curve 3: Up = 10 V0 63 V. Tamb (°C)
ESRy = typical at 20 °C and 100 Hz.
Case @D x L = 25 x 30, 25 x 40, 30 x 40 and 35 x 40 mm.
Fig.13 Typical multiplier of ESR as a function of ambient temperature.
MGB274
102 =]
|
ESR 1
ESR
° \
10 -
=12 N
'\ AN
3 \\ AN
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4N \\\ \\
\QE\ | 4
1 t i —
1
Curve 1: Ug =385 V.
Curve 2: Ug =200 V. 107 |
Curve 3: Ug = 100 V. -50 0 50 100
, T (°c)
Curve 4: Ug =10V to 63 V. amb

Fig.14 Typical multiplier of ESR as a function of ambient temperature.
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Impedance (Z)

102 o MGB275
Z I :
Zg \
L |
10 \—\ = |
=t NN "
A
41\ Y .
i L T [ i
NSSNOK |
b
¥ u
\\
1 - — |
; =
——— 3
=l 14 1
Curve 1: Ug =385 V. 1| SN [ | NS S S W
Curve 2: Ug =200 V.
Curve 3: Ug = 100 V. 107!
< _ =50 0 50 100
Curve 4: Ug =10V to 63 V. Tamb (°C)

Z, = typical impedance at 20 °C and 10 kHz.
Case @D x L = 25 x 30, 25 x 40, 30 x 40 and 35 x 40 mm.

Fig.15 Typical multiplier of impedance as a function of ambient temperature.

102 ’ _ McB276
Z S I A
Zy +—r1
\
== == S
X N —
N — —
N INg
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NN |
4N \
P IIS
i
—
1 % | :431 o
Curve 1: Ug =385 V. ‘
Curve 2: Ug =200 V. | ‘
Curve 3: Ug =100 V. 1071 L
Curve 4: Ug =10V to 63 V. -50 0 50 100
y Tamb (°C)

Z, = typical impedance at 20 °C and 10 kHz.
Case @D x L = 35 x 50, 40 x 40, 40 x 50, 40 x 70 and 40 x 100 mm.

Fig.16 Typical multiplier of impedance as a function of ambient temperature.
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102 mGB277
—
z —H
(®)) 2 i
N
10 b \\\
= <
—] N
:
SRR
\ NN
4N NI
5 | |5 \ NN
=116 N ‘;\
= N = i
—t8 N N ~
N i
N \\:\\\ N L A
Curve 1: 68 uF, 385 V. B \\\\\:\ N Iy I
Curve 2: 150 uF, 200 V. 10 QD :
Curve 3: 680 uF, 100 V. s N -
Curve 4: 2200 uF, 63 V. s i
Curve 5: 3300 uF, 40 V.
Curve 6: 4700 uF, 25 V. 10-2

Curve 7: 6800 uF, 16 V. 10 102 108 104 10°
Curve 8: 10000 uF, 10 V.
Case @D x L =25 x 30 mm.

10° f (Hz) 107

Tamb = 20 °C.
Fig.17 Typical impedance as a function of frequency.
102 ; MGB278
T
1
zZ —1
Q) TN
T2}
N
10 \
\C A
3 \‘
: N
| N
! N
’ 4 N NN |
=5 \
| S =y ¥ N
=) \\
T NERN N —
& NNR TN N4
. N
Curve 1: 100 uF, 385 V. y \ \\\\b N TN S
Curve 2: 220 uF, 200 V. 10 O
Curve 3: 1000 1F, 100 V. =% > =
Curve 4: 3300 puF, 63 V. >
Curve 5: 4700 uF, 40 V. b i
Curve 6: 6800 uF, 25 V. 102
Curve 7: 10000 uF, 16 V. 10 102 10° 10* 10° 10° § (Hz) 107

Curve 8: 15000 uF, 10 V.
Case @D x L =25 x 40 mm.
Tamb = 20 °C.

Fig.18 Typical impedance as a function of frequency.
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MGB279
102

Curve 1: 150 uF, 385 V.
Curve 2: 330 uF, 200 V.
Curve 3: 1500 pF, 100 V. -
Curve 4: 4700 pF, 63 V. N

Curve 5: 6800 puF, 40 V. At
Curve 6: 10000 uF, 25 V. 1072
Curve 7: 15000 pF, 16 V.

Curve 8: 22000 pF, 10 V.

Case @D x L = 30 x 40 mm.

Tan=20°6:

10 102 108 10* 10° 10° ¢ (Hz) 107

Fig.19 Typical impedance as a function of frequency.

102 MGB280
z
Q)
1
ol LN
==
N
A
N \
-3y .
N
1 | il

PEREEAN G

5 AN 1N

>N N 1Y N | /.

R IHIN Hit=e —H
Curve 1: 220 F, 385 V. p & NN \\ N N Ty
Curve 2: 470 uF, 200 V. 10 NS
Curve 3: 2200 uF, 100 V. = =
Curve 4: 6800 uF, 63 V. LT ~

| N -

Curve 5: 10000 uF, 40 V. T = =
Curve 6: 15000 uF, 25 V. 1072 il |
Curve 7: 22000 uF, 16 V. 10 102 108 104 10° 10% ¢ (H2) 107

Curve 8: 33000 puF, 10 V.
Case @D x L = 35 x 40 mm.
Tamt=20 °C.

Fig.20 Typical impedance as a function of frequency.
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102 MGB281
z
(«)
10 bt
:
=
==
\\
AN
1 2 N N .
!
: /
4 X X
__g NN \\\ N
NG
Curve 1: 330 uF, 385 V. , 7 \\\ N \\ M~ ! ,aﬁ"
Curve 2: 680 UF, 200 V. 107 == NN
. R,
Curve 3: 3300 yF, 100 V. RN
Curve 4: 10000 uF, 63 V. N N L
Curve 5: 15000 uF, 40 V. =
Curve 6: 22000 pF, 25 V. 1072
Curve 7: 33000 uF, 16 V. 10 102 10° 10* 10° 108 ¢ (Hz) 107

Curve 8: 47000 puF, 10 V.
Case @D x L = 35 x 50 and 40 x 40 mm.

Tamb = 20 °C.
Fig.21 Typical impedance as a function of frequency.
102 MGB282
z
Q)
il —=
i
——; .
NI\
N
1 \‘ \ /
A
N N,
L1 N N
'N 3

<L | 5NN \\ \ e "%
Curve 1: 470 uF, 385 V. 10 =6 =
Curve 2: 1000 pF, 200 V. = == N
Curve 3: 4700 pF, 100 V. N
Curve 4: 22000 yF, 40 V. N\ I H

m LT

Curve 5: 33000 iF, 25 V. 102 I TH
Curve 6: 47000 uF, 16 V. 5 102 o8 g 105 108 ¢ (g 107

Curve 7: 68000 uF, 10 V.
Case @D x L =40 x 50 mm.
Tamb =20 °C.

Fig.22 Typical impedance as a function of frequency.
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Curve 8: 150000 pF, 10 V.

Tams = 20°C.

Case @D x L =40 x 100 mm.

102 MGB283
z
Q)
10
=4
I
T
b N\
. N\ \\ /
it ‘\
Im— X
d N
= \ /
? LN NN,
Curve 1: 680 uF, 385 V. 1 TsUN \\ [l \\ Ve
Curve 2: 1500 uF, 200 V. 10 =6 e ==
Curve 3: 6800 uF, 100 V. —r7 N N
] NN
Curve 4: 15000 uF, 63 V. N\ \\ . N
1 <
Curve 5: 33000 uF, 40 V. NN
Curve 6: 47000 F, 25 V. - BRaan o
Curve 7: 68000 uF, 16 V. 10 102 10° 104 10° 108 ¢ (Hz) 107
Curve 8: 100000 uF, 10 V.
Case @D x L =40 x 70 mm.
Tamb = 20 °C.
Fig.23 Typical impedance as a function of frequency.
102 MGB284
z
(%))
10
/
Wi
Curve 1: 1000 pF, 385 V. ,/
Curve 2: 2200 pF, 200 V.
Curve 3: 10000 pF, 100 V. 5
Curve 4: 22000 pF, 63 V. A
Curve 5: 47000 uF, 40 V. Bl ,::::
Curve 6: 68000 kF, 25 V. o
Curve 7: 100000 uF, 16 V. 10 102 10° 10 10° 10% § (Hz) 107

Fig.24 Typical impedance as a function of frequency.
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RIPPLE CURRENT AND USEFUL LIFE

Table 4 Multiplier of ripple current (Ig) as a function of frequency

FREQUENCY
Ig MULTIPLIER
(Hz) )
50 0.83
100 1.00
200 1.10
400 1.15
1000 1.19
>2000 1.20
MGA453
24
2.3
a
I
R
2.1
2.0
1.9
1.8
1.7
> <— life multiplier
1.6 5
7 '9\
15 B
="
14 PR
1.3 \ s o
12 2
® 5
. PR o
> o |
1.0 ‘
p. ";\ |

o o
o
4
W
A

0 o 90
Tamp (*C)

|a = actual ripple current at 100 Hz and 85 °C.
|g = rated ripple current at 100 Hz and 85 °C.
(1) Useful life at 85 °C and Iy applied: 12000 hours.

Fig.25 Multiplier of useful life as a function of ambient temperature and ripple current load.
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SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 5 Test procedures and requirements

TEST

PBOCEDURE REQUIREMENTS
NAME OF TEST | REFERENCE (quick reference)
Endurance |IEC 384-4/ Tamb = 85 °C; U applied; Ur <100 V; AC/C: £15%
CECC 30300 5000 hours Ur > 100 V: AC/C: £10%
subclause 4.13
Z <2 x spec. limit
ILs < spec. limit
Useful life CECC 30301 Tamb = 85 °C; Ug and I applied; Ugr <100 V; AC/C: +45%
subclause 1.8.1 12000 hours Ur > 100 V: AC/C: +30%
Z < 3 x spec. limit
ILs < spec. limit
no short or open circuit,
no visible damage
total failure percentage:
Ur <100 V: €1%;
Ug > 100 V: <3%
Shelf life IEC 384-4/ Tamb = 85 °C; no voltage applied; AC/C: £10%
SRS e after test: U to be applied for 30 minutes,
24 to 48 hours before measurement
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050/052 PED-PW
Power Eurodin Printed Wiring .

FEATURES

» Polarized aluminium electrolytic
capacitors, non-solid

E— CcCBo66

Large types, cylindrical aluminium
case, insulated with a blue sleeve H

Provided with keyed polarity =

050 series also available in
solder-lug (SL) versions

Pressure relief on the top of the
aluminium case

Charge and discharge proof £ ;H i

Very long useful life:
15000 hours at 85 °C PW PW SL

Low ESR, high ripple current
capability

High resistance to shock and Fig.1 Component outlines.
vibration.

APPLICATIONS

e Computer, telecommunication and
industrial systems

051/053 higher _| 050/052 | _ longlife __y | 162/163
» Smoothing and filtering pec-pw [ C PLL-PW

V/volume PED-PW 105 °C

¢ Standard and switched mode ccBo3s

power supplies

e Energy storage in pulse systems.

QUICK REFERENCE DATA

VALUE
DESCRIPTION l

050

Case size (DDpom % Lnom in mm) 25 x 30 to 40 x 100

Rated capacitance range (E6 series), Cg 470 to 68000 pF | 47 to 1000 puF
Tolerance on Cr —10 to +30%

Rated voltage range, Ug 10 to 100 V | 250 to 400 V
Category temperature range —40 to +85 °C

Endurance test at 85 °C 5000 hours

Useful life at 85 °C 15000 hours

Useful life at 40 °C and 1.4 x I applied 250000 hours

Shelf life at 0 V, 85 °C 500 hours

Based on sectional specification IEC 384-4/CECC 30300

Detail specification DIN 45910-T129, former DIN 41238
Climatic category IEC 68 40/085/56

052
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Selection chart for Cg, Ug and relevant nominal case sizes (2D x L in mm) for 050 series
Preferred types in bold.

Cr Ug (V)

(uF) 10 16 25 40 63 100
470 - - - - - 25 x 30
680 - - = = 25 x 40

1000 - - - - 25 x 30 30 x 40

1500 e - N 25 x 30 25 % 40 35 x 40

- = - 25 x 30 25 x 40 30 x 40 35 x 50

- - - - = 40 x 40

3300 ” 25 x 30 25 x 40 30 x 40 35 x 40 40 x 50

25 x 30 25 x 40 30 x 40 35 x 40 35 x 50 40 % 70
4700
- = = = 40 x 40 -
6800 25 x 40 30 x 40 35 x40 35 x50 40 x 50 40 x 100
= > N 40 x 40 = -
30 x 40 35 x 40 35 x 50 40 x 50 40 x 70 =
10000
= - 40 x 40 = = ”
35 x 40 35 x 50 40 x 50 40 x 70 40 x 100 =
15000
- 40 x 40 = - = -
35 x 50 40 x 50 40 x 70 40 > 100 - =
22000
40 x 40 - = - = =
33000 40 x 50 40 x 70 40 x 100 - - -
47000 40 x 70 40 % 100 ” - = -
68000 40 x 100 - - = = =

Selection chart for Cg, Ug and relevant nominal case sizes (D x L in mm) for 052 series
Preferred types in bold.

Cr Ur (V)

(uF) 250 385 400
47 = 25 x 30 25 x 30
68 - 25 x 40 25 x 40

100 25 x 30 30 x 40 30 x 40
150 25 x 40 35 x 40 35 x 40
30 x 40 35 x 50 35 x 50
220 = 40 x 40 40 x 40
330 35 x 40 40 x 50 40 x 50
470 35 x 50 40 x 70 40 x 70
40 x 40 - -
680 40 x 50 - 40 x 100
1000 40 x 70 = -

1998 Jan 29
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Aluminium electrolytic capacitors

PED-PW
Power Eurodin Printed Wiring 050/052

MECHANICAL DATA AND PACKAGING QUANTITIES

7 @D +1 max.r

—_ =
(R
L L +5 max
@ )
— 151
CCA975 A10.1

Dimensions in mm; for L see Table 1.
1 = positive terminal; 5 = negative terminal.
Case @D =25 mm.

Fig.2 Printed wiring pin version.

025
!
1
I
' &
10%0.1 e f
D
i 13
‘ (3x)
125 L
i +0.1 MGB266

Dimensions in mm.
Case @D =25 mm.

Fig.3 Mounting hole diagram viewed
from component side.

r— @D + 1 max. —>,

R N

L L + 5 max.

€

TITTE

Dimensions in mm; for L see Table 1.
1 = positive terminal; 5 = negative terminal.
Case @D = 30 mm.

5.1
0.1

i

Fig.4 Printed wiring pin version.

025
4>! r‘~
e 74
15+ 0.1 e ]
P AR o
&
1.3
(4x)
Z5T 01— =
1175 £ 0/t == Mabeay

Dimensions in mm.
Case @D = 30 mm.

Fig.5 Mounting hole diagram viewed
from component side.
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25
|
I
~<— D + 1 max.—
‘ ‘ 3 4
(—  ——7 /) 4
( ) 15+ 0.1 t € ;
Al u
Yy 5
L L + 5 max. (143)
‘ 7.5% 0.1—>| -— 1
‘ —1175+ 0.1 Maaz268
)

r— —
CCA977 H- Hd T: i5011

)

Dimensions in mm.
Case @D = 35 mm.

Dimensions in mm; for L see Table 1.

1 = positive terminal; 5 = negative terminal.
Case @D =35 mm.

Fig.7 Mounting hole diagram viewed

Fig.6 Printed wiring pin version. from component side.

Table 1 PW versions; physical dimensions, mass and packaging information; see Figs 2, 4, 6 and 8

NOMINAL CARDBOARD

CASE SIZE ODmax | Lmax | MASS | PACKAGING QUANTITIES BOX DIMENSIONS
@D x L (mm) (mm) (9) (units per box) Ixwxh

(mm) (mm)

25 x 30 26 35 =24 100 290 x 280 x 45
25 x 40 26 45 ~28 100 290 x 280 x 55
30 x 40 31 45 =38 100 340 x 330 x 55
35 x 40 36 45 =51 50 390 x 198 x 55
35 %50 36 55 ~66 50 390 x 198 x 65
40 x 40 41 45 =78 50 440 x 223 x 55
40 x 50 41 55 =82 50 440 x 223 x 65
40x70 41 75 =110 50 440 x 223 x 85
40 x 100 41 105 =176 50 440 x 223 x 115
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@
025
e
r— @D + 1 max. —T —-7:
™ = f S 4
20+ 0.1 +H > > T
T 13
L L +5 max. ‘ (&9
10+ 01— -
1752 0.1=—
== 20201 k MGB269
e
CCA978 -H H i t5011
Dimensions in mm; for L see Table 1. Dimensions in mm.
1 = positive terminal; 5 = negative terminal. Case @D = 40 mm.
Case JD =40 mm.
Fig.9 Mounting hole diagram viewed
Fig.8 Printed wiring pin version. from component side.

Mounting

When a number of capacitors are connected in a bank, they must not be closer together than 15 mm, when no derating
of ripple current and/or temperature is applied.

Pin numbers 2, 3 and 4 (if present) must be free from the electrical circuit.
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'¢ @D + 1 max.»

‘ E——
L
]
'

%F E? 10 +1
T4 DIN 41497 | 1
1

>lgis ' ccAgs2

Dimensions in mm; for L see Table 2.
1 = positive terminal; 5 = negative terminal.
See this handbook, Section “Mounting Accessories”.

Fig.10 Solder-lug version (SL); only available in 050 series.

Table 2 SL versions (050 series only); physical dimensions, mass and packaging information; see Fig.10

NOMINAL CARDBOARD BOX

CASE SIZE @Dmax | Lmax | MASS | PACKAGING QUANTITIES DIMENSIONS
@D x L (mm) | (mm) (9) (units per box) Ixwxh

(mm) (mm)

25 x 30 26 32 =24 100 290 x 280 x 65
25 x40 26 42 =28 100 290 x 280 x 75
30 x 40 31 42 =38 100 340 x 330 x 75
35 x 40 36 42 =51 50 390 x 198 x 75
35 x 50 36 52 =66 50 390 x 198 x 85
40 x 50 41 52 =82 50 440 x 223 x 85
40x 70 41 72 =110 50 440 x 223 x 105
40 x 100 41 102 =176 50 440 x 223 x 135
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ELECTRICAL DATA AND ORDERING INFORMATION
Unless otherwise specified, all electrical values in Tables 3 and 4 apply at

Tamb =20 °C, P = 86 to 106 kPa, RH = 45 to 75%.

Ordering example

Electrolytic capacitor 050 series

10000 pF/25 V; -10/+30%

Nominal case size: @35 x 50 mm;
PW version

Catalogue number: 2222 050 56103.

SYMBOL DESCRIPTION
Cr rated capacitance at 100 Hz
IR rated RMS ripple current at 100 Hz, 85 °C or at 20 kHz, 70 °C
IL1 max. leakage current after 1 minute at Ug
ILs max. leakage current after 5 minutes at Ug
ESR max. equivalent series resistance at 100 Hz
Z max. impedance at 10 kHz

Table 3 Electrical data and ordering information for 050 series; preferred types in bold

Cr NOMINAL Ir Ir It ILs ESR z CATALOGUE
Ur CASE SIZE | 100 Hz | 20 kHz . : NUMBER
V) 100 Hz oD x L 85°C | 70°C 1min | 5min | 100 Hz | 10 kHz (note 1)
WP (mm) @ | ay | R | mAY | () | (mo) 2222 ... ..
10 4700 25 x 30 24 4.6 0.28 0.10 74 50 050 54472
6800 25 x 40 3.2 6.1 0.41 0.14 51 37 050 54682
10000 30 x 40 3.8 7.2 0.60 0.20 39 29 050 54103
15000 35 x40 41 7.8 0.90 0.30 35 26 050 54153
22000 35 x50 5.0 9.5 1.32 0.44 27 21 050 54223
22000 40 x 40 4.2 8.0 1.32 0.44 36 27 050 44223
33000 40 x 50 5.0 9.5 1.98 0.66 29 22 050 54333
47000 40 x 70 6.8 12.9 2.82 0.94 20 17 050 54473
68000 40 x 100 9.2 17.5 4.08 1.36 15 14 050 54683
16 3300 25 x 30 24 4.6 0.32 011 75 50 050 55332
4700 25 x 40 3.1 5.9 0.45 0:.15 52 37 050 55472
6800 30 x 40 3.7 7.0 0.65 0.22 40 30 050 55682
10000 35 x40 41 7.8 0.96 0.32 36 27 050 55103
15000 35 x 50 5.0 9.5 1.44 0.48 28 21 050 55153
15000 40 x 40 42 8.0 1.44 0.48 36 27 050 45153
22000 40 x 50 5.0 9.5 212 0.71 29 22 050 55223
33000 40 x 70 6.7 12.7 3.17 1.06 20 b7 050 55333
47000 40 x 100 9.1 17.3 4.51 1.51 16 14 050 55473
25 2200 25 x 30 2.3 4.4 0.33 0.11 78 52 050 56222
3300 25 x40 3.1 5.9 0.49 0.17 53 38 050 56332
4700 30 x 40 3.7 7.0 0.70 0.24 42 31 050 56472
6800 35 x 40 41 7.8 1.02 0.34 37 28 050 56682
10000 35 x 50 5.0 9.5 1.50 0.50 28 21 050 56103
10000 40 x 40 4.2 8.0 1.50 0.50 36 27 050 46103
15000 40 x 50 5.0 9.5 2.25 0.75 29 22 050 56153
22000 40 x 70 6.8 12.9 3.30 1.10 20 17 050 56223
33000 40 x 100 9.2 175 4.95 1.65 15 14 050 56333
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c, | NomaL [ g I s L | =E | 2 CATALOGUE
Un | yoouz | CASESIZE | 100Hz | 20kHz | Mt | hs | BS8 | Z NUMBER
V) @DxL | 8s5°C | 70°C (note 1)

(uF) (mm) ® | @ | ™A | WA (ma) | () 2222 .. ...
40 1500 | 25x 30 20 38 | 036 | 012 | 112 68 050 57152
2200 | 25x40 27 51 | 053 | 018 | 76 51 050 57222
3300 | 30x40 33 63 | 079 | o027 | s7 41 050 57332
4700 | 35x40 38 72 | 113 | o038 | 48 35 050 57472
6800 | 35x 50 47 89 | 164 | 055 | 36 27 050 57682
6800 | 40 x 40 4.1 78 | 164 | 055 | 45 33 050 47682
10000 | 40 x50 49 93 | 240 | o080 | 35 27 050 57103
15000 | 40x 70 66 | 125 | 360 | 120 | 25 20 050 57153
22000 | 40x100 | 90 | 171 | 528 | 176 | 18 16 050 57223
63 1000 | 25x30 18 34 | 038 | 013 | 122 74 050 58102
1500 | 25 40 25 47 | o057 | o019 | 83 54 050 58152
2200 | 30x40 3.1 59 | 083 | 028 | 57 #1 050 58222
3300 | 35x40 36 68 | 125 | 042 | 48 35 050 58332
4700 | 35x50 44 83 | 178 | o060 | 36 27 050 58472
4700 | 40 x40 38 72 | 178 | oeo | 45 33 050 48472
6800 | 40 x50 47 8o | 257 | oss | a5 27 050 58682
10000 | 4070 62 | 118 | 378 | 126 | 25 20 050 58103
15000 | 40x100 | 85 | 161 | 567 | 189 | 18 16 050 58153
100 470 | 25x30 14 27 | 028 | 010 | 247 | 172 050 59471
680 | 25x40 19 36 | 041 | 014 | 170 | 116 050 59681
1000 | 30x40 25 47 | o060 | 020 | 123 88 050 59102
1500 | 35 40 3.1 58 | 090 | 030 | o4 71 050 59152
2200 | 35x50 3.9 74 | 132 | 044 | 69 5 050 59222
2200 | 40 x40 36 68 | 132 | 044 | 81 65 050 49222
3300 | 40 x50 46 87 | 198 | o066 | 59 48 050 59332
4700 | 40x70 62 | 117 | 28 | 094 | 42 36 050 59472
6800 | 40x100 | 82 | 155 | 408 | 136 | a2 28 050 59682
Note

1. Catalogue number applies to the PW versions; for SL versions (not preferred) available in 050 series only (case size
@40 x 40 mm not available) replace the 8th digit by ‘1’: SL versions: 2222 050 1....
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Table 4 Electrical data and ordering information for 052 series; preferred types in bold

Ur Cr gt?snlns";leé 10:)RHZ 20IIH(Hz It s i B e
W) 100FHz ey el | ahed | ) mAn 5 m;\n 100 Hz | 10 k;:z ZB;;JQIIBER
(1F) (i ) ) (mA) | (mA) | mQ) | mQ) |  2222.....
250 100 25 x 30 0.6 115 | 015 | 0.05 | 1800 | 1300 052 53101
150 25 x 40 0.8 15 023 | 0.08 | 1100 850 052 53151
220 30 x 40 1.0 1.9 033 | 0.11 750 550 052 53221
330 35 x 40 1.4 265 | 049 | 017 500 400 052 53331
470 35 x 50 1.8 3.4 070 | 0.24 360 290 052 53471
470 40 x 40 18 3.4 070 | 0.24 420 350 052 43471
680 40 x 50 2:3 4.4 102 | 0.34 250 190 052 53681
1000 40 x 70 3.0 5.7 150 | 0.50 170 140 052 53102
385 47 25 x 30 0.5 094 | 0.11 0.04 | 2370 | 1550 052 58479
68 25 x 40 067 | 127 | 016 | 0.06 | 1640 | 1100 052 58689
100 30 x 40 0.84 159 | 023 | 0.08 | 1275 950 052 58101
150 35 x 40 113 | 214 | 034 | o1 850 635 052 58151
220 35 x 50 148 | 28 050 | 0.17 580 430 052 58221
220 40 x 40 148 | 2.8 050 | 017 580 430 052 48221
330 40 x 50 197 | 373 | 075 | 025 385 300 052 58331
470 40 x 70 27 5.11 1.06 | 0.36 270 215 052 58471
400 a7 25 x 30 047 | 089 | 0.11 0.04 | 2700 | 2125 052 56479
68 25 x 40 063 | 129 | 0.16 | 006 | 1875 | 1470 052 56689
100 30 x 40 084 | 159 | 024 | 008 | 1275 | 1000 052 56101
150 35 % 40 113 | 214 | 036 | 0.12 850 665 052 56151
220 35 x 50 1.41 267 | 052 | 017 650 450 052 56221
220 40 x 40 1.41 267 | 052 | 0.17 650 450 052 46221
330 40 x 50 186 | 352 | 079 | 0.26 435 315 052 56331
470 40 x 70 254 | 481 112 | 037 305 225 052 56471
680 40x100 | 356 | 6.75 163 | 0.54 210 155 052 56681
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Additional electrical data

PARAMETER

[ CONDITIONS

VALUE

Voltage

Surge voltage for short periods

<250 V versions

Us = 1.15% Ug

>385 V versions

Us=1.1xUg

Reverse voltage

Uey<1V

Current

Leakage current

after 1 minute at Ug

L1 < 0.006CR x Ug + 4 A

after 5 minutes at Ug

IL5 <0.002CR x Ug + 4 HA

Curve 4: Ug =100 V, 250 V and 385 V.
Cy = capacitance at 20 °C, 100 Hz.

Inductance
Equivalent series inductance (ESL) case D =25 mm max. 25 nH
case JD = 30 and 35 mm max. 30 nH
case D =40 mm max. 35 nH
Capacitance (C)
MGB285
1.2
C 1
Co T
e 2
1.4 T
///// — 2
I~ —
=
1.0
LA
2l
=
09 g/
///
V1
0.8 = /
/
WV
0.7
Curve 1: Ug =10 V. 6.8
Curve 2: Ug =25 V. ~60 -40 -20 20 40 60 80
Curve 3: Ug =63 V. Tamb (OC)

Fig.11 Typical multiplier of capacitance as a function of ambient temperature.
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Equivalent series resistance (ESR)

MGB286

Curve 9:

case @D x L =40 x 100 mm.

ESR at 100 Hz and Ug =63 V.

Fig.13 Typical ESR as a function of temperature.

10
ESR
(mQ)
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1
OIS
3 N
4 \\k\
5
102 6 A ONNNN_
ESSS=
—_—
9 ~N B
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Curve 1: case @D x L = 25 x 30 mm. =
T
Curve 2: case @D x L = 25 x 40 mm. 10
Curve 3: case @D x L = 30 x 40 mm.
Curve 4: case @D x L = 35 x 40 mm.
Curve 5: case @D x L = 40 x 40 mm.
Curve 6: case @D x L = 35 x 50 mm.
Curve 7: case @D x L = 40 x 50 mm. 1
. = -50 0 50
Curve 8: case @D x L = 40 x 70 mm. Tk (56)
Curve 9: case @D x L =40 x 100 mm.
ESR at 100 Hz and Ug = 10 V.
Fig.12 Typical ESR as a function of temperature.
MGB287
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-SRI
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et
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Curve 1: case @D x L = 25 x 30 mm.
~—1__]
Curve 2: case @D x L = 25 x 40 mm. 10
Curve 3: case @D x L = 30 x 40 mm.
Curve 4: case @D x L = 35 x 40 mm.
Curve 5: case @D x L = 40 x 40 mm.
Curve 6: case @D x L = 35 x 50 mm.
Curve 7: case @D x L = 40 x 50 mm. 1
Curve 8: case @D x L = 40 x 70 mm. -50 0 5 = 100
Tamb (°C)
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104 MGB288
N
ESR NN
me) N
10° \\‘§\\\
\\ \\\\‘ \\\
AN
ANAN
NNRARAN
L W A S — 1
\ \~-__: 2
102 \\\ — 3
b 4
£
je]
——— 7
— 8
Curve 1: case @D x L = 25 x 30 mm. °
Curve 2: case @D x L = 25 x 40 mm. 10
Curve 3: case @D x L = 30 x 40 mm.
Curve 4: case @D x L = 35 x 40 mm.
Curve 5: case @D x L = 40 x 40 mm.
Curve 6: case @D x L = 35 x 50 mm. 3 |
Curve 7: case @D x L = 40 x 50 mm. -50 0 50 5 100
Curve 8: case @D x L = 40 x 70 mm. Tamb (°C)
Curve 9: case @D x L = 40 x 100 mm.
ESR at 100 Hz and Ug = 100 V.
Fig.14 Typical ESR as a function of temperature.
105 MGB289
N
ESR \\
mQ
= AN
104 \ \‘
S
5 NN
AN N A
NN NN N
N
108 && I Ny, S 1
N 2
N = 4
\ \\_\_ 2
2 I —— 4
Curve 1: case @D x L = 25 x 30 mm. 10 =
Curve 2: case @D x L = 25 x 40 mm.
Curve 3: case @D x L = 30 x 40 mm.
Curve 4: case @D x L = 35 x 40 mm.
Curve 5: case @D x L = 40 x 40 mm. Y0
Curve 6: case @D x L = 35 x 50 mm. -50 0 50 o 100
Curve 7: case @D x L = 40 x 50 mm. Tamb (°C)
Curve 8: case @D x L = 40 x 70 mm.
ESR at 100 Hz and Ug =385 V.
Fig.15 Typical ESR as a function of temperature.

1998 Jan 29 551



Philips Components Product specification

Aluminium electrolytic capacitors

2 PED-PW
Power Eurodin Printed Wiring 050/05

Impedance (Z)

MGB290

108
z
(mQ)
1A
2 \
3 \
102 4N \\
=™ o,
5 NS
o ey
6
7 NS
8 N
N N e R Y
N~ ———] —
N
10
Curve 1: case @D x L = 25 x 30 mm.
Curve 2: case @D x L = 25 x 40 mm.
Curve 3: case @D x L = 30 x 40 mm.
Curve 4: case @D x L = 35 x 40 mm.
Curve 5: case @D x L = 35 x 50 and 40 x 40 mm.
Curve 6: case @D x L =40 x 50 mm. 1
Curve 7: case @D x L = 40 x 70 mm. -50 0 50 100
Tamb (°C)

Curve 8: case @D x L =40 x 100 mm.
Zat10kHzand Ug =10 V.

Fig.16 Typical impedance as a function of temperature.

MGB291
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z 1
(mQ) 2
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/ 8. N
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SN A

AN - —
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— —
10

Curve 1: case @D x L = 25 x 30 mm.
Curve 2: case @D x L = 25 x 40 mm.
Curve 3: case @D x L = 30 x 40 mm.
Curve 4: case @D x L = 35 x 40 mm.
Curve 5: case @D x L = 35 x 50 and 40 x 40 mm.
Curve 6: case @D x L = 40 x 50 mm. 1
Curve 7: case @D x L = 40 x 70 mm. -50 0 50 " 100
Curve 8: case @D x L = 40 x 100 mm. Tamb (°C)

Z at 10 kHz and Ug = 63 V.

Fig.17 Typical impedance as a function of temperature.
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10 MGB292
ZQ 1
(mQ) N
3
Lok
B =<
6 2
7R,
AN
ANNNANNY -
I~
102 NN
— T —————
Curve 1: case @D x L = 25 x 30 mm. 10
Curve 2: case @D x L = 25 x 40 mm.
Curve 3: case @D x L = 30 x 40 mm.
Curve 4: case @D x L = 35 x 40 mm.
Curve 5: case @D x L = 35 x 50 and 40 x 40 mm.
Curve 6: case @D x L = 40 x 50 mm. -50 0 50 - 100
Curve 7: case @D x L = 40 x 70 mm. Tamb (°C)
Curve 8: case @D x L = 40 x 100 mm.
Z at 10 kHz and Ug = 100 V.
Fig.18 Typical impedance as a function of temperature.
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Curve 1: case @D x L = 25 x 30 mm. 10 6
Curve 2: case @D x L = 25 x 40 mm. z
Curve 3: case @D x L = 30 x 40 mm.
Curve 4: case @D x L = 35 x 40 mm. 1
Curve 5: case @D x L = 40 x 40 mm. 10
Curve 6: case @D x L = 35 x 50 mm. -50 0 50 o 100
Curve 7: case @D x L = 40 x 50 mm. Tamb (°C)
Curve 8: case @D x L =40 x 70 mm.
Z at 10 kHz and Ug =385 V.
Fig.19 Typical impedance as a function of temperature.

414009 Ian

I51e)




Philips Components

Product specification

Aluminium electrolytic capacitors
Power Eurodin Printed Wiring

050/052 PED-PW

Curve 1: 47 uF, 385 V.
Curve 2: 100 uF, 250 V.
Curve 3: 470 uF, 100 V.
Curve 4: 1000 uF, 63 V.
Curve 5: 4700 uF, 10 V.
Case @D x L =25 x 30 mm.
Tamp =20 °C.

MGB294
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10_2 5 6 l
10 102 10° 10* 10 10° ¢ (Hz) 107

Fig.20 Typical impedance as a function of frequency.

Curve 1: 68 uF, 385 V.
Curve 2: 150 uF, 250 V.
Curve 3: 680 uF, 100 V.
Curve 4: 1500 pF, 63 V.
Curve 5: 6800 uF, 10 V.
Case @D x L = 25 x 40 mm.
Tamb =20 °C.
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Fig.21 Typical impedance as a function of frequency.
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102 MGB296
z
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N
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\
N
1 4N \‘ N \
AN k\
= ~
X N N
c b matl
TN NN T
NN e
107! NN T AU
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N
Curve 1: 100 uF, 385 V. N M
Curve 2: 220 uF, 250 V. I
Curve 3: 1000 pF, 100 V. 10-2
Curve 4: 2200 pF, 63 V. 10 102 103 104 105 106 f (H2) 107
Curve 5: 10000 uF, 10 V.
Case JD x L = 30 x 40 mm.
Tamb = 20 °C.
Fig.22 Typical impedance as a function of frequency.
102 MGB297
2z
Q
@ ]
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N
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1 4 N =
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X \\‘ \ T T
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1071 I \\ N el
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N
Curve 1: 150 uF, 385 V. X
ey o = 2 [
Curve 2: 330 uF, 250 V.
Curve 3: 1500 pF, 100 V. i 2 |
Curve 4: 3300 uF, 63 V. 10 102 103 10* 10° 10% ¢ (Hz) 107
Curve 5: 15000 pF, 10 V.
Case @D x L = 35 x 40 mm.
Tamb = 20 °C.
Fig.23 Typical impedance as a function of frequency.
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102 MGB298
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y
Curve 1: 220 uF, 385 V. uy =y 974
Curve 2: 470 uF, 250 V. i = i
Curve 3: 2200 pF, 100 V. 1072
Curve 4: 4700 uF, 63 V. 10 10? 10° 10* 10° 10% ¢ (Hz) 107
Curve 5: 22000 uF, 10 V.
Case @D x L = 35 x 50 mm.
Tamb = 20 °C.
Fig.24 Typical impedance as a function of frequency.
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Curve 1: 220 pF, 385 V. N ~] A
Tl LA
Curve 2: 470 uF, 250 V.
Curve 3: 2200 uF, 100 V. 1072
Curve 4: 4700 uF, 63 V. 10 10? 10° 10* 10° 108 ¢ (Hz) 107
Curve 5: 22000 pF, 10 V.
Case @D x L = 40 x 40 mm.
Tams = 20 °C.
Fig.25 Typical impedance as a function of frequency.
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102 MGB300
z
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10 1
Il
< 1.
N
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T N
4
N N
N NN
\ \ \~~~_: \5____.‘--
107! N = /
b, e = vy 7
Curve 1: 330 uF, 385 V. ~N 1 |
~ s AL [
Curve 2: 680 uF, 250 V. ™ al
Curve 3: 3300 uF, 100 V. 1072 ’
Curve 4: 6800 puF, 63 V. 10 102 103 104 105 108 f (Hz) 10
Curve 5: 33000 uF, 10 V.
Case @D x L = 40 x 50 mm.
Tamb =20 °C.
Fig.26 Typical impedance as a function of frequency.
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Curve 1: 470 pF, 385 V. \\ = T
Curve 2: 1000 pF, 250 V. S < = /'
Curve 3: 4700 pF, 100 V. o2 T~ =

Curve 4: 10000 pF, 63 V. 10 102 108 104 10° 108 f (Hz) 107
Curve 5: 47000 puF, 10 V.

Case @D x L =40 x 70 mm.

Tams =20 °C.

Fig.27 Typical impedance as a function of frequency.
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MGB302
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1072 e I =l
Curve 1: 6800 uF, 100 V. 3
Curve 2: 15000 uF, 63 V. o 02 e Jo 408 10° ¢ (Hy) 107
Curve 3: 68000 uF, 10 V.
Case @D x L =40 x 100 mm.
Tamb =20 °C.

Fig.28 Typical impedance as a function of frequency.
MARKING

The capacitors are marked (where possible) with the following information:
¢ Rated capacitance (in uF)

e Tolerance on rated capacitance (Q for —10/+30%)

¢ Rated voltage (in V)

Climatic category in accordance with “/EC 68”

Date code (year and week) in accordance with “/EC 62”

Code for factory of origin

* Name of manufacturer
Polarity of the terminals and ‘-~ sign to indicate the negative terminal, visible from the top and/or side of the capacitor

¢ Code number
Code for basic specification in accordance with “/EC 384-4-1"and “CECC 30301".
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RIPPLE CURRENT AND USEFUL LIFE

Table 5 Multiplier of ripple current (Ig) as a function of frequency

FREQUENCY (Hz)

Ir MULTIPLIER

50

0.83

100

1.00

200

1.10

400

115

1000

119

22000

1.20

24

MGA453

23

22

25

2.0

> - life multiplier

1.6 5

15 BN

1.4 @

1.3 S

12

oF
1.1 &

(O

1.0 %

R

0.8
0.5

=
A
%

40 50 60

Ia = actual ripple current at 100 Hz and 85 °C.
Ig = rated ripple current at 100 Hz and 85 °C.
(1) Useful life at 85 °C and Ig applied: 15000 hours.

70

Fig.29 Multiplier of useful life as a function of ambient temperature and ripple current load.
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SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 6 Test procedures and requirements

TEST
PBOCEDURE REQUIREMENTS
NAME OF TEST | REFERENCE (quick reference)
Endurance IEC 384-4/ Tamb = 85 °C; Ug applied; Ur <100 V; AC/C: £15%
CECC 30300 5000 hours Ug > 100 V: AC/C: +10%
subclause 4.13
Z <2 x spec. limit
ILs < spec. limit
Useful life CECC 30301 Tamp = 85 °C; Ug and I applied; Ur <100 V; AC/C: +45%
subclause 1.8.1 15000 hours U > 100 V: AC/C: £30%
Z < 3 x spec. limit
IL5 < spec. limit
no short or open circuit,
no visible damage
total failure percentage:
Ugr <100 V: £1%j;
Ugr > 100 V: <3%
Shelf life IEC 384-4/ Tamb = 85 °C; no voltage applied; AC/C: £10%
(storage at CECC 30300 500 hours -
high temperature) |subclause 4.17 lig =2 Gpee. Tl
’ after test: Ug to be applied for 30 minutes,
24 to 48 hours before measurement
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FEATURES

e Polarized aluminium electrolytic

capacitors, non-solid GeRRE

Large types, minimized
dimensions, cylindrical aluminium
case, insulated with a blue sleeve =

Provided with keyed polarity

Pressure relief on the top of the
aluminium case

Charge and discharge proof

Very long useful life:

50(% hOLngS at 105 °C _H i
Low ESR, high ripple current
capability

Temperature range up to 105 °C Fig.1 Component outlines.
High resistance to shock and
vibration.

APPLICATIONS

¢ Computer, telecommunication and high ripple
industrial t 050/052 current = 162/163 | __ equivalent 051/053
ngusinal sysiems PED-Pw | € Caren PLL-PW 85-C ~P| PEC-PW

Smoothing and filtering ccBoa7

Standard and switched mode
power supplies

e Energy storage in pulse systems.

QUICK REFERENCE DATA

VALUE
DESCRIPTION
162 [

Case size (JDpom X Lpom in mm) 25 x 30 to 40 x 100

Rated capacitance range (E6 series), Cr 470 to 150000 uF I 68 to 3300 uF
Tolerance on Cr +20%

Rated voltage range, Ug 10to 100 V I 200 to 400 V
Category temperature range -40to +105 °C

Endurance test at 105 °C 2000 hours

Useful life at 105 °C 5000 hours

Useful life at 40 °C, 1.9 x |g applied 150000 hours

Shelf life at 0 V, 105 °C 500 hours

Based on sectional specification |IEC 384-4/CECC 30300

Detail specification similar to DIN 45910-T129, former DIN 41238
Climatic category IEC 68 40/105/56

163
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Selection chart for Cg, Ug and relevant nominal case sizes (D x L in mm) for 162 series
Preferred types in bold.

Cr Ug (V)

(1F) 10 16 25 40 63 100
470 - - - - - 25 x 30
680 - - - - - 25 x 40

1000 - - - - 25 x 30 30 x 40
1500 - - - - 25 x 40 35 x 40
- - - 25 x 30 30 x 40 35 x 50
2200 - ~ — » = 40 x 40
3300 - - - 25 x 40 35 x 40 40 x 50
4700 - - 25 x 30 30 x 40 35 x 50 40 x 70
- - - - 40 x 40 -
6800 - 25 x 30 25 x 40 35 x40 40 x 50 40 x 100

10000 25 x 30 25 x 40 30 x 40 35 x50 40 x 70 -

- - - 40 x 40 = =

15000 25 x40 30 x 40 35 x 40 40 x 50 40 x 100 -

Shiing 30 x 40 35 x40 35 x 50 40 x 70 - -

- - 40 x 40 - - =

33000 35 x40 35 x 50 40 x 50 40 x 100 - =

- 40 x 40 = = = =

47000 35 x 50 40 x 50 40 x 70 - - -

40 x 40 - - - - -

68000 40 x 50 40x 70 40 x 100 - = =

100000 40 x 70 40 x 100 - - - -
150000 40 x 100 - - - - -
Selection chart for Cg, Ug and relevant nominal case sizes (2D x L in mm) for 163 series
Preferred types in bold.
Cr Ur (V)

(1F) 200 250 385 400

68 - - 25x 30 25 x 30
100 - 25 x 30 25 x 40 25 x 40
150 25x 30 25 x 40 30 x 40 30 x 40
220 25 x 40 30 x 40 35 x 40 35 x40
330 30 x 40 35 x 40 35 x50 35 x 50

- - 40 x 40 40 x 40

470 35 x 40 35 x 50 40 x 50 40 x 50
- 40 x 40 - -

680 35 x 50 40 x 50 40 x 70 40 x 70
40 x 50 - - -

1000 40 x 50 40 x 70 40 x 100 40 x 100

1500 40 x 70 40 x 100 — e

2200 40 x 100 - - -
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MECHANICAL DATA AND PACKAGING QUANTITIES

o225
T @D + 1 max. ’<- ELLTT
e .\ ¢ ‘ ’-
l N
10+0.1 1 }
R N
L L + 5 max
1.3
(3x)
— sl
] +0.1 MGB266
Y&
CCA975 =y +0.1
Dimensions in mm; for L see Table 1. Dimensions in mm.
1 = positive terminal; 5 = negative terminal. Case @D =25 mm.
Case @D =25 mm.
Fig.3 Mounting hole diagram viewed
Fig.2 Printed wiring pin version. from component side.
02:5
i
1
<= @D + 1 max. -» F
‘ ' 15% 0.1 e D!
e ey
R CJ
1.3
L L + 5 max. (4x)
7.5% 0.1—» L
== 70— MaRaep
| G—
N —
CCA976 4 +0.1
Dimensions in mm; for L see Table 1. Dimensions in mm.
1 = positive terminal; 5 = negative terminal. Case @D = 30 mm.
Case @D =30 mm.
Fig.5 Mounting hole diagram viewed
Fig.4 Printed wiring pin version from component side.
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r @D +1 max.—>‘
. S

R ey

_— '

[ 1531 e ¢
T

l

75+ 01— e
=l {71680/ Mepess

& )
coAg77 H- H- tﬁjﬁ 5011

o
Dimensions in mm; for L see Table 1. Dimensions in mm.
1 = positive terminal; 5 = negative terminal. Case @D = 35 mm.
Case @D = 35 mm.
Fig.7 Mounting hole diagram viewed
Fig.6 Printed wiring pin version from component side.

Table 1 Physical dimensions, mass and packaging information; see Figs 2, 4, 6 and 8

NOMINAL CARDBOARD BOX

CASE SIZE @Dmax | Lmax | MASS | PACKAGING QUANTITIES DIMENSIONS
@D x L (mm) (mm) (9) (units per box) Ixwxh

(mm) (mm)

25 x 30 26 35 =24 100 290 x 280 x 45
25 x40 26 45 =28 100 290 x 280 x 55
30 x 40 31 45 =38 100 340 x 330 x 55
35 x 40 36 45 =51 50 390 x 198 x 55
35 x 50 36 55 =66 50 390 x 198 x 65
40 x 40 41 45 =78 50 440 x 223 x 55
40 x 50 41 55 =82 50 440 x 223 x 65
40 x 70 41 75 =110 50 440 x 223 x 85
40 x 100 41 105 =176 50 440 x 223 x 115
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<— @D + 1 max. —>‘

—_ | SRS

e

CCA975— —H H_ﬁj; fo11

Dimensions in mm; for L see Table 1.
1 = positive terminal; 5 = negative terminal.
Case @D = 40 mm.

Fig.8 Printed wiring pin version

a25

D
N2k
N
D

|-— |+
@
73
N
a
g
a
9

o

1.3

(5%)
10 0.1— L—
== 7.5E 0, -
— 20+0.1 l= MGB269

Dimensions in mm.
Case @D = 40 mm.

Fig.9 Mounting hole diagram viewed
from component side.

Mounting

When a number of capacitors are connected in a bank, they must not be closer together than 15 mm, when no derating

of ripple current and/or temperature is applied.

Pin numbers 2, 3 and 4 (if present) must be free from the electrical circuit.
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Power Long Life Printed Wiring

ELECTRICAL DATA AND ORDERING INFORMATION Ordering example
Unless otherwise specified, all electrical values in Tables 2 and 3 apply at

Electrolytic capacitor 162 series
Tamb =20 °C, P = 86 to 106 kPa, RH = 45 to 75%.

10000 pF/25 V; +20%

SYMBOL DESCRIPTION .
Cr rated Gapaeitanceat 100 Hz Nominal case size: @30 x 40 mm
Ir rated RMS ripple current at 100 Hz and 105 °C Catalogue number: 2222 162 56103.
IL1 max. leakage current after 1 minute at Ug
ILs max. leakage current after 5 minutes at Ug
ESR max. equivalent series resistance at 100 Hz
Z max. impedance at 10 kHz

Table 2 Electrical data and ordering information for 162 series; preferred types in bold

s Cr é‘:’s"g";fz'é 10:;‘“2 It s ESR z CATALOGUE
V) 100 Hz oD x L 105 °C 1 min 5 min 100 Hz 10 kHz NUMBER
k) ) = (mA) (mA) (mQ) (mQ) 2222 ... ...
10 | 10000 | 25x30 317 060 | 020 48 37 162 54103
15000 | 25x40 4.21 0.90 0.30 34 27 162 54153
22000 | 30x40 5.05 132 0.44 29 23 162 54223
33000 | 35x40 5.63 1.98 0.66 27 22 162 54333
47000 | 35x50 6.19 2.82 0.94 26 21 162 54473
47000 | 40 x40 6.19 2.82 0.94 26 21 162 44473
68000 | 40 x50 7.64 4.08 1.36 21 18 162 54683
100000 | 40x70 10.0 6.00 2.00 16 15 162 54104
150000 | 40 x 100 12.9 9.00 3.00 13 12 162 54154
16 6800 | 25x30 311 0.65 0.22 50 37 162 55682
10000 | 25x40 4.09 0.96 0.32 36 27 162 55103
15000 | 30x40 4.97 1.44 0.48 30 23 162 55153
22000 | 35x40 5.53 212 0.71 29 22 162 55223
33000 | 35x50 6.08 3.17 1.06 28 21 162 55333
33000 | 40 x40 6.08 3.17 1.06 28 21 162 45333
47000 | 40x50 7.46 452 151 22 18 162 55473
68000 | 40 x 70 9.70 6.53 2.18 17 15 162 55683
100000 | 40 x 100 12.90 9.60 3.20 13 12 162 55104
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" Cr gg’é‘gﬁz‘% 10:)RH2 It s ESR 7 CATALOGUE
V) 100 Hz oD x L 105 °C 1 min 5 min 100 Hz 10 kHz NUMBER
(@F) ket ol (mA) (mA) (mQ) (mQ) 2222 .. ...
25 4700 | 25x30 294 0.71 0.24 56 37 162 56472
6800 | 25x40 3.93 1.02 0.34 39 27 162 56682
10000 | 30 x40 4.81 1.50 0.50 32 23 162 56103
15000 | 35x40 5.43 225 0.75 30 22 162 56153
22000 | 35x50 5.98 3.30 1.10 29 21 162 56223
22000 | 4040 5.98 3.30 110 29 21 162 46223
33000 | 40 x50 7.30 4.95 1,65 23 18 162 56333
47000 | 40x70 9.43 7.05 2.35 18 15 162 56473
68000 | 40 x 100 12.44 10.20 3.40 14 12 162 56683
40 2200 | 25x30 2.36 0.53 0.18 87 54 162 57222
3300 | 25x40 3.17 0.79 0.27 60 38 162 57332
4700 | 30x40 3.93 113 0.38 48 33 162 57472
6800 | 85x40 459 163 0.55 42 31 162 57682
10000 | 35x50 5.03 2.40 0.80 41 29 162 57103
10000 | 40 x40 5.03 2.40 0.80 41 29 162 47103
15000 | 40 x50 6.09 3.60 1.20 33 24 162 57153
22000 | 40x70 8.34 5.28 1.76 23 18 162 57223
33000 | 40100 10.97 7.92 264 18 15 162 57333
63 1000 | 25x30 155 0.38 013 202 155 162 58102
1500 | 25x40 2.10 0.57 0.19 137 109 162 58152
2200 | 30x40 272 0.83 0.28 100 79 162 58222
3300 | 85x40 3.44 1.25 0.42 75 61 162 58332
4700 | 35x50 4.09 178 0.60 62 53 162 58472
4700 | 40x40 4.09 178 0.60 62 53 162 48472
6800 | 40x50 5.10 257 0.86 47 40 162 58682
10000 | 40x70 6.86 3.78 1.26 34 29 162 58103
15000 | 40x 100 9.31 5.67 1.89 25 21 162 58153
100 470 | 25x30 142 0.28 0.10 240 155 162 59471
680 | 25x40 1.90 0.41 0.14 167 109 162 59681
1000 | 3040 2.48 0.60 0.20 120 79 162 59102
1500 35 x 40 817 0.90 0.30 88 61 162 59152
2200 | 35x50 3.79 1.32 0.44 72 53 162 59222
2200 | 40x40 3.79 132 0.44 72 53 162 49222
3300 | 40x50 4.81 1.98 0.66 53 40 162 59332
4700 | 40x70 6.49 2.82 0.94 38 29 162 59472
6800 | 40x 100 8.80 4.08 1.36 28 21 162 59682
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Philips Components Product specification

Aluminium electrolytic capacitors

162/163 PLL-PW
Power Long Life Printed Wiring

Table 3 Electrical data and ordering information for 163 series; preferred types in bold

- Cr gfs"’é";ﬁz"E ; 0:)RHz It s ESR z CATALOGUE
| 100tz - 10002 | Amin | smin | 100Hz | 10kHz NUMBER
(uF) o % (mA) (mA) (mQ) (mQ) 2222 ...
200 150 | 2530 072 0.18 0.06 950 710 163 52151
220 | 25x40 0.96 0.26 0.09 650 485 163 52221
330 | 3040 129 0.40 0.14 442 330 163 52331
470 | 35x40 1,66 0.57 0.19 321 240 163 52471
680 | 35x50 2.09 0.82 0.28 237 185 163 52681
680 | 4040 2.09 0.82 0.28 237 185 163 42681
1000 | 40x50 2.71 1.20 0.40 167 133 163 52102
1500 | 40x70 3.75 1.80 0.60 114 90 163 52152
2200 | 40x100 5.24 2.64 0.88 79 62 163 52222
250 100 | 25x30 0.67 0.15 0.05 1060 710 163 53101
150 | 25x40 0.92 0.22 0.08 710 485 163 53151
220 | 30x40 128 0.33 0.11 492 330 163 53221
330 | 85x40 165 0.49 0.17 325 240 163 53331
470 | 35x50 2.01 0.70 0.24 256 185 163 53471
470 | 40x40 2.01 0.70 0.24 256 185 163 43471
680 | 40x50 259 1.02 0.34 182 133 163 53681
1000 | 40x70 3.58 1.50 0.50 125 90 163 53102
1500 | 40100 5.05 2.25 0.75 85 62 163 53152
385 68 | 25x30 0.61 0.16 0.06 1650 1260 163 58689
100 | 25x40 0.82 0.23 0.08 1120 855 163 58101
150 | 30 x40 110 0.35 0.12 755 580 163 58151
220 | 35x40 144 0.51 0.17 525 405 163 58221
330 | 85x50 1.84 0.77 0.26 360 280 163 58331
330 | 40x40 1.84 0.77 0.26 360 280 163 48331
470 | 40x50 237 1.09 0.36 260 205 163 58471
680 | 40x70 3.24 158 0.53 180 140 163 58681
1000 40 x 100 4.54 2.31 0.78 125 100 163 58102
400 68 | 25x30 0.39 0.16 0.06 3200 2660 163 56689
100 | 25x40 0.53 0.24 0.08 2180 1810 163 56101
150 | 3040 0.72 0.36 0.12 1460 1210 163 56151
220 | 35x40 0.94 0.52 0.17 1010 830 163 56221
330 | 85x50 1.24 0.79 0.26 680 570 163 56331
330 | 40x40 124 0.79 0.26 680 570 163 46331
470 | 40x50 159 112 0.37 485 407 163 56471
680 | 40x70 2.18 163 0.54 336 282 163 56681
1000 | 40x100 | 307 2.40 0.80 230 193 163 56102
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Philips Components Product specification

Aluminium electrolytic capacitors

Power Long Life Printed Wiring 162/163 PLL-PW

Additional electrical data

PARAMETER | CONDITIONS ] VALUE
Voltage
Surge voltage for short periods <200 V versions Us=1.18%Ug
>385 V versions Us=1.1xUR
Reverse voltage Uey21V
Current
Leakage current after 1 minute at Ug IL1 £0.006CR x Ug + 4 uA
after 5 minutes at Ug ILs <0.002CR x Ug + 4 uA
Inductance
Equivalent series inductance (ESL) case @D =25 mm max. 25 nH
case @D =30 and 35 mm max. 30 nH
case @D =40 mm max. 35 nH
MARKING

The capacitors are marked (where possible) with the following information:
* Rated capacitance (in uF)

e Tolerance on rated capacitance (M for £20%)

* Rated voltage (in V)

¢ Climatic category in accordance with “/EC 68”

¢ Date code (year and week) in accordance with “/EC 62"

e Code for factory of origin

« Name of manufacturer

Polarity of the terminals and ‘- sign to indicate the negative terminal, visible from the top and/or side of the capacitor
e Code number
Code for basic specification in accordance with “/EC 384-4-1"and “CECC 30301".
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Philips Components

Product specification

Aluminium electrolytic capacitors
Power Long Life Printed Wiring

162/163 PLL-PW

RIPPLE CURRENT AND USEFUL LIFE

Table 4 Multiplier of ripple current (Ig) as a function of frequency

|a = actual ripple current at 100 Hz and 105 °C.
|g = rated ripple current at 100 Hz and 105 °C.
(1) Useful life at 105 °C and I applied: 5000 hours.

FREQUENCY Ir MULTIPLIER
(Hz) Ug=10t0 25V Ur=40t0 100 V Ug = 200 to 400 V
50 0.93 0.91 0.86
100 1.00 1.00 1.00
200 1.04 1.05 113
400 1.07 1.09 1.21
1000 1.1 1.13 1.29
2000 1.13 1.15 1.32
4000 115 1.18 1.35
>10000 1.18 1.22 1.40
MGA454
2.7
'A
I 26
25
24
23
22
21
20
19 AN —
<~ life multipli
P \ \;& |?mu iplier
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1.6 &
1.5 X0
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Fig.10 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Philips Components

Product specification

Aluminium electrolytic capacitors
Power Long Life Printed Wiring

162/163 PLL-PW

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 5 Test procedures and requirements

TEST

PROCEDURE

REQUIREMENTS

high temperature)

subclause 4.17

after test: Ug to be applied for 30 minutes,
24 to 48 hours before measurement

NAME OF TEST | REFERENCE (quick reference)
Endurance |IEC 384-4/ Tamb = 105 °C; Ug applied; Ugr <100 V; AC/C: £15%
CECC 30300 2000 hours Ur > 100 V; AC/C: +10%
subclause 4.13
Z <2 x spec. limit
ILs < spec. limit
Useful life CECC 30301 Tamp = 105 °C; Ug and I applied; Ur €100 V; AC/C: +45%
subclause 1.8.1 5000 hours Un > 100 V: AC/C: +30%
Z < 3 x spec. limit
ILs < spec. limit
no short or open circuit,
no visible damage
total failure percentage:
Ur £ 100 V: £1%;
Ug> 100 V: <3%
Shelf life IEC 384-4/ Tamb = 105 °C; no voltage applied; AC/C: +10%
(storage at CECC 30300 500 hours

IL5 < 2 x spec. limit

10908 .]Jan 29

571







SCREW TERMINAL CAPACITORS

B# HIGH CV STANDARD HIGH RIPPLE ECONOMY EURO-DIN
N 3000 to 5000 hours 4000 to 5000 hours 5000 to 12000 hours 5000 to 20000 hours
U UL 85°C 105 °C 85°C 85°C

086/087 088/089 154/155 114/115
pne PS-ST/ PHC-ST/ PEC-ST/ PED-ST/
# ﬁ PS-STB PHC-STB PEC-STB PED-STB
page 574 page 587 page 599 page 608
-
higher CV-values

&

CCB098

A supplement for additional screw terminal types and AC motor start capacitors
will become available in the second half of 1998.




Philips Components

Aluminium electrolytic capacitors
Power Standard Screw Terminals

FEATURES

¢ Polarized aluminium electrolytic
capacitors, non-solid

Large types, minimized
dimensions, cylindrical aluminium
case, insulated with a blue sleeve
Also available in bolt version
(PS-STB)

Pressure relief in the sealing

Charge and discharge proof
High ripple current capability

High resistance to shock and
vibration.

APPLICATIONS

* General purpose, computer and
industrial systems

Smoothing and filtering

e Standard and switched mode
power supplies

* Welding
Energy storage in pulse systems

Motor control devices

Uninterruptable power supplies
(UPS).

QUICK REFERENCE DATA

Product specification

086/087 PS-ST

ST

—_— ccass2

Fig.1 Component outlines.

088/089 ¢
PHC-ST

high 086/087 longer 154/155 PEC-ST
ripple =1 ps-sT [ life = 14/115 PED-ST

CCA888

VALUE
DESCRIPTION
086 | 087
Case size (@Dnom X Lnom in mm) 35 x 54 to 76 x 220
Rated capacitance range, Cr 220 to 820000 pF

Tolerance on Cg

-10 to +30%

Rated voltage range, Ug 16to 100 V I 200 to 450 V
Category temperature range —40 to +85 °C
Endurance test at 85 °C 1000 hours

Useful life at 85 °C

5000 hours (=100 V: 3000 hours)

Useful life at 40 °C, 1.1 x Iy applied

120000 hours

Shelf life at 0 V, 85 °C 500 hours
Based on sectional specification |EC 384-4/CECC 30300
Climatic category IEC 68 40/085/56
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Philips Components Product specification

Aluminium electrolytic capacitors

Power Standard Screw Terminals 086/087 PS-ST

Selection chart for Cg, Ug and relevant nominal case sizes (D x L in mm) for 086 series
Preferred types in bold.

Cr Ur (V)

(uF) 16 25 40 50 63 75 100
2700 = = - = = = 35 x 54
3300 = = = - - = 35 x 80
3900 = = - = = 35 x 54 -
4700 s = = = 35 x 54 = =
5600 = = = = - - 35 x 105
6800 = - - = = 35 x 80 ~
8200 - - N 35 x 54 35 x 80 = =

10000 = - 35 x 54 = = 35 x 105 50 x 80

12000 = = N 35 x 80 35 x 105 = =

15000 - - 35 x 80 » = 50 x 80 50 x 105

18000 = 35 x 54 . 35 x 105 50 x 80 50 x 130

35 x 54 = 35 x 105 = = 50 x 105 50 x 143

22000

= . = = = - 63.5 x 105
27000 - 35 x 80 - 50 x 80 50 x 105 50x 118 | 63.5x 130
- = = - 50 x 118 50x 143 | 63.5x 143
33000
= - = = = 63.5 x 105 76 % 105
39000 35 x 80 35 x 105 50 x 80 = 50x 143 | 63.5x118 76 x 118
47000 = - - 50x105 | 63.5x105 76 % 105 =
35 x 105 = 50 x 105 50x 118 | 63.5x118 | 63.5x 143 76 x 143
56000
= = N - - 76 x 118 =
- 50 x 80 50 x 118 50x 143 | 63.5x 143 = =
68000
= - - 63.5 x 105 76 x 105 - =
82000 50 x 80 = 50x143 | 63.5x118 76 x 118 76 x 143 76 x 220
- 50x 105 | 63.5x105 | 63.5x 143 76 x 143 = -
100000
= = N 76 x 105 - = s
120000 50 x 105 50x 118 | 63.5x 118 76 x 118 = 76 x 220 -
50 x 118 50x 143 | 63.5x 143 76 x 143 76 x 220 - =
150000
= 63.5 x 105 76 x 105 - S = =
180000 50x 143 | 63.5x118 76 x 118 = = - —
63.5x105 | 63.5x143 76 x 143 76 x 220 = — e
220000
- 76 x 105 = = = = =
270000 | 63.5x 118 76 x 118 - - = = =
63.5 x 143 76 x 143 76 x 220 = = = =
330000
76 x 105 = - = = = -
390000 76 x 118 - = = = = =
470000 76 x 143 . - - = - =
560000 = 76 x 220 - - = = -
820000 76 x 220 — = —~ = = =
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Philips Components Product specification

Aluminium electrolytic capacitors

Power Standard Screw Terminals 086/087 PS-ST

Selection chart for Cg, Ur and relevant nominal case sizes (D x L in mm) for 087 series

Preferred types in bold.

Cn Ugr (V)

(1F) 200 250 350 400 450
220 = = - — 35 x 54
330 B - = 35 x 54 =
390 = = 35 x 54 —~ 35 x 80
560 = E = 35 % 80 35 x 105
680 = 35 x 54 35 x 80 = =
820 = — —~ 35x 105 50 x 80

1000 35 x 54 - 35 % 105 — -

1200 = 35 % 80 = 50 x 80 50 x 105

1500 35 x 80 = 50 x 80 ~ 50 x 130

1800 — 35x 105 - 50 x 105 50 x 143

2200 35x 105 = 50 x 105 50 x 130 63.5 x 105

- = 50 x 80 50 x 130 50 x 143 63.5 x 130

- — 63.5 x 105 63.5 x 105 =

—— e = 50 x 143 63.5 x 130 63.5 x 143

= - = - 76 x 105
. 50 x 80 50 x 105 63.5 x 130 63.5 x 143 76 x 118
= = = 76 x 105

i - = 63.5 x 143 76 x 118 76 x 143

= 50 x 130 76 x 105 — -

5600 50 x 105 50 x 143 76 x 118 76 x 143 =

6800 50 x 130 63.5 x 105 76 x 143 - —

8200 50 x 143 63.5 x 130 = = 76 x 220

I 63.5 x 105 63.5 x 143 £ 76 x 220 =
— 76 x 105 = — —

— 63.5 x 130 76 x 118 76 x 220 = =
76 x 105 = = = =

— 63.5 x 143 76 x 143 N - =
76 x 118 — = ~ -

18000 = = = = =
22000 76 x 143 76 x 220 = = =
27000 = = = = =
33000 76 x 220 = = = S
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Philips Components Product specification

Aluminium electrolytic capacitors

Power Standard Screw Terminals 086/087 PS-ST

MECHANICAL DATA AND PACKAGING QUANTITIES

‘ ‘4— 6.4 £0.8

) |

1 b [

1

CCA883

Dimensions in mm.

For dimensions see Table 1.

Maximum permissible torque which may be applied to the termination screws: 2 Nm.
M6 and other terminal styles available on request.

For accessories refer to this handbook, Section “Mounting Accessories”.

The capacitors are delivered with screws and washers.

Fig.2 Screw terminal (ST); screw terminal bolt (STB).

Table 1 Physical dimensions, mass and packaging information; see Fig.2

NOMINAL CARDBOARD BOX
CASE SIZE | @Dmax | Lmax | 4 | A | mass | PACKAGING | =1, e NsiONS
+0.4 +0.2 | dpxl QUANTITIES
@D x L (mm) | (mm) (mm) (mm) (mm) (9) (per box) Ixwxh
(mm) (mm)

35 x 54 363 | 564 127 | 80 | 80 | M8x12 | =72 150 402 x 200 x 258
35 x 80 363 | 818 127 | 80 | 80 | M8x12 | ~105 150 402 x 200 x 283
35x105 | 363 |1072| 127 | 80 | 80 | M8x12 | ~135 100 402 x 200 x 258
50 x 80 529 | 818 222 | 127 | 80 | Mi2x16 | =190 72 324 % 216 x 278
50x105 | 529 | 1072 222 | 127 | 80 |Mi2x16 | ~255 48 324 x 216 x 289
50x130 | 529 | 1326 | 222 | 127 | 80 |Mi2x16 | =320 48 324 x 216 x 289
50x143 | 529 | 1453 | 222 | 127 | 80 |Mi2x16 | =350 48 324 x 216 x 315
65x105 | 656 | 1072 | 285 | 159 | 80 |Mi2x16 | 445 40 343 x 275 x 240
65x118 | 656 | 1199 | 285 | 159 | 80 |Mi2x16 | =500 20 343 x 275 x 315
65x143 | 656 | 1453 | 285 | 159 | 80 |Mi2x16 | =600 20 343 x 275 x 240
76x105 | 783 | 1072 | 318 | 190 | 80 |Mi2x16 | =600 20 397 x 320 x 121
76 x 118 783 119.9 | 31.8 19.0 8.0 M12 x 16 =720 20 397 x 320 x 147
76x143 | 783 | 1453 | 318 | 190 | 80 |Mi2x16 | =970 20 397 x 320 < 178
76x220 | 783 | 2215 318 | 190 | 80 |Mi2x16 |=~1460 16 426 x 410 x 237
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Philips Components

Product specification

Aluminium electrolytic capacitors
Power Standard Screw Terminals

086/087 PS-ST

ELECTRICAL DATA AND ORDERING INFORMATION

Unless otherwise specified, all electrical values in Tables 2 and 3 apply at
Tamb =25 °C, P = 86 to 106 kPa, RH = 45 to 75%.

SYMBOL DESCRIPTION
Cr rated capacitance at 100 Hz
IR rated RMS ripple current at 85 °C
ILs max. leakage current after 5 minutes at Ug
ESR max. equivalent series resistance at 100 Hz
Z impedance at 20 kHz on request
Tan & max. dissipation factor at 100 Hz

Ordering example
Electrolytic capacitor 087 series
10000 uF/200 V; £20%

Nominal case size:
©263.5 x 105 mm, ST version

Catalogue number: 2222 087 12108.

Table 2 Electrical data and ordering information for 086 series; preferred types in bold

- NOMINAL iy s ESR Tan's CATALOGUE
Ur CASESIZE | 100 Hz : MAX. NUMBER
(v) Yok @D x L 85°C et 100 Hz MAX. | (see Table 3, note 1)
(uF) (mm) (A) (A (mQ) L 2222... .....
16 22000 35 x 54 5.4 3.56 25 0.45 086 15223
39000 35 x 80 76 474 18 057 086 15393
56000 35 x 105 9.7 5.68 14 0.64 086 15563
82000 50 x 80 17 6.87 6 0.40 086 15823
120000 50 x 105 21 8.31 5 0.49 086 15124
150000 50 x 118 23 9.30 4 0.49 086 15154
150000 50 x 143 25 10.18 4 0.59 086 25154
220000 | 63.5x105 27 11.26 4 0.72 086 15224
270000 | 63.5x 118 29 12.47 4 0.88 086 15274
330000 | 63.5x143 34 13.79 3 0.81 086 15334
330000 76 x 105 32 13.79 4 1.08 086 25334
390000 76 x 118 35 14.99 3 0.96 086 15394
470000 76 x 143 40 16.45 3 1.15 086 15474
820000 76 x 220 50 21.73 3 2.01 086 15824
25 18000 35x54 5.4 4.02 25 0.37 086 16183
27000 35 x 80 7.5 4.93 18 0.40 086 16273
39000 35 x 105 9 5.92 14 0.45 086 16393
68000 50 x 80 17 7.82 6 0.33 086 16683
100000 50 x 105 21 9.49 5 0.41 086 16104
120000 50 x 118 23 10.39 4 0.39 086 16124
150000 50 x 143 26 11.62 4 0.49 086 16154
150000 63.5 x 105 27 11.62 4 0.49 086 26154
180000 63.5x 118 29 12.73 4 0.59 086 16184
220000 63.5 x 143 31 14.07 3 0.54 086 16224
220000 76 x 105 32 14.07 4 0.72 086 26224
270000 76 x 118 35 15.59 3 0.66 086 16274
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Philips Components Product specification

Aluminium electrolytic capacitors

Power Standard Screw Terminals uSites Fael

Ca NOMINAL In ILs ESR — CATALOGUE

Ugr 100 Hz CASE SIZE 100 Hz i MAX. et NUMBER
(V) (F) @D x L 85 °C (mA) 100 Hz 100 Hz | (see Table 3, note 1)

(mm) (A) [ (mQ) 2292 ... i

25 330000 76 x 143 38 17.93 3 0.81 086 16334

560000 76 x 220 50 22.45 3 1.37 086 16564

40 10000 35 x 54 4.8 3.79 33 0.27 086 17103

15000 35 x 80 7.4 4.65 19 0.23 086 17153

22000 35 x 105 9.4 5.63 14 0.25 086 17223

39000 50 x 80 15 7.49 7 0.22 086 17393

56000 50 x 105 19 8.98 6 0.27 086 17563

68000 50 x 118 21 9.90 5 0.28 086 17683

82000 50 x 143 23 10.87 5 0.33 086 17823

100000 63.5 x 105 24 12.00 5 0.41 086 17104

120000 63.5x 118 27 13.15 4 0.39 086 17124

150000 63.5 x 143 31 14.70 4 0.49 086 17154

150000 76 < 105 29 14.70 4 0.49 086 27154

180000 76 x 118 35 16.10 4 0.59 086 17184

220000 76 x 143 37 17.80 3 0.54 086 17224

330000 76 x 220 50 21.80 3 0.81 086 17334

50 8200 35 x 54 4.2 3.84 41 0.27 086 11822

12000 35 x 80 6 4.65 28 0.27 086 11123

18000 35 x 105 7.8 5.69 21 0.31 086 11183

27000 50 x 80 10 6.97 15 0.33 086 11273

47000 50 x 105 13 9.20 11 0.42 086 11473

56000 50 x 118 15 10.04 10 0.46 086 11563

68000 50 x 143 17 11.06 9 0.50 086 11683

68000 63.5 x 105 18 11.06 8 0.44 086 21683

82000 63.5x 118 20 12.15 7 0.47 086 11823

100000 63.5 x 143 24 13.42 6 0.49 086 11104

100000 76 x 105 23 13.42 6 0.49 086 21104

120000 76 x 118 25 14.70 6 0.59 086 11124

150000 76 x 143 30 16.43 5 0.61 086 11154

220000 76 x 220 40 19.90 4 0.72 086 11224

63 4700 35 x 54 42 3.26 42 0.16 086 18472

8200 35 x 80 6 4.31 28 0.19 086 18822

12000 35x 105 8 5.22 21 0.21 086 18123

18000 50 x 80 10 6.39 15 0.22 086 18183

27000 50 x 105 13 7.83 11 0.24 086 18273

33000 50 x 118 15 8.65 10 0.27 086 18333

39000 50 x 143 16 9.40 9 0.29 086 18393

47000 63.5 x 105 | 18 10.32 8 0.31 086 18473
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Product specification

Aluminium electrolytic capacitors
Power Standard Screw Terminals

086/087 PS-ST

Cr NOMINAL Ip g ESR Tans CATALOGUE

Ug 100 Hz CASE SIZE 100 Hz 5 min MAX. MAX. NUMBER
V) @D xL 85°C 100 Hz (see Table 3, note 1)

uF) (mm) (A) {m#) (M) 100 He 2222 ... ...

63 56000 63.5x118 20 11.27 7 0.32 086 18563

68000 63.5 x 143 24 12.42 6 0.33 086 18683

68000 76 x 105 23 12.42 6 0.33 086 28683

82000 76 x 118 25 13.64 6 0.40 086 18823

100000 76 x 143 30 15.06 5 0.41 086 18104

150000 76 x 220 40 16.44 4 0.49 086 18154

75 3900 35 x 54 41 3.24 43 0.14 086 12392

6800 35 x 80 5.9 4.28 29 0.16 086 12682

10000 35x 105 7.8 5.20 21 0.17 086 12103

15000 50 x 80 10 6.36 15 0.18 086 12153

22000 50 x 105 13 7.71 1 0.20 086 12223

27000 50 x 118 15 8.54 10 0.22 086 12273

33000 50 x 143 17 9.44 9 0.24 086 12333

33000 63.5 x 105 18 9.44 8 0.22 086 22333

39000 63.5x 118 20 10.26 7 0.22 086 12393

56000 63.5 x 143 23 12.30 6 0.27 086 12563

47000 76 x 105 23 11.26 7 0.27 086 22473

56000 76 x 118 25 12.30 6 0.27 086 12563

82000 76 x 143 29 14.88 5 0.33 086 12823

120000 76 x 220 40 18.00 - 0.39 086 12104

100 2700 35 x 54 3.3 3.12 65 0.14 086 19272

3900 35x 80 4.3 3.75 50 0.16 086 19392

5600 35 x 105 5.9 4.49 32 0.15 086 19562

10000 50 x 80 5.5 6.00 52 0.42 086 19103

15000 50 x 105 73 7.35 37 0.45 086 19153

18000 50 x 130 9 8.05 27 0.40 086 19183

22000 50 x 143 15 8.90 11 0.20 086 19223

22000 63.5 x 105 11 8.90 19 0.34 086 29223

27000 63.5x 118 13 9.86 16 0.35 086 19273

33000 63.5 x 143 14 10.90 14 0.38 086 19333

33000 76 x 105 14 10.90 14 0.38 086 29333

39000 76 x 118 17 11.85 11 0.35 086 19393

56000 76 x 143 22 14.20 8 0.37 086 19563

82000 76 x 220 25 17.18 7 0.47 086 19823
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Philips Components Product specification

Aluminium electrolytic capacitors

Power Standard Screw Terminals 086/087 PS-ST

Table 3 Electrical data and ordering information for 087 series; preferred types in bold

Cr NOMINAL Ir Iis ESR Tan & CATALOGUE
Ur 100 Hz CASE SIZE 100 Hz 5 min MAX. MAX NUMBER
V) (uF) @D x L 85 °C (mA) 100 Hz 100 H'z (note 1)
(mm) (A) (mQ) 2222 ... i
200 1000 35 x 54 2.6 2.68 109 0.09 087 12102
1500 35 x 80 3.4 3.29 77 0.09 087 12152
2200 35 %105 4.6 3.98 52 0.09 087 12222
3900 50 x 80 4.8 5.30 73 0.23 087 12392
5600 50 x 105 8.6 6.35 24 0.1 087 12562
6800 50 x 130 9.9 7.00 21 0.12 087 12682
8200 50 x 143 12 7.68 17 0.1 087 12822
10000 63.5 x 105 1 8.49 22 0.18 087 12103
12000 63.5 x 130 12 9.30 17 0.17 087 12123
12000 76 x 105 1 9.30 26 0.25 087 22123
15000 63.5 x 143 14 10.39 16 0.20 087 12153
15000 76 x 118 12 10.39 23 0.28 087 22153
22000 76 x 143 15 12.59 17 0.31 087 12223
33000 76 x 220 17 15.41 15 0.40 087 12333
250 680 35 x 54 2.6 2.47 120 0.07 087 13681
1200 35 x 80 3.6 3.29 76 0.07 087 13122
1800 35 x 105 4.9 4.02 53 0.08 087 13182
2700 50 x 80 4.4 4.93 67 0.15 087 13272
3900 50 x 105 7.9 5.92 27 0.09 087 13392
4700 50 x 130 9 6.50 23 0.09 087 13472
5600 50 x 143 10 7.10 20 0.09 087 13562
6800 63.5 x 105 10 7.82 24 0.13 087 13682
8200 63.5x 130 11 8.59 19 0.13 087 13822
10000 63.5x 143 14 9.49 17 0.14 087 13103
10000 76 x 105 1" 9.49 25 0.20 087 23103
12000 76 x 118 12 10.39 22 0.22 087 13123
15000 76 x 143 14 11.62 19 0.23 087 13153
22000 76 x 220 17 14.07 16 0.29 087 13223
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Cr NOMINAL Ip fs ESR Tan s CATALOGUE
Ugr 100 Hz CASE SIZE 100 Hz 5 min MAX. MAX. NUMBER
) @D xL 85°C 100 Hz (note 1)
(uF) (mm) (A) (i) (mQ) T 2222 ... ...
350 390 35 x 54 13 2.22 270 0.09 087 15391
680 35 x 80 2.5 2.93 163 0.09 087 15681
1000 35 x 105 33 3.55 112 0.09 087 15102
1500 50 x 80 3.9 4.35 105 0.13 087 15152
2200 50 x 105 5.6 5.26 55 0.10 087 15222
2700 50 x 130 7% 5.83 44 0.10 087 15272
2700 63.5 %105 6.6 5.83 54 0.12 087 25272
3300 50 x 143 8 6.45 37 0.10 087 15332
3900 63.5 x 130 8.7 7.01 a7 0.12 087 15392
4700 63.5 x 143 9.6 7.70 33 0.13 087 15472
4700 76 x 105 9.6 7.70 33 0.13 087 25472
5600 76 x 118 10 8.40 33 0.15 087 15562
6800 76 x 143 1 9.26 28 0.16 087 15682
12000 76 x 220 18 12.30 18 0.18 087 15123
400 330 35 X654 1:3 2.18 290 0.08 087 16331
560 35 x 80 2.1 2.84 190 0.09 087 16561
820 35 x105 3 3.44 129 0.09 087 16821
1200 50 x 80 3.7 4.16 95 0.09 087 16152
1800 50 x 105 5.5 5.09 59 0.09 087 16182
2200 50 x 130 6.4 5.63 50 0.09 087 16222
2700 50 x 143 7.9 6.24 39 0.09 087 16272
2700 63.5 % 105 7.8 6.24 48 0.11 087 26272
3300 63.5 %130 8.5 6.89 39 0.11 087 16332
3900 63.5 x 143 9.4 7.49 37 0.12 087 16392
3900 76 x 105 9.4 7.49 37 0.12 087 26392
4700 76 x 118 10 8.23 34 0.13 087 16472
5600 76 x 143 1 8.98 28 0.13 087 16562
10000 76 x 220 18 12.00 18 0.15 087 16103
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5 NOMINAL In N ESR — CATALOGUE
Un CASESIZE | 100 Hz . MAX. NUMBER
V) HOHz 2D xL 85 °C = 100 Hz RAAK, (note 1)
{uF) (mm) (A) k) (mQ) Tz 2222 ...
450 220 35 x 54 - 1.89 430 0.08 087 17221
390 35 x 80 18 2.51 310 0.10 087 17391
560 35 % 105 26 3.01 180 0.08 087 17561
820 50 x 80 3 3.64 145 0.10 087 17821
1200 50 x 105 46 4.41 85 0.08 087 17122
1500 50 x 130 5.3 4.93 71 0.09 087 17152
1800 50 x 143 5.9 5.40 60 0.09 087 17182
2200 63.5x 105 6.7 5.97 53 0.10 087 17222
2700 63.5x 130 o 6.61 45 0.10 087 17272
3300 63.5 x 143 9.5 7.31 35 0.09 087 17332
3300 76 x 105 9.5 7.31 35 0.09 087 27332
3900 76 x 118 9.8 7.95 36 0.11 087 17392
4700 76 x 143 11 8.73 31 0.12 087 17472
8200 76 x 220 14 11.53 23 0.15 087 17822
Note

1. Catalogue number applies to the ST version; for STB version (not preferred) replace 8t digit by ‘5’ if ST version
is ‘1’ (2222 086/087 5....) or replace 8t digit by ‘6’ if ST version is 2’ (2222 086/087 6....). STB version is not available
for case size @76 x 220 mm.

MARKING

The capacitors are marked (where possible) with the following information:
e Rated capacitance (in uF)

e Tolerance on rated capacitance

Rated voltage (in V)

¢ Date code (year and week) in accordance with “/EC 62”

 Name of manufacturer
e Code number 17 digits
e Code number 12 digits (12NC).
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ELECTRICAL DATA (continued)

Additional electrical data

PARAMETER CONDITIONS VALUE
Voltage
Surge voltage for short periods <250 V versions Ug=1.3xUgR
>350 V versions Us=1.15xUR
Reverse voltage Uey <1V
Current
Leakage current | after 5 minutes at Ug | I.5 <0.006 x /C xV (mA)
Inductance
Equivalent series inductance (ESL) case @D =35 mm typ. 18 nH
case YD =50 mm typ. 25 nH
case YD = 65 mm typ. 27 nH
case @D =75 mm typ. 29 nH
RIPPLE CURRENT AND USEFUL LIFE
Table 4 Multiplier of ripple current (Ig) as a function of frequency
FREQUENCY Ir MULTIPLIER
(Hz) 086 087
50 0.9 0.9
100 1.00 1.00
300 1.15 1.25
1000 1.25 1.40
>10000 1.30 1.50
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Table 5 Derated voltage life multiplier

RATIO OF APPLIED VOLTAGE TO RATED VOLTAGE

|a = actual ripple current at 100 Hz and 85 °C.
Ig = rated ripple current at 100 Hz and 85 °C.
With an absolute maximum of 50 A at 85 °C.

(1) Useful life at 85 °C and Ig applied: 5000 hours (3000 hours for 2100 V types).

Fig.3 Multiplier of useful life as a function of ambient temperature and ripple current load.
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SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this data handbook, Section “Tests and Requirements”.

Table 6 Test procedures and requirements

TEST
PBOCEDURE REQUIREMENTS
NAME OF TEST | REFERENCE (quick reference)
Endurance IEC 384-4/ Tamb = 85 °C; Ug applied; AC/C: £10%
CECC 30300 1000 hours

— ESR < 2 x spec. limit

ILs < spec. limit
Useful life CECC 30301 Tamp = 85 °C; Ug and I applied; AC/C: £15%
subclause 1.8.1 5000 hours (=100 V types: 3000 hours)

ESR < 3 x spec. limit
ILs < spec. limit

no short or open circuit,
no visible damage

total failure percentage: <3%

Shelf life IEC 384-4/ Tamb = 85 °C; no voltage applied; AC/C: £10%
(storage at CECC 30300 500 hours
high temperature) | subclause 4.17

ILs <2 x spec. limit

after test: Ug to be applied for 30 minutes, ESR < 1.75 x spec. limit

24 to 48 hours before measurement
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FEATURES

e Polarized aluminium electrolytic
capacitors, non-solid

Large types, minimized
dimensions, cylindrical aluminium
case, insulated with a blue sleeve

Also available in bolt version
(PHC-STB)
Pressure relief in the sealing disk
e Charge and discharge proof
High ripple current capability
High resistance to shock and
vibration.
k—Ui_/
STB

APPLICATIONS ) ccAss2

e General purpose, computer and
industrial systems ST

SRR Ay SR Fig.1 Component outlines.

Standard and switched mode
power supplies

* Welding
* Energy storage in pulse systems 086/057 | o hicher | osaoso | longer | 154/155 PEC-ST
e Motor control devices Ps-ST CV-values ™ PHC-ST life 114/115 PED-ST
« Uninterruptable power supplies A
(UPS).
QUICK REFERENCE DATA
VALUE
DESCRIPTION
088 089

Case size (DDnom X Lnom in mm) 35 x 54 to 76 x 220

Rated capacitance range, Cr 270 to 820000 pF

Tolerance on Cr -10to +30%

Rated voltage range, Ug 16 t0 100 V 1 200 to 400 V
Category temperature range —40to +105 °C

Endurance test at 85 °C 2000 hours

Useful life at 85 °C 5000 hours (=100 V: 4000 hours)
Useful life at 40 °C and 1.1 x Iy applied 150000 hours

Shelf life at 0 V, 85 °C 500 hours

Based on sectional specification IEC 384-4/CECC 30300

Climatic category IEC 68 40/105/56
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Selection chart for Cg, Uy and relevant nominal case sizes (JD x L in mm) for 088 series
Preferred types in bold.

Ch Ur (V)

(uF) 16 25 40 50 63 75 100
1800 - = = = = —~ 35 x 54
2700 & = = = = 35 x 54 35 x 80
3900 — ~ = = = - 35x 105
4700 —~ - - — 35 x 54 35 x 80 —
6800 = = = 35 x 54 35 x 80 35x 105 50 x 80
8200 = - 35 x 54 N - = =

10000 - - = 35 x 80 35x 105 _ 50 x 105

12000 = 35 x 54 35 x 80 . = 50 x 80 50 x 118

15000 = - = 35x 105 = — 50 x 143

18000 = = 35x% 105 = 50 x 80 50% 105 | 63.5x105

35 x 54 35 x 80 = = = 50% 130 | 63.5x130

22000

= = = . - = 76 x 105

- N 50 x 80 50 x 80 50 x 105 50x 143 | 63.5x 143
27000

—~ — — o e 63.5x 105 76 x 118

33000 - 35x 105 - - 50x130 | 63.5x118 -

35 x 80 = = 50 x 105 50x 143 | 63.5x 143 76 x 143

39000

= — - — 63.5 x 105 76 x 105 =
47000 = = 50 x 105 50130 | 63.5x118 76 x 118 =
— 35x 105 50 x 80 50 x 130 50 x 143 | 63.5x 143 76 x 143 76 x 220

= s - 63.5 x 105 76 x 105 = -
- = 50 x 143 63.5 x 118 76 x 118 — =

68000
- - 63.5 <105 p - = =
— 50 » 80 50105 | 635x118 | 635x143 | 76x143 = =
= < - 76 x 105 = - =
E 50x130 | 635x143 | 76x 11 - 7 =
100000 % 6x118 6 x 220
= - 76 x 105 = - - X
50 10 14 - = -
e %105 | 50x143 | 76x118 | 76x143
= 63.5x 105 = = - ” =
150000 50 x 130 63.5 x 118 76 x 143 - 76 x 220 — —
50 x 143 = = = = = =
p—— = 635 x 143 - = - = =
= 76 <105 = = - 5 £
220000 | 63.5x105 | 76x118 = 76 x 220 - i =
270000 | 635x118 | 76x143 | 76 x220 ~ - = =
635x 14 - - — - - ~
330000 sl
76 < 105 = - = - - =
390000 76 x 118 - - - - = .
470000 76 <143 | 76 x 220 = - . - -
820000 76 x 220 - E - - z =
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Selection chart for Cg, Ug and relevant nominal case sizes (JD x L in mm) for 089 series

Preferred types in bold.

Cr Ug (V)

(uF) 200 250 350 400
270 - = = 35 x 54
330 - - 35 x 54 =
390 — = . .
470 — 35 x 54 N 35 x 80
560 - - 35 x 80 -
680 35 x 54 = = 35 x 105
820 = 35 x 80 35 x 105 =

1000 = - = 50 x 80

1200 35 x 80 35 x 105 50 x 80 =

1500 - - = 50 x 105

1800 35 x 105 50 x 80 50 x 105 50 x 118

= _ 14

e 50 x 118 50 x 143

= = - 63.5 x 105
50 x 80 50 x 105 50 x 143 63.5 x 130
2700
= = 63.5 x 105 =
= 50 x 118 63.5 x 130 63.5 x 143
3300
- = = 76 x 105
50 x 105 50 x 143 63.5 x 143 76 x 118
3900
i - 76 x 105 -
4700 50 x 118 63.5 x 105 76 x 118 76 x 143
5600 50 x 143 63.5 x 130 76 x 143 =
63.5 x 105 63.5 x 143 = =
6800
= 76 x 105 - =
8200 63.5 x 130 76 x 118 - 76 x 220
i 63.5 x 143 76 x 143 76 x 220 =
76 x 105 s = =
76 x 118 = N =
12000
- 76 x 220 - -
15000 76 x 143 = = N
22000 76 x 220 — = —
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MECHANICAL DATA AND PACKAGING QUANTITIES

7 D
w e ¢
[ g
=
| J ﬁ |
CCA883

Dimensions in mm.

For dimensions see Table 1.

Maximum permissible torque which may be applied to the termination screws: 2 Nm.

M6 and other terminal styles available on request.

For accessories refer to this handbook, Section “Mounting Accessories”.

Capacitors are delivered with screws and washers.

Fig.2 Screw terminal (ST); screw terminal bolt (STB).
Table 1 Physical dimensions, mass and packaging information; see Fig.2
NOMINAL CARDBOARD BOX
CASE SIZE | @Dmax | Lmax i A &y sags | PACKAGING DIMENSIONS
+0.4 +0.2 dy x| QUANTITIES
@D x L (mm) | (mm) (mm) (mm) (mm) (9) (per box) Ixwxh
(mm) g (mm)
35 x 54 36.3 56.4 | 12.7 8.0 8.0 M8 x 12 =72 150 402 x 200 x 258
35 x 80 36.3 81.8 | 12.7 8.0 8.0 M8 x 12 =105 150 402 x 200 x 283
35x 105 36.3 107.2 | 12.7 8.0 8.0 M8 x 12 =135 100 402 x 200 x 258
50 x 80 52.9 81.8(| 222 | 127 8.0 | M12x16 =190 72 324 x 216 x 278
50 x 105 529 | 1072 | 222 | 12.7 8.0 |M12x16 =255 48 324 x 216 x 289
50 x 130 529 | 1326 | 222 | 12.7 8.0 | M12x16 =320 48 324 x 216 x 289
50 x 143 529 | 145.3 | 22.2 | 127 8.0 | M12x16 =350 48 324 x 216 x 315
65 x 105 65.6 107.2 | 285 15.9 8.0 M12 x 16 =445 40 343 x 275 x 240
65x 118 65.6 119.9 | 285 | 15.9 8.0 | M12x16 =500 40 343 x 275 x 315
65 x 143 65.6 145.3 | 28.5 15.9 8.0 |Mi12x16 =600 | 20 343 x 275 x 240
76 x 105 783 | 107.2 | 31.8 | 19.0 8.0 |Mi2x16 =600 » 20 397 x 320 x 121
76 x118 78.3 119.9 | 31.8 19.0 8.0 | M12x 16 =720 | 20 397 x 320 x 147
76 x 143 78.3 145.3 | 31.8 | 19.0 80 |Mi12x16 =970 | 20 397 x 320 x 178
76 x 220 783 |221.5| 31.8 | 19.0 8.0 | M12x16 |=1460 16 426 x 410 x 237
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ELECTRICAL DATA AND ORDERING INFORMATION Ordering example
Unless otherwise specified, all electrical values in Tables 2 and 3 apply at

Electrolytic capacitor 089 series
Tamp = 25 °C, P = 86 to 106 kPa, RH = 45 to 75%. ylic cap

10000 uF/200 V; £20%

SYMBOL DESCRIPTION . )
Cr rated capacitance at 100 Hz g%r;ga: ?Z;emsr:e:ST I lo T
Ir 85 rated RMS ripple current at 85 °C
IR 105 rated RMS ripple current at 105 °C = 0.25 x I g5 SRR R SRR LS
ILs max. leakage current after 5 minutes at Ug
ESR max. equivalent series resistance at 100 Hz
74 impedance at 20 kHz on request
Tan & max. dissipation factor at 100 Hz

Table 2 Electrical data and ordering information for 088 series; preferred types in bold

= NOMINAL In - ESR e CATALOGUE
Un CASESIZE | 100 Hz . MAX. NUMBER
V) 180 Ha @D x L 85 °C Smin -\ qoonz | MAX ] ee Table 3, note 1)
(uF) (mm) (A) {ea) (mQ) RHEE 2222 ... .
16 22000 35 x 54 12 178 10 0.18 088 15223
39000 35 x 80 17 2.37 7 0.22 088 15393
56000 35x 105 21 2.84 6 0.27 088 15563
82000 50 x 80 24 3.44 6 0.40 088 15823
120000 50 x 105 30 4.16 6 0.49 088 15124
150000 50 x 130 30 4.65 4 0.49 088 15154
150000 50 x 143 30 4.65 4 0.49 088 25154
220000 | 63.5x105 44 5.63 3 0.54 088 15224
270000 | 63.5x118 48 6.24 3 0.66 088 15274
330000 | 63.5x143 50 6.89 3 0.81 088 15334
330000 76 x 105 50 6.89 3 0.81 088 25334
390000 76 x 118 50 7.49 3 0.96 088 15394
470000 76 x 143 50 8.23 2 0.77 088 15474
820000 76 x 220 50 10.87 2 1.34 088 15824
25 12000 35 x 54 6.8 164 32 0.31 088 16123
22000 35x 80 9.6 222 22 0.40 088 16223
33000 35x 105 12 2.72 17 0.46 088 16333
56000 50 x 80 21 3.55 7 0.32 088 16563
82000 50 x 105 28 4.30 5 0.33 088 16823
100000 50 x 130 30 4.74 5 0.41 088 16104
120000 50 x 143 30 5.20 4 0.39 088 16124
120000 635 X105 35 5.20 5 0.49 088 26124
150000 63.5x118 38 5.81 4 0.49 088 16154
180000 63.5 x 143 41 6.36 4 0.59 088 16184
180000 76 x 105 42 6.36 4 0.59 088 26184
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= NOMINAL In i ESR - CATALOGUE
Un CASESIZE | 100 Hz ] MAX. NUMBER
V) 190 He 2D x L 85 °C 2'min 100 Hz MAX. | (see Table 3, note 1)
(uF) (mm) (A) () (mQ) 100 k= 2222... ...
25 220000 76 x 118 46 7.04 4 0.72 088 16224
270000 76 x 143 49 7.79 4 0.88 088 16274
470000 76 % 220 50 10.28 3 115 088 16474
20 8200 35 x 54 6.1 172 39 0.26 088 17822
12000 35 x 80 8.7 2.08 27 0.26 088 17123
18000 35 x 105 1 255 20 0.29 088 17183
27000 50 x 80 19 3.12 9 0.20 088 17273
47000 50 x 105 25 411 6 0.23 088 17473
56000 50 x 130 30 4.49 5 0.23 088 17563
68000 50 x 143 30 4.95 5 0.28 088 17683
68000 | 63.5x105 32 4.95 5 0.28 088 27683
82000 | 63.5x118 35 5.43 5 0.33 088 17823
100000 | 63.5x 143 38 6.00 5 0.41 088 17104
100000 76 x 105 38 6.00 5 0.41 088 27104
120000 76 x 118 42 6.57 4 0.39 088 17124
150000 76 x 143 46 7.35 4 0.49 088 17154
270000 76 x 220 50 9.86 3 0.66 088 17274
50 6800 35 54 59 175 42 023 088 11682
10000 35 x 80 8.4 2.12 28 0.23 088 11103
15000 35 x 105 11 2.60 21 0.26 088 11153
27000 50 x 80 14 3.49 15 0.33 088 11273
39000 50 x 105 19 419 11 0.35 088 11393
47000 50 x 130 21 4.60 10 0.38 088 11473
56000 50 x 143 24 5.02 9 0.41 088 11563
56000 | 63.5x 105 26 5.02 8 0.37 088 21563
68000 | 63.5x 118 29 5.53 7 0.39 088 11683
82000 | 63.5x143 34 6.07 6 0.40 088 11823
82000 76 x 105 32 6.07 6 0.40 088 21823
100000 76 x 118 36 6.71 6 0.49 088 11104
120000 76 x 143 39 7.35 5 0.49 088 11124
220000 76 x 220 50 9.95 4 0.72 088 11224
63 4700 35 %54 5.9 163 22 0.16 088 18472
6800 35 x 80 8.4 1.96 29 0.16 088 18682
10000 35x 105 11 2.38 21 0.17 088 18103
18000 50 x 80 14 3.19 15 0.22 088 18183
27000 50 x 105 19 3.91 11 0.24 088 18273
33000 50 x 130 23 433 9 0.24 088 18333
39000 50 x 143 25 4.70 9 0.29 088 18393
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& NOMINAL In - ESR Tan's CATALOGUE

Ur CASESIZE | 100 Hz j MAX. NUMBER
v) ke @D x L 85 °C R 100 Hz MAX. | (see Table 3, note 1)

(uF) (mm) (A) (mi) (mQ) M 2222 .. ...

63 39000 | 63.5x105 26 4.70 8 0.25 088 28393

47000 | 63.5x118 28 5.16 7 027 088 18473

56000 | 63.5x 143 31 5.63 7 0.32 088 18563

56000 76 x 105 32 5.63 7 0.32 088 28563

68000 76 x 118 36 6.21 6 0.33 088 18683

82000 76 % 143 39 6.82 5 0.33 088 18823

150000 76 x 220 50 9.22 4 0.49 088 18154

75 2700 35 x 54 5.7 135 46 0.10 088 12272

4700 35 x 80 8.2 1.78 30 0.12 088 12472

6800 35 x 105 10 2.14 22 0.12 088 12682

12000 50 x 80 14 2.85 16 0.16 088 12123

18000 50 x 105 18 3.49 12 0.18 088 12183

22000 50 x 130 22 3.85 10 0.18 088 12223

27000 50 x 143 24 427 9 0.20 088 12273

27000 | 63.5x105 25 427 8 0.18 088 22273

33000 | 635x118 28 472 7 0.19 088 12333

39000 | 63.5x143 33 5.13 6 0.19 088 12393

39000 76 x 105 33 5.13 8 0.19 088 22393

47000 76 x 118 35 5.63 6 0.23 088 12473

56000 76 x 143 41 6.15 5 0.23 088 12563

100000 76 x 220 50 8.22 4 0.33 088 12104

100 1800 35 x 54 4 127 79 012 088 19182

2700 35 % 80 5.9 1.56 51 0.1 088 19272

4700 35 x 105 8.9 2.06 32 0.12 088 19472

6800 50 x 80 6.8 2.47 64 0.36 088 19682

10000 50 x 105 10 3.00 38 0.31 088 19103

12000 50 x 130 11 3.29 34 0.33 088 19123

15000 50 x 143 13 3.67 28 0.34 088 19153

18000 | 63.5x105 17 4.02 18 0.26 088 19183

22000 | 635x118 20 4.45 14 0.26 088 19223

22000 | 63.5x143 15 4.45 25 0.45 088 29223

27000 76 % 105 22 4.93 13 0.29 088 19273

27000 76 x 118 18 4.93 20 0.44 088 29273

39000 76 x 143 21 5.92 16 0.51 088 19393

56000 76 x 220 25 7.10 14 0.64 088 19563
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Table 3 Electrical data and ordering information for 089 series; preferred types in bold

o NOMINAL In s ESR T CATALOGUE
Un CASE SIZE | 100 Hz ] MAX. NUMBER
V) T Ha 2D xL 85 °C b 100 Hz sl (note 1)
(uF) (mm) (A) mi (mQ) L 2222... ...
200 680 35 x 54 29 111 130 0.07 089 12681
1200 35 x 80 4.1 147 76 0.07 089 12122
1800 35 x 105 6.9 1.80 53 0.08 089 12182
2700 50 x 80 6.2 2.20 76 0.17 089 12272
3900 50 x 105 8.5 2.65 51 0.16 089 12392
4700 50 x 130 11 291 36 0.14 089 12472
5600 50 x 143 15 3.17 20 0.09 089 12562
6800 | 63.5x105 14 3.50 24 0.13 089 12682
8200 | 635x118 16 3.64 21 0.14 089 12822
10000 | 63.5x 143 20 424 17 0.14 089 12103
10000 76 x 105 16 424 25 0.20 089 22103
12000 76 x 118 18 4.65 22 0.22 089 12123
15000 76 x 143 21 6.20 19 0.23 089 12153
22000 76 x 220 25 6.29 15 0.27 089 12223
250 470 35 x 54 29 103 130 0.05 089 13471
820 35 x 80 47 1.36 86 0.06 089 13821
1200 35 x 105 6.8 1.64 54 0.05 089 13122
1800 50 x 80 6.9 2.01 76 0.11 089 13182
2700 50 x 105 8.4 2.46 52 0.1 089 13272
3300 50 x 130 14 272 22 0.06 089 13332
3900 50 x 143 16 2.96 19 0.06 089 13392
4700 | 63.5x105 14 3.25 25 0.10 089 13472
5600 | 635x118 16 3.55 20 0.09 089 13562
6800 | 635x143 18 3.91 17 0.09 089 13682
6800 76 x 105 18 3.91 17 0.09 089 23682
8200 76 x 118 16 4.30 24 0.16 089 13822
10000 76 x 143 21 474 18 0.15 089 13103
12000 76 x 220 25 5.20 16 0.16 089 13123
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& NOMINAL In . ESR Tan's CATALOGUE
Ur CASESIZE | 100 Hz ) MAX. NUMBER
V) g uE D x L 85 °C g 100 Hz SARES (note 1)

(uF) (mm) (A) () (mQ) i 2222 ...
350 330 35 x 54 1.9 1.02 290 0.08 089 15331
560 35 x 80 2.9 1.33 191 0.09 089 15561
820 35x 105 42 1.61 129 0.09 089 15821
1200 50 x 80 5 1.94 122 0.12 089 15122
1800 50 x 105 7.3 2.38 74 0.1 089 15182
2200 50 x 130 9.1 2.63 49 0.09 089 15222
2700 50 x 143 10 2.92 39 0.09 089 15272
2700 | 63.5x105 10 2.92 47 0.10 089 25272
3300 | 635x118 12 3.22 39 0.1 089 15332
3900 | 63.5x143 13 3.50 34 0.1 089 15392
3900 76 x 105 13 3.50 34 0.11 089 25392
4700 76 x 118 14 3.85 34 0.13 089 15472
5600 76 x 143 16 4.20 28 0.13 089 15562
10000 76 x 220 25 5.61 18 0.15 089 15103
400 270 35 x 54 17 0.99 333 007 089 16271
470 35 x 80 2.9 1.30 224 0.09 089 16471
680 35x 105 41 1.56 134 0.07 089 16681
1000 50 x 80 48 1.90 127 0.10 089 16102
1500 50 x 105 7.8 232 63 0.08 089 16152
1800 50 x 130 8.8 2.55 53 0.08 089 16182
2200 50 x 143 9.8 2.81 45 0.08 089 16222
2200 | 63.5x105 9.8 2.81 45 0.08 089 26222
2700 | 63.5x118 10.7 3.12 47 0.10 089 16272
3300 | 63.5x143 13 3.45 35 0.09 089 16332
3300 76 x 105 13 3.45 35 0.09 089 26332
3900 76 x 118 13 3.75 37 0.12 089 16392
4700 76 x 143 15 411 31 0.12 089 16472
8200 76 x 220 22 5.43 24 0.16 089 16822
Note

1. Catalogue number applies to the ST version; for STB version (not preferred) replace 8" digit by ‘5’ if ST version is
‘1’ (2222 088/089 5....) or replace 8t digit by ‘6’ if ST version is ‘2’ (2222 088/089 6....). STB version is not available
for case size @76 x 220 mm.
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ELECTRICAL DATA (continued)

Additional electrical data

PARAMETER | CONDITIONS VALUE
Voltage
Surge voltage for short periods <250 V versions Us=1.3xUg
>350 V versions Us=1.15x UR
Reverse voltage Uy <1V

Current

Leakage current

| after 5 minutes at Ug

[ 115 <0.003 x JC xV (mA)

Inductance
Equivalent series inductance (ESL) case @D =35 mm typ. 18 nH
case @D =50 mm typ. 25 nH
case UD =65 mm typ. 27 nH
case @D =75 mm typ. 29 nH
MARKING
The capacitors are marked (where possible) with the following information:
¢ Rated capacitance (in uF)
* Tolerance on rated capacitance
* Rated voltage (in V)
e Date code (year and week) in accordance with “/EC 62”
¢ Name of manufacturer
e Code number 17 digits
e Code number 12 digits (12NC).
RIPPLE CURRENT AND USEFUL LIFE
Table 4 Multiplier of ripple current (Ig) as a function of frequency
FREQUENCY Ir MULTIPLIER
(Hz) 088 089
50 0.9 0.9
100 1.00 1.00
300 1.18 1.25
1000 1.25 1.40
>10000 1.30 1.50
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. ' 088/089 PHC-ST
Power High Current Screw Terminals
Table 5 Derated voltage life multiplier
RATIO OF APPLIED VOLTAGE TO RATED VOLTAGE
100% 95% 90% 85% 80% 75%
1.0 1.1 1.2 1.4 1.6 1.8
Table 6 Ripple current multiplier for elevated temperatures
RIPPLE CURRENT MULTIPLIER FOR ELEVATED TEMPERATURES
85°C 90 °C 95 °C 100 °C 105 °C
1.0 0.85 0.7 0.5 0.25
CCA881
17
Ia
e
16 \
N V \
s y
BN
WMNNNAY
\ \\\ \ lifetime multiplier
1.3
NN
(5
NN,
AR RSN
BANRAYR VRN
OO
o AOUEENSR R NN R N
‘ “
OB A AN AN AN AN
oe NN\ N\ N\ N\ LY
00— N IN N\ NN N NN
40 50 60 70 80 90 100
Tamp (°C)

I = actual ripple current at 100 Hz and 85 °C.
|r = rated ripple current at 100 Hz and 85 °C.
With an absolute maximum of 50 A at 85 °C.

(1) Useful life at 85 °C and I applied: 5000 hours (4000 hours for 2100 V types).

Fig.3 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Philips Components Product specification

Aluminium electrolytic capacitors

Power High Current Screw Terminals 088/089 PHC-ST

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this data handbook, Section “Tests and Requirements”.

Table 7 Test procedures and requirements

TEST
PROCEDURE REQUIREMENTS
NAME OF TEST | REFERENCE (quick reference)
Endurance IEC 384-4/ Tamp = 85 °C; U applied; AC/C: £10%
CECC 30300 2000 hours

" -
subclause 4.13 EE e

I 5 < spec. limit

Useful life CECC 30301 Tamb = 85 °C; Ug and Iy applied; AC/C: £15%
subclause 1.8.1 5000 hours (2100 V types: 4000 hours) ESR < 3 x spec. limit
IL5 < spec. limit

no short or open circuit,
no visible damage

total failure percentage: <3%

Shelf life IEC 384-4/ Tamb = 85 °C; no voltage applied; AC/C: £10%
(storage at CECC 30300 500 hours -
i ) ILs <2 x spec. limit
Mgh-emparatire) | Subelauge .17 after test: Ug to be applied for 30 minutes
*-R PP * | ESR < 1.75 x spec. limit

24 to 48 hours before measurement
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Product specification

154/155 PEC-ST

FEATURES

Polarized aluminium electrolytic
capacitors, non-solid

Large types, minimized
dimensions, cylindrical aluminium
case, insulated with a blue sleeve

Also available in bolt version
(PEC-STB)

Pressure relief in the sealing

Charge and discharge proof

Long useful life:
12000 hours at 85 °C

High ripple current capability

High resistance to shock and
vibration achieved by longitudinal

EE

N N

I\

o/

e

D

L

—

L/

COCD
-—l
T wmp———

L:}

MBC452- 1

:

ST STB

Fig.1 Component outlines.

rills and special internal
construction.

APPLICATIONS

e General purpose, computer and
industrial systems

086/087 PS-ST

1

larger case sizes
high ripple 85 °C
|

. —_—_ smaller hiah riool
e Smoothing and filtering CV-values —] 1541155 PEC-ST |- :E;mgn‘;?fpee_>
e Standard and switched mode ICRIRE I ccBo29
: larger ¢ =8
power supplies higher rip._ e 1U5 °C
e Energy storage in pulse systems.
QUICK REFERENCE DATA
VALUE
DESCRIPTION
154 ] 155

Case size (DDnom X Lnom in mm) 35 x 60 to 75 x 105

Rated capacitance range (E6 series), Cr 220 to 470000 puF

Tolerance on Cg +20%

Rated voltage range, Ug 10to 100 V | 250 to 400 V
Category temperature range —40 to +85 °C

Endurance test at 85 °C

5000 hours (400 V: 2000 hours)

Useful life at 85 °C

12000 hours (400 V: 5000 hours)

Useful life at 40 °C, 1.4 x Iy applied

200000 hours (400 V: 90000 hours)

Shelf life at 0 V, 85 °C 500 hours
Based on sectional specification |IEC 384-4/CECC 30300
Climatic category IEC 68 40/085/56
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154/155 PEC-ST

Selection chart for Cr, Ug and relevant nominal case sizes (D x L in mm) for 154 series
Preferred types in bold.

Cn U (V)

(1F) 10 16 25 40 63 100
3300 - - - - - 35 x 60
4700 - - - - - 35x 80
6800 - - - - 35 x 60 35 %105

10000 - - - - 35 x 80 50 x 80

15000 - = = 35 x 60 35x105 50 x 105

22000 - - 35 x 60 35 x 80 50 x 80 65 x 105

33000 - 35 x 60 35 % 80 50 x 80 50 x 105 75 x 105

47000 35 x 60 35 x 80 35 x105 50 x 80 65 x 105 -

68000 35 x 80 35 x 105 50 x 80 50 x 105 75 %105 =

100000 35 x 105 50 x 80 50 x 105 65 x 105 - -
150000 50 x 80 50 x 105 65 x 105 75 x 105 - -
220000 50 x 105 65 x 105 75 x 105 = ~ =
330000 65 x 105 75 %105 - - — -
470000 75 x 105 - - - - -
Selection chart for Cg, Ug and relevant nominal case sizes (D x L in mm) for 155 series
Preferred types in bold.
Cr Ugr (V)

(1WF) 250 350 385 400
220 - - 35 x 60 35 x 60
330 — 35 x 60 35 x 80 35 x 80
470 35 x 60 35 x 80 35 x 80 35x 80
680 35 x 80 35x%x105 35 x 105 35 x 105

1000 35 x 105 50 x 80 50 x 80 50 x 80

1500 50 x 80 50 x 105 50 x 105 50 x 105

2200 50 x 105 65 x 105 65 x 105 65 x 105

3300 65 x 105 65 x 105 75 x 105 75 x 105

4700 65 x 105 ~ - -

6800 75 x 105 - - -
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MECHANICAL DATA AND PACKAGING QUANTITIES

g
=

MGB303 - 2

<)

Dimensions in mm.

For dimensions see Table 1.

Maximum permissible torque which may be applied to the termination screws: 2 Nm.
For accessories refer to this handbook, Section “Mounting Accessories”.

The capacitors are delivered with screws and washers.

Fig.2 Screw terminal (ST); screw terminal bolt (STB).

Table 1 Physical dimensions, mass and packaging information; see Fig.2

NOMINAL CARDBOARD BOX
CASE SIZE | @Dmax | Lmax e A % MASS PACKAGING DIMENSIONS
10.1 10.2 dy x| QUANTITIES
@D x L (mm) | (mm) (mm) (mm) (mm) (9) (per box) Ixwxh
(mm) P (mm)
35 x 60 36.5 63 13.0 8.4 8.0 M8 x 12 =55 25 196 x 192 x 110
35 x 80 36.5 83 13.0 8.4 8.0 M8 x 12 =80 25 196 x 192 x 115
35 x 105 36.5 | 108 13.0 8.4 8.0 M8 x12 | =110 25 196 x 192 x 140
50 x 80 51.5 83 22.0 14.3 80 [|M12x16 | =160 25 293 x 273 x 115
50 x 105 51.5 | 108 22.0 14.3 8.0 | M12x16 | =210 25 293 x 273 x 140
65 x 105 66.5 | 108 28.5 19.0 9.6 | M12x16 | =370 10 368 x 151 x 140
75% 105 76.5 | 108 32.0 | 21.0 9.6 | M12x16 | =535 10 418 x 173 x 140
MARKING

The capacitors are marked (where possible) with the following information:
* Rated capacitance (in uF)

e Tolerance code on rated capacitance (M for £20%)
« Rated voltage (in V)

Climatic category in accordance with “/EC 68”

Date code (year and week) in accordance with “/EC 62”
Code for factory of origin

L]

e Name of manufacturer

Code number (last 8 digits)
Code for basic specification in accordance with “/EC 384-4-1"and “CECC 30301".
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RIPPLE CURRENT AND USEFUL LIFE

Table 4 Multiplier of ripple current (Ig) as a function of frequency

FREQUENCY
(Hz)

g MULTIPLIER

50

0.83

100

1.00

200

1.10

400

1.15

1000

1.19

>2000

1.20

MGA453

24

23

22

21

RN

NN

1.7 \
1.6

\/ <— life mul

iplier

1.4 \
1.3

@

N\
X
2l

12 )\\’o \
14 S

;:0
1.0 ‘;0

08 N &
05 o

5

0.0
40

Ia = actual ripple current at 100 Hz and 85 °C.
|g = rated ripple current at 100 Hz and 85 °C.
With an absolute maximum of 50 A at 85 °C.

60

(1) Useful life at 85 °C and I applied: 12000 hours; (5000 hours for 400 V types).

70

0 90
Tamb (°0)

Fig.3 Multiplier of useful life as a function of ambient temperature and ripple current load.
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SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 5 Test procedures and requirements

TEST

PBOCEDURE REQUIREMENTS
NAME OF TEST | REFERENCE (quick reference)
Endurance IEC 384-4/ Tamb = 85 °C; Ug applied; Ur <100 V; AC/C: £15%
CECC 30300 5000 hours (400 V types: 2000 hours) Ur > 100 V: AC/C: +10%
subclause 4.13
Z < 2 x spec. limit
Iy 5 < spec. limit
Useful life CECC 30301 Tamb = 85 °C; Ug and I applied; Ur <100 V; AC/C: +45%
subclause 1.8.1 12000 hours (400 V types: 5000 hours) Ur > 100 V; AC/C: +30%
Z < 3 x spec. limit
I 5 < spec. limit
no short or open circuit,
no visible damage
total failure percentage:
Ur <100 V: €1%;
Ur > 100 V: <3%
Shelf life IEC 384-4/ Tamb = 85 °C; no voltage applied; AC/C: £10%
(storage at CECC 30300 500 hours -
high temperature) | subclause 4.17 tps s & S lime
9 P ’ after test: Ug to be applied for 30 minutes,
24 to 48 hours before measurement
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Aluminium electrolytic capacitors

ED-ST
Power Eurodin Screw Terminals 114/115 PED-S

FEATURES
o Polarized aluminium electrolytic ﬁ ﬁ # ﬁ
capacitors, non-solid — = = =] =
Large types, cylindrical aluminium — )————
case, insulated with a blue sleeve
/ (
U U N @ U |
allowing very high ripple current U U U @ E
load, achieved by a special .
construction with multiple internal = e U =
anode and cathode connections

Also available in bolt version
(PED-STB)

Pressure relief in the sealing

Charge and discharge proof
Extremely low ESR and ESL

O T S

. ST STB
¢ Very long useful life:

20000 hours at 85 °C Fig.1 Component outlines.
High resistance to shock and
vibration achieved by longitudinal
rills and special internal

construction. 086/087 PS-ST

APPLICATIONS larger case sizes
L smaller :
o Computer, telecommunications 050/052 PEC-PW CV-values ={ 114/115 PED-ST cv’}'\?g}ﬁ;}g—» 154/155 PEC-ST
and industrial systems DR ccBo28

2 . " larger case sizes
¢ Smoothing and filtering high ripple 105 °C

¢ Standard and switched mode

power supplies 088/089 PHC-ST

e Energy storage in pulse systems.

QUICK REFERENCE DATA

VALUE
DESCRIPTION

114 ] 115
Case size (DDnom X Lnom in mm) 35x60to75x 105
Rated capacitance range (E6 series), Cr 150 to 220000 pF
Tolerance on Cg -10 to +30%
Rated voltage range, Ug 10to 100 V | 250 to 400 V
Category temperature range —40 to +85 °C
Endurance test at 85 °C 8000 hours (400 V: 2000 hours)
Useful life at 85 °C 20000 hours (400 V: 5000 hours)
Useful life at 40 °C, 1.4 x |g applied 350000 hours (400 V: 90000 hours)
Shelf life at 0 V, 85 °C 500 hours
Based on sectional specification IEC 384-4/CECC 30300
Climatic category IEC 68 40/085/56
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Philips Components Product specification

Aluminium electrolytic capacitors

Power Eurodin Screw Terminals 114/115 PED-ST

Selection chart for Cg, Ug and relevant nominal case sizes (JD x L in mm) for 114 series

Preferred types in bold.

Ch Ur (V)
(uF) 10 16 25 40 63 100
1000 - - - - - 35 x 60
1500 - - = - - 35 x 60
2200 - - - - 35 x 60 35 x 80
3300 - - - 35 x 60 35 x 60 35x 105
4700 - - 35 x 60 35 x 60 35 x 80 50 x 80
6800 - - 35 x 60 35x 80 35x 105 50 x 105
10000 - 35 x 60 35 x 80 35x 105 50 x 80 65 x 105
15000 35 x 60 35 x 80 35x 105 50 x 80 50 x 105 65 x 105
22000 35 x 80 35 x 105 50 x 80 50 x 105 65 x 105 75 x 105
33000 35x 105 50 x 80 50 x 105 65 x 105 65 x 105 -
47000 50 x 80 50 x 105 65 x 105 65 x 105 75 x 105 -
68000 50 x 105 65 x 105 65 % 105 75 x 105 - i
100000 65 x 105 65 x 105 75 x 105 - - -
150000 65 x 105 75 % 105 - - - =
220000 75 x 105 - - - - -
Selection chart for Cg, Ug and relevant nominal case sizes (ZD x L in mm) for 115 series
Preferred types in bold.
Cs Ur (V)
(uF) 250 350 385 400
150 - - 35 x 60 35 x 60
220 - - 35 x 80 35 x 80
330 35 x 60 - 35x 105 35x 105
470 35 x 80 - 50 x 80 50 x 80
680 35 x 105 50 x 80 50 x 105 50 x 105
1000 50 x 80 50 x 105 65 x 105 65 x 105
1500 50 x 105 - 65 x 105 65 x 105
2200 65 x 105 - 75 x 105 75 x 105
3300 65 % 105 75x105 - -
4700 75 % 105 = = =
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Aluminium elgctrolytlc capaqtors 114/115 PED-ST
Power Eurodin Screw Terminals

MECHANICAL DATA AND PACKAGING QUANTITIES

N 7 Y

.
.
i LT —

&

MGB303 -2

Dimensions in mm.

For dimensions see Table 1.

Maximum permissible torque which may be applied to the termination screws: 2 Nm.
For accessories refer to this handbook, Section “Mounting Accessories”.

The capacitors are delivered with screws and washers.

Fig.2 Screw terminal (ST); screw terminal bolt (STB).

Table 1 Physical dimensions, mass and packaging information; see Fig.2

NOMINAL CARDBOARD BOX
CASE SIZE | PDmax | Lmax & A ds MASS it DIMENSIONS
0.1 +0.2 do x| QUANTITIES
@D x L (mm) | (mm) (mm) (mm) (mm) (9) (per box) Ixwxh
(mm) i (mm)
35 x 60 36.5 63 13.0 8.4 8.0 M8 x 12 | =55 25 196 x 192 x 110
35 x 80 36.5 83 13.0 8.4 8.0 M8 x 12 | =80 25 196 x 192 x 115
35 x 105 36.5 | 108 13.0 8.4 8.0 M8 x 12 | =110 25 196 x 192 x 140
50 x 80 51.5 83 22.0 | 143 8.0 | M12x16 |=160 25 293 x 278 % 115
50 x 105 51.5 | 108 22.0 | 143 8.0 | M12x16 |=210 25 293 x 273 x 140
65 x 105 66.5 | 108 28.5 | 19.0 9.6 | M12x16 |=370 10 368 x 151 x 140
75 %105 76.5 | 108 32.0 | 21.0 9.6 | M12x16 | =535 10 418 x 173 x 140
MARKING

The capacitors are marked (where possible) with the following information:
¢ Rated capacitance (in uF)

e Tolerance code on rated capacitance (M for £20%)

« Rated voltage (in V)

Climatic category in accordance with “/EC 68”

Date code (year and week) in accordance with “/EC 62”

e Code for factory of origin

¢ Name of manufacturer

Code number (last 8 digits)

Code for basic specification in accordance with “/EC 384-4-1”"and “CECC 30301".
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114/115 PED-ST

Additional electrical data

PARAMETER CONDITIONS VALUE
Voltage
Surge voltage for short periods <250 V versions Us=1.15xUR
>350 V versions Us=1.1%Ug

Reverse voltage

Uey <1V

Current

Leakage current

after 1 minute at Ug

Iy <0.006Cg x Ug + 4 pA

after 5 minutes at Ug IL5 £0.002CR x UR + 4 nA
Inductance
Equivalent series inductance (ESL) case @D =35 mm typ. 13 nH

case @D =50 mm typ. 16 nH

case @D =65 mm typ. 19 nH

case @D =75 mm typ. 20 nH

1998 Jan 29
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Equivalent series resistance (ESR)

Curve 1: case @D x L = 35 x 60 mm.
Curve 2: case @D x L = 35 x 80 mm.
Curve 3: case @D x L = 35 x 105 mm.
Curve 4: case @D x L = 50 x 80 mm.
Curve 5: case @D x L = 50 x 105 mm.

Curve 8: case @D x L =75 x 105 mm.
ESR at 100 Hz and Ug = 10 V.

Curve 6: case @D x L = 65 x 105 mm; 100000 uF.
Curve 7: case @D x L = 65 x 105 mm; 150000 pF.
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=h0: 0 50 o 100
Tamb (°C)

Fig.3 Typical ESR as a function of temperature.

Curve 1: case @D x L = 35 x 60 mm; 2200 uF.
Curve 2: case @D x L = 35 x 60 mm; 3300 uF.
Curve 3: case @D x L = 35 x 80 mm.

Curve 4: case @D x L = 35 x 105 mm.

Curve 5: case @D x L = 50 x 80 mm.

Curve 6: case @D x L = 50 x 105 mm.

Curve 7: case @D x L = 65 x 105 mm; 22000 uF.
Curve 8: case @D x L = 65 x 105 mm; 33000 uF.
Curve 9: case @D x L = 75 x 105 mm.

ESR at 100 Hz and Ug = 63 V.
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Fig.4 Typical ESR as a function of temperature.

1998 Jan 29

616



Philips Components Product specification

Aluminium electrolytic capacitors

Power Eurodin Screw Terminals 114/115 PED-ST

T MGB306
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Curve 1: case @D x L = 50 x 80 mm. Tamb (°C)

Curve 2: case @D x L = 50 x 105 mm.
ESR at 100 Hz and Ug = 250 V.

Fig.5 Typical ESR as a function of temperature.
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Curve 1: case @D x L = 35 x 60 mm. S — ¥
Curve 2: case @D x L = 35 x 80 mm. = S
Curve 3: case @D x L = 35 x 105 mm. ~— g
Curve 4: case @D x L = 50 x 80 mm. 8
Curve 5: case @D x L = 50 x 105 mm. 10 |
Curve 6: case @D x L = 85 x 105 mm; 1000 uF. =50 0 50 5 100
Curve 7: case @D x L = 65 x 105 mm; 1500 uF. Tamb ("C)

Curve 8: case @D x L =75 x 105 mm.
ESR at 100 Hz and Ug =385 V.

Fig.6 Typical ESR as a function of temperature.
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Impedance (2)

MGB308
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Z
(mQ)
1
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AN
S) NN
~ 3
PRNLN
\\ \
AN
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6N \\\ ~_
10 =
TN NG
N b ~
Curve 1: case @D x L = 35 x 60 mm. O = -
Curve 2: case @D x L = 35 x 80 mm. — —
= e — —T
Curve 3: case @D x L = 35 x 105 mm. —
Curve 4: case @D x L = 50 x 80 mm.
Curve 5: case @D x L = 50 x 105 mm.
Curve 6: case @D x L = 65 x 105 mm. 1 = 5 =0 00
Curve 7: case @D x L =75 x 105 mm. Taiiib9C)
Zat20 kHz and Ug = 10 V.
Fig.7 Typical impedance as a function of temperature.
M
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N AR\
BANLN i
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7 Q\ AANAN
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10 NN ———
\\ \\
Curve 1: case @D x L = 35 x 60 mm; 2200 pF. ~
Curve 2: case @D x L = 35 x 60 mm; 3300 puF. ]
Curve 3: case @D x L = 35 x 80 mm. I
Curve 4: case @D x L = 35 x 105 mm.
Curve 5: case @D x L = 50 x 80 mm.
: = 1
Curve 6: case @D x L =50 x 105 mm. 50 0 50 i 100
Curve 7: case @D x L = 65 x 105 mm. Tamb (°C)
Curve 8: case @D x L =75 x 105 mm.
Z at 20 kHz and Ug =63 V.
Fig.8 Typical impedance as a function of temperature.
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Curve 1: case @D x L = 35 x 60 mm. 10 \ ==
Curve 2: case @D x L = 35 x 80 mm.
Curve 3: case @D x L = 35 x 105 mm.
Curve 4: case @D x L = 50 x 80 mm.
Curve 5: case @D x L = 50 x 105 mm.
5 - 7 1
Curve 6: case @D x L = 65 x 105 mm; 2200 uF. ~50 0 50 100
Curve 7: case @D x L = 65 x 105 mm; 3300 pF. Tamb (°C)

Curve 8: case @D x L =75 x 105 mm.
Z at 20 kHz and Ug = 250 V.

Fig.9 Typical impedance as a function of temperature.
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Curve 1: case @D x L = 35 x 60 mm. 10 [~ T
Curve 2: case @D x L = 35 x 80 mm.
Curve 3: case @D x L = 35 x 105 mm.
Curve 4: case @D x L = 50 x 80 mm.
Curve 5: case @D x L = 50 x 105 mm.
: _ . 1
Curve 6: case @D x L = 65 x 105 mm; 1000 pF. 50 0 50 100
Curve 7: case @D x L = 65 x 105 mm; 1500 uF. Tamb (°C)

Curve 8: case @D x L =75 x 105 mm.
Z at 20 kHz and Ug =385 V.

Fig.10 Typical impedance as a function of temperature.
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MGB312
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Curve 1: 2200 uF, 63 V. 107 2 3 2 5 6
: d 10 10 10 10 10 10° ¢ (Hg) 107

Curve 2: 15000 pF, 10 V.
Case @D x L = 35 x 60 mm.
Tamb =20 °C.

Fig.11 Typical impedance as a function of frequency.

MGB313
10
Z
Q)
1
LN
—2
\\
N
107" N
NG
N N
N N 7
™ T " ’
1072 i -
! 1073
Curve 1: 4700 pF, 63 V. 10 102 10° 104 10° 106 f Ha) 107

Curve 2: 22000 pF, 10 V.
Case @D x L = 35 x 80 mm.
Tamb =20 °C.

Fig.12 Typical impedance as a function of frequency.
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10 MGB314
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Curve 1: 6800 uF, 63 V. 1078 5 7 P
. ' 10 10 108 10 10° 108 ¢ (Hz) 107
Curve 2: 33000 pF, 10 V.
Case @D x L =35 x 105 mm.
Tams =120°C.
Fig.13 Typical impedance as a function of frequency.
10 MGB315
z
Q)
1
=1 -
N
2
107 N \
N
\\
N
. NU TN
1072 :
Curve 1: 10000 uF, 63 V. 10°° 5 3 ) 5 s =
: i 10 10 10 10 10 10° f (Hz) 10
Curve 2: 47000 uF, 10 V.
Case @D x L =50 x 80 mm.
Tamb = 20 °C.
Fig.14 Typical impedance as a function of frequency.
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Curve 1: 15000 uF, 63 V.
Curve 2: 68000 uF, 10 V.
Case @D x L =50 x 105 mm.
Tasiis =20 °C

MGB316

107122

by

”
//

¥4

1078

Fig.15 Typical impedance as a function of frequency.

6
107 f (Hz) 107

Curve 1: 22000 puF, 63 V.
Curve 2: 150000 pF, 10 V.
Case @D x L =65 x 105 mm.
Tamb = 20 °C.

MGB317

10

z

()]

1

—1
N
N
\ |
1071 N /
) N\
N ~:
N . \\‘ /

5 N \ ‘/

10
= =
NG /
N N7
S~ LA
1073 = 7 4 5 6 : 7
10 10 10 10 10 10° ¢ (Hz) 10

Fig.16 Typical impedance as a function of frequency.

1998 Jan 29

622



Philips Components Product specification

Aluminium electrolytic capacitors

Power Eurodin Screw Terminals 114/115 PED-ST

10 MGB318
Z
(@)
]
1
10*1 \\‘
4
| 2 4
\\ y
N
o /
AN
N
N ™~ d
! LU i~
Curve 1: 47000 uF, 63 V 107° 2 3 3 5 5
’ e 10 10 10 10 10 10° § (Hg) 107
Curve 2: 220000 pF, 10 V.
Case @D x L =75 x 105 mm.
Tamb = 20 °C.
Fig.17 Typical impedance as a function of frequency.
MGB319
10 7
\
N
4N N
Z X
@) ]
§
j NN
q
N
‘----\\‘
107" 5
1072
1073
Curve 1: 150 pF, 385 V. 10 102 103 104 105 105  (Hz) 107
Curve 2: 330 pF, 250 V.
Case @D x L = 35 x 60 mm.
Taniy =120 °C:
Fig.18 Typical impedance as a function of frequency.
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Philips Components Product specification

Aluminium ele.actrolytlc capagltors 114/115 PED-ST
Power Eurodin Screw Terminals

MGB320

10 ;
1IN !
TN
z
Q)
NN
1 AV
o %
N
N
N

Curve 1: 220 pF, 385 V. 10 102 10° 10* 105 106 f (H2) 107
Curve 2: 470 uF, 250 V.
Case @D x L = 35 x 80 mm.

Tamb= 20°C.
Fig.19 Typical impedance as a function of frequency.
MGB321
10 it
T
1T
z
(Q) f X
\
1 X
N
SN
N\.‘_: I~
1071 I~
1072
Curve 1: 330 uF, 385 V. 10°° 2 3 2 5 o 7
: ' : 10 10 10 10 10 10° § (Hz) 10

Curve 2: 680 pF, 250 V.
Case @D x L =35 x 105 mm.
Tamp=20°C.

Fig.20 Typical impedance as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors
. ) 114/115 PED-ST
Power Eurodin Screw Terminals
10 { MGB322
z
Q) 2
4 SIANNN
N SEEs
\\ N\
NI
N
107" INNNY L]
1072
Curve 1: 470 pF, 385 V. [ |
Curve 2: 1000 uF, 250 V. 1073 . . 4 LI - I =
Curve 3: 680 uF, 350 V. 10 10 10 10 10 10° f (Hz) 107
Case @D x L = 50 x 80 mm.
Tamp = 20 °C.
Fig.21 Typical impedance as a function of frequency.
MGB323
104 i : : Eas: e
| i=ss =
z
() 1
2
1 3 \‘\
\\\
A \\
N\ \\
\\\ N
107! e
=~ T
1072
[ i Bl T
Curve 1: 680 uF, 385 V. ‘ ‘=“ ‘ M ‘ ‘ ‘ ‘H | 1‘ ‘
Curve 2: 1000 uF, 350 V. 1678 LI 5 L = Ll 7 o = E
Curve 3: 1500 uF, 250 V. 10 10 10 10 10 10% £ (Hz) 10
Case @D x L =50 x 105 mm.
Tais= 202G
Fig.22 Typical impedance as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors
Sy e 114/115 PED-ST
Power Eurodin Screw Terminals
104 MBC449
z
(mQ)
103 AR
30N
%
40\
AN
\\n
102 NN
= i
™~ 'l\
10
Curve 1: 1000 pF, 385 V. |
Curve 2: 1500 uF, 385 V. ’ ‘ ,
g 1
Curve 3: 2200 F, 250 V. y 15 52 i0® 10 10° 1 (biz) 10°
Curve 4: 3300 puF, 250 V.
Case @D x L =65 x 105 mm.
Tamp = 20 °C.
Fig.23 Typical impedance as a function of frequency.
10 5 - . MGB324 )
Z
(@)
1
i \\
|
107" \\ >
~
1072
Tl
Curve 1: 2200 uF, 385 V. 10 102 103 10% 10° 108 f (Hz) 107
Curve 2: 4700 uF, 250 V
Case @D x L =75 x 105 mm.
Tamy =20 °C.
Fig.24 Typical impedance as a function of frequency.
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Philips Components Product specification

Aluminium electrolytic capacitors

Power Eurodin Screw Terminals 114/115 PED-ST

RIPPLE CURRENT AND USEFUL LIFE

Table 4 Multiplier of ripple current (Ig) as a function of frequency

FREQUENCY
(Hz)

50 0.83

100 1.00

200 1.10

400 1.15

1000 1.19

>2000 1.20

Ir MULTIPLIER

MGA453
24

23

2.2

2

2.0

> <—— life multiplier

: <
DA A AN

o o
[}
5

oy 90
Tamb (°C)

|5 = actual ripple current at 100 Hz and 85 °C.

ir = rated ripple current at 100 Hz and 85 °C.

With an absolute maximum of 50 A at 85 °C

(1) Useful life at 85 °C and ig applied: 20000 hours (5000 hours for 400 V types).

Fig.25 Multiplier of useful life as a function of ambient temperature and ripple current load.
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Philips Components

Product specification

Aluminium electrolytic capacitors
Power Eurodin Screw Terminals

114/115 PED-ST

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 5 Test procedures and requirements

TEST

PROCEDURE

REQUIREMENTS

high temperature)

subclause 4.17

after test: Ug to be applied for 30 minutes,
24 to 48 hours before measurement

NAME OF TEST | REFERENCE (quick reference)
Endurance IEC 384-4/ Tamb = 85 °C; Ug applied; Ur <100 V; AC/C: £15%
CECC 30300 8000 hours (400 V types: 2000 hours) Ug > 100 V: AC/C: £10%
subclause 4.13
Z <2 x spec. limit
IL5 < spec. limit
Useful life CECC 30301 Tamb = 85 °C; Ug and I applied; Ur <100 V; AC/C: £45%
subclause 1.8.1 20000 hours (400 V types: 5000 hours) Ug > 100 V: AC/C: +30%
Z < 3 x spec. limit
I 5 < spec. limit
no short or open circuit,
no visible damage
total failure percentage:
Ur <100 V: <£1%;
UH > 100 V: <3%
Shelf life IEC 384-4/ Tamb = 85 °C; no voltage applied; AC/C: £10%
(storage at CECC 30300 500 hours

ILs £ 2 x spec. limit

1998 Jan 29
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Philips Components
e e B e B e S T T B Py s

Electrolytic capacitors Mounting accessories
MECHANICAL DATA a nut and bolt. Five types of clamps are available, one for
Clamps for ST-types: each case diameter.

086/087 PS-ST; 088/089 PHC-ST They are delivered without nuts or bolts.
To facilitate vertical mounting, a series of rigid clamps To avoid damaging the insulation sleeve, do not
made of zinc plated steel are available. overtighten the clamp screw.

The clamps have either two or three mounting lugs, may
be easily slipped over the capacitor and then clamped with

toy | ;
jou o i1
EEN : | {
|
. . ——J L . '
Fi i
-— b ——»
|
a
6.35 - 1 -
1] 318
|
’ 1
|
o o [ R —*
35° to 60 ;9055 7__~_;{§____* ) R OaH—
e A P N i A I
) ‘ < )
N /
| 30°
2 \[/// " 5 /
{40 TN /
8./ 240402 °
ccB103
Dimensions in mm. Dimensions in mm.
For dimensions see Table 1. For dimensions see Table 1.
Fig.1 Dimensional outline of clamp for case Fig.2 Dimensional outline of clamp for
@D =45, 50, 63.5 and 76 mm. case D = 35 mm.
Table 1 Clamp dimensions; see Figs 1 and 2
fI a b c d e
DIAMETER CATALOGUE NUMBER
(mm) (mm) (mm) (mm) (mm)
(mm)
35 34.92 £0.13 | 23.01 £0.79 | 14.25 +0.40 | 19.05 £0.79 | 29.36 £0.79 4322 043 17521
45 44,45 +0.13 | 28.57 £0.79 | 19.05 +0.40 | 28.57 +0.79 | 33.35 £0.79 4322 043 17481
50 50.80 £0.13 | 31.75 +£0.79 | 19.05 +0.40 | 28.57 +0.79 | 36.51 £0.79 4322 043 17491
63.5 63.50 £0.13 | 38.10 £0.79 | 19.05 +0.40 | 28.57 +0.79 | 42.87 £0.79 4322 043 17501
76 76.20 £0.13 | 44.45 +0.79 | 19.05 £0.40 | 28.57 £0.79 | 49.22 +0.79 4322 043 17511
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Electrolytic capacitors

Mounting accessories

Clamps for ST ypes:
154/155 PEC-ST; 114/115 PED-ST

To facilitate vertical mounting, a series of rigid clamps
made of zinc plated steel are available.

The clamps have either two or three mounting lugs, may
be easily slipped over the capacitor and then clamped with

a nut and bolt. Four types of clamps are available, one for
each case diameter.

They are delivered without nuts or bolts.

To avoid damaging the insulation sleeve, do not
overtighten the clamp screw.

‘g A
| ] @ 12405
( i LA |
' | 6+1
: B : i
\‘ e
" |
| b |
‘ ]‘
’ |
| B | 1 v
P i
265 %ﬁi__“‘@* 45_05
I /N g 7
AN
§\ [N i/// g
Y 10 /gas5:01
/ AN

MBC637

Dimensions in mm.
Catalogue number: 4322 043 04272.
For dimensions see Table 3.

Fig.3 Dimensional outline of clamp for
case @D = 35 mm.

v
12,05 3
y 11.05 =
e ! 1
) )

MBC636

Dimensions in mm.
Catalogue number: 4322 043 04281.

Fig.4 Dimensional outline of clamp for
case @D = 50 mm.
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Electrolytic capacitors Mounting accessories

101 max MBC599
MBC598
Dimensions in mm. Dimensions in mm.
Catalogue number: 4322 043 04291. Catalogue number: 4322 043 12991.
Fig.5 Dimensional outline of clamp for Fig.6 Dimensional outline of clamp for
case @D = 65 mm. case @D =75 mm.

41008 |lan 20 AR1



Philips Components

Electrolytic capacitors Mounting accessories

Nuts and washers for STB-versions Ifinsulated mounting is required, synthetic nuts and rubber
When mounting with the bolt, which is an integral part of e s Rl
' issible torque is 2 Nm (M8) and 4 Nm (M12).
the case, standard metal M8 and M12 nuts and washers penmissl: e (M8) ( )
may be used; the maximum permissible torque is 4 Nm for

M8 nuts and 10 Nm for M12 nuts.

E<—D—>1
| \

| [$a17ioe,+1 |
rubber |

1

T

el 22 e
a7 ]
- W MGB115

Dimensions in mm.

Fig.8 Synthetic cap nut; see Table 2
Fig.7 Insulated mounting. for dimensions D, H and W.

Table 2 Dimensions of synthetic cap nut; see Fig.8

CASE 5 H W) MIN. THREADED
DIAMETER THREAD DEPTH CATALOGUE NUMBER
(mm) | (mm) | (mm)
(mm) (mm)
35 M8 25 15 17 11.5 4322 043 05561
>50 M12 30 20 19 155 4322 043 05571
Note

1. Dimension W is measured across flats.

Rubber washer ordering codes

——— D ———

4402 (mDm) (mdm) CATALOGUE NUMBER
34 8.4 4322 043 05591
49 13.0 4322 043 05531
64 13.0 4322 043 05521
== = 74 13.0 4322 043 13001

€CB090
Dimensions in mm.

Fig.9 Rubber washer; thickness 2 mm.
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Electrolytic capacitors Mounting accessories
Clamps for SL-versions, @D = 25, 30, 35 and 40 mm Four types of clamps are availabie, one for each case
= g - . - diameter.
To facilitate vertical mounting, a series of rigid clamps
made of zinc plated steel are available. They are delivered without nuts or bolts.
The clamps have two mounting lugs, may be easily slipped  To avoid damaging the insulation sleeve, do not
over the capacitor and then clamped with a nut and bolt. overtighten the clamp screw.
I 12+05
| (]
i ] L |
1 X:|=’=:dr L:p: 6; 1
e
| a | e
b a
b ‘
‘ ‘ | ' |
i | ‘ ¥ ; | 1 v
7 T ¢ 12 S S— 450
c1+0 -*—*%ﬁ——~—% - 43 +0.5 /%f\ B ©-05
| I / ] ~ i i ra— L 1
/,/ T S " ! 7 ) // N N ) [}
B Ny 1702 . //\ N 350
/ N A A 5
LT N, / 72N
: bt N N 10 S gl
'\_,‘. o L/ D IAETE d ;\g4.s:o.1 N4
d / \/ MBC637
\/ MGB116
Dimensions in mm. Dimensions in mm.
For dimensions see Table 3. For dimensions see Table 3.
Fig.10 Dimensional outline of clamp for Fig.11 Dimensional outline of clamp for
case @D = 25, 30 and 40 mm. case @D = 35 mm.
Table 3 Clamp dimensions; see Figs 3, 10 and 11
CASE
a b c d e
DIAMETER CATALOGUE NUMBER
(mm) (mm) (mm) (mm) (mm)
(mm)
25 41.5+0.2 25 35 18.5 56 4322 043 03301
30 46.5 £0.2 30 40 21 61 4322 043 03311
35 51.5+0.2 35 - 235 63 4322 043 04272
40 56.5 +0.2 40 50 26 71 4322 043 03331
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SOLID ALUMINIUM (SAL) ELECTROLYTIC CAPACITORS

PROFESSIONAL N

20 000 hours / 125 °C
RADIAL SAL- RPM128 SAL- RP122
(pearl) H: 9 mm H: 12 mm
page 560 page 579
555
f |
AXIAL -=-=1 ’ ‘ = = SAL- A123
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Philips Components

Solid Aluminium electrolytic capacitors
Solid Al, Radial Pearl Miniature

Product specification

128 SAL-RPM

FEATURES

e Polarized aluminium electrolytic
capacitors, solid electrolyte MnO,

Radial leads, max. height 9.5 mm,
resin dipped, orange coloured

Extremely long useful life,
20000 hours/125 °C

o Extended usable temperature
range up to 175 °C

e Excellent low temperature,
impedance and ESR behaviour

e Charge and discharge proof,
application with 0 Q resistance
allowed

MAMO76 - 1

Fig.1 Component outlines.

e Reverse DC voltage up to 0.3 x Ug
allowed

o AC voltage up to 0.8 x Ug allowed

¢ Advanced technology to achieve
high reliability and high stability.

123
SAL-A

128 lower 122

axial
4 \ersion —] saLRPM [~ CVivolume P salrp

CccBo31

APPLICATIONS

e EDP, telecommunication, general
industrial, automotive and
audio-video

QUICK REFERENCE DATA

¢ Smoothing, filtering and buffering

e For small power supplies,
DC/DC converters.

DESCRIPTION VALUE

Case sizes (Hmax X Wmax X Tmax in mm) 95x7x3t09.5x8x%x6
Rated capacitance range (E6 series), Cr 0.1 to 68 uF
Tolerance on Cr +20%
Rated voltage range, Ur 6.3t040V
Category temperature range:

Ur=6.3t1040V -55t0 +85 °C

Uc=6.3t025V -55to +125 °C
Endurance test at 125 °C 10000 hours
Useful life at 125 °C 20000 hours
Useful life at 175 °C 2000 hours
Useful life at 40 °C, I applied >300000 hours
Shelf life at 0 V, 125 °C 500 hours

Based on sectional specification

IEC 384-4/CECC 30300

Detail specification

IEC 384-4-2, CECC 30302

Climatic category IEC 68

55/125/56

19908 .Jan 29
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Radial Pearl Miniature T SALar
Selection chart for Cg, Ug, Uc and relevant maximum case sizes (Hx W x T in mm)
Preferred types in bold.
Ug (V) at Tamp = 85 °C

Ca 6.3 10 I 25 35 40
(1F) Uc (V) at Tamp = 125 °C

6.3 10 16 25 25 25
0.1 - - - - - 9.5:x 7'%x3
0.15 - - - - - 95x7x3
0.22 - - - - - 9.5x7x3.5
0.33 - - - - 9.5%7 x3.5 95x7x4
0.47 - - - - 95x7x4 95x7x5
0.68 - - - 9.5%x7x%3.5 95x7x4 9.5 7T%5
1 - - - 95x7x3.5 9.5x7x5 9.5x8x5
15 - - - 9.5x7%35 9.5%8 x5 9.5x8x6
2.2 - - 9.5x7x3.5 9.5x7x4 9.5x8x6 9.5x8x6
3.3 — - 95%x7%x35 9.5%X7%5 9.5x8x6 -
4.7 — 9.5 7 %3.5 95x7x4 9.5x8x5 - =
6.8 - 9.5x 7% 3.5 95x7x4 95x8x6 - -
10 9.5x7x3.5 95x7x4 95x7x5 95x8x6 - =
15 - 95x7x4 95% 85 - - =
22 95x7x4 9.5%7%5 9.5x8x6 - - -
33 9.5 X7 x5 9.5% 85 - - - -
47 9.5x8x5 9.5x8x6 - - - =
68 9.5x8x6 - - - - =
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

128 SAL-RPM
Solid Al, Radial Pearl Miniature G5

MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES

+0.5
8o
4+
Bott: i — —'-;;"
s YA\
45* 0.3
. printed-circuit
! board
=t =\ 52%02 \= MBC382 - 2
o06" 0.06

-0.05

Dimensions in mm.

For dimensions see Table 1.

The diameter of the mounting holes in the printed-circuit board is 0.8 £0.1 mm.
Flanges are provided with degassing grooves.

Fig.2 Form CB: Short leads, in boxes.

Bottom view

\

printed-circuit
board

+0.06
@ 0.6 _005

0.25
+0.05

MBC384 - 2

Dimensions in mm.
For dimensions see Table 1.

The diameter of the mounting holes in the printed-circuit board is 0.8 £0.1 mm,
except for the hole of the anode lead of Form CA capacitors: 1.3 -0.2 mm.

Flanges are provided with degassing grooves.

Fig.3 Form CA: Long leads with keyed polarity, in boxes.

100K .lan 20 ARRKR



Philips Components Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Radial Pearl Miniature 128 SAL-RPM

Table 1 Physical dimensions, mass and packaging quantities; see Figs 2 and 3
MAXIMUM PACKAGING QUANTITIES
CASE SIZE CASE MASS FORM FORM
HxWxT CODE (9) CA CB FORM FORM
(mm) (note 1) (note 1) e TER
95x7x%x3 10 =0.22 1000 1000 2000 2000
9:5x7 %835 20 =0.25 1000 1000 2000 2000
95x7x4 30 =0.30 1000 1000 2000 2000
95%x7x%x5 40 =0.35 1000 1000 1000 1000
9.5x8x5 50 ~0.50 1000 1000 1000 1000
9.5x8x6 60 =0.60 1000 1000 1000 1000
Note
1. In plastic bags of 200 units each.
TAPED PRODUCTS MARKING
Tape dimensions are specified in this handbook, The capacitors are marked (where possible) with the

Section “Packaging”.

\
\ MBC386 - 1

Form TR+: Taped on reel, positive leading.
Form TFA: Taped in ammopack.

Fig.4 Taped vers

ions.

1998 Jan 29

following information:
* Rated capacitance (in nF)
e Tolerance code on rated capacitance (M for £20%)

Rated voltage (in V) and category voltage if applicable
¢ Date code in accordance with “/EC 62”

* Name of manufacturer

e '+’ sign to indicate the anode terminal

¢ ‘I’ sign to indicate the cathode terminal.

MOUNTING

When bending, cutting or straightening the leads, ensure
that the capacitor body is relieved of stress.

Bending after soldering must be avoided.




Product specification

Philips Components

Solid Aluminium electrolytic capacitors

Solid Al, Radial Pearl Miniature

128 SAL-RPM
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Philips Components

Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Radial Pearl Miniature ot el
Additional electrical data
PARAMETER CONDITIONS VALUE
Voltage
Surge voltage for short periods Us<1.15x UR
Reverse voltage Urey < 0.3 x UR
Maximum peak AC voltage reverse voltage applied LV
Maximum peak AC voltage, Tamp £/85 2C:
without reverse voltage applied atf<0.1 Hz 0.30 x Ug
at0.1 Hz<f<1Hz 0.45 x UR
at1 Hz<f<10Hz 0.60 x Ug
at 10 Hz < f <50 Hz 0.65 x Ug
atf>50 Hz 0.80 x Ug
85 °C < Tamp 125 °C:
atf<0.1 Hz 0.15x Ug
at0.1 Hz<f<1Hz 0.22 x Ur
at1Hz<f<10Hz 0.30 x Ugr
at 10 Hz < f <50 Hz 0.32 x Ur
atf>50Hz 0.40 x Ug

Inductance

Equivalent series inductance (ESL)

case sizes 9.5x7x3t09.5x7 x5 mm

typ. 9to 14 nH

case sizes 9.5x8x5and 9.5 x 8 x 6 mm

typ. 11 to 16 nH

all case sizes max. 20 nH
Dissipation
Maximum power dissipation case sizes 9.5 x7 x31t09.5x7 x5 mm P25 =88 mW
case sizes 9.5x8x5and 9.5 x8 x6 mm P25 = 104 mW
Current
Maximum leakage current after 5 minutes at Ug and Tamp = 25 °C I .5 <0.025CR x Ug or 2 pA
whichever is greater;
see Table 2

Typical leakage current

15 s at Ug and Tamp = 25 °C:

Ur=6.3t016V
Ug=25t040V

=0.2 x value stated in Table 2
=0.1 x value stated in Table 2
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

i . s 128 SAL-RPM
Solid Al, Radial Pearl Miniature
Voltage
40 ccB114
j\ §(1) (2)
Ur i\ :
(V) i l
25 E \
" i i
63 : :
4 : :
0 : :
-50 0 50 100 150 175
(1) Ug=125°C. . " Tamp (°C)

(2) Uc=175°C.

Fig.5 Maximum permissible voltage up to Tymp = 175 °C.

Ripple current (Ig)

Applying the maximum RMS ripple current given in Table 2 wil' cause a device temperature of 138 °C.
The 100 kHz values in Table 2 for other temperatures are to be calculated with the following Ig multipliers:

Tamb
25°C 40 °C 65 °C 85 °C 105 °C 125°C
Ir multiplier 1.1 1.0 0.88 0.75 0.59 0.37

PARAMETER
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Philips Components Product specification

Solid Aluminium electrolytic capacitors 128 SAL-RPM
Solid Al, Radial Pearl Miniature
Capacitance (C)
MGB017
12
g
Co
1.1
/
1.0
©
0.9 §
g
08 é
= 0.05
07 0
0.6
-80 -40 0 40 80 120 160
i Tamb (°C)
Cy = capacitance at 25 °C and 100 Hz.
Fig.6 Typical multiplier of capacitance and standard deviation as functions of ambient temperature.

Typical capacitance change after endurance test at T, = 125 °C

MGB018

N \
AC 2000 h
(%)
Z—7 [ 5000h
% =~ L1000
0 =
&
=
-2
4 //
=
-6
L /
3 //
-10
0.01 0.1 05 1 2 5 10 20 30 40 50 60 70 80 90 95 98 99 995  99.9 99.99

cumulative frequency (%)

Fig.7 Change of capacitance as a function of cumulative frequency after endurance test.
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Radial Pearl Miniature 128 SAL-RPM

Leakage current

MGBO19
102
i
lo / )
10 ,/
[
yd
78
//
//
d g
1 I/
»
7
7
Z
i
/
2
107"
-40 0 40 80 120 160

Tamb (°C)

lp = leakage current during continuous operation at Ug and Tamp = 25 °C.

Fig.8 Typical multiplier of leakage current as a function of ambient temperature.

Typical leakage current change after endurance test at T,,, = 125 °C

100 IMGBIJZU
z 80
5 60
g s
2 40
e
= 30
.‘é’
= 20
o
&
e
g 10
3 8
%
g 6
g ° L
g =
3
1
5 )
1 A
0.01 0.05 s 1 2 5 10 20 30 40 50 60 70 80 90 95 98 99 99.5 99.95 99.99

cumulative frequency (%)

Fig.9 Leakage current change as a function of cumuiative frequency after endurance test.
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

128 SAL-RPM
Solid Al, Radial Pearl Miniature
Dissipation factor (tan 3)
20 MGB021
tan & \
tan 8¢
15 \\
\\ .
5
1.0 .:%
\\ =" ;
3
s
[
0.5 0.5
\\\ (o2 L e—
\ e 0
0
-80 -40 0 40 80 120 160
Tamb (°C)
Tan §, = dissipation factor at Tamp = 25 °C and 100 Hz.
Fig.10 Typical multiplier of dissipation factor and standard deviation as functions of ambient temperature.

Typical tan & change after endurance test at Tomp = 125 °C

MGB022

120
100 init. %
2000 h
5000 h—
10000 h
80

\\
\
\\

. g~

tan & (% of initial requirements)

|~
40
20 /'/
0 A
0.01 0.1 05 1 2 5 10 20 30 40 50 60 70 80 90 95 98 99 99.5 99.9 99.99

cumulative frequency (%)

Fig.11 Tan & change as a function of cumulative frequency after endurance test.
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Radial Pearl Miniature
Equivalent series resistance (ESR)
104 MBC593
ESR
Q)
103
1
2
10 >
—
3
P\
10 —
4
5 ~—
1 T
Curve 1: 0.1 uF, 40 V.
Curve 2: 1.5 uF, 40 V.
Curve 3: 3.3 uF, 25 V. 107!
Curve 4: 10 uF, 6.3 V. -100 -50 0 50 100 o 150
Curve 5: 22 uF, 10 V. Tamb (~C)
ESR at 100 Hz.
Fig.12 Typical ESR as a function of ambient temperature.
103 MRA481
ESR
() N
N
102
:\ N .
~ T
- N T
v
NG TN 3 N i
“‘~~.\\~_~ \~~-..__\ T
1 4= = ~
107"
Curve 1: 0.22 uF, 40 V.
Curve 2: 1.5 uF, 25 V.
Curve 3: 2.2 uF, 16 V. 102
Curve 4: 10 uF, 6.3 V. 102 108 104 105 106 107
Case size HxWxT=9.5%7x3.5mm. f (Hz)
Tait = 25°C.
Fig.13 Typical ESR as a function of frequency.
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Philips Components Product specification

Solid Aluminium electrolytic capacitors
Solid Al, Radial Pearl Miniature 128 SAL-RPM

MRA482

103
ESR
((®)
102
10" ) 1
N[ 2
ST~/ 3 IS~ T~
1 4 4 ul
107!
Curve 1: 2.2 uF, 25 V. 5
Curve 2: 4.7 uF, 16 V. 10°
2 3 4 5 6 7
Curve 3: 22 uF, 6.3 V. i o . 10 b f (Hz) i
Case size HxWxT=9.5x7x4mm.
Tarp 225 °C:

Fig.14 Typical ESR as a function of frequency.

MRA483

108
ESR
Q) N
102 \\
o1
10! ~
tH—2
| = i ~] i g
\‘\5 T~ T T
1 4 -
i  B—
S o

107! =
Curve 1: 0.47 uF, 40 V.
Curve 2: 3.3 uF,25V. 5
Curve 3: 10 uF, 16 V. 10
Cuwe4.33tF63v 102 103 104 105 108 107

5 , 6:3: V. f (Hz)

Case sizeHxWxT=9.5x7x5mm.
Tamb =25 °C.

Fig.15 Typical ESR as a function of frequency.

1998 Jan 29 648



Philips Components Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Radial Pearl Miniature
103 MRA484
ESR
Q)
102
N
101 b Y
o2
R
1 \ \\.h....
]
107! -
Curve 1: 1 uF, 40 V. 5
Curve 2: 4.7 uF, 25 V. 107
Cuwes.ur’: o~ 102 108 104 10° 108 107
: B3 V. f (Hz)
Casesize HxWxT=95x8x5mm.
Tamb = 25 °C.
Fig.16 Typical ESR as a function of frequency.
103 MRA485
ESR
()]
102
10!
L
=
j '\\\\\ 2 T~
3 J ~
S =
s aalj ey
T T
Curve 1: 10 uF, 25 V. 5 \ ; ‘H
Curve 2: 22 uF, 16 V. 10°
Curve3'685F63V 102 103 104 10° 108 107
68,65 V. f (Hz)
Casesize HxWxT=9.5x8x6mm.
Tamb = 25 °C.
Fig.17 Typical ESR as a function of frequency.
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

" . i 128 SAL-RPM
Solid Al, Radial Pearl Miniature
Impedance (2)
MGB023
20 Tamb= =55°C A N
Z / N
Zy \
0 // \
1.5 /| -20°C LA ™\
// A \\
// v ™
Ll | N
Sl +25°C N
1.0 - e
[— g A =
el |l1+50°C A
I L~
+125°C | [T]] i
0.5 i
0
102 103 104 10° 108 107 f(Hz) 108

Z, = initial impedance value at Tymp = 25 °C.

Fig.18 Typical multiplier of impedance as a function of frequency at different ambient temperatures.

MRA491

10°
\\\ ‘\
Z NONC
@ Ay ] |
NN N
102 \ NI - ™N 4 [
N =
A
h 0N
N N N
; \\:\ 2 N
10
3
- .
™ ™~ ‘\ ~
: 1 \\\ - HH ] uy

107"
Curve 1: 0.22 uF, 40 V.
Curve 2: 1.5 uF, 25 V. .
Curve 3: 2.2 uF, 16 V. 10°

y g 102 102 104 10°% 108 51

Curve 4: 10 uF, 6.3 V. f (Hz)
Case size Hx W xT=9.5x7x3.5mm.
Tamb = 25 °C.

Fig.19 Typical impedance as a function of frequency.
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Philips Components Product specification

Solid Aluminium electrolytic capacitors
Solid Al, Radial Pearl Miniature 128 SAL-RPM

MRA492

108
AN
z ~
@ DI
NN
102 \; N
S S
SN AN
N N N
NE L
~ N
N
10! b NI
AN P
&
N
N
1 \\\; 3 \\\ \~~""~~
107!
Curve 1: 2.2 uF, 25 V. :
Curve 2: 4.7 uF, 16 V. 10”
Curv93'22:F63V 102 108 104 105 106 107
: 6.3 V. f (Hz)
CasesizeHxWxT=95x7x4 mm.
Tamp = 25 °C.

Fig.20 Typical impedance as a function of frequency.

MRA493

3
10 T
z 1
) N
~N
102 NN
NE .
N N N
\\ N \\ \‘
N K- 3TN N
101 N \ N ™
4 .
N~
™ ™ ™
P N ~ \\ iy
N N
S

107! ™~ a
Curve 1: 0.47 pF, 40 V.
Curve 2: 3.3 pF, 25 V.
Curve 3: 10 uF, 16 V. 1072
Curve 4: 33 uF, 6.3V i0? 108 104 105 108 107

: e f (Hz)

Casesize HxWxT=9.5x7x5mm.
Tanin=25 °C-

Fig.21 Typical impedance as a function of frequency.
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Radial Pearl Miniature
108 MRA494
Z E = N
(Q) \‘ N 1
102 \\ \
= N
N <
N ~ N
N
10° B
3
N N \‘
g \\ N N
B
™ j—
o N A
Curve 1: 1 uF, 40 V. 1072
Curve 2: 4.7 uF, 25 V. 102 103 104 105 106 107
Curve 3: 47 uF, 6.3 V. f (Hz)
Casesize HxWxT=9.5x8x5mm.
Tarp=i25°C,
Fig.22 Typical impedance as a function of frequency.
103 MRA495
74
Q)
102 N,
=
NN
N N
N TR 1
i \\ NUTNG
ZES
NI 3
~N ™~
1 N Y \\\
=
SN
~
~ N 4
N N
107! n=Nm=2
Curve 1: 10 uF, 25 V. 5
Curve 2: 22 uF, 16 V. 107
Curve 3: 68 uF., 6.3 V 102 103 104 10° 106 107
: 6.3 V. f (Hz
Case size HxWxT=9.5x8x6 mm. .
Tamb = 25 °C.

Fig.23 Typical impedance as a function of frequency at Tamp = 25 °C.
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Radial Pearl Miniature 128 SAL-RPM

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 3 Test procedures and requirements

TEST

P.ROCEDURE REQUIREMENTS
NAME OF TEST REFERENCE (quick reference)

Endurance IEC 384-4/ Tamp= 125 "C; AC/C: £10%

CECC 30300 Ug = 6.3 to 25 V with Uy applied; s

subclause 4.13 | Ug = 35 and 40 V with Ug applied; an O TR speq. e

10000 hours Z < 1.2 x spec. limit
ILs < spec. limit

Useful life CECC 30302 Tamp= 125 °C; AC/C: £15%

subclause 1.8.1 Ir applied and:

Ug = 6.3 to 25 V with Ug applied;
Ug = 35 and 40 V with Ug applied;
20000 hours

tan 8 < 1.5 x spec. limit
Z < 1.5 x spec. limit
ILs < spec. limit

no short or open circuit,
no visible damage

total failure percentage: <1%

Shelf life (storage

at high temperature)

IEC 384-4/
CECC 30302
subclause 4.17

Tamb = 125 °C; no voltage applied;
500 hours

AC/C: £10%
tan & < 1.2 x spec. limit

ILs <1 x spec. limit

Charge and
discharge

IEC 384-4-2
subclause 9.21

108 cycles without series resistance:
0.5 s to Ug;
0.5 s to ground

AC/C: £5%

no short or open circuit,
no visible damage

Solvent resistance

|IEC 68-2-45
test XA
IEC 653

immersion: 5 £0.5 minutes with or
without ultrasonic at 55 £5 °C

solvents: demineralized water and/or
calgonite solution (20 g/l)

visual appearance not affected
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Philips Components

Product specification

Solid Aluminium electrolytic capacitors
Solid Al, Radial Pearl Miniature

128 SAL-RPM

TEST
PBOCEDURE REQUIREMENTS
NAME OF TEST REFERENCE (quick reference)
Extended vibration | IEC 68-2-6 10 to 2000 Hz; 1.5 mm or 20 g; no intermittent contacts
test Fc 1 octave/minute; 3 directions;
T 2 no breakdown
1 sweep per direction; no voltage applied
no open circuiting
no mechanical damage
AC/C: £5%
tan § < 1.2 x spec. limit
Z <1.2 x spec. limit
ILs < 1.5 x spec. limit
Shock test |IEC 68-2-27 half-sine or sawtooth pulse shape; no intermittent contacts
test Ea 50 g; 11 ms; s brealdown
3 successive shocks in each direction of
3 mutually perpendicular axes; no open circuiting
Baivoltape Hppliad no mechanical damage
AC/C: £5%
tan 8 < 1.2 x spec. limit
Z <1.2 x spec. limit
ILs < 1.5 x spec. limit
Passive IEC 695-2-2 capacitor mounted to a vertical after removing the test flame
flammability test printed-circuit board, from the capacitor, the
one flame on capacitor body; capacitor must not continue to
Tamb = 20 to 25 °C; burn for more than 15 s;
test duration =20 s no burning particles must drop
from the sample
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Philips Components Product specification

Solid Aluminium electrolytic capacitors 122 SAL-RP

Solid Al, Radial Pearl

FEATURES

¢ Polarized aluminium electrolytic
capacitors, solid electrolyte MnO»

Radial leads, max. height 12.5 mm,
resin dipped, orange coloured

Extremely long useful life,
20000 hours at 125 °C

Extended usable temperature
range up to 175 °C

Excellent low temperature,
impedance and ESR behaviour

Fig.1 Component outlines.

Charge and discharge proof,
application with 0 Q resistance

allowed

Reverse DC voltage up to 0.3 x Ug
allowed

¢ AC voltage up to 0.8 x UR allowed

Advanced technology to achieve
high reliability and high stability.

123
SAL-A

axial 122
= orsion ™

higher

128
SAL-RP | CVivolume ™| saL-RPM

CCB030

APPLICATIONS

e EDP, telecommunication, general o
industrial

QUICK REFERENCE DATA

Automotive and audio-video
e Smoothing, filtering and buffering

e For small power supplies,
DC/DC converters.

DESCRIPTION VALUE

Case sizes (Hmax X Wmax X Tmax in mm) 125x8x3.5t0125x8x6
Rated capacitance range (E6 series), Cg 0.33 to 68 uF
Tolerance on Cr +20%
Rated voltage range, Ug 6.3t0o 40V
Category temperature range:

Ur=6.3t040V -5510 +85 °C

Uc=6.3t025V -55to +125 °C

Endurance test at 125 °C

10000 hours

Useful life at 125 °C

20000 hours

Useful life at 175 °C 2000 hours
Useful life at 40 °C, Ig applied >300000 hours
Shelf life at 0 V, 125 °C 500 hours

Based on sectional specification

IEC 384-4/CECC 30300

Detail specification

IEC 384-4-2/CECC 30302

Climatic category IEC 68

55/125/56
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Philips Components

Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Radial Pearl il
Selection chart for Cg, Ug, Uc and relevant maximum case sizes (H x W x T in mm)
Preferred types in bold.
Ug (V) at Tamb =85°C
o 6.3 10 16 25 35 40
(1F) Uc (V) at Tamp = 125 °C
6.3 10 16 25 25 25
0.33 = - = - - 12.5x 8 x 3.5
0.47 - - - - - 12.5x 8 x 4.5
0.68 = — = 12,5 x8%x 35 — 125 x8x45
1.0 - - - 125 8% 3.5 12.5x8x4.5 125x8 x5
1:5 = - = 12.5%x8x 3.5 — 12.5%x8x 6
2.2 - - 125x8x 3.5 12.5x8x4.5 - 12.5x8x6
3.3 = = 12.5x8x3.5 125x 8 x 4.5 125x8x6 —
4.7 - 125x8x 3.5 12.5x 8 x 4.5 125x8 x5 = =
6.8 - 12.56 8 %3.5 125x8x 4.5 125 x8x% 6 - —
10 125x8x3.5 125 x8x 4.5 125x8x5 125 x8x6 — —
15 125x8 x 4.5 125x8 x4.5 125x8x%x6 - - -
22 12.5x8x4.5 125x8 x5 - - - —
33 12.5% Bx5 12.5 x8 x6 - = - —
47 125x8x%x6 - - - - -
68 12.5:% 8 X6 - - - - -
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Radial Pear| 122 SAL-RP

MECHANICAL DATA AVAILABLE FORMS AND PACKAGING QUANTITIES

12.5 max

printed-wiring
board

Bottom view

\ | +0.06
- -
MBC516 - 1 B0 0.05

Dimensions in mm.
For dimensions see Table 1.
The diameter of the mounting holes in the printed-circuit board is 0.8 +0.1 mm.

Fig.2 Form CB: Short leads, in boxes.

+
3
1_7 W;,‘ 12.5 max
Y
A2l |
+0.4 \\
ol || w21 |
Bottom view -0 | printed-wiring
9+1 12‘ s board
/52t 02| |/~ ey
+0.06
=806 0.05
2£0.5
L ' Ll msesis-2

== =1 0E0
Dimensions in mm.
For dimensions see Table 1.
The diameter of the mounting holes in the printed-circuit board is 0.8 £0.1 mm, except for the hole of the anode lead of Form CA capacitors: 1.3 -0.2 mm.

Fig.3 Form CA: Long leads with keyed polarity, in boxes.
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

: - 122 SAL-RP
Solid Al, Radial Pearl
Table 1  Physical dimensions, mass and packaging quantities; see Figs 2 and 3
CASE PACKAGING QUANTITIES
MASS
MAXIMUM SIZE FORM FORM FORM FORM
HxWxT CODE (9) CA cB s TEA
(mm) (note 1) (note 1)
12.5/% 8% 3.5 1 =0.35 1000 1000 2000 2000
12.5x 8 x4.5 2 =0.38 1000 1000 2000 2000
125x8x%x5 3 =0.45 1000 1000 1000 1000
125x8x%x6 4 =0.58 800 1000 1000 1000
Note
1. In plastic bags of 200 units each.
Taped products MARKING
Tape dimensions are specified in this handbook, The capacitors are marked (where possible) with the
Section “Packaging”. following information:

* Rated capacitance (in pF)

e Tolerance code on rated capacitance (M = £20%)

Rated voltage (in V) and category voltage if applicable
* ¥ ¢ Date code in accordance with “/EC 62”

e Name of manufacturer

e '+’ signs to identify the anode terminal.

MOUNTING

g oo . When bending, cutting or straightening the leads, ensure
that the capacitor body is relieved of stress.

1
Q O O Bending after soldering must be avoided.

MBC518

Form TR+: Taped on reel, positive leading.
Form TFA: Taped in ammopack.

Fig.4 Taped versions.
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Product specification

Philips Components

Solid Aluminium electrolytic capacitors

Solid Al, Radial Pearl

122 SAL-RP
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Philips Components

Product specification

Solid Aluminium electrolytic capacitors

' . 122 SAL-RP
Solid Al, Radial Pearl
Additional electrical data
PARAMETER CONDITIONS VALUE
Voltage
Surge voltage for short periods Us£1.15%x Ug
Reverse voltage Urevy < 0.3 x Ur

Maximum peak AC voltage, LV

reverse voltage applied

Maximum peak AC voltage, Tamb < 85 °C:

without reverse voltage applied atf<0.1 Hz 0.30 x Ug
at0.1 Hz<f<1Hz 0.45 x Ug
at1Hz<f<10Hz 0.60 x Ugr
at 10 Hz < f <50 Hz 0.65 x Ug
at f > 50 Hz 0.80 x Ur

85°C < Tgmp < 125 °C:

atf<0.1 Hz 0.15x Ug
at0.1 Hz<f<1Hz 0.22 x U
at1Hz<f<10Hz 0.30 x U
at 10 Hz < f <50 Hz 0.32 x Ug
atf>50 Hz 0.40 x Ug

Inductance

Equivalent series inductance (ESL)

case size 12.5x8 x3.5t0 12.5 x 8 x 4.5 mm

typ. 9to 14 nH

case size 125 x 8 x5and 12.5 x 8 x 6 mm

typ. 11 to 16 nH

all case sizes max. 20 nH
Dissipation
Maximum power dissipation case sizes 12.5x8x3.5t0 125 x8 x5 mm P125 =88 mW
case size 12.5 x8 x 6 mm P25 = 104 mW

Current

Maximum leakage current

after 5 minutes at Ug and Tamp = 25 °C

ILs < 0.05CR x Ug or 2 uA
whichever is greater;
see Table 2

Typical leakage current

after 15 s at Ug and Tymp = 25 °C:
Ur=6.3t0 16 V
Ur=25t040V

=0.2 x value stated in Table 2
=0.1 x value stated in Table 2

199K |lan 290
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

122 SAL-RP
Solid Al, Radial Pearl
Voltage
CCB114
40 T
N i) @
35
N
o | 1
25 : \
16 " —
3 !
10 : 7
: P
6.3 ‘L :
1 |
) | 1
0 : :
50 0 50 100 150 175
(1) Ug=125°C. 2 i .
(2) Uc=175°C. amb

Fig.5 Maximum permissible voltage up to 175 °C.

Ripple current (Ig)

Applying the maximum RMS ripple current given in Table 2 will cause a device temperature of 138 °C.
The 100 kHz values in Table 2 for other temperatures are to be calculated with the following Ig multipliers:

Tamb
PARAMETER
25°C 40 °C 65 °C 85°C 105 °C 125°C
Ir multiplier 11 1.0 0.88 0.75 0.59 0.37
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Philips Components

Product specification

Solid Aluminium electrolytic capacitors

. . 122 SAL-RP
Solid Al, Radial Pearl
Capacitance (C)
MGBO17
12
G
Co
1.1 T
—]
1.0
e ©
8
A 8
0.9 / é
2
S
08 s
o«
0.05
— c
0.7 0
|
0.6
-80 -40 0 40 80 120 160
Cy = capacitance at 25 °C and 100 Hz. Tamb (°C)

Fig.6 Typical multiplier of capacitance as a function of ambient temperature.

Typical capacitance change after endurance test at Toyp = 125 °C

MGBo18

AC

2000 h

(%)

L Z 5000 h
/ = 110000

\

/
L~

=10

0.01 0.1 05 1 2

5

10

20 30 40 50 60 70 80

90

95

Fig.7 Change of capacitance as a function of cumulative frequency after endurance test.

98 99 99.5 99.9 99.99
cumulative frequency (%)
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Philips Components Product specification

Sol?d Alumini'um electrolytic capacitors 192 SAL-RP
Solid Al, Radial Pearl

Leakage current

MGB019

107"
-40 0 40 80 120 160

Tamb (°C)
lp = leakage current during continuous operation at Ug and Tamp = 25 °C.

Fig.8 Typical multiplier of leakage current as a function of ambient temperature.

Typical leakage current change after endurance test at Ty, = 125 °C

100 =MGBOZO

80 ==
init.

60

50 2000 h]

40 5000 h—]|

30 10000 h

[

20 |

-

w H» OO ®O
N

leakage current (% of initial requirements)
\

1 /
0.01 0.05 05 1 2 5 10 20 30 40 50 60 70 80 90 95 98 99.99:5 99.95 99.99
cumulative frequency (%)

Fig.9 Leakage current change as a function of cumulative frequency after endurance test.

1998 Jan 29 664



Philips Components

Product specification

Solid Aluminium electrolytic capacitors

: . 122 SAL-
Solid Al, Radial Pearl SALERE
Dissipation factor (tan §)
20 : MGB021
tan & ‘
tan 8o ‘
15 \\
RN i &
|
1.0 8
l I~ g
| - -3
2
o
0.5 0.5
\\\ o ] o=
\ |t 0
b \ |
-80 - 40 0 40 80 120 160

Tan §y = dissipation factor at Tamp = 25 °C and 100 Hz.

Fig.10 Typical multiplier of dissipation factor and standard deviation as functions of ambient temperature.

Tamb (°C)

Typical tan 5 change after endurance test at T, = 125 °C

MGB022

120
)
c
g init
5 100 -
E 2000 h
g -~ 5000 h—
s é 10000 h
Z 80
s
R >~
A =
§ |~
/ i
40
20 ,4
0 .
0.01 0.1 05 1 2 5 10 20 30 40 50 60 70 80 90 95 98 99995  99.9 99.99
cumulative frequency (%)
Fig.11 Tan & change as a function of cumulative frequency after endurance test.
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Philips Components

Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Radial Pearl
Equivalent series resistance (ESR)
104 MBC593
ESR
©
108
7
2
10 =
—
e — —
]
10
4
——
1 e —
Curve 1: 0.1 uF, 40 V.
Curve 2: 1.5 uF, 40 V.
Curve 3: 3.3 uF, 25 V. e
. 10
Curvei: 10/uF, B3 V. -100 -50 0 50 100 150
Curve 5: 22 uF, 10 V. Tarb (€
ESR at 100 Hz.
Fig.12 Typical ESR as a function of temperature.
103 MRA477
ESR
(®))
102
1
2 LT
S !
107 T~
3
1] ~L]
1 T
107
Curve 1: 0.33 uF, 40 V. 5 ‘
Curve 2: 0.68 uF, 25 V. 10
Curve 3: 10 uF, 6.3 V. 102 103 104 10° 108 107
: ,6.3V. f (Hz)

Case size HxW xT=125x8x 3.5 mm.
Tamb =25/°C.

Fig.13 Typical ESR as a function of frequency.
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Radial Pearl
103 MRA478
ESR i
Q) \
102 =
1
N 1
Ll
10" TN 2 T
&l u i
~ 4 ™~ T
1 T ~.-\\ S~ ™~
—~—
il i
107" |
Curve 1: 0.47 pF, 25 V. |
Curve 2: 2.2 uF, 25 V. 1072 | | J‘
Curve 3: 4.7 uF, 16 V 102 103 104 105 106 107
Curve 4: 22 uF, 6.3 V. f (Hz)
Case size Hx W x T =12.5x8 x 4.5 mm.
Tarmb = 25 °C.
Fig.14 Typical ESR as a function of frequency.
103 MRA479
ESR
((®)] ‘
102
N | |
< N 1 I
10' PE=
k.Y
™~ ™~
N3 ~
——— o ~ =
1 T TR ~L
~ - i
10_1 —_—=== H
Curve 1: 1.0 uF, 40 V.
Curve 2: 4.7 uF, 25 V. 1072 1 | | ‘ ‘ |
Curve 3: 10 uF, 16 V. 102 103 104 10° 106 107
Curve 4: 33 uF, 6.3 V. f (Hz)
Case size Hx W x T =12.5x8 x5 mm.
Terb=25°C.
Fig.15 Typical ESR as a function of frequency.
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Philips Components

Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Radial Pearl
MRA480
103
ESR
((9)]
102
N
She
N
™
10! = =1
S TR 2
N —~— b S
1 D~ 3 i i —
4 —
T — -
~ | N~ T ———
107! =
Curve 1: 1.5 uF, 40 V.
Curve 2: 6.8 uF, 25 V.
Curve 3: 15 uF, 16 V. 1072
Curve 4: 68 uF, 6.3 V. 102 103 104 105 106 107
Case size H x W x T = 12.5 x 8 x 6 mm. f (Hz)
Tamb = 25 °C.
Fig.16 Typical ESR as a function of frequency.
Impedance (2)
2.0 MGB023
’ Tamb=-55°C ™
. 7 N
Zs \
0
/! \
1.5 M _20°C L g
4’ Wi \
AW i
LT [ LA NG
e 4+25°C N~
1.0 =ty TtH v
el [[+50°C A
+ /
+125°C | []] i
05
0
102 10° 104 108 108 107 f(Hz) 108

Z, = initial impedance value at Tamp = 25 °C.

Fig.17 Typical multiplier of impedance as a function of frequency at different temperatures.
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Radial Pearl 122 SAL-RP

103 MHA:H:
= T
z ~ E T
Q) \\\
102 b =
== R
b N
v,
N TN
101 NG T
N3
T~ ™~
Il -
1
107" ‘
I
I
Curve 1: 0.33 uF, 40 V. 1072 |
Curve 2: 0.68 uF, 25 V. 102 103 104 105 106 107
Curve 3: 10 uF, 6.3 V. f (Hz)
Case size HxW xT=125x8x3.5 mm.
Tamp = 25 °C.
Fig.18 Typical impedance as a function of frequency
MRA488
10° 25 = |
N 1 |
z = HHHH
@ SIS
102 AN b
‘\\ = 1
N N SN\
\\ j\
101 A N2 | TN
v-. ’2‘
~C N
N i N N
Y T~
1 N \\~ \\\ Re ~
107"
Curve 1: 0.47 uF, 25 V.
Curve 2: 22 uF, 25 V. 10-2 ‘
Curve 3: 4.7 uF, 16 V. 102 103 104 105 108 107
Curve 4: 22 uF, 6.3 V. f (Hz)
Case size Hx W x T =125 x8 x 4.5 mm.
Tamb =25 °C.
Fig.19 Typical impedance as a function of frequency.

1998 Jan 29 669



Philips Components Product specification

Solid Aluminium electrolytic capacitors :
Solid Al, Radial Pear 122 SAL-RP

MRA489

108
Z
@ PN N
N 1
102NN N
N &
N N ™M
N \ 3
101 NN Ny
S =
is "
N
NN TN
g ~‘~.\\‘\> TN T
T i
107"
Curve 1: 1.0 uF, 40 V.
Curve 2: 4.7 uF, 25 V. 5
; 10
Curve 3: 10 uF, 16 V. 102 103 104 108 108 107
Curve 4: 33 uF, 6.3 V. f (Hz)
Case size HxW xT=125x8x5mm.
Tainbi= 25:9C.
Fig.20 Typical impedance as a function of frequency.
103 MRA490
z
Q) ™
N
102 \\ i N 1
N
L N N2
N
101 L LI A T
= N
N 4 N N
N N 0
~
: N [N "~
N ™~
107 =] T
Curve 1: 1.5 uF, 40V
Curve 2: 6.8 uF, 25 V 1572
Curve 3: 15 uF, 16 V 102 103 104 105 108 107
Curve 4: 68 uF, 6.3 V. f (Hz)
Case size HxW x T=125x8x6 mm.
Tamb =25 °C.

Fig.21 Typical impedance as a function of frequency.
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Philips Components

Product specification

Solid Aluminium electrolytic capacitors
Solid Al, Radial Pearl

122 SAL-RP

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 3 Test procedures and requirements

TEST

PROCEDURE REQUIREMENTS
NAME OF TEST REFERENCE (quick reference)
Endurance IEC 384-4/ Tamp = 125 °C} AC/C: £10%
CECC 30300 Ugr = 6.3 to 25 V with Ug applied; T
<
subclause 4.13 | U = 35 and 40 V with Ug applied: B 12 apac. Ik
10000 hours Z <1.2 x spec. limit
ILs < spec. limit
Useful life CECC 30302 Tamb = 125 °C; I applied and AC/C: £15%
subclause 1.8.1 Ug = 6.3 to 25 V with Ug applied; .
Ug = 35 and 40 V with Ug applied; TR "5 seapees lmit
20000 hours Z < 1.5 x spec. limit
ILs < spec. limit
no short or open circuit,
no visible damage
total failure percentage: <1%
Shelf life IEC 384-4/ Tamb = 125 °C; no voltage applied; AC/C: £10%
(storage at high CECC 30300 500 hours tan & < 1.2 x spec. limit
temperature) subclause 4.17
ILs £ 1 x spec. limit
Charge and discharge | IEC 384-4-2 106 cycles without series resistance: AC/C: £5%
subclause 9.21 0.5 sto Ug; il
no short or open circuit,
0.5 s to ground o
no visible damage
Solvent resistance |IEC 68-2-45, immersion: visual appearance not
test XA 5+0.5 minutes with or without ultrasonic | affected
IEC 653 at5515°C
solvents: demineralized water and/or
calgonite solution (20 g/l)
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Philips Components

Product specification

Solid Aluminium electrolytic capacitors
Solid Al, Radial Pearl

122 SAL-RP

printed-circuit board;

one flame on capacitor body;
Tamb = 20 to 25 °C;

test duration =20 s

TEST
RIS REQUIREMENTS
NAME OF TEST REFERENCE (quick reference)
Extended vibration IEC 68-2-6 10 to 2000 Hz; no intermittent contacts
test Fc 1.5 mm or ?0 g; T
1 octave/minute;
3 directions; no open circuiting
1 ke por dlrgctlon; no mechanical damage
no voltage applied
AC/C: +5%
tan 8 < 1.2 x spec. limit
Z <1.2 x spec. limit
IL5 < 1.5 x spec. limit
Shock |IEC 68-2-27 half-sine or saw tooth pulse shape; no intermittent contacts
test Ea 50 g; 11 ms; se Nt
3 successive shocks in each direction of
3 mutually perpendicular axes; no open circuiting
Aovoliage applisd no mechanical damage
AC/C: £5%
tan & < 1.2 x spec. limit
Z < 1.2 x spec. limit
I.s < 1.5 x spec. limit
Passive flammability | IEC 695-2-2 capacitor mounted to a vertical after removing the test flame

from the capacitor, the
capacitor must not continue
to burn for more than 15 s;
no burning particles must
drop from the sample
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Philips Components Product specification

Solid Aluminium electrolytic capacitors e
Solid Al, Axial =  123SAL-A

FEATURES

e Polarized aluminium electrolytic
capacitors, solid electrolyte MnO,

e Axial leads, aluminium case,
ceramic seal, blue insulation sleeve

e SAL-A: standard version =‘:m== .
MBB121

e SAL-AG: epoxy filled shock-proof
version up to 10000 g

o Extremely long useful life Fig.1 Component outlines.
20000 hours at 125 °C

e Extended usable temperature

range up to 200 °C
. Excellent low temperature . 125 — 55 radial 198
impedance and ESR behaviour SAL-A [ version ™| saL.ap _C\;‘/'\%}E:ne_’ SAL-RPM
e Charge and discharge proof, —
application with 0 Q resistance
allowed
e Reverse DC voltage up to 0.3 x Ug
allowed APPLICATIONS ¢ Smoothing, filtering, buffering,
* AC voltage upto 0.8 x Up allowed  , Epp. telecommunications, timing
o Advanced technology to achieve general industrial, automotive, ¢ For power supplies,
high reliability and high stability. military and space DC/DC converters.
QUICK REFERENCE DATA
DESCRIPTION VALUE
Case size (DDmax X Lmax in mm) 6.7 % 15.3t0 12.9 x 32.0
Rated capacitance range (E6 series), Cr 1.5to 1500 uF
Tolerance on Cr +20%; +10% on request
Rated voltage range, Ug 6.3t040V
Category temperature range -55to +125 °C
Usable temperature range —-80 to +200 °C
Endurance test at 155 and 125 °C 5000 and 8000 hours
Useful life at 125 °C 20000 hours
Useful life at 40 °C, Ig applied 450000 hours
Shelf life at 0 V, 125 °C 500 hours
Based on sectional specification IEC 384-4, CECC 30300
Detail specification IEC 384-4-2, CECC 30302
Approvals CECC 30302-003 (excl. 40 V)
Climatic category IEC 68 55/125/56
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Philips Components

Product specification

Solid Aluminium electrolytic capacitors

: , 123 SAL-A
Solid Al, Axial
Selection chart for Cg, Ug and relevant maximum case sizes (ZD x L in mm)
Preferred types in bold.
Ug (V) at Tamp =85 °C
Cq 6.3 10 16 25 35 40"
(1F) Uc (V) at Tamp = 125 °C
6.3 10 16 25 25 25
1.0 - - - - 6.7x15.3 -
1:5 - - - - 6.7 x15.3 -
2.2 - - - - 6.7 x 15.3 6.7 x15.3
3.3 - = = o~ 6.7 x 15.3 6.7 X153
4.7 - — - - 6.7 x15.3 6.7 x15:3
6.8 - - - - 6.7 x15.3 6.7 x 15.3
10 - - 6.7 x15.3 6.7 x15.3 7.6 x20.4 7.6 x20.4
15 - - 6.7 153 6.7'% 15.3 7.6 x20.4 7.6x20.4
22 - - 6.7 x15.3 7.6 x20.4 7.6 x20.4 9.3 x23.3
33 £ 6.7 x15.3 7.6 x20.4 7.6 x20.4 9.3x23.3 9.83x23:3
47 6.7 x15.3 6.7 x15.3 7.6 x20.4 7.6 x20.4 9.3 x23.3 10.3 x 32.0
68 6.7 x15.3 7.6 x20.4 7.6 x20.4 9.3x23.3 10:3 x32.0 10.3%32.0

100 - 7.6 x20.4 9.3 x23.3 9.3x23.3 12.9 x 32.0 12.9 x 32.0

150 7.6 x20.4 9.3x23.3 9.3x%x233 10.3 x 32.0 12.9 x 32.0 -

220 - 9.3 x23.3 10.3 x 32.0 12.9 x 32.0 - -

330 9.3x23.3 10.3 x 32.0 10.3 x32.0 12.9x32.0 - -

470 - 10.3 x 32.0 12.9 x 32.0 - - -

680 10.3 x 32.0 12.9x 32.0 12.9x 32.0 - - -
1000 12.9 x 32.0 12.9 x 32.0 - - - -
1500 12.9 x 32.0 - - - - -

Note

1. 40V type is not CECC approved.

MARKING ¢ Name of manufacturer
The capacitors are marked (where possible) with the e Group number (123)
following information: ¢ Code for factory of origin

* Rated capacitance (in uF)

Code for basic specification
(in accordance with “IEC 384-4")

¢ '+’ sign to indicate the positive terminal

» Tolerance code on rated capacitance (M = £20%,
K = +10%, in accordance with “/EC 62”)

* Rated voltage (in V) at corresponding maximum
temperature

e Date code in accordance with “/EC 62"

¢ A band to identify the negative terminal.
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Philips Components Product specification

Solid Aluminium electrolytic capacitors
Solid Al, Axial 123 SAL-A

MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES

@D
i T od

Y

i
' 0
=}
U

I~ -« Lmax —»| b
B
73 — | Mmacsse

Dimensions in mm.

BA: taped in box, (ammopack).

BR: taped on reel.

For dimensions see Table 1.

Tape dimensions are specified in this handbook, Section “Packaging”.

Fig.2 Forms: BA and BR.

Table 1 Physical dimensions, mass and packaging quantities; see Fig.2

CASE PACKAGING QUANTITIES
F od MASS®
MAgg l:l:n_“s)uze CODE (mm) (mm) (9) FORM FORM

o BA BR
6.7x15.3 1 20.0 0.6 ~1.05 100 800
7.6 x20.4 2A 225 06 ~1.55 100 800
9.3x233 4 250 0.6 26 100 500
10.3 x 32.0 5 35.0 0.8 ~4.2 100 500
12.9%32.0 6 35.0 08 =7 100 400

Notes
1. For epoxy-filled versions add 1 mm to stated Lmax.
2. Add 10% for SAL-AG epoxy-filled versions.
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Philips Components Product specification

Sol?d Alumir\ium electrolytic capacitors 123 SAL-A
Solid Al, Axial

ELECTRICAL DATA
Unless otherwise specified, all electrical values in Tables 2, 4 and 6 apply at Tamp = 20 to 25 °C, P = 86 to 106 kPa,
RH = 45 to 75%.

SYMBOL DESCRIPTION
Cr rated capacitance at 100 Hz
Ir max. RMS ripple current, no necessary DC voltage applied
ILs max. leakage current after 5 minutes at Ug
Tan d max. dissipation factor at 100 Hz
ESR max. equivalent series resistance at 100 Hz
Z max. impedance at 100 kHz
Table 2 Electrical data for 123 series; preferred types in bold
Cr MAXIMUM Ip Ir Ir ILs ESR z
K,‘; (l:;; 100 Hz c‘ggxs:_ZE :gg Hg 1:5'222 122 kgz 5 min 11%":2 100 Hz | 100 kHz
(1F) (mm) (mA) (mA) (mA) (uA) ((®) Q)
6.3| 6.3 47 6.7 x 15.3 58 440 640 15 0.18 7.6 1.2
68 6.7 x 15.3 83 520 760 21 0.18 53 1.2
150 7.6 x20.4 160 870 1270 47 0.18 2.4 1.0
330 9.3x23.3 330 1470 2140 104 0.18 1.4 0.4
680 10.3x 32.0 680 2340 3410 214 0.18 0.55 0.3
1000 12.9 x 32.0 940 3180 4640 315 0.18 0.36 0.2
1500 12.9x 32.0 1220 4140 6020 473 0.18 0.24 0.2
10 | 10 33 6.7 %153 63 360 530 17 0.18 1 1.2
47 6.7 x 15.3 83 440 640 24 0.18 7.6 1.2
68 7.6 x20.4 110 590 850 34 0.18 5.3 1.0
100 7.6 x20.4 160 710 1040 50 0.18 3.6 1.0
150 9.3x23.3 240 990 1450 75 0.18 2.4 0.4
220 9.3 x23.3 350 1180 1720 110 0.18 1.7 0.4
330 10.3x 32.0 490 1650 2410 165 0.18 .1 0.3
470 10.3 x 32.0 570 1940 2830 235 0.18 0.8 0.3
680 12.9 x 32.0 760 2580 3750 340 0.18 0.55 0.2
1000 12.9 x 32.0 1000 3380 4920 500 0.18 0.36 0.2
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

. : 123 SAL-A
Solid Al, Axial
ORDERING INFORMATION
Ordering example
Electrolytic capacitors 123 series
10 uF/16 V; £20%
Maximum case size: @6.7 x 15.3 mm; Form BR
Catalogue number: 2222 123 25109.
Table 3 Ordering information for 123 series; preferred types in bold
CATALOGUE NUMBER 2222 ... .....
o MAXIMUM -
Uc | Ur | oo Hz | CASESIZE SAL-A SAL-A ’s:g;'ﬁ(; " SAL-AG()
M| e @D xL FORM BA FORM BR gy i FORM BA
(mm) tol. +20% tol. +20% - tol. +20%
level S
6.3| 6.3 47 6.7 x15.3 123 13479 123 23479 123 83479 123 63479
68 6.7 x15.3 123 13689 123 23689 123 83689 123 63689
150 7.6 x20.4 123 13151 1283 23151 123 83151 123 63151
330 9.3x23.3 123 13331 123 23331 123 83331 123 63331
680 10.3x32.0 123 13681 123 23681 123 83681 123 63681
1000 12.9 x 32.0 123 13102 123 23102 123 83102 123 63102
1500 12.9 x 32.0 123 13152 123 23152 123 83152 123 63152
10 10 33 6.7 x15.3 123 14339 123 24339 123 84339 123 64339
47 6.7 x15.3 123 14479 123 24479 123 84479 123 64479
68 7.6 x20.4 123 14689 123 24689 123 84689 123 64689
100 7.6 x 20.4 123 14101 123 24101 123 84101 123 64101
150 9.3 x23.3 123 14151 123 24151 123 84151 123 64151
220 9.3 x23.3 123 14221 123 24221 123 84221 123 64221
330 10.3 x 32.0 123 14331 123 24331 123 84331 123 64331
470 10.3 x 32.0 123 14471 123 24471 123 84471 123 64471
680 12.9x32.0 123 14681 123 24681 123 84681 123 64681
1000 12.9 x 32.0 123 14102 123 24102 123 84102 123 64102

Note
1. SAL-AG types are epoxy-filled.
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Solid Alumir.wium electrolytic capacitors 123 SAL-A
Solid Al, Axial

ELECTRICAL DATA (continued)

Table 4 Electrical data for 123 series continued; preferred types in bold

Uc | Ur S gn:;éhgtljzl\fs 10!IJRHz 10Il':Hz 100|F:(Hz s Tan§ o &
|y | HaRER @D x L 125°C | 85°C | 4o°c | 2™ | joonz | 100Hz | 100kHz
(1F) (mm) (mA) (mA) (mA) (nA) (L) (Q)
16 | 16 10 6.7x15.3 31 230 330 16 0.14 28 25
15 6.7x15.3 47 280 400 24 0.14 19 25
22 6.7x15.3 63 340 490 35 0.14 13 25
33 7.6%20.4 89 470 680 55 0.14 8.4 2.0
47 7.6 x20.4 120 560 810 75 0.14 5.9 2.0
68 7.6%20.4 180 670 970 110 0.14 4.1 2.0
100 9.3x23.3 260 920 1340 160 0.14 258 08
150 9.3x23.3 310 | 1060 1550 240 0.16 2.1 058
220 10.3 x 32.0 420 | 1420 2060 350 0.16 15 0.6
330 10.3% 32.0 510 | 1740 2530 500 0.16 1.0 06
470 12.9 % 32.0 680 | 2280 3330 750 0.16 07 0.4
680 12.9x 32.0 850 | 2870 4170 870 0.16 05 0.4
25 | 25 10 6.7x15.3 43 230 330 25 0.14 28 5
15 6.7 x 15.3 60 280 400 35 0.14 19 5.0
22 7.6 % 20.4 88 370 550 55 0.14 13 25
33 7.6%20.4 130 470 680 85 0.14 8.4 25
47 7.6 x 20.4 160 560 810 100 0.14 5.9 25
68 9.3%23.3 230 760 1110 170 0.14 41 1.0
100 9.3x23.3 250 860 1250 250 0.16 3.2 1.0
150 10.3x 32.0 350 | 1200 1740 400 0.16 2.1 0.8
220 12.9x 32.0 460 | 1560 2270 550 0.16 15 0.6
330 12.9x 32.0 600 | 2030 2950 800 0.16 1.0 0.6
25 | 35 15| 67x153 7 68 98 5 0.12 160 1.0
22| 67x153 10 82 120 5 0.12 109 75
33| 67x153 14 100 150 7 0.12 73 75
47| 67x153 20 120 170 10 0.12 51 75
68| 67x153 27 140 210 15 0.12 35 75
10 7.6 % 20.4 37 200 280 20 0.12 24 25
15 7.6%20.4 53 240 350 30 0.12 16 25
22 7.6 x 20.4 78 290 420 45 0.12 1 25
33 9.3x23.3 120 410 590 65 0.12 7.2 1.0
47 9.3%23.3 140 480 700 95 0.12 5.1 1.0
68 10.3 % 32.0 170 570 820 135 0.16 47 08
100 12.9 % 32.0 220 760 1100 200 0.16 3.2 06
150 12.9x 32.0 290 990 1440 300 0.16 2.1 06

1998 Jan 29 678




Philips Components Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Axial Thilans
ORDERING INFORMATION (continued)
Table 5 Ordering information for 123 series continued; preferred types in bold
CATALOGUE NUMBER 2222 ... .....
Cr MAXIMUM T
Ur | Ur | yooHz | CASESIZE SAL-A SAL-A FORMER SAL-AG(")
V| M R Qfg;)‘- FORM BA FORM BR e i FORM BA
tol £20% tol £20% tol. £20%
level S
16 16 10 6.7 x153 123 15109 123 25109 123 85109 123 65109
15 6.7x15.3 123 15159 128 25159 123 85159 123 65159
22 6.7 x 15.3 123 15229 123 25229 123 85229 123 65229
33 7.6 x20.4 123 15339 123 25339 123 85339 123 65339
47 7.6 x20.4 123 15479 123 25479 123 85479 123 65479
68 7.6 x20.4 123 15689 123 25689 123 85689 123 65689
100 9.3 x23.3 123 15101 123 25101 123 85101 123 65101
150 9.3x23.3 123 15151 123 25151 123 85151 123 65151
220 10.3 x 32.0 123 15221 123 25221 123 85221 123 65221
330 10.3 x 32.0 123 15331 123 25331 123 85331 123 65331
470 12.9 x 32.0 123 15471 123 25471 123 85471 123 65471
680 12.9 x 32.0 123 15681 123 25681 123 85681 123 65681
25 25 10 6.7 x 15.3 123 16109 123 26109 123 86109 123 66109
15 6.7x15.3 123 16159 123 26159 1283 86159 123 66159
22 7.6 x20.4 123 16229 123 26229 123 86229 123 66229
33 7.6x20.4 123 16339 123 26339 123 86339 123 66339
47 7.6 x20.4 123 16479 123 26479 123 86479 123 66479
68 9.3 %233 123 16689 123 26689 123 86689 123 66689
100 9.3 x 23.3 123 16101 123 26101 123 86101 123 66101
150 10.3 x 32.0 123 16151 123 26151 123 86151 123 66151
220 12.9 x 32.0 123 16221 123 26221 123 86221 123 66221
330 12.9 x 32.0 123 16331 123 26331 123 86331 123 66331
25 35 15 6.7% 153 123 10158 123 20158 123 80158 123 60158
2:2 6.7 x15.3 123 10228 123 20228 123 80228 123 60228
3.3 6.7 x15.3 123 10338 123 20338 123 80338 123 60338
4.7 6.7x15.3 123 10478 123 20478 123 80478 123 60478
6.8 6.7x153 123 10688 123 20688 123 80688 123 60688
10 7.6 x20.4 123 10109 123 20109 123 80109 123 60109
15 7.6 x20.4 123 10159 123 20159 123 80159 123 60159
22 7.6 < 20.4 123 10229 123 20229 123 80229 123 60229
33 9.3x23.3 123 10339 123 20339 123 80339 123 60339
47 9.3 x 23.3 123 10479 123 20479 123 80479 123 60479
68 10.3 x 32.0 123 10689 123 20689 123 80689 123 60689
100 12.9 x 32.0 12310101 123 20101 123 80101 123 60101
150 12.9x 32.0 123 10151 1283 20151 123 80151 123 60151
Note

1. SAL-AG types are epoxy-filled.
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Solid Aluminium electrolytic capacitors

, _ 123 SAL-A
Solid Al, Axial
ELECTRICAL DATA (continued)
Table 6 Electrical data for 123 series continued; preferred types in bold
Cr MAXéMs‘ljz“fs 1 IRHz 1 I;:Hz 10()I|T(Hz s Tan § ESR <
K,C) (L\’;; 100 Hz C’?;Dxl_ 1gg 5 :5 pie X0 s 5min | oo, | 100Hz | 100 kHz
(uF) (mm) (mA) (mA) (mA) (uA) (©) ((9))
25 40 2.2 6.7 x15.3 11 82 120 9 0.12 109 75
33 6.7 x15.3 16 100 150 13 0.12 73 7.5
4.7 6.7 x15.3 22 120 170 19 0.12 51 7.5
6.8 6.7 x15.3 28 140 210 27 0.12 35 75
10 7.6 x20.4 41 200 280 40 0.12 24 25
15 7.6 x20.4 61 240 350 60 0.12 16 25
22 9.3x23.3 89 330 480 90 0.12 11 15
33 9.3x23.3 120 410 590 130 0.12 7.2 1.0
47 10.3 x 32.0 160 540 790 190 0.12 5.1 1.0
68 10.3x32.0 170 570 820 270 0.16 4.7 0.8
100 12.9 x 32.0 220 760 1100 400 0.16 3.2 0.6
ORDERING INFORMATION (continued)
Table 7 Ordering information for 123 series continued; preferred types in bold
CATALOGUE NUMBER 2222 ... ...
v Cn MAXIMUM T
c | Ur | jooHz | CASESIZE SAL-A SAL-A SAL-AG(")
M| MR 2D x L FORM BA FORM BR FORN Ba FORM BA
. (mm) tol £20% tol £20% e tol. +20%
level S
25 40 2.2 6.7 x 15.3 123 17228 123 27228 123 87228 123 67228
3.3 6.7 x15.3 123 17338 123 27338 123 87338 123 67338
4.7 6.7 x 15.3 123 17478 123 27478 123 87478 123 67478
6.8 6.7%15.3 123 17688 123 27688 123 87688 123 67688
10 7.6 x20.4 123 17109 123 27109 123 87109 123 67109
15 7.6 x 20.4 123 17159 123 27159 123 87159 123 67159
22 9.3x23.3 123 17229 123 27229 123 87229 123 67229
33 9.3x23.3 123 17339 123 27339 123 87339 123 67339
47 10.3 x 32.0 123 17479 123 27479 123 87479 123 67479
68 10.3 x32.0 123 17689 123 27689 123 87689 123 67689
100 12.9 x 32.0 123 17101 123 27101 123 87101 123 67101
Note

1. SAL-AG types are epoxy-filled.
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Philips Components

Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Axial IR RALR
ELECTRICAL DATA (continued)
Additional electrical data
PARAMETER CONDITIONS VALUE
Surge voltage for short periods Us <115 % Uy
Reverse voltage Urey<0:3 X Ug
Maximum peak AC voltage, LV
reverse voltage applied
Maximum peak AC voltage, Tamp% 85 °C:
without reverse voltage applied atf<0.1 Hz 0.30 x Ug
at0.1 Hz<f<1Hz 0.45 x Ug
at1 Hz<f<10Hz 0.60 x Ug
at 10 Hz < f <50 Hz 0.65 x Ug
atf>50Hz 0.80 x Ug
85 °C < Tamb £ 125°C:
atf<0.1 Hz 0.15x Ug
at0.1 Hz<f<1Hz 0.22 x Ur
at1 Hz<f<10 Hz 0.30 x Ur
at 10 Hz < f< 50 Hz 0.32 x Ug
atf>50 Hz 0.40 x Ug

Current

Maximum leakage current

after 5 minutes at Ug and Tamp = 25 °C

I.s £ 0.05CR x Ug or 2 uA whichever is
greater; see Tables 2, 4 and 6

Typical leakage current

after 15 s at Ug and Tamp = 25 °C:
Ur=6.3t0 16V
Ug=25t040V

=0.2 x value stated in Tables 2, 4 and 6
=0.1 x value stated in Tables 2, 4 and 6
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

. . 123 SAL-A
Solid Al, Axial
Voltage
CcCB114
40 i |
\ 1) @
35 \ ‘
Ur 3 i
(v) | : 1
25 \
16 ‘ ‘
10 ‘
6.3 ‘
4 : ;
0 ;
(1) Ug=125°C. -50 0 50 g5 100 o 150 175
(2) Uc=175°C. Tamp (°C)
Fig.3 Maximum permissible voltage up to 175 °C.

Ripple current (Ig)
Applying the maximum RMS ripple current given in Tables 2, 4 and 6 will cause a device temperature of 138 °C.
The 100 kHz values in Tables 2, 4 and 6 for other temperatures are to be calculated with the following |g multipliers:

Tamb
25°C 40 °C 65 °C 85°C 105 °C 125°C
Ir multiplier 1.1 1.0 0.88 0.75 0.59 0.37

PARAMETER
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

. . 123 SAL-A
Solid Al, Axial o
Leakage current
102 : MGB024
$
I /
T 7
01 ‘ /
/
10 //
.
|7
1
107"
-50 0 50 100 150

Tamb (°C)

lp1 = leakage current during continuous operation at Ug and Tamp = 25 °C.

Fig.4 Typical multiplier of leakage current as a function of ambient temperature.

MGB025

10 T T
\ I |

1 I
ireverse voltage

, \

AN

\ —7
\ /L
\
N
\ //

// |

107" Va

-0.4 0 0.4 U 08
Ur

lo2 = leakage current at Ug at a discrete constant temperature.

Fig.5 Typical multiplier of leakage current as a function of U/Up.
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Solid Aluminium electrolytic capacitors
Solid Al, Axial

123 SAL-A

Maximum power dissipation

MAXIMUM CASE SIZE
ZDxL
(mm)

Pmax = P125

w)

6.7x15.3

0.13

7.6x20.4

0.16

9.3x23.3

0.21

10.3x32.0

0.26

12.9x32.0

0.32

Equivalent series inductance (ESL), f = 10 MHz

MAXIMUM CASE SIZE
@D x L
(mm)

PITCH
(mm)

MAX. ESL
(nH)

TYP. ESL
(nH)

6.7 x15.3

20.3

30

15t0 23

7.6x20.4

254

30

16 to 24

9.3x23.3

27.9

35

20 to 27

10.3x32.0

35.6

40

26 to 33

12.9x32.0

35.6

55

3210 49
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Axial 123 SAL-A

Dissipation factor (tan §)

MGB026

©
12 s
8
3
=< 3
08 %
\ - g
®
0.4 0.25
\\ o _____—..—-——'——“
0
0
-80 -40 0 40 80 120 160 200
Tamb (°C)

Typical tan & at 100 Hz and Tamp = 25 °C: 0.6 x value stated in Tables 2, 4 and 6.

Fig.6 Typical multiplier of dissipation factor as a function of ambient temperature.

Capacitance (C)

MGBo27

/|

standard deviation ¢

0.9 74
0.05
(e}
T L t—_—
0.8 0
-80 -40 0 40 80 120 160 200
Tamb (°C)

Cy = capacitance at 25 °C and 100 Hz.

Fig.7 Typical multiplier of capacitance as a function of ambient temperature.
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Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Axial
Equivalent series resistance (ESR)
Typical ESR: see Figs 8 to 17; the standard deviation is 20% of each value.
102 MGB028
ESR
(Q) N
T~
TN ~ |
10 N M —
~ ===
— =
~~ [ —— ;
I~ T~
— 4 |
- H
1
Curve 1: 10 uF, 25 V; 6.8 uF, 35 and 40 V.
Curve 2: 10 uF, 16 V.
Curve 3: 22 uF, 16 V.
Curve 4: 33 uF, 10 V.
Curve 5: 47 uF, 6.3 and 10 V; 68 uF, 6.3 V. 107!
Case @D x L =6.7 x 15.3 mm. -80  -40 0 40 80 120 160 200
ESR at 100 Hz. Tamb (°C)
Fig.8 Typical ESR as a function of ambient temperature.
MGB029
10 2 “ 02
i
ESR
@ R
N
\ N
T~
T~
10 ™
=
N
b’ —— T — s | |
N Y 3
~N
IS~
; \ \\ )
= 5
Curve 1: 10 uF, 35 and 40 V.
Curve 2: 33 uF, 25 V.
Curve 3: 47 uF, 25 V.
Curve 4: 68 uF, 10 V; 150 uF, 6.3 V.
Curve 5: 100 uF, 10 V. 107"
Case @D x L = 7.6 x 20.4 mm. =8 -4 9 40 &0 120 160 1200
Tamb (°C)

ESR at 100 Hz.

Fig.9 Typical ESR as a function of ambient temperature.
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Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Axial

123 SAL-A

Curve 1: 33 uF, 35 and 40 V.

Case @D x L =9.3 x23.3 mm.
ESR at 100 Hz.

Curve 2: 220 uF, 10 V; 330 uF, 6.3 V.

102 . i CCBO78
:
[

ESR I

(@) \

\ |
10 \\
S
N
-~
I~~~
— ]
\
N
1
S
B— et - ||
1071
-80 —40 0 40 80 120 160 200

Tamb (°C)

Fig.10 Typical ESR as a function of ambient temperature.

Curve 1: 68 uF, 35and 40 V.
Curve 2: 150 uF, 25 V.
Curve 3: 330 uF, 10 V.
Curve 4: 470 uF, 10 V.

ESR at 100 Hz.

Case @D x L =10.3 x 32.0 mm.

162 MGBO031
ESR
Q)
10 N\
S
.
i
NG
N
\‘ I
N
T~
B
; N B ]
—
B
SN
s
\\\ 3
107" -
-80 -40 0 40 80 120 160 200
Tamb (°C)

Fig.11 Typical ESR as a function of ambient temperature.
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Axial
MGB032
102
ESR
(9)
10
~
\ N
1 \\\ [y
e
— 1
e
\ —
Curve 1: 100 uF, 35 and 40 V. ~ = :
Curve 2: 150 pF, 35 V. =
Curve 3: 220 uF, 25 V. ™~
1 I 5
Curve 4: 470 uF, 16 V. 10
Curve 5: 680 uF, 10 V; 1000 uF, 6.3 V. =80 =40 9 40 g i f 160% 200
Case 2D x L = 12.9 x 32.0 mm. amp (°C)
ESR at 100 Hz.
Fig.12 Typical ESR as a function of ambient temperature.
102 MGB033
ESR
Q)
02 =t
—i3
AN I
N
10 15 ~1\\‘ NN
N > g
o~
. 5
WY N e T
1 SN
Curve 1: 10 uF, 25 V; 6.8 uF, 35 and 40 V. ——
Curve 2: 10 uF, 16 V. HH
Curve 3: 22 uF, 16 V.
Curve 4: 33 uF, 10 V. 101
Curve 5: 47 uF, 6.3 and 10 V; 68 F, 6.3 V. 1 10 10? 10° 10* 10° ¢ (Hg) 10°
Case @D x L =6.7 x 15.3 mm.
Tamb =25°C.
Fig.13 Typical ESR as a function of frequency.
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Solid Aluminium electrolytic capacitors

Solid Al, Axial
103 MGB034
ESR
Q)
102 1= 3
}
_‘.2'1#_.
I8
TN NG
5 N, \\
10 > =
h R
AN
i, 5 P
N T N
~N N T~~~
1 ™ N T
Curve 1: 10 uF, 35 and 40 V. I
Curve 2: 33 uF, 25 V. B S =ty i
Curve 3: 47 uF, 25 V.
Curve 4: 68 uF, 10 V; 150 uF, 6.3 V. 107
Curve 5: 100 uF, 10 V. 1 10 102 10° 10* 10% § (Hg) 10°
Case @D x L = 6.7 x 20.4 mm.
Tamb = 25 °C.
Fig.14 Typical ESR as a function of frequency.
102 MGB035
ESR
Q) N
10 S
NN
1 N s
1
i N“hn
107! — 2
Curve 1: 33 uF, 35 and 40 V. 1072 = = » = .
Curve 2: 220 uF, 10 V; 330 uF, 6.3 V. 1 10 10 10 10 107 (Hz) 10
Case @D x L =9.3 x 23.3 mm.
Tamb = 25 °C.
Fig.15 Typical ESR as a function of frequency.

1008 .Jan 29 ARA
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Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Axial

123 SAL-A

Case @D x L =12.9 x 32.0 mm.
Tamb =25 °C.

Curve 5: 680 uF, 10 V; 1000 pF, 6.3 V.

Fig.17 Typical ESR as a function of frequency.

102 MGB036
ESR
@ [ 1
10 iy
=0 N
1
|
| N
3
1 |4 WN ™ \‘\&
S —
~ R
NG T~
NI
107" B
Curve 1: 68 uF, 35 and 40 V.
Curve 2: 150 pF, 25 V. 5
Curve 3: 330 uF, 10 V. 10
Curve 4: 470 tF 10V L 10 102 10° 10 10% § (Hz) 10°
Case @D x L =10.3 x 32.0 mm.
Tamb = 25 °C.
Fig.16 Typical ESR as a function of frequency.
162 MGBo37
i
ESR
(Q) y
N
10 =2
[COR
4
NN
NN
1 SN \* \\ \:: NS
e o -
N T L
™ T
107! ™~ ]
Curve 1: 100 uF, 35 and 40 V.
Curve 2: 150 pF, 35 V.
Curve 3: 220 uF, 25 V.
Curve 4: 470 uF, 16 V. 1072
1 10 102 108 104 10° ¢ (Hz) 10°
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Philips Components Product specification

Solid Aluminium electrolytic capacitors

Solid Al, Axial
Impedance (2)
Typical impedance at 100 kHz and Tamp = 25 °C: 0.5 x value stated in Tables 2, 4 and 6.
MGB038
E c—
/
35 / N
/ N
z /
= 1
Zp
3.0 / \
AP \
1/ \
s )13 \
' /T IN A TN
A1V N\
( \
v -
/
2.0
FITIIN )
S \
-55°C 3 \ N \
1T N N \ \.
b il N \
15 A N ™
DAl -25°C LA X N
PEd S NIN
L 1T N T NN
mmaal +25°C ] = =
1.0
——— 3 T rZal
—~y~l.__\‘\ '/ // ’,f a L4
~L TR 2 7 1)
+85°C ~ 2 p% Pard
05 | b, 3 1| AL |/
+175°C = P
1] [~ 7
1T B=g
0
10 102 108 104 10° 108 fHy 107
L I | | 1 | J
1 1 4 7 10 10 3
standard deviation G (%)
Curve 1: case @D x L =6.7 x 15.3 and 7.6 x 20.4 mm; 16 to 40 V.
Curve 2: case @D x L = 6.7 x 15.3 and 7.6 x 20.4 mm; 6.3 to 10 V.
Curve 3: case @D x L = 9.3 x 32.0, 10.3 x 32.0 and 12.9 x 32.0 mm.
Z, = initial impedance value at any frequency and Tamp = 25 °C.
Fig.18 Typical multiplier of impedance as a function of frequency at different ambient temperatures.
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Solid Aluminium electrolytic capacitors

Solid Al, Axial 123 SAL-A

CCB079

10° s
N,
@ NN
N\ :\\
N N
102 \\\\ NN
2
(N7
3
A: \‘
NEANANY
BN NN
AN
10 AR
‘\
NS
ANER N
NN N
NNORRIHIN.
‘\N\\‘ :~~~ U
N N
1 s £
Curve 1: 10 uF, 16 V.
Curve 2: 15 uF, 16 V. - =
Curve 3: 22 uF, 16 V.
Curve 4: 33 uF, 10 V. .
Curve 5: 47 uF, 6.3 and 10 V. 107

10 102 103 104 105 106 107
Curve 6: 68 uF, 6.3 V. 2 f (Hz)
Case @D x L =6.7x15.3 mm; Ug =6.3to 16 V.
Tamp = 25 °C.
Fig.19 Typical impedance as a function of frequency.
sl MGB040
3
Z IN \
Q) \\\
N
108 R t\\§~\‘
N
N 1
AN N
N\ 22
N \\‘3\\\\‘
N
N\ 4 N
102 §=‘§> by
O\ \\
AN
NS
\ \ N \\
NN N
10 t‘\\\\ I
Curve 1: 22 uF, 35and 40 V.
Curve 2: 3.3 uF, 40 V. N N
Curve 3: 4.7 uF, 35 and 40 V. NS
Curve 4: 6.8 uF, 35 and 40 V. ‘\\:4 = —
Curve 5: 10 uF, 25 V. 1 > 3 7 5 = s =
7
Curve 6: 15 uF, 25 V. 10 10 10 10 10 107 ¢ (Hz) 10
Case D x L =6.7 x15.3 mm; Ug =251t0 40 V.
Tamb =25 °C.

Fig.20 Typical impedance as a function of frequency.
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Solid Aluminium electrolytic capacitors

! : 123 SAL-A
Solid Al, Axial
103 CCB080
2 A
N
Q
(@) :\ |
102 AN \
\\ 3
NN
\ 1
NN S
| NN
' 10 h }i‘\\
! 5
N XS
N \\
WN\N
\ N
1 \\ by -
‘\ i
. 1
Curve 1: 33 uF, 16 V. NI I I
Curve 2: 47 uF, 16 V. ~ .
Curve 3: 68 uF, 10 V. 107 |

Curve 4: 100 uF, 10 V.
Curve 5: 150 uF, 6.3 V.
Case @D x L =6.7 x20.4 mm; Ug =6.3t0 16 V.

2
10 10 103 104 108 108 ¢ (Hg) 107

Tamp =25 °C.
| Fig.21 Typical impedance as a function of frequency.
|
|
‘,
1‘ o8 MGB042
.' =S
.
NRAVATA
Z [NANS
@ QI
N \\\\\1
102 NN
2
‘d N\,
N
4 N
AN
6 NN
10 NN
AN \‘
N N N
SONN
AR LN
NN
NN TR Sy
X NSNS
Curve 1: 10 uF, 35 and 40 V. = s
Curve 2: 15 uF, 35 and 40 V. = 777""" = | =Ll 1 = I i
Curve 3: 22 uF,25and 35 V. [ ‘ ‘ 1 ] ‘L‘ R
Curve 4: 33 uF, 25 V. ‘ | i } [T | [T | ’ H’ “\‘Iv
Curve 5: 47 uF, 25 V. 101 A A L \H“ | H 1111
Curve 6: 68 uF, 16 V. 10 10? 10° 10f 10° 10° f (Hz) 107
Case @D x L =6.7x20.4 mm; Ug=16t0 40 V.
Tamb =25 °C.

Fig.22 Typical impedance as a function of frequency.
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Solid Aluminium electrolytic capacitors 123 SAL-A
Solid Al, Axial
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Curve 3: 330 uF, 6.3 V.
Case PD xL=9.3x23.3mm; Ug=6.3t0 10 V.
Tamb = 25 °C.
Fig.23 Typical impedance as a function of frequency.
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Curve 3:47 uF, 35 V. R
Curve 4: 68 uF, 25 V. “H“H
Curve 5: 100 pF, 16, 25 V. -1
10 2 8 4 5 6 7
Curve 6: 150 uF, 16 V. 10 10 10 10 10 107 f (Hz) 10
Case D x L =9.3x23.3mm; Ug=161t040 V.
Tamb = 25 °C.
Fig.24 Typical impedance as a function of frequency.
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Solid Aluminium electrolytic capacitors

4 . 123 SAL-A
Solid Al, Axial
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Curve 1: 220 uF, 16 V.
Curve 2: 330 uF, 16 V.
Curve 3: 330 uF, 10 V. 10-2

Curve 4: 470 uF, 10 V. 10 102 108 104 105 106 f H 107
Curve 5: 680 uF, 6.3 V. k)

Case @D x L =10.3 x 32.0 mm; Uz = 6.3t0 16 V.
Tamb = 25 °C.

Fig.25 Typical impedance as a function of frequency.
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Curve 3: 150 uF, 25 V.
Case @D x L =10.3 x 32.0 mm; Ug =25t0 40 V.
Taritr=25/%G.

Fig.26 Typical impedance as a function of frequency.
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Solid Aluminium electrolytic capacitors

Solid Al, Axial
102 CCB084
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Curve 1: 680 uF, 10 V. 5
. 10~
e 2 000NV, 10 102 108 104 105 108 ¢ (1) 107
Curve 3: 1500 pF, 6.3 V. (Hz)
Case @D x L =129 x32.0 mm; Uz =6.3t0 10 V.
Tare=25°C.
Fig.27 Typical impedance as a function of frequency.
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10 102 108 104 105 106 f (Hz) 107

Curve 6: 1000 pF, 10 V.
Case JD x L =12.9 x 32.0 mm; Ug = 10t0o 40 V.
Tamb =25 °C.

Fig.28 Typical impedance as a function of frequency.
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Solid Aluminium electrolytic capacitors

Solid Al, Axial 123 SAL-A

SPECIFIC TESTS AND REQUIREMENTS

General tests and requirements are specified in this handbook, Section “Tests and Requirements”.

Table 8 Test procedures and requirements

TEST
PBOCEDURE REQUIREMENTS
NAME OF TEST | REFERENCE (quick reference)
Endurance |EC 384-2/ Tamp= 125 °C; AC/C: £25%
CECC 30300 Ugr = 6.3 to 25 V with Ug applied; ae
subclause 4.13 Ugr = 35 and 40 V with Ug applied; i1 A . At
10000 hours Z <2.0 x spec. limit

IL5 < spec. limit
Useful life CECC 30302 Tamb = 125 °C; Ig applied and AC/C: £15%
subclause 1.8.1 Ug = 6.3 to 25 V with Ug applied;
Ug = 35 and 40 V with U applied;
20000 hours Z < 1.5 x spec. limit

tan & < 1.5 x spec. limit

ILs < spec. limit

no short or open circuit,
no visible damage

total failure percentage: <1%

Shelf life |EC 384-4/ Tamb = 125 °C; no voltage applied; AC/C: £10%
(storage at high CECC 30300 500 hours tan 8 < 1.2 x spec. limit
temperature) subclause 4.17
ILs <1 x spec. limit
Charge and IEC 384-4-2 108 cycles without series resistance: AC/C: £5%
discharge subclause 9.21 0.5sto Ug; R
no short or open circuit,
0.5 s to ground -
no visible damage
Shock IEC 68-2-27 half-sine or saw tooth pulse shape; no intermittent contacts
test Ea 50 g; 11 ms; o ek
3 successive shocks in each direction of
3 mutually perpendicular axes; no open circuiting

nevuditegs Applisd no mechanical damage

AC/C: £5%
tan & < 1.2 x spec. limit
Z < 1.2 x spec. limit

I5 < 1.5 x spec. limit
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Solid Aluminium electrolytic capacitors

. . 123 SAL-A
Solid Al, Axial
TEST
PBOCEDURE REQUIREMENTS

NAME OF TEST | REFERENCE (quick reference)
Severe rapid 100 cycles of 30 minutes AC/C: £25%
change of at -40 °C and +125 °C tan < 1.5 x spec. limit
temperature

Z <2.0 x spec. limit

ILs <1 x spec.limit

Solvent resistance | IEC 68-2-45, immersion: visual appearance not affected
test XA 5 +0.5 minutes with or without ultrasonic
IEC 653 at555°C
solvents: demineralized water and/or
calgonite solution (20 g/l)
Passive IEC 695-2-2 capacitor mounted to a vertical after removing the test flame
flammability printed-circuit board, one flame on from the capacitor, the capacitor
capacitor body; must not continue to burn for
Tarpi= 20 10:25°C; more than 15 s;
test duration = 20 s. no burning particles must drop
from the sample
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Solid Aluminium electrolytic capacitors

Solid Al, Axial 123 SAL-A

ADDITIONAL TESTS AND REQUIREMENTS FOR EPOXY-FILLED VERSIONS SAL-AG
2222 123 6.... Form BA +20%
2222 123 8.... Form BA +10%, level S

Table 9 Test procedures and requirements

TEST PROCEDURE REQUIREMENTS

Severe vibration tests in accordance with “/IEC 68-2-6” and “MIL STD-202”, method 204, letter E,
with the following details and additions

Method of mounting: clamping both body and leads AC/C: £10%
severity 1 frequency range temperature tan & < 1.2 x stated limit
10 to 3000 Hz; 20-25 °C
; Z < 1.4 x stated limit
severity 2 frequency range temperature
50 to 2000 Hz; 125 °C DC leakage current: <stated limit
severity 1 and 2 vibration amplitude: 50 g or 3.5 mm, no intermittent contacts

whichever is less

Direction and duration of motion: na/indication of breakdawn

severity 1 1 octave/minute; 3 directions (mutually no open circuiting
perpendicular); 20 sweeps per direction (total | no evidence of mechanical
60 sweeps or 18 hours) damage

severity 2 1 octave/minute;

2 directions (longitudinal and transversal);
3 sweeps per direction (total 6 sweeps or

1 hour)
Functioning:
severity 1 rated voltage applied
severity 2 no voltage applied
Typical capability >80 g at 10 to 3000 Hz (also at 125 °C)

Severe shock tests in accordance with “/EC 68-2-27” and “MIL STD-202”, method 213, letter F,
with the following details and additions:

Method of mounting clamping both body and leads AC/C: £10%

Pulse shape: half-sine or sawtooth tan & < 1.2 x stated limit
—— (1)%0213 (“MIL STD-202", method 213, letter F) | Z = 1+4  stated limit
severity 2 3000 g; 0.2 ms DC leakage current: <stated limit
severity 3 10000 g; 0.1 ms no intermittent contacts

Direction and number of shocks: no indication of breakdown
severity 1 and 2 3 successive shocks in each direction of

no open circuiting

3 mutually perpendicular axes
(total 18 shocks) no evidence of mechanical
severity 3 1 shock in any direction damage
Functioning rated voltage applied
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Philips Components Product specification

Double layer capacitors 196 DLC

FEATURES

¢ Polarized capacitor with high
charge density, alternative product
to rechargeable backup batteries

o Dielectric: electric double layer

¢ Radial leads, cylindrical case,

insulated with a blue vinyl sleeve
e Available in both vertical and p
low-profile versions I
Unlimited charge and discharge
cycle numbers

) Form B
¢ No charge-discharge control
circuitry and no series resistor
MAMO063
necessary Form A

Maintenance-free, no periodic
replacement or service necessary

Ecologically beneficial

(no Cd, no Li).
Fig.1 Component outlines.
APPLICATIONS
e Energy storage, for backup of e Telecommunication, audio-video, e General industrial, clock and timer
semiconductor memories (CMOS) EDP systems.

in all fields of electronics

QUICK REFERENCE DATA

VALUE
HIGH HIGH VERTICAL,
= S.;%":inAED VOLTAGE TEMPERATURE | MINIATURIZED
FORM A FORM A FORM B
Case sizes (@D x L in mm) 13x7and21x7.5|183x9and21x9 | 13x 9 and 21 x 9 | 11.5 x 13 (vertical)
Rated capacitance range, Cg 0.047t0 1.0 F 0.047t0 0.68 F 0.047t0 0.68 F 0.047t00.33 F
Tolerance on Cg at 20 °C -20 to +80%
Rated voltage, Ug 55 V 6.3V 55V 5.5V
Maximum surge voltage, Ug 6.3V 70V 6.3V 6.3V
Category temperature range —251t0+70 °C —251t0 +70 °C —251t0 +85 °C —251t0 +70 °C
Useful life at Ug:
at 85°C = - 1000 hours -
at 70 °C 1000 hours 1000 hours 2800 hours 1000 hours
at40°C 8000 hours 8000 hours 23000 hours 8000 hours
at25°C 23000 hours 23000 hours 64000 hours 23000 hours
Shelf life at 0 V 1000 hours at upper category temperature
Climatic category IEC 68 25/070/21 I 25/070/21 25/085/21 25/070/21
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Double layer capacitors

196 DLC

Selection chart for Cg, Ug, upper category temperature (UCT), relevant nominal case sizes (JD x L in mm)

and Form
Preferred types in bold.

Up=55V Up=6.3V
i" FORM > =
(F) UCT =85 °C UCT =70°C UCT =70 °C
A
0.047 13x9 13 X7 13x9
B N 11.5x 13 =
" A 13x9 13x7 13x9
' B — 11.5x 13 -
A = 13 =
0.22 x7
B = 11.5x13 -
A _ 13x7 -
0.33
B » 11.5x 13 =
A 21x9 21x7.5 21x9
0.47
B — = =
A 21x9 < 21x9
0.68
B _ _ =
A = 21x75 -
1.0 e
B _ = -
MARKING

The capacitors are marked with the following information:

¢ Rated capacitance (in F)

Rated voltage (in V)

e Name of manufacturer, PHILIPS

e Date code, in accordance with “/EC 62”

¢ Negative terminal identification

e Upper category temperature (at 85 °C types only).
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Double layer capacitors 196 DLC

MECHANICAL DATA, AVAILABLE FORMS AND PACKAGING QUANTITIES

/ vinyl sleeve
1 ) 05+ 04 0.8+ 0.1
’ 1 i _q F1.210.1
= — - 5:0.3
9 El——{ 3*_5 ¥ 4 61

.‘ $05 25 i
L ) # *0.5 :
i [

0
L L *
gD 1 L—> 6+1 MAMO64

Dimensions in mm.
For dimensions see Table 1.

Fig.2 Form A: Low profile.

2D e (45) -

laser weld ‘
© ; ®
vinyl sleeve ‘
[} §
4.0 5.0
+0.3 +03
) v . ‘
solder plating
—»H«(o.s) 50+ 05 l—
Dimensions in mm. MGA699

For dimensions see Table 1.

Fig.3 Form B: Vertical.

Table 1 Physical dimensions, mass and packaging quantities; see Figs 2 and 3

NOM'N%'biALSE SIEE CASE FORM | ZDmax Lo MASS PACKAGING
CODE (mm) (mm) () QUANTITIES
(mm)
11.5x13 1 B 1.8 135 15 2000
13x7 2 A 135 75 ~2.8 1000
13x9 3 A 13.5 9.5 ~3.4 1000
21x75 4 A 215 8.0 =7.1 500
21x 9 5 A 215 9.5 ~8.8 500
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Double layer capacitors 196 DLC

ELECTRICAL DATA AND ORDERING INFORMATION Ordering example
Unless otherwise specified, all electrical values in Table 2 apply at

Double | itor 196 seri
Tamp = 20 °C, P = 86 to 106 kPa and RH = 45 to 75%. e i

SYMBOL DESCRIPTION - ':_/5'5 % )
Cr rated capacitance, tolerance —20/+80%, Eg::rfl case wire: B2 x T\Sam;
measured by constant current discharge method
UCT upper category temperature Catalogue number: 2222 196 12105.
I max. leakage current after 30 minutes at Ug
R max. internal resistance at 1 kHz
For test methods see Chapter “Measuring of characteristics”.
Table 2 Electrical data and ordering information; preferred types in bold
NOMINAL IL R
Ur Cgr CASE SIZE CASE Form UCT 30 min 1 KHz CATALOGUE
v) (F) @D xL CODE (°C) NUMBER
(mm) (LA) (@
Standard series
5.5 0.047 13%7 2 A 70 69 120 2222 196 12473
0.1 13x7 2 A 70 100 15 2222 196 12104
0.22 13x7 2 A 70 135 75 2222 196 12224
0.33 13x7 2 A 70 182 5 2222 196 12334
0.47 21x7.5 4 A 70 216 30 2222 196 12474
1.0 21x7.5 4 A 70 315 30 2222 196 12105
High temperature series
5.5 0.047 13x9 3 A 85 69 300 2222 196 22473
0.1 13x9 3 A 85 100 200 2222 196 22104
0.47 21x9 5 A 85 218 50 2222 196 22474
0.68 21x9 5 A 85 260 50 2222 196 22684
Vertical, miniaturized series
5.5 0.047 11.5:% 13 1 B 70 69 120 2222 196 32473
0.1 11.5:x 18 1 B 70 100 75 2222 196 32104
0.22 15348 1 B 70 135 75 2222 196 32224
0.33 11.5x 18 1 B 70 182 75 2222 196 32334
High voltage series
6.3 0.047 13x9 3 A 70 69 300 2222 196 13473
0.1 13x9 3 A 70 100 200 2222 196 13104
0.47 21x9 5 A 70 216 50 2222 196 13474
0.68 21x9 B A 70 260 50 2222 196 13684
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Double layer capacitors 196 DLC
MEASURING OF CHARACTERISTICS
Capacitance (C)
Capacitance shall be measured by constant current discharge method.
Discharge current as a function of rated capacitance
PARAMETER VALUE UNIT
Rated capacitance, Cq 0.047 [ 01 Jo022]033[047 [068 ] 1.0 F
Discharge current, Ip 0.1 1.0 mA
u
(V) MGA694
URT—1
e o_®_
CONSTANT
=1E CURRENT
20 = c DISCHARGER
ccB115

Y A e

~ ~ time
30 min T(s)

Fig.4 Voltage diagram for capacitance
measurement.

Fig.5 Test circuit for capacitance measurement.

Capacitance value Cg is given by discharge current Ip,
time T and rated voltage Ug, according to the following
equation:

Ip (MA) x10-3x T (s)

Ch =—7g w3
Internal resistance (R)) at 1 kHz
V. (V
R(Q) = ——
10

Leakage current (I.)

Leakage current shall be measured after 30 minutes
application of rated voltage Ug:

1998 Jan 29
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Fig.6 Test circuit for R measurement.

ccB117

Fig.7 Test circuit for leakage current.
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MGA697
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Curve 1: 1.0F, 5.5 V.
Curve 2: 047 F,5.5 V.
Curve 3:0.22 F,5.5 V.
Curve 4: 0.1 F, 55 V.
Curve 5: 0.047 F, 5.5 V.
Rs =100 Q.

Fig.8 Typical leakage current as a function of time.
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Double layer capacitors 196 DLC

DISCHARGE CHARACTERISTICS

Backup time of 196 DLC series capacitors depends on minimum memory holding voltage and discharge current
(corresponding with the current consumption of the load).
For minimum backup times of standard and vertical miniaturized series see Figs 9 and 10 (charging time > 24 hours).

MGA695
105 e
~ <
backup SN NE
ackK Ul
time . \‘\ N N N
(s) \\\ \\ N
N
NG N NN
104 \ . —
\\ S \\ [
S, N S
NN N
NN NN
N
N N TY
N \ N
103 = N, N1
‘\ = 2\ N
N N
AR 2\
N \ 3\ A
N
NN Y N
102 h 4“ \ \\
Curve 1: 1.0 F, 55 V. = 5 NP
Curve 2:0.47 F, 5.5 V. N 8
Curve 3:0.22 F,5.5 V. N
Curve 4: 0.1 F, 5.5 V. NNN
Curve 5: 0.047 F, 5.5 V. 10 = = =
10 10 10 1 10
Voltage drop from 5.0 to 3.5 V. discharge current (mA)
Fig.9 Typical backup time as a function of discharge current.
106 - MGA696
\\ o, 3
back up N
e N
N
10% \,\\\\ ~\\‘\
N ~
N NG NN
N NN
N
- \\ N \\
\‘ 5. o
B
"
SN N1
N \ \\ NS
\\ \\\ 2N
108 S S
Curve 1: 1.0F, 5.5 V. Na——
Curve 2: 0.47 F,5.5 V. N
Curve 3: 0.22 F, 5.5 V. N[N
Curve 4:0.1F,5.5V. \5\ |
Curve 5:0.047 F, 5.5 V. 102 = — = o
10 10 10 1 10
Voltage drop from 5.0 t0 2.0 V. _
discharge current (mA)
Fig.10 Typical backup time as a function of discharge current.

1998 Jan 29 708



Philips Components Product specification

Double layer capacitors 196 DLC

Figure 11 shows the backup time when a 196 DLC capacitor is discharged by a constant resistance
(charging time > 24 hours).

The horizontal axis shows the initial value of discharge current if 5 V is connected to the capacitor via a fixed series
resistor.
Example: 1 1A corresponds to 5 MQ and 0.1 1A corresponds to 50 MQ

The vertical axis shows that period of time during which the voltage drops from 5to 2 V.

3 MLB203
10 T TT
N \\‘ ~
~ N
backup AL Wi
time \\ S N
(h) NI \\ \
N
N \ \ N
102 MU S
N N
N N\
N \ N
N N \ 2
NN R
N N\ il
NIHIN N N
\\ W 4\\ \\ \\
10 N \\‘ o
N\ \ AY
5 \
\
N NN
\\w N \\\ S
\ \ \
4 ) LSRN \ N
1072 107" 1 10 102 103
Curve 1: 1.0F, 55 V. initial value of discharge current (uA)
Curve 2: 047 F, 5.5 V.
Curve 3: 0.22 F,5.5 V.
Curve 4:0.1F,55V.
Curve 5: 0.047 F, 5.5 V.
Discharge from 5.0 to 2.0 V by means of a fixed resistor.
Fig.11 Typical backup time as a function of initial discharge current.
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Double layer capacitors

196 DLC

TESTS AND REQUIREMENTS

Standard and vertical miniaturized series (5.5 V; 70 °C)

Table 3 Test procedures and requirements

IEC 384-4/

high and low
temperature

at +20 °C of C, Ry and I

step 2: measurement at —25 °C
step 3: measurement at +20 °C
step 4: measurement at +70 °C
step 5: measurement at +20 °C

NAME OF TEST | CECC 30300 (q::i?:'gi:;) REQUIREMENTS
subclause
Robustness of 4.4 tensile strength; application of loading | no breaks
terminations force for 10 seconds:
20 N (standard series)
5 N (vertical miniaturized series)
Resistance to 4.5 solder bath; 260 °C; 5 seconds AC/C: £10%
e L R, and I, < spec. limit
Solderability 4.6 solder bath; 235 °C; 2 seconds >75% tinning
Vibration 4.8 10 to 55 Hz; 1.5 mm; 3 directions; AC/C: £10%
2 hours per direction R, and I, < spec. limit
Damp heat, steady |4.12 500 hours at 55 °C; RH 90 to 95%; AC/C: £30%
state no voltage applied R, < 4 x spec. limit
IL <2 x spec. limit
Endurance 413 Tamb = 70 °C; 5.5 V applied; AC/C: £30%
1600 hours: R| <4 x spec. limit
1L £ 2 x spec. limit
Storage at upper 4.17 Tamb =70 °C; AC/C: £30%
;:::F?;r; - no voltage applied; 1000 hours R, < 4 x spec. limit
IL £ 2 x spec. limit
Self discharge - 24 hours storage at room temperature | remaining voltage: 24 V
after application of 5 V for 1 hour
Characteristics at | 4.19 step 1: reference measurement AC/C: £30% of +20 °C value

R| £ 5 x the +20 °C value

IL <4 x the +20 °C value
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Data handbook system

DATA HANDBOOK SYSTEM

Philips Components data handbooks are available for
selected product ranges and contain all relevant data
available at the time of publication and each is revised and
updated regularly.

Loose data sheets are sent to subscribers to keep them
up-to-date on additions or alterations made during the
lifetime of each edition.

Our data handbook titles are listed here.

Display components

Book  Title

DCO1  Colour Television Tubes

DC02 Monochrome Monitor Tubes and Deflection Units

DC03 Television Tuners, Coaxial Aerial Input
Assemblies

DC04  Colour Monitor and Multimedia Tubes

DC05 Wire Wound Components

Magnetic products

MAO1  Soft Ferrites

MAO3  Piezoelectric Ceramics and Specialty Ferrites
MA04  Dry-reed Switches

1998 Jan 29
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Passive components

PAO1  Electrolytic Capacitors

PA0O2 Varistors, Thermistors and Sensors
PA0O3 Potentiometers

PA04  Variable Capacitors

PA05  Film Capacitors

PA06 Ceramic Capacitors

PAO6a Surface Mounted Ceramic Multilayer Capacitors
PAO6b Leaded Ceramic Capacitors

PA08 Fixed Resistors

PA10  Quartz Crystals

PA11  Quartz Oscillators

MORE INFORMATION FROM PHILIPS COMPONENTS?
For more information about Philips Components data
handbooks, catalogues and subscriptions, please contact
your nearest Philips Components sales organization

(see address list on the back cover of this handbook).
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Data handbook system

OVERVIEW OF PHILIPS SEMICONDUCTORS
DATA HANDBOOKS

Our sister product division, Philips Semiconductors, also
has a comprehensive data handbook system to support

their products. Their data handbook titles are listed here.

Integrated circuits

Book  Title

1CO1 Semiconductors for Radio, Audio and
CD/DVD Systems

1C02 Semiconductors for Television and Video
Systems

1C03 Semiconductors for Wired Telecom Systems

IC04  HE4000B Logic Family CMOS

ICO5  Advanced Low-power Schottky (ALS) Logic

IC06  High-speed CMOS Logic Family

IC11 General-purpose/Linear ICs

IC12  I2C Peripherals

IC13 Programmable Logic Devices (PLD)

IC14 8048-based 8-bit Microcontrollers

IC15 FAST TTL Logic Series

IC16 CMOS ICs for Clocks and Watches

IC17 Semiconductors for Wireless Communications

IC18 Semiconductors for In-Car Electronics

IC19 ICs for Data Communications

1C20 80C51-based 8-bit Microcontrollers

IC22 Multimedia ICs

IC23  BiCMOS Bus Interface Logic

IC24 Low Voltage CMOS & BiCMOS Logic

1C25 16-bit 80C51XA Microcontrollers
(eXtended Architecture)

IC26  IC Circuit Packages

IC27 Complex Programmable Logic Devices

Discrete semiconductors

SCO01  Small-signal and Medium-power Diodes
SC02 Power Diodes
SC03  Power Thyristors and Triacs
SC04  Small-signal Transistors
SC05 Video Transistors and Modules for Monitors
SC06 High-voltage and Switching
NPN Power Transistors
SC07  Small-signal Field-effect Transistors
SC13a PowerMOS Transistors
including TOPFETs and IGBTs
SC13b Small-signal and Medium-power MOS
Transistors
SC14 RF Wideband Transistors
SC16  Wideband Hybrid IC Modules
SC17  Semiconductor Sensors
SC18 Discrete Semiconductor Packages
SC19 RF & Microwave Power Transistors,

RF Power Modules and Circulators/Isolators
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MORE INFORMATION FROM PHILIPS SEMICONDUCTORS?
For more information contact your nearest Philips
Semiconductors national organization shown in the
following list.

Argentina: see South America

Australia: NORTH RYDE, Tel. +61 2 9805 4455 Fax. +61 2 9805 4466
Austria: WIEN, Tel. +43 1 60 101, Fax. +43 1 60 101 1210

Belarus: MINSK, Tel. +375 172 200 733, Fax. +375 172 200 773
Belgium: see The Netherlands

Brazil: see South America

Bulgaria: SOFIA, Tel. +359 2 689 211, Fax. +359 2 689 102

Canada: SCARBOROUGH, Tel. +1 800 234 7381

Chile: see South America

China/Hong Kong: HONG KONG, Tel. +852 2319 7888, Fax. +852 2319 7700
Colombia: see South America

Czech Republic: see Austria

Denmark: COPENHAGEN, Tel. +45 32 88 2636, Fax. +45 31 57 0044
Finland: ESPOO, Tel. +358 9 615800, Fax. +358 9 61580920

France: SURESNES, Tel. +33 1 40 99 6161, Fax. +33 1 40 99 6427
Germany: HAMBURG, Tel. +49 40 23 53 60, Fax. +49 40 23 536 300
Greece: TAVROS/ATHENS, Tel. +30 1 4894 339/239, Fax. +30 1 4814 240
Hungary: see Austria

India: BOMBAY, Tel. +91 22 4938 541, Fax. +91 22 4938 722
Indonesia: see Singapore

Ireland: DUBLIN, Tel. +353 1 7640 000, Fax. +353 1 7640 200

Israel: TEL AVIV, Tel. +972 3 645 0444, Fax. +972 3 649 1007

Italy: MILANO, Tel. +39 2 6752 2531, Fax. +39 2 6752 2557

Japan: TOKIO, Tel. +81 3 3740 5130, Fax. +81 3 3740 5077

Korea: SEOUL, Tel. +82 2 709 1412, Fax. +82 2 709 1415

Malaysia: SELANGOR, Tel. +60 3 750 5214, Fax. +60 3 757 4880
Mexico: EL PASO, TEXAS, Tel. +9-5 800 234 7381

Middle East: see Italy

Netherlands: EINDHOVEN, Tel. +31 40 27 82785, Fax. +31 40 27 88399
New Zealand: AUCKLAND, Tel. +64 9 849 4160, Fax. +64 9 849 7811
Norway: OSLO, Tel. +47 22 74 8000, Fax. +47 22 74 8341

Philippines: MANILA, Tel. +63 2 816 6380, Fax. +63 2 817 3474
Poland: WARSZAWA, Tel. +48 22 612 2831, Fax. +48 22 612 2327
Portugal: see Spain

Romania: see Italy

Russia: MOSCOW, Tel. +7 095 755 6918, Fax. +7 095 755 6919
Singapore: SINGAPORE, Tel. +65 350 2538, Fax. +65 251 6500
Slovakia: see Austria

Slovenia: see ltaly

South Africa: JOHANNESBURG, Tel. +27 11 470 5911, Fax. +27 11 470 5494
South America: SAO PAULO, Tel. +55 11 821 2333, Fax. +55 11 821 2382
Spain: BARCELONA, Tel. +34 3 301 6312, Fax. +34 3 301 4107
Sweden: STOCKHOLM, Tel. +46 8 632 2000, Fax. +46 8 632 2745
Switzerland: ZURICH, Tel. +41 1 488 2686, Fax. +41 1 488 32 63
Taiwan: TAIPEI, Tel. +886 2 2134 2865, Fax. +886 2 2134 2874
Thailand: BANGKOK, Tel. +66 2 745 4090, Fax. +66 2 398 0793
Turkey: ISTANBUL, Tel. +90 212 279 2770, Fax. +90 212 282 6707
Ukraine: KIEV, Tel. +380 44 264 2776, Fax. +380 44 268 0461

United Kingdom: HAYES, Tel. +44 181 730 5000, Fax. +44 181 754 8421
United States: SUNNYVALE, Tel. +1 800 234 7381

Uruguay: see South America

Vietnam: see Singapore

Yugoslavia: BEOGRAD, Tel. +381 11 625 344, Fax. +381 11 635 777

Internet: http://www.semiconductors.philips.com

For all other countries apply to:

Philips Semiconductors,

International Marketing & Sales Communications, Building BE-p,
P.O. Box 218, 5600 MD EINDHOVEN, The Netherlands,

Fax. +31-40-2724825
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Philips Components — a worldwide company

Australia: Philips Components Pty Ltd., NORTH RYDE, Philippines: Philips Semiconductors Philippines Inc.,
Tel. (02) 9805 4455, Fax. (02) 9805 4466. METRO MANILA, Tel. (02) 816 6345, Fax. (02) 817 3474.
Austria: Osterreichische Philips Industrie GmbH, WIEN, Poland: Philips Poland Sp. z.0.0., WARSZAWA,
Tel. (01) 601 01 12 41, Fax. (01) 60 101 12 11. Tel. (022) 612 2594, Fax. (022) 612 2327.
Belarus: Philips Office Belarus, MINSK, Portugal: Philips Portuguesa S.A.,
Tel. (5172) 200 924/733, Fax. (5172) 200 773. Philips Components: LINDA-A-VELHA,
Benelux: Philips Nederland B.V., EINDHOVEN, NL, Tel. (01) 416 3160/416 3333, Fax. (01) 416 3174/416 3366.
Tel. (+31 40) 2783 749, Fax. (+31 40) 2788 399. Russia: Philips Russia, MOSCOW,
Brazil: Philips Components, SAO PAULO, Tel. (095) 755 6918, Fax. (095) 755 6919.
Tel. (011) 821 2333, Fax. (011) 829 1849. Singapore: Philips Singapore Pte Ltd., SINGAPORE,
Canada: Philips Electronics Ltd., SCARBOROUGH, Tel. 350 2000, Fax. 355 1758.
Tel. (0416) 292 5161, Fax. (0416) 754 6248. South Africa: S.A. Philips Pty Ltd., JOHANNESBURG,
China: Philips Company, SHANGHAI, Tel. (011) 470 5911, Fax. (011) 470 5494.
Tel. (021) 6354 1088, Fax. (021) 6354 1060. Spain: Philips Components, BARCELONA,
Denmark: Philips Components A/S, COPENHAGEN S, Tel. (93) 301 63 12, Fax. (93) 301 42 43.
Tel. (32) 883 333, Fax. (31) 571 949. Sweden: Philips Components AB, STOCKHOLM,
Finland: Philips Components, ESPOO, Tel. (+46) 8 632 2000, Fax. (+46) 8 632 2745.
Tel. (0) 9 615 800, Fax. (0) 9 615 80510. Switzerland: Philips Components AG, ZURICH,
France: Philips Composants, SURESNES, Tel. (01) 488 22 11, Fax. (01) 481 77 30.
Tel. (01) 4099 6161, Fax. (01) 4099 6493. Taiwan: Philips Taiwan Ltd., TAIPEI,
Germany: Philips Components GmbH, HAMBURG, Tel. (02) 2134 2900, Fax. (02) 2134 2929.
Tel. (040) 2489-0, Fax. (040) 2489 1400. Thailand: Philips Electronics (Thailand) Ltd., BANGKOK,
Greece: Philips Hellas S.A., TAVROS, Tel. (02) 745 4090, Fax. (02) 398 0793.
Tel. (01) 4894 339/(01) 4894 239, Fax. (01) 4814 240. Turkey: Turk Philips Ticaret A.S., GULTEPE/ISTANBUL,
Hong Kong: Philips Hong Kong, KOWLOON, Tel. (0212) 279 2770, Fax. (0212) 282 6707.
Tel. 2784 3000, Fax. 2784 3003. United Kingdom: Philips Components Ltd., DORKING,
India: Philips India Ltd., MUMBAI, Tel. (01306) 512 000, Fax. (01306) 512 345.
Tel. (022) 4930 311, Fax. (022) 4930 966/4950 304. United States:
Indonesia: P.T. Philips Development Corp., JAKARTA, « Display and Wire Wound Components, ANN ARBOR, MI,
Tel. (021) 794 0040, Fax. (021) 794 0080. Tel. (313) 996 9400, Fax. (313) 761 2776.
Ireland: Philips Electronics (Ireland) Ltd., DUBLIN, * Magnetic Products, SAUGERTIES, NY,
Tel. (01) 76 40 203, Fax. (01) 76 40 210. Tel. (914) 246 2811, Fax. (914) 246 0487.
Israel: Rapac Electronics Ltd., TEL AVIV, ¢ Passive Components, SAN JOSE, CA,
Tel. (03) 6450 444, Fax. (03) 6491 007. Tel. (408) 570 5600, Fax. (408) 570 5700.
Italy: Philips Components S.r.l., MILANO, Yugoslavia (Federal Republic of): Philips Components, BELGRADE,
Tel. (02) 6752 2531, Fax. (02) 6752 2557. Tel. (0) 11 625 344/373, Fax. (0) 11 635 777
Japan: Philips Japan Ltd., TOKYO,
Tel. (0) 3 3740 5135, Fax. (0) 3 3740 5035. Internet: http://www.passives.comp.philips.com
Korea (Republic of): Philips Electronics (Korea) Ltd., SEOUL,

Tel. (02) 709 -1472, Fax. (02) 709 1480. For all other countries apply to: Philips Components,
: Marketing Communications, P.O. Box 218, 5600 MD EINDHOVEN,
The Netherlands, Fax. +31-40-2724 547.
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