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Main applications

Blocking, filtering, bypassing, timing, coupling, decoupling, general
applications in electronics. Low AC voltage motor running. Low power
switching applications. Low pulse operation

Dielectric
Polyester

Electrodes
Vacuum deposited metal layers

Coating
UL 510/ CSATIL I-26 polyester tape wrapping; UL 94 V-0 resin end fill
(flame retardant execution)

Construction
Extended metallized film (refer to General Technical Information).
Internal series connection for Ur>1000Vdc. Non inductive type

Terminals
Tinned copper wire (lead-free)

Reference standard
IEC 60384/16, IEC 60068, RoHS compliant

Climatic category
55/100/56 (IEC 60068/1), FMD (DIN 40040)

Operating temperature range (case)
-55°..+105°C

Nominal Capacitance (Cn) pF
1000pF to 100uF, in compliance with IEC 60063, E6 series. Refer to
article table

Capacitance tolerance (at 1kHz)
+10% (code=K), £5% (code=J), +20% (code=M). Other tolerances
upon request

Capacitance temperature coefficient
Refer to General Technical Information

Long term stability (at TkHz)
Capacitance variation < +2% after a period of 2 years at standard
environmental conditions

Rated voltage (Ur) (Vdc) at 85°C
50, 63, 100, 250, 400, 630, 1000, 1500 Vdc

Permissible AC voltage at 60Hz (Vac)
30, 40, 63, 160, 200, 220, 400, 440 Vac

Category voltage (Uc)
Uc=Ur at +85°C; Uc=0,8xUr at +100°C

Temperature derated voltage
ForT > +100°C, Ur must be decreased 1,25% for every °C exceeding
+100°C

Self inductance
< TnH/mm of capacitor and leads length used for connection

Maximum pulse rise time V/ps

Refer to article table. The pulse characteristic Ko depends on the
voltage waveform.In any case the value given in the article table must
not be exceeded

Dissipation factor (DF), max.
tgd x10*, measured at 25 +5°C

m Cn <0.1 pF 0.1uF<Cn<1pF Cn>1pF
80 80

1kHz 100
10kHz 150 150 -
100kHz 300 = =
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Insulation resistance (R )
Measured between terminals, at 25+°C, after 1 minute of

electrification at 100Vdc for Ur=100Vdc and 50Vdc for Ur<100Vdc

<100 <033 pF > 15000 MQ
> 100 <033 pF > 30000 MQ
<100 >0.33 pF >5000s
> 100 >0.33 pF > 10000 s

Test voltage between terminals (Ut)
1,6xUr (DC) applied for 2s at 25+5°C (1 minute for type test)

Damp heat test (steady state)
List of admitted high humidity and temperature tests (please refer to
paragraph C10 of the GTI)

a Damp heat test (steady state) not biased - [EC60068 YES
b Damp heat test (steady state) biased NO
- AEC Q-200 cockpit
Robustness under high humidity, Grade |l
-IEC 60384-17:2019
High robustness under high humidity, Grade llI NO
-1EC 60384-17:2019
Damp heat test (steady state) biased - 70/70/1000 NO
f Humidity load test, Test Cy, Severity Il - IEC 60068-2-67 NO
Humidity load test, Test Cy, Severity Il NO
- [EC 60068-2-67 and 85/85/1000 Level 1 - AEC Q-200

C NO

o

«Q

Performance:
Capacitance change < +5%
DF change < 0.0050 at 1kHz

R s = 50% of initial limit value

Endurance test

Test conditions:

Temperature= +100+2°C

Test duration=2000h

Voltage applied=1,25xUr(DC)
Performance:

Capacitance change < +5%

DF change < 0.0030 at 10kHz for Cn < TuF
DF change < 0.0020 at 1kHz for Cn > 1uF

Rs= 50% of initial limit value

Resistance to soldering heat test

Test conditions:

Solder bath temperature= +260+5°C
Dipping time (with heat screen)=10+1s
Performance:

Capacitance change < +2%

DF change < 0.0030 at 10kHz for Cn < TuF
DF change < 0.0020 at 1kHz for Cn > 1uF

R,s= 50% of initial limit value

Reliability (MIL HDB 217)
Application conditions:
Applied voltage= 0,5 x Ur(DC)
Temperature= +40+2°C
Failure rate: (1FIT=1x10" failures/components x hours)
< 5FIT for Ur < 100Vdc

< 3FIT for Ur > 100Vdc
Failure criteria (DIN44122):
Capacitance change > £10%
DF change > 2 x initial value
R ..< 0,005 x initial limit value

INS
Short or open circuit
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d MWR MWE
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= = = - 44.0 25 25 25 20

MWR article table (different values available upon request)

Voltage at +85°C Dimensions (mm) ICEL CODE™

Ur (Vdc) Urms (Vac) D -
50 30 1,5 7 13 0,6 9 900 MWR0504150*B
50 30 2,2 8 13 0,8 9 900 MWR0504220*B
50 30 33 8 19 0,8 6 600 MWR0504330*D
50 30 4,7 9 19 0,8 6 600 MWR0504470*D
50 30 6,8 10 19 0,8 6 600 MWR0504680*D
50 30 10 12 19 0,8 6 600 MWR0505100*D
63 40 0,22 5 13 0,6 11 1380 MWR0633220*B
63 40 0,33 5 13 0,6 11 1380 MWR0633330*B
63 40 0,47 55 13 0,6 11 1380 MWR0633470*B
63 40 0,68 6 13 0,6 1 1380 MWR0633680*B
63 40 0,68 6 19 0,6 7 880 MWR0633680*D
63 40 1 6,5 13 0,6 11 1380 MWR0634100*B
63 40 1 6,5 19 0,6 7 880 MWR0634100*D
63 40 1,5 8 19 0,8 7 880 MWR0634150*D
63 40 2,2 9 19 0,8 7 880 MWR0634220*D
63 40 2,2 8 27 0,8 5 630 MWR0634220*G
63 40 3,3 9 27 0,8 5 630 MWR0634330*G
63 40 4,7 10 27 0,8 5 630 MWR0634470*G
63 40 6,8 11,5 27 0,8 5 630 MWR0634680*G
63 40 6,8 11 32 0,8 4 500 MWR0634680*)
63 40 10 11,5 32 0,8 4 500 MWR0635100%)
63 40 15 13,5 32 0,8 4 500 MWR0635150*)
63 40 22 16,5 32 1 4 500 MWR0635220*)
63 40 33 22 32 1 4 500 MWR0635330%)
63 40 47 26 32 1 4 500 MWR0635470%)
63 40 47 21 44 1 4 500 MWR0635470*N
63 40 68 25,5 44 1 4 500 MWR0635680*N
63 40 100 30,5 44 1 4 500 MWR0636100*N
100 63 0,15 5 13 0,6 12 2400 MWR1103150*B
100 63 0,22 55 13 0,6 12 2400 MWR1103220%*B
100 63 0,33 6 13 0,6 12 2400 MWR1103330*B
100 63 0,47 6,5 13 0,6 12 2400 MWR1103470*B
100 63 0,68 7 13 0,6 12 2400 MWR1103680*B
100 63 0,68 6 19 0,6 9 1800 MWR1103680*D
100 63 1 7 19 0,8 9 1800 MWR1104100*D
100 63 1,5 8,5 19 0,8 9 1800 MWR1104150*D
100 63 1,5 7,5 27 0,8 6 1200 MWR1104150*G
100 63 2,2 9,5 19 0,8 9 1800 MWR1104220*D
100 63 2,2 8,5 27 0,8 6 1200 MWR1104220*G
100 63 3,3 9,5 27 0,8 6 1200 MWR1104330*G

M Change the * symbol with the needed capacitance tolerance code: J=£5%, K=+10%, M=+20%
@ Not suitable for across the line application
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Voltage at +85°C (@) Dimensions (mm) du/dt ICEL CODE™
Ur (Vdc) Urms (Vac) uF V/us -
100 63 4,7 11,5 27 0,8 6 1200 MWR1104470*G
100 63 4,7 10 32 0,8 4 800 MWR1104470*J
100 63 6,8 12 32 0,8 4 800 MWR1104680*J
100 63 10 14,5 32 0,8 4 800 MWR1105100*J
100 63 15 18 32 1 4 800 MWR1105150*J
100 63 22 21,5 32 1 4 800 MWR1105220*J
100 63 22 19 44 1 4 800 MWR1105220*N
100 63 33 22,5 44 1 4 800 MWR1105330*N
100 63 47 26,5 44 1 4 800 MWR1105470*N
100 63 68 32 44 1 4 800 MWR1105680*N
250 160 0,068 45 13 06 25 12500 MWR1252680*B
250 160 0,1 5 13 0,6 25 12500 MWR1253100*B
250 160 0,15 6 13 0,6 25 12500 MWR1253150*B
250 160 0,22 7 13 0,6 25 12500 MWR1253220*B
250 160 0,33 6 19 0,6 18 9000 MWR1253330*D
250 160 0,47 7,5 19 0,8 18 9000 MWR1253470*D
250 160 0,68 8,5 19 0,8 18 9000 MWR1253680*D
250 160 0,68 7.5 27 0,8 10 5000 MWR1253680*G
250 160 1 8,5 27 0,8 10 5000 MWR1254100*G
250 160 1,5 10,5 27 0,8 10 5000 MWR1254150*G
250 160 2,2 13 27 0,8 10 5000 MWR1254220*G
250 160 2,2 11,5 32 0,8 6,5 3250 MWR1254220*J
250 160 3,3 13,5 32 0,8 6,5 3250 MWR1254330*J
250 160 4,7 16 32 0,8 6,5 3250 MWR1254470*)
250 160 6,8 19 32 1 6,5 3250 MWR1254680*J
250 160 10 23 32 1 6,5 3250 MWR1255100*J
250 160 10 20 44 1 6,5 3250 MWR1255100*N
250 160 15 24 44 1 6,5 3250 MWR1255150*N
250 160 22 28,5 44 1 6,5 3250 MWR1255220*N
250 160 33 35 44 1 6,5 3250 MWR1255330*N
400 200 0,022 4,5 13 0,6 40 32000 MWR1402220*B
400 200 0,033 5 13 0,6 40 32000 MWR1402330*B
400 200 0,047 55 13 0,6 40 32000 MWR1402470*B
400 200 0,068 6,5 13 0,6 40 32000 MWR1402680*B
400 200 0,1 7.5 13 0,8 40 32000 MWR1403100*B
400 200 0,1 6 19 0,6 25 20000 MWR1403100*D
400 200 0,15 7,5 19 0,8 25 20000 MWR1403150*D
400 200 0,22 9 19 0,8 25 20000 MWR1403220*D
400 200 0,22 7.5 27 0,8 14 11200 MWR1403220*G
400 200 0,33 8,5 27 0,8 14 11200 MWR1403330*G
400 200 0,47 10 27 0,8 14 11200 MWR1403470*G
400 200 0,68 12 27 0,8 14 11200 MWR1403680*G
400 200 0,68 10 32 0,8 10 8000 MWR1403680*J
400 200 1 12 32 0,8 10 8000 MWR1404100*J
400 200 1,5 15 32 0,8 10 8000 MWR1404150*J
400 200 2,2 18 32 1 10 8000 MWR1404220%*)
400 200 33 22 32 1 10 8000 MWR1404330*J
400 200 3,3 18,5 44 1 10 8000 MWR1404330*N
400 200 4,7 21,5 44 1 10 8000 MWR1404470*N
400 200 6,8 26 44 1 10 8000 MWR1404680*N
400 200 10 31,5 44 1 10 8000 MWR1405100*N

M Change the * symbol with the needed capacitance tolerance code: J=+5%, K=+10%, M=+20%
@ Not suitable for across the line application
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Voltage at +85°C (@) Dimensions (mm) du/dt K ICEL CODE™

0

Ur (Vdc) Urms (Vac) uF V/us V3/ps -
630 220@ 0,01 4,5 13 0,6 60 75600 MWR1632100*B
630 220 @ 0,015 5 13 0,6 60 75600 MWR1632150*B
630 220@ 0,022 6 13 0,6 60 75600 MWR1632220*B
630 220@ 0,033 6,5 13 0,6 60 75600 MWR1632330*B
630 220@ 0,047 6 19 0,6 35 44100 MWR1632470*D
630 220@ 0,068 7 19 0,8 35 44100 MWR1632680*D
630 220@ 0,1 9 19 0,8 35 44100 MWR1633100*D
630 220@ 0,1 7.5 27 0,8 20 25200 MWR1633100*G
630 220@ 0,15 8,5 27 0,8 20 25200 MWR1633150*G
630 220 @ 0,22 10,5 27 0,8 20 25200 MWR1633220*G
630 220@ 0,33 12,5 27 0,8 20 25200 MWR1633330*G
630 220@ 0,33 11 32 0,8 14 17600 MWR1633330*J
630 220@ 0,47 13 32 0,8 14 17600 MWR1633470*J
630 220@ 0,68 15,5 32 0,8 14 17600 MWR1633680*J
630 220@ 1 18,5 32 1 14 17600 MWR1634100*J
630 220@ 1,5 22,5 32 1 14 17600 MWR1634150*J
630 220@ 2,2 22,5 44 1 14 17600 MWR1634220*N
630 220@ 33 27,5 44 1 14 17600 MWR1634330*N
630 220@ 4,7 32,5 44 1 14 17600 MWR1634470*N
1000 400 @ 0,0047 5 13 0,6 80 160000 MWR2101470*B
1000 400 @ 0,0068 55 13 0,6 80 160000 MWR2101680*B
1000 400 @ 0,01 55 13 0,6 80 160000 MWR2102100*B
1000 400 @ 0,015 6,5 13 0,6 80 160000 MWR2102150*B
1000 400 @ 0,022 6,5 19 0,6 40 80000 MWR2102220*D
1000 400 @ 0,033 7,5 19 0,8 40 80000 MWR2102330*D
1000 400 @ 0,047 9,5 19 0,8 40 80000 MWR2102470*D
1000 400 @ 0,047 7.5 27 0,8 33 66000 MWR2102470*G
1000 400 @ 0,068 9 27 0,8 33 66000 MWR2102680*G
1000 400 @ 0,1 10 27 0,8 33 66000 MWR2103100*G
1000 400 @ 0,15 12,5 27 0,8 33 66000 MWR2103150*G
1000 400 @ 0,15 10,5 32 0,8 20 40000 MWR2103150*J
1000 400 @ 0,22 12,5 32 0,8 20 40000 MWR2103220*J
1000 400 @ 0,33 15 32 0,8 20 40000 MWR2103330*J
1000 400 @ 0,47 17,5 32 1 20 40000 MWR2103470*J
1000 400 @ 0,68 20,5 32 1 20 40000 MWR2103680*J
1000 400 @ 1 25 32 1 20 40000 MWR2104100%*J
1000 400 @ 1,5 25 44 1 20 40000 MWR2104150*N
1000 400 @ 2,2 30 44 1 20 40000 MWR2104220*N
1500 440 @ 0,001 4,5 13 0,6 90 270000 MWR2151100*B
1500 440 @ 0,0015 4,5 13 0,6 90 270000 MWR2151150*B
1500 440 @ 0,0022 5 13 0,6 90 270000 MWR2151220*B
1500 440 @ 0,0033 55 13 0,6 90 270000 MWR2151330*B
1500 440 @ 0,0047 6 13 0,6 90 270000 MWR2151470*B
1500 440 @ 0,0068 7 13 0,6 90 270000 MWR2151680*B
1500 440 @ 0,01 7.5 13 0,8 90 270000 MWR2152100*B
1500 440 @ 0,015 7 19 0,8 50 150000 MWR2152150*D
1500 440 @ 0,022 8 19 0,8 50 150000 MWR2152220*D
1500 440 @ 0,033 9,5 19 0,8 50 150000 MWR2152330*D
1500 440 @ 0,047 9 27 0,8 40 120000 MWR2152470*G
1500 440 @ 0,068 10,5 27 0,8 40 120000 MWR2152680*G
1500 440 @ 0,1 1 32 0,8 25 75000 MWR2153100*J

M Change the * symbol with the needed capacitance tolerance code: J=+5%, K=+10%, M=+20%
@ Not suitable for across the line application
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Voltage at +85°C Cn Dimensions (mm) du/dt K, ICEL CODE™
Ur (Vdc) Urms (Vac) uF D L d V/us V?/us -
13 32 0,8 25

1500 440 @ 0,15 75000 MWR2153150%)
1500 440 @ 0,22 15,5 32 0,8 25 75000 MWR2153220%)
1500 440 @ 0,33 18,5 32 1 25 75000 MWR2153330%)
1500 440 @ 0,47 22 32 1 25 75000 MWR2153470%)
1500 440@ 0,68 22 44 1 25 75000 MWR2153680*N
1500 440 @ 1 26 44 1 25 75000 MWR2154100*N
1500 440 @ 1,5 31,5 44 1 25 75000 MWR2154150*N

M Change the * symbol with the needed capacitance tolerance code: J=£5%, K=+10%, M=+20%
@ Not suitable for across the line application
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MWEF article table (different values available upon request)

Voltage at +85°C Cn Dimensions (mm) du/dt K, ICEL CODE™
Ur (Vdc) Urms (Vac) uF V/us V3/us -
63 40 1,5 7 880 MWF0634150*D
63 40 2,2 5 630 MWF0634220*G
63 40 3,3 6 10,5 27 0,6 5 630 MWF0634330*G
63 40 47 6,5 11,5 27 0,8 5 630 MWF0634470*G
63 40 6,8 7 11,5 32 0,8 4 500 MWF0634680%)
63 40 10 8 14,5 32 0,8 4 500 MWF0635100%)
63 40 15 10,5 16,5 32 0,8 4 500 MWF0635150%)
63 40 22 13 20 32 0,8 4 500 MWF0635220%)
63 40 33 15,5 25,5 32 0,8 4 500 MWF0635330%)
100 63 1 5 9 19 0,6 9 1800 MWEF1104100*D
100 63 1,5 55 1" 19 0,6 9 1800 MWF1104150*D
100 63 2,2 55 1 27 0,6 6 1200 MWF1104220*G
100 63 3,3 7 12 27 0,8 6 1200 MWF1104330*G
100 63 4,7 7 12,5 32 0,8 4 800 MWEF1104470%)
100 63 6,8 8,5 15 32 0,8 4 800 MWF1104680%)
100 63 10 10,5 17 32 0,8 4 800 MWF1105100%)
100 63 15 12 22 32 0,8 4 800 MWF1105150%)
100 63 22 12 22 44 0,8 4 800 MWF1105220*N
100 63 33 16 26 44 1 4 800 MWF1105330*N
100 63 47 20 30 44 1 4 800 MWF1105470*N
250 160 0,47 55 10 19 0,6 18 9000 MWF1253470*D
250 160 0,68 55 10 27 0,6 10 5000 MWF1253680*G
250 160 1 6,5 1 27 0,6 10 5000 MWF1254100%G
250 160 1,5 7,5 12,5 27 0,8 10 5000 MWF1254150*G
250 160 2,2 8,5 14 32 0,8 6,5 3250 MWF1254220%)
250 160 33 10 16,5 32 08 6,5 3250 MWF1254330%)
250 160 4,7 12 19 32 0,8 6,5 3250 MWF1254470%)
250 160 6,8 15 22 32 0,8 6,5 3250 MWF1254680%)
250 160 10 14 24 44 0,8 6,5 3250 MWF1255100*N
250 160 15 18 28 44 1 6,5 3250 MWF1255150*N
400 200 0,15 5 9 19 0,6 25 20000 MWF1403150*D
400 200 0,22 6 1 19 0,6 25 20000 MWF1403220*D
400 200 0,33 6 " 27 0,6 14 11200 MWF1403330*G
400 200 0,47 6,5 12 27 0,6 14 11200 MWF1403470*G
400 200 0,68 8 14,5 27 0,8 14 11200 MWF1403680*G
400 200 1 9 15,5 32 08 10 8000 MWF1404100%)
400 200 1,5 11,5 18 32 0,8 10 8000 MWF1404150%)
400 200 2,2 14 21 32 0,8 10 8000 MWF1404220%)
400 200 33 14 21,5 44 0,8 10 8000 MWF1404330*N
400 200 47 16 26 44 1 10 8000 MWF1404470*N
400 200 6,8 20 30 44 1 10 8000 MWF1404680*N
630 220@ 0,068 5 9 19 0,6 35 44100 MWF1632680*D
630 220@ 0,1 6 1 19 0,6 35 44100 MWF1633100*D
630 220 @ 0,15 6 11 27 0,6 20 25200 MWF1633150*G
630 2202 0,22 7,5 13 27 0,8 20 25200 MWF1633220*G
630 220@ 0,33 7,5 14 32 0,8 14 17600 MWF1633330%)
630 220@ 0,47 10 16 32 0,8 14 17600 MWF1633470%)
630 220@ 0,68 12 19 32 0,8 14 17600 MWF1633680%)
630 220@ 1 14,5 21,5 32 0,8 14 17600 MWF1634100%)

M Change the * symbol with the needed capacitance tolerance code: J=£5%, K=+£10%, M=+20%
2 Not suitable for across the line application
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Voltage at +85°C (@) Dimensions (mm) du/dt K ICEL CODE™

0

Ur (Vdc) Urms (Vac) uF V/us V2/us -
630 220@ 1,5 14 17600 MWF1634150*N
630 220 @ 2,2 17 26,5 44 1 14 17600 MWF1634220*N
630 220 @ 3,3 21,5 31 44 1 14 17600 MWF1634330*N
1000 400 @ 0,033 4,5 9,5 19 0,6 40 80000 MWF2102330*D
1000 400 @ 0,047 55 10,5 19 0,6 40 80000 MWF2102470*D
1000 400 @ 0,068 55 10 27 0,6 33 66000 MWF2102680*G
1000 400 @ 0,1 6,5 12 27 0,8 33 66000 MWF2103100*G
1000 400 @ 0,15 6,5 13 32 0,8 20 40000 MWF2103150%)
1000 400 @ 0,22 8,5 15 32 0,8 20 40000 MWF2103220%)
1000 400 @ 0,33 1" 17,5 32 0,8 20 40000 MWF2103330%)
1000 400 @ 0,47 13,5 21 32 0,8 20 40000 MWF2103470%)
1000 400 @ 0,68 16 23 32 1 20 40000 MWF2103680%)
1000 400 @ 1 15 25 44 1 20 40000 MWF2104100*N
1000 400 @ 1,5 19 29 44 1 20 40000 MWF2104150*N
1500 440 @ 0,015 5 9 19 0,6 50 150000 MWF2152150*D
1500 440 @ 0,022 6 10,5 19 0,6 50 150000 MWF2152220*D
1500 440 @ 0,033 55 9,5 27 0,6 40 120000 MWF2152330*G
1500 440 @ 0,047 6 11 27 0,6 40 120000 MWEF2152470*G
1500 440 @ 0,068 7 12,5 27 0,8 40 120 MWF2152680*G
1500 440 @ 0,1 7 13 32 0,8 25 75000 MWF2153100%)
1500 440 @ 0,15 9,5 16 32 0,8 25 75000 MWF2153150%)
1500 440 @ 0,22 11,5 18,5 32 0,8 25 75000 MWF2153220%)
1500 440 @ 0,33 14,5 21,5 32 0,8 25 75000 MWF2153330%)
1500 440 @ 0,47 14 21 44 0,8 25 75000 MWF2153470*N
1500 440 @ 0,68 16 26 44 1 25 75000 MWF2153680*N
1500 440 @ 1 20 30 44 1 25 75000 MWF2154100*N

M Change the * symbol with the needed capacitance tolerance code: J=+5%, K=+10%, M=+20%
@ Not suitable for across the line application
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Permissible AC voltage versus frequency (sinusoidal waveform) for AT=+10°C
Referred to the largest length execution among available ones
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A-Capacitor design and construction

A1-Film-foil capacitors

A2-Metallized film capacitors / Segmented metallization design
A3-Self-healing

A4-Mixed film-foil and metallized film capacitor technology
A5-Dielectrics

A6-Capacitors winding

A7-Capacitors assembling and testing

B-Technical Terms (reference standards: EN, IEC, CECC and DIN normative) and general technical data
B1-Nominal Capacitance (C, or Cn)

B2-Capacitance Tolerance

B3-Temperature Coefficient of Capacitance (a)

B4-Long Term Stability

B5-Rated Voltage (U, or Ur; Urms; U ; U
B6-Category Voltage (U )
B7-Temperature De-rated Voltage
B8-Superimposed AC Voltage
B9-Permissible AC Voltage up to 60Hz
B10-Test Voltage between terminals (Ut)

B11-Test Voltage between terminals and case (Utc)

B12-Non Recurrent Surge Voltage (Upk) and Recurrent Peak Voltage (Upkr)

B13-Rated Ripple Current (Ir)

B14-Rated r.m.s. Current (Irms)

B15-Max. Repetitive Peak Current (Ipeak)

B16-Max. Non Repetitive Peak Current (Ipk)

B17-Category Temperature Range

B18-Lower Category Temperature (T,) and Upper Category Temperature (T,)

B19-Rated Temperature (T,)

B20-Ambient Temperature (Bamb or Tamb)

B21-Rated Pulse Load, Pulse Rise Time (du/dt) and Waveform Energy Content (K )

B22-Equivalent Series Resistance (ESR)

B23-Dissipation Factor (tgd or DF)

B24-Impedance (2)

B25-Power Dissipation and Thermal Resistance (Rth)

B26-Self Inductance (L) and Resonant Frequency (f )

B27-Insulation Resistance (R ) and Time Constant (t)

B28-Test Categories (reference: [EC60068-1)

B29-Permitted Temperature and Humidity (reference: DIN40040)

B30-Solder conditions for capacitors on printed circuit boards; terminals RoHS compliance

B31-Dimensions, tolerances, terminals position and centering, lugs screws fixing torque and connection modes
B32-Standard Environmental Conditions for Test

B33-Typical curves

B34-Reference Reliability and Failure Rate (\)

B35-Life Expectancy (Le)

B36-EN60252-1 normative Life Expectancy Classes

B37-Taping specification for axial capacitors

B38-E series according to DIN41426 and IEC60063 (preferred capacitance values)

N DC)

C-Application notes, operation and safety conditions
C1-Voltage applied and ionization effects

C2-Pulse applications

C3-Noises produced by capacitors
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C4-Permissible current

C5-Operating temperature (T )

C6-Components fitting on PCBs and arrangement in equipment layout

C7-Vibrations and mechanical shocks

C8-Connections

C9-Across the line and interference suppression applications (class X and Y caps.)
C10-Special working conditions:

- Humid ambient (high temperature and high humidity operation)

- Sealing resins

- Immersion in oils-liquids

- Adhesive curing

- Rapid mould growth, corrosive atmosphere and ambient with a high degree of pollution
- Operating altitude

- Other unusual service conditions

C11-Materials flame retardancy, RoHS, REACH, Conflicts Free Minerals normative and regulations compliance
C12-Safety warnings for capacitors usage in power equipment

D-Storage conditions and Standard environmental conditions

E-Printing and production date codes; resistance to solvents

F-General Warning (general rules and indications for problems and failures management or rejections)
G-Updating and validity of product specifications; general data and information

H-Application Data Questionnaire

I-Capacitors selection guide; application matrix

IMPORTANT:
information and data contained in the chapter “General technical information’, are a completing part of the
single series specifications. The series specifications are completed with the data given in the “General Technical
Information” chapter.

Data and characteristics shown in this catalogue are subjected to modifications without notice.

Always refer to ICEL S.r.l. web site, www.icel.it for products updated characteristics, last revision specifications,
general data and information, products certifications and news.
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A-Capacitor design and construction
Plastic film capacitors can be subdivided into two main groups on the base of their construction: film-foil capacitors and metallized film capacitors.
The combination of these two technologies brings to a third group of capacitors, which gets the advantages of both the above groups.

A1- Film-foil capacitors

Typical film-foil capacitor consists of two metal foil electrodes with a plastic film between them, used as dielectric.

Metal foils thickness is typically 5 to 9um and the plastic film must be thick enough to guarantee the necessary capacitor reliability in terms of
voltage withstanding and long-term performances and reliability.

Film-foil capacitors, being not able to self-heal (refer to related paragraph A-3) usually need a dielectric thickness higher than the one of metallized
film capacitors, having the same voltage ratings.

It means that, considering the same dielectric type, capacitance and voltage rating, the typical dimensions of the film-foil capacitors are larger than
metallized film capacitors ones.

The presence of metal foil electrodes ensures high insulation resistance, very good capacitance stability, low losses even at high frequency,
excellent pulse handling capability and high current withstanding.

Film-foil capacitors don't have self-healing properties.

A2- Metallized film capacitors / Segmented metallization design

In metallized film capacitors, the metal electrodes are vacuum deposited directly onto the dielectric film surface.

The different metal alloys, their shape and the thickness of the metal layer influence in a relevant way the characteristics, behavior, performances,
energy density and typical usage destination of the capacitors.

The outstanding advantage of metallized film capacitor technology is the self-healing property.

The extremely thin metal layer obtainable (typical thickness from 0.02 to 0.05um for “flat” metallization) and the availability of low thickness
dielectric films allow the production of capacitors with smaller dimensions than film-foil ones, having the same voltage rating.

The contacting of metallized film capacitors is made by spraying metal alloys onto the windings face ends and then welding the terminals on those
metal sprayed areas.

This ensures a low inductance and low loss characteristics.

Metallized film capacitors do not typically guarantee high pulse withstanding capability.

Nevertheless, a medium-high pulse handling capability can be reached with metallized film technology, using special films having metallization
with reinforced contact edges and particular metal alloys, or adopting inner series connection design.

Special metallization design, like slope profile (variable R, metallization thickness and metal alloy combination along the film width) can be used
to obtain high energy density, high performances and special characteristics, focused on particular application needs.

The segmented metallization design of the metal layer over the dielectric, is shaped in a way to allow small part of it to be isolated in case of local
short circuit or breakdown. The aim is to obtain the restoring of the full functionality of the unit with a negligible loss of capacitance, restraining
the propagation of the energy involved in the clearing to other sections of the winding. This prevents the possibility of dangerous failures which
may cause the destruction of the components and of the equipment where they are used, with smoke, fire and explosion danger. This might be
especially critical when several units are connected in parallel to obtain high-energy and high-capacitance banks. In case of particularly stressing
operating conditions or overstresses, it may results in clearings taking place with the energy of the full capacitors’ bank discharging through
the clearing point (localized overload risk). For this reason, in such layout conditions, the segmented executions versions should be taken in
consideration. However this theoretically higher safety level implies a lower volumetric efficiency, a possible increase of the Equivalent Series
Resistance (ESR) and of the related Dissipation Factor (DF), with respect to a comparable not segmented metallization (see the related picture).
Also the Irms max. ratings are correspondingly slightly decreased. The latter considerations depend also on the design of the segmented pattern,
which is typically related to the foreseen application.

A3- Self-healing

Self-healing (or clearing) process consists in the removal of imperfections, pin holes and dielectric film flaws which can cause permanent voltage
breakdowns when voltage is applied to t he capacitor.

The electric arc which takes place with breakdown, evaporates and changes the characteristics of the surface metallized area around the fault,
insulating the defect: the capacitor almost instantaneously regains its full operation ability.

The time necessary for self-healing process is usually less than a few ps and the electric arc occurs only if the necessary energy is available either
as charge energy or as external energy.

Self-healing occurs only occasionally, thanks to the capacitor design (film metallization characteristics, dielectric film thickness and films disposal and
combination in the winding) even when the maximum voltage allowed is continuously applied to the capacitor up to the higher temperature limit.
Moreover, only fractions of the total energy stored in the capacitor are dissipated during the self-healing process, therefore the related voltage
drop remains low, unless potentially critical operative and layout conditions are present. Please refer to point A2.

When prescribed by approval normative, capacitors having self-healing characteristic are printed with “SH” or “#” symbol.

For segmented metallization design, please refer to paragraph A2.

Ed. 04 Rev. 04 0.3 10.2021



IE[ General technical information

Clearing Area Breakdown channel Interrupted gates

A

a and b: not segmented metallization;
cand d: examples of segmented metallization.
Effects of clearing on the two different film metallization designs.

A4- Mixed film-foil and metallized film capacitor technology

The combination of film-foil and metallized film technology typically offers the advantages of the two above described types, obtaining self-
healing property, high current and pulse capability and low losses with extended frequency ranges.

On the base of the foreseen application and needed capacitors characteristics, metal foils electrodes can be replaced by double side metallized
films and some types also cover high voltage ranges thanks to a particular inner structure design.

Since these kinds of capacitors maintain the self-healing capability, they are conventionally classified among metallized film capacitors.

A5- Dielectrics

Many different materials and plastic films may be used as a dielectric. The main dielectrics used in ICEL S.r.l. products are:
Polyester

Polypropylene

(Polycarbonate is no more available / in use: EXPIRED SERIES - NOT FOR NEW DESIGN)

The use of different dielectrics gives different characteristics, performances and behavior to the capacitors: different dielectric types are adopted
as a function of the design needs and foreseen application characteristics.

Different types of the same general film type are available, having different characteristics and allowing different performance levels (for example
different temperature grade polypropylene films).

A comparison of the main, average characteristics of the above plastic film dielectrics is shown in the following table:

Comparative table of plastic film dielectric main characteristics (typical values)

Characteristic Polyester Polycarbonate Polypropylene Polystyrene
Relative dielectric constant (25°C, TkHz) 33 2.8 2.2 2.5
Max. working temperature (°C) 125 125 105 (+115)* 70
Loss factor (x10-4, at TkHz; at 100kHz), typical 50; 180 10; 100 2;3 2;3
Insulation resistance (MQ x uF, +20°C) >30 > 50 > 300 > 300
Temperature coefficient (ppm/°C) - +150 -200 -150
Dielectric strength (V/um), typical 250 180 350-+400 150
Water absorption (% in weight), typical 0.2 0.3 <0.01 0.1
Density (g/cm?), typical 1.39 1.21 0.91 1.05

*Special base film and execution for high temperature applications
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A6- Capacitors winding

Capacitive elements are obtained rolling together a stated number of different types of films (plain and metallized) and metal foils, having
characteristics, arrangement and sequence function of design targets, obtaining cylindrical rolls called windings (in the following examples, it is
shown 2 sections inner series connection scheme only but, depending on design, sections can be many more).

Extended metallized film design Extended metallized film design
with internal series connection
(series connection of 2 elements)

Extended foil design with internal series
connection and metallized film
(series connection of 2 elements)

Extended double side metallized
carrier film design

Extended foil design Extended double side metallized carrier
film design with internal series
connection and metallized film

(series connection of 2 elements)
= Plain film (dielectric/ protection)

s |Vietal foil (electrodes) e— Double side metallized film
(electrodes)

Single side metallized film

e
( dielectric+electrodes) |:| Sprayed metal head contact
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A7- Capacitors assembly and testing

The capacitive windings are submitted to thermal treatments, heads contact spraying and then are submitted to 100% clearing and electrical
parameters pre-testing.

The windings can be flattened (getting oval transverse section), in order to obtain axial or dipped units having specified dimensions or to be inserted
in box. After the terminals welding, the units are finished in accordance with specifications (wrap and fill, dipped, sealed in box style and so on).
Additional 100% or statistical checks are executed at different points of the production cycle to guarantee the materials and capacitors conformity
with specifications.

At the end of the production cycle, capacitors are submitted to final tests (100% of the production, net of exceptions) and printing, in accordance
with reference standards and applicable approval normative.

Then they are packed for shipment or storage.

ICEL S.rl. Quality Assurance system is in conformity with ISO9001 normative (please refer to ICEL S.r.l. web site www.icel.it for details and current
approval state and additional certifications availability).

B-Technical terms (reference standards: EN, IEC, CECC and DIN normative; for other applicable references please refer to the single type
specification) and general technical data

B1- Nominal Capacitance (C or Cn)

It is the capacitance value for which the capacitor has been designed.

If not differently specified, it is typically measured at TkHz £20% at a max. testing voltage 3% of the rated voltage or 5V (whichever is the lowest),
at 20°+5°C.

Capacitance rated values are typically graded in accordance with E series (refer to E series table; paragraph B38).

B2- Capacitance Tolerance

It is the maximum admitted deviation from the nominal capacitance value Cn, measured at 20+5°C. It is expressed in % or with related tolerance
letter codes.

Preferred tolerance values and correspondent letter codes are:

+1%=F; £1.25%=A; £2%= G; £2.5%= H; £3%=|; £5%= J; £10%=K; £20%= M
M letter code may not appear in units printing. In this case the capacitance tolerance is assumed as +20% by default.

B3- Temperature Coefficient of Capacitance (a)

Applies mainly to capacitors of which the reversible variation of capacitance as function of temperature is linear or approximately linear and can
be expressed with a certain precision.

It is the rate of change with temperature measured over a specified temperature range within the category temperature range. It is normally
expressed in parts per million per degree Celsius (10-6/°C) referred to 20°C and shall be calculated as follows:

G =G
Co(6; = 6o)
C,= capacitance measured at 20+2°C
q,=20+2°C
C,= capacitance measured at g,

i

q,= temperature measured on test

a;

B4- Long Term Stability
It is the maximum irreversible capacitance change after a period of 2 years at standard environmental conditions (refer to “Storage conditions and
Standard environmental conditions”; paragraph D).

B5- Rated Voltage (U, or Ur; Urms; U ;U )

The rated voltage is the voltage for which the capacitor has been designed.

It is the maximum direct voltage (U,) or the maximum r.m.s. (Urms) alternating voltage or peak value of pulse voltage which may be continuously
applied to a capacitor at the rated temperature T, and at any temperature between the lower category temperature T, and the rated temperature T,
(unless other declared limitations or otherwise stated in reference specifications).

For capacitors for power applications it might be used also,

U,: maximum operating peak voltage of either polarity of a reversing type waveform for which the capacitor has been designed

U, .- maximum operating peak voltage of either polarity but of a non-reversing type waveform, for which the capacitor has been designed, for

NDC*
continuous operation.

Important: always refer to what indicated at type specifications about the applicable voltages values and waveforms applicable and allowed.

B6- Category Voltage (U )
Itis the maximum voltage that can be applied continuously to a capacitor at its upper category temperature T,.

B7- Temperature De-rated Voltage

Itis the maximum voltage that may be applied continuously to a capacitor, when it is at any temperature between the rated temperature T, and
the upper category temperature T,
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B8- Superimposed AC Voltage
When alternating voltage is present, the working voltage of the capacitor is the sum of the direct voltage and the peak alternating voltage. This sum
shall not exceed the rated voltage value, unless differently specified.

B9- Permissible AC Voltage up to 60Hz

It is the pure sine wave voltage that may be applied to the capacitor at a frequency up to 60Hz. The dissipated power and currents must be
considered in case of operation at higher frequency. The AC rated voltages stated for each series refer to an operating frequency of 50+60Hz
and sinusoidal waveforms (no transient voltages). The permissible AC voltage at frequency over 60Hz, under sinusoidal waveforms, can be
obtained from the AC voltage versus frequency graphs of each capacitor series. If not differently specified, the graphs are referred to an estimated
typical capacitor temperature rise from the ambient temperature of +10°C.

Warning: even if the permissible AC voltage covers the lines voltage range, standard film capacitors are basically not suitable for operation in direct
connection to public power networks. Unless not specified and if not approved in accordance with related applicable normative, capacitors cannot
be used as class X or class Y units.

B10- Test Voltage between terminals (Ut)
Itis the specified voltage value that may be applied for a specified time to the capacitor to test its dielectric strength. The occurrence of self-healing
during the application of test voltage is typically permitted for metallized film capacitors.

Warning: unless differently specified, many capacitors connected in parallel or self-healing capacitor connected in parallel with other capacitors
types should not be tested without using adequate limiting discharging devices and care. Discharging or protecting devices are necessary to
prevent the rapid dissipation of the complete energy of the capacitors bank at the breakdown and clearing point, in case of self-healing, which
can cause the damage (even hidden, not visible or immediately detectable) or destruction of the self-healing capacitor. This must be taken in
consideration when making voltage proofs and high voltage tests prescribed by relevant normative on equipment where several connected
together capacitors are used.

B11- Test Voltage between terminals and case (Utc)
It is the specified voltage value (insulation voltage) that may be applied for a specified time to the capacitor between its terminals and case to test
insulation characteristics of its external protection. The occurrence of breakdown or discharge during the application of test voltage is not admitted.

B12- Non Recurrent Surge Voltage (Upk) and Recurrent Peak Voltage (Upkr)

Upk is the maximum non recurrent peak DC voltage that may be applied to the capacitor for a limited number of times and for a short period. The
application of voltage higher than Upk may result in premature dielectric failure, capacitors damage and reliability reduction. Upkr is the maximum
recurrent peak DC voltage that may be applied, under specified conditions, during the life of the capacitor.

B13- Rated Ripple Current (Ir)
It is the rm.s. current value of the maximum allowable alternating current of a specified frequency at which the capacitor can be operated
continuously at a specified temperature.

B14- Rated r.m.s. Current (Irms)
It is the highest permissible r.m.s. value of the continuous current flowing through the capacitor at the specified max. case temperature,
corresponding to a specified T rise with respect to the ambient temperature, and within an allowed frequency range. Upon sinusoidal conditions

Irms =w x C x Urms
(w=2xmxf)

Unless differently specified, the typical reference ambient temperature (Bamb or Tamb) is +70°C for power capacitors. If not differently indicated
in the reference specifications, the Irms of the power series must be typically de-rated in relation to the ambient temperature according to the
following graph (for the derating due to skin effect in case of short duration of peak current refer to correspondent graph; paragraph C2):

Max rms Current versus temperature (power capacitors)
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B15- Max. Repetitive Peak Current (Ipeak)
It is the maximum value of the repetitive peak current that can be applied to the capacitor. Refer to Pulse Rise Time (du/dt) and Waveform Energy
Content (K ); paragraph B21.

B16- Max. Non Repetitive Peak Current (Ipk)
It is the maximum non recurrent peak current that may be applied to the capacitor for a limited number of times and for a short period. The appli-
cation of higher peak currents than Ipk may damage the capacitor permanently, even in a not immediately visible and detectable way.

B17- Category Temperature Range
Itis the range of temperature for which the capacitor has been designed to operate continuously.
Itis defined by the temperature limits of the appropriate category (between T, and T, at rated voltage; up to T, at de-rated voltage).

B18- Lower Category Temperature (T,) and Upper Category Temperature (T,)
Itis the minimum and the maximum ambient temperature for which the capacitor has been designed to operate continuously (betweenT, and T,
at rated voltage; up to T, at de-rated voltage).

B19- Rated Temperature
It is the maximum ambient temperature at which the rated voltage may be continuously applied.

B20- Ambient Temperature (Bamb or Tamb)
It is the temperature in the immediate surrounding of the capacitor and it is identical with the body surface (case) temperature of the unloaded
capacitor.

B21- Rated Pulse Load, Pulse Rise Time (du/dt) and Waveform Energy Content (K )

The Rated Pulse Load is the maximum pulse load that can be applied at a certain pulse repetition frequency to the terminations of a capacitor at
any temperature between T, and T,.

The pulse rise time is the slope of voltage wave shape during charging or discharging of the capacitor and it is expressed in V/us. The maximum
pulse rise time value is typically referred to the rated voltage of the capacitor.

The current loading correspondent to the pulse rise time value is:
Ipeak = Cyx du/dt
Ipeakin A, C, in uF, du/dtin V/us.

The peak current flowing through the capacitor, causes a localized heating of the contact area in the capacitor, due to contact resistance between
terminals - metal sprayed on the winding heads - electrodes of the winding (winding film contact edges or metal foils).
Note: the contacts localized heating extend to the entire capacitor body, when the pulse stress is repetitive and constantly applied.

The energy W involved in the heating can be obtained by the formula

W= f Ipeak? - R; - dt

R.=inner resistance

The energy content of the 