






































CAPACITORS PREFERRED
AND RESISTORS NUMBER SERIES

The figures given in the tables below, and their decimal multiples and submultiples,
are the series of preferred values for Mullard capacitors and resistors, in accord-
ance with BS2488 and IEC publication 63.

E6: 10 15 22 33 47 68
E12: 10 12 15 18 22 27 33 39 47 56 68 82
E24: 10 11 12 13 15 16 18 20 22 24 27 30

33 36 39 43 47 51 56 62 68 75 82 91

E%: 100 102 105 107 110 113 115 118 121 124 127 130
133 137 140 143 147 150 154 158 162 165 169 174
178 182 187 191 196 200 205 210 215 221 226 232
237 243 249 255 261 267 274 280 287 294 301 309
316 324 332 340 348 357 365 374 383 392 402 412
422 432 442 453 464 475 487 499 511 .szs 536 549
562 576 590 604 619 634 649 665 681 698 715 732

750 768 787 806 825 845 866 887 909 931 953 976
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METALLISED FILM ~ INTRODUCTORY
CAPACITORS NOTES

CALCULATION OF MAXIMUM A,.C. POWER RATINGS

The alternating voltage rating of a metallised film capacitor is determined ultimately by
its ability to dissipate heat, generated by the passage of the current through its internal
resistance. This rating is further subject to a voltage limitation, at low frequencies and
normal temperatures, together with a maximum rate of change of applied voltage. Both
these values are quoted in the data for individual series.

When a capacitor is used at the maximum alternating voltage (quoted in the individual
series data sheet), the source impedance must not be less than 1kQ.

The power dissipated by a capacitor ata particular frequency is determined, by the effective
series resistance, the current flowing through that resistance and the applied alternating
voltage. The effective series resistance of a capacitor is composed of : -

(a) the dielectric loss
(b) the metallised surface on the film
{(c) the connections at each end of the capacitor

The equivalent circuit of a capacitor used in an a.c. application is shown below in Fig.1.'

I = current in amps
C = capacitance in farads
I—» [ r‘vs“’l Ty = effective series resistance in ohms
o " *L-‘;F-:-' a Vs = voltage across effective series
L s A] _resistance
< Vem.s. d Vr,m.s. = total applied voltage in volts r.m.s.
Fig.1

From the standard formula:

2
P=I?R=Y-=V X I X tan §, where P = power in watts
R r.m.s.
we can derive 2
v
P=1I/r = =V I ---- - (¢8)
8 T s
s
This gives Vs =1. r,
vr m.s
but [ = ——— 1 s
Z wC

where Z= V(rs)z + (XC)

and X.=
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‘vrms 'rs> ‘r.m.s."'s
Thus v = _

° z Jeg?+ x )

this can be written as

2 2
. e

-1

e T 2 2 2 2
e @2 r®)? Vem.s) @ Ers) +(xc)]
8 c

substituting for X o we have

~1
2 2 2 2 1\2
8 (vr.m.s.) (rs) [(rs) ¥ (wC) ]

2 2 -1
2 2, 2 (r)” (@e)” + 1
(V) ( I‘.m.S-) (S

2
Il

1

o)

Since, tan§ = rg . wC and for polyethyleneterephthalate and polycarbonate metallised film
capacitors tan § is never greater than 0.1; (rg)“(wC)“ islessthan 0.01 and canbe neglec-
ted in the above equation.

Therefore:
-1

2.
(Vs)2 b (Vr.m.s.)z(rs)z[ E%) jl = (Vr.m.s.)z(rss)2 (wC)Z

using equation (1)

2
A A e
e Ts ) s
Simplified
2 2
P = (Vr.m.s.) (rs) (@C)
or P = (rSC)C . wz(\fr'm‘s.)2 ———————— 2)

The term (rg . C) hasbeen plotted against frequency in Fig.2 (see page 3). The application
of equation (2),and the value of (rg.C) at a particular frequency, will give the maximum
power dissipation of the capacitor.

The maximum dissipation that a capacitor can tolerate is dependent on its surface area
and on the ambient temperature. Graphs relating size and ambient temperature to maxi-
mum dissipation are given in the individual Series data sheets. Thus the use of equation
(2) and the power dissipation graphs on the individual Series data sheets, enables the cor-
rect size of capacitor to be selected.

Mullard
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METALLISED FILM INTRODUCTORY

CAPACITORS NOTES
107
D1675
(rs.C) max
(OF)
\ A = Metallised polyethylene terephthalate
1073 N B = Metallised polycarbonate
SO
AN
NI
N
) B R
1077 =
1078
10 10? 10° 10* 10° f(Hz) 10°
Fig.2
Example

A capacitor with a polycarbonate dielectric and a value of 0.33uF is required for a
circuit in which 180V at 1kHz is present, at an ambient temperature of 50°C.

From Fig.2 the (1's . C) product is 5 X 10_7SZF, therefore the power dissipated is

2

P (rs’C) sz (Vr.m.s.)

2

5% 1077 % 0.33 % 10 0 x (27 x 1000)? x 180

n

214mW

Referring to the power/dissipation graphs and size tables for the C281 Series, at 50°C it
can be seen that the following type could be used: -

C281CD/A330K

Mullard
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METALLISED POLYESTER C281
FILM CAPACITORS

Axial leads—moulded Series
(341 Series)
QUICK REFERENCE DATA
For use where a high component density is required.
Capacitance ranges (E6 Series)
250 V working 0.01to 2.2 uF
400 V working 0.01 to 0. 47 uF
Capacitance tolerance +10 %
Climatic category (IEC 68)
at rated voltage (UR) 55 /085 /56
at 0. 8 Ug 55/100 /56
DIELECTRIC ]
250V version polyethylene terephthalate film
400 V version ) polycarbonate film
CASING

Yellow synthetic resin moulding.

TERMINATIONS

Axial leads of tinned copper wire. One lead is longer than the other to facilitate mount-
ing vertically.

“TYPE NUMBER DESIGNATION
250 V Post Officer version to specification D2283,

type 8017B (x10% tolerance) C281VV/.... (341 05...)
400 V version C281CD/.... (341 59...)
SPECIAL FEATURES

The capacitors are manufactured by using 'extended electrode’ techmique, resulting in
low inherent inductance. They may be subjected to short term overvoltage.

Mullard
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DIMENSIONS (millimetres) AND TYPE NUMBERS

{min ———w-—Lmax -I‘ZSmin - — —T max
—»
) ?
t

U

L 0
DS53s1 @d

—> 250V version

Dimensions in millimetres

Capacitance Code No. Type No.
WF) L H T d 2 34105...1 | C28IVV/ ..}
0.010 14.6 | 8.8 | 48] 0.8 | 40 ...-103 ... /A10K
0.015 14.6 | 88 | 4.8] 0.8 | 40 ... 153 ... /A15K
0.022 14.6 | 88 | 4.8| 0.8 | 40 ... 223 ... /A22K
0.033 14.6 | 8.8 | 4.8 0.8 | 40 ... 333 ... /A33K
0.047 14.6 | 88 | 4.8| 0.8 | 40 ... 473 ... /A47K
0.068 14.6 | 9.5 | 5.6 | 0.8 | 40 ... 683 ... /A68K
0.10 14.6 | 9.5 | 5.6 | 0.8 | 40 ... 104 ... /A100K
0.15 18.1 | 10.5 | 6.6 ] 0.8 | 40 ... 154 ... /AIS0K
0.22 18.1 | 10.5 | 6.6 | 0.8 | 40 ... 224 ... /A220K
0.33 23.6 { 1.6 | 7.5| 0.8 | 40 ... 334 ve. /A330K
0.47 23.6 | 1.6 | 7.5 0.8 | 40 ... 474 ... /A470K
0. 68 23.6 [ 12.9 | 8.8] 0.8 | 40 ... 684 ... /A680K
1.0 3.1 | 14.7 | 10.5 | 0.8 | 49 ... 105 ... /AIM
1.5 3.1 | 19.6 | 12.5 | 0.8 | 49 ... 155 veo JAIMS
2.2 3.t | 19.6 | 125 | 0.8 | 49 eee 225 .../A2M2

400V version

Dimensions in millimetres

Capacitance Code No. Type No.
®F) L H T d ] 341 59... C281CD/...
0.010 14.6 8.8 4.8 0.8 40 ... 103 ... /A10K
0.015 14.6 8.8 4.8 0.8 40 .eo 153 ... /A15K
0.022 14.6 8.8 4.8 | 0.8 40 oo 223 ... /A22K
0.033 14.6 | 9.5 5.6 | 0.8 40 oo 333 ... /A33K
0,047 14.6 | 10.5 6.6 | 0.8 40 oo 473 ... /A47K
0.068 18.1 | 10.5 6.6 | 0.8 40 ..o 683 ... /AG8K
0.10 18.1 | 11.6 7.7 | 0.8 40 veo 104 ... /A100K
0.15 23.6 | 11.6 7.5 | 0.8 40 ees 154 .o« /A150K
0.22 23.6 | 12.9 8.8 1 0.8 40 eee 224 ... /A220K
0. 33 23.6 | 14.5 | 10.5 | 0.8 40 e 34 ... /A330K
0.47 3l1.1 | 14,7 | 10.5 | 1.0 49 ... 474 ... /A470K

t Post Office type.

Mullard
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‘METALLISED POLYESTER

FILM CAPACITORS

Axial leads—moulded
(341 Series)

ELECTRICAL DATA

€281

Series

<~

Unless otherwise stated, all characteristics apply at an ambient temperature of 20 + 50C,
atmospheric pressure of 105Pa (1000mbars) and a relative humidity of 75% maximum.

Insulation resistance

C281VVy/... C281CD/...
Conditions 341 05... 341 59...
(250V) (400V)
Capacitance range (E6 Series) — 0.01 to 2. 2uF |0.01 to 0. 47uF
Capacitance tolerance _ £10% *10%
Rated voltage d.c.). -55 to +85°C 250V 400V
Rated voltage (r.m.s.) f = S0Hz, source
(see note) impedance >1kQ 160V 200V
Rated current (mean) —_ 400mA 400mA
Tangent of loss angle (tan &) f = 10kHz <150 x 10-4 <75 x 10-4
Category temperature range — -55 to +859C | -55 to +85°C
Voltage derating 1. 25%
Extended temperature range per deg C above 85 0C +85 to 1000C | +85 to 1000C
0.01 to 0. 33uF >30 000MQ >30 000MQ

0.47to0 2.2 ;_4F

>10 000MQ. uF

>10 000MQ. uF

Capacitor length L (see DIMENSIONS)
Maximum rate of change = 14, 6mm 20V /us 30V fus
of voltage =18, lmm 10V Jus 20V /us
= 23. 6mm TV/us 10V fus
= 31. lmm SV /us 8V /us
Surge voltage d.c.) 1 min per hour 350V 500V
Test voltage (r.m.s.) . . .
between case and leads Applied for 1 minute 2500V 2500V
1000 hrs at 85°C :
1.5 X rated d. c. voltage ac =3% ac =3%
X Cc C
applied
Long term stability Capacitor length L
=14. 6mm =15%
0
1000 hrs at 85°C | _y 0"y ) AC =109
rated a.c. voltage _ —_
ied =23. 6mm C =7%
appli =31.lmm = 5%
Climatic category At rated voltage (UR) 55/085/56 55/085/56
At 0.8 UR 55/100/56 55/100/56

(IEC Publication 68)

Mullard
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NOTE

The maximum r.m.s. voltage at frequencies higher than 50 Hz can be calculated from
the relevant formula in METALLISED FILM CAPACITORS - INTRODUCTORY NOTES
and the graph on the last page of this data sheet.

SOLDERING CONDITIONS

For stress free mounted capacitors

Maximum solder time (seconds)
Solder
temperature Distance between solder point and capacitor body

¢ 0. 8mm 1. 6mm 2,5mm 4mm 6mm
250 — 5 6 - 8 10
260 2.5 3 4 6

270 —_— —_ 2 4 6

MARKING

The capacitors are marked with:

Capacitance, tolerance and rated voltage
Code number
In addition, capacitors of the C281VV /.... version (Post Office) are marked with " 8017B".

The 10% capacitance tolerance may be indicated by the letter K.

ORDERING PROCEDURE
The capacitors should be ordered by their type or code number as shown in the tahle.

Example: A 0.33%F = 10%, 250V working capacitor, should be ordered by quoting the
type number C281VV /A330K, or 341 05334.

Mullard
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METALLISED POLYESTER C281

FILM CAPACITORS .
Axial leads—moulded ‘ Series
(341 Series)

D628S

+1
Ac
c
(%)
oy
0 -
. T~~~l_B8
N I~
.
-1 N
NA
N
\\
- N
2 \\
A= Polyethylene terephthalate. film
-3 B = Polycarbonate film
2 5
102 e R L 11T R

TYPICAL CAPACITANCE CHANGE AS A FUNCTION OF FREQUENCY

04937

tan § ]
-
(x10)200 =
L
100
-
50 A .
-
20 : L
10 s|_ 1]
6
A = polyethylene -
terephthalate tilm
B = polycarbonate fitm
102 103 T T b

f (Hz)
TYPICAL LOSS FACTOR AS A FUNCTION OF FREQUENCY

Mullard
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06283

10
ac Polyethylene terephthalate film I
c 4
(%)
S
J
T 7y
1
- //
0
7/
-5
- 1kHz
| | 10kHz 4 ‘
/
— 100kHz
ol [ ] 1
-100 -50 0 S0 100 150 Tams (°C)
TYPICAL CAPACITANCE CHANGE AS A FUNCTION OF AMBIENT
TEMPERATURE FOR POLYETHYLENE TEREPHTHALATE FILM
D628¢
L .
ac Polycarbonate film
C r
(%/e)
2
0 S
S
,/ ,4 A,
/ \\\Q\
N
- NAL L
N
\ 100kH2
N _{10kHz ]
1kHz
- [ |
-100 -%0 0 S0 100 150 Tamp (°C)

TYPICAL CAPACITANCE CHANGE AS A FUNCTION OF AMBIENT
"TEMPERATURE FOR POLYCARBONATE FILM

Mullard
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METALLISED POLYESTER
FILM CAPACITORS | C281

Axial leads—moulded Series
(341 Series)
400 D6286
Polyethylene terephthalate film
Tan 6
(x107%)
300
_, |100kHz
1’
)4
200
A 10kHz
A [ wHz
100 - /
\\ N B
N LS y
N //
0
-100 -50 (] 50 100 150 Tamp (°C)
TYPICAL LOSS FACTOR AS A FUNCTION OF AMBIENT TEMPERATURE
FOR POLYETHYLENE TEREPHTHALATE FILM
- D62087
200
Polycarbonate tilm
Tan 6
(x107%)
150
100 -
~ , |'00kHz
.,
1
S
50 N
g 4
N 10kHz
- A= |1kHz
0 [ 1
-100 -50 0 50 100 150 Tams (°C)

TYPICAL LOSS FACTOR AS A FUNCTION OF AMBIENT TEMPERATURE
FOR POLYCARBONATE FILM

Mullard
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D288
5 =
107 H
5
RC
(s) 1 A\
2 \ ‘
104
7
L
B
’ \
A
103
7
s
2
102
: A= Polyethylene H
terephthalate tilm
B = Polycarbonate film
2
o LWL
-100 -S0 0 S0 100 150 200
Tumb rc)

TYPICAL INSULATION RESISTANCE AS A FUNCTION OF
AMBIENT TEMPERATURE

2
1o 88479
fres S
MH.
(MH2) N J
NN :
10 \§=:“i.\
I
\
NN 10 mm
1 Sl 20mm |
35mm 3
omm [
10'
-3 -2 -1 .
10 10 10 1 Capacitance (pF )

SELF RESONANCE FREQUENCY AS A FUNCTION OF CAPACITANCE
FOR VARIOUS TOTAL LEAD LENGTHS

Mullard
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METALLISED POLYESTER

FILM CAPACITORS

Axial leads—moulded

(341 Series)

ALTERNATING VOLTAGE RATINGS

C281

Series

7618

1250
Pmax
(mW) 10
1000
\
9 \
750 \\
A
R NN
N
\ N
7
500 AN N N\
5 g NN
NNAaNA
B \\\ N\
‘; N Q\\\\\\ b
250 5 - \\‘\\\\\ A
1 LN W NN AN | \
NN
0 |
0 25 50 75 TYamb(°C) 100

MAXIMUM PERMISSIBLE POWER DISSIPATION AS A
FUNCTION OF AMBIENT TEMPERATURE

TABLE OF CASE SIZES

Dimensions in millimetres Dimensions in millimetres
Curve Curve
L H T L H T

1 14. 6 8.8 4.8 6 23.6 11.6 7.5
2 14.6 9.5 5.6 7 23.6 12.9 8.8
3 14.6 10.5 6.6 8 23.6 14.5 10.5
4 18.1 10.5 6.6 9 31.1 14.7 10. 5
5 18.1 11.6 7.7 10 31.1 19.6 12.5

Muliard
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344
series

METALLISED FILM CAPACITORS

Radial leads-mouldeda

For use on printed-wiring boards, where a high component density is required.

QUICK REFERENCE DATA

Capacitance range (EG Series)

Capacitance tolerance

Voltage ranges (d.c.)
Climatic category (IEC68)

0.0047 to 6.8 uF
+10 %
63, 100, 250, 400, 630 \

at rated voltage (UR) 55/085/56
at0.8 Ug 55/100/56
DIELECTRIC
63V (344 17...,34415..)) polyethylene terephthalate
100 V (344 25. . .),250 V (344 41. . ), (p.e.t.p.) film
400 V (344 55. . .) versionsetc.
100 V (344 21...),250 V (344 45. . ), polycarbonate film
400 V (344 51. . .) versions etc.
CASING

The capacitor is potted with an epoxy resin in a polypropylene case, with small pips moulded on to
the base to give a clearance between the capacitor and the printed-wiring board.

TERMINATIONS
Radial leads of tinned copper wire, for use with printed-Wiring boards having a 2.5 mm grid.

APPROVAL SPECIFICATIONS

Post Office approved and RSRE recommended.

SPECIAL FEATURES
The capacitors are manufactured by using ‘extended electrode’ technique resulting in low inherent

inductance. They may be subjected to short term overvoltages.

v}
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344
series

DIMENSIONS (millimetres) AND TYPE NUMBERS

Lmax e —w Tmax la—

%— T

D2983a

63 V version (p.e.t.p. film)

. dimensions in millimetres
Capacitance T bers

(uF) L H T s d ype um

0.15 10.5 10 4.5 7.5 0.6 344 17154
0.22 13 10 4.5 10 344 15224
0.33 13 1 5 10 344 15334
0.47 13 12 6 10 344 15474
0.68 17.5 11.5 6 15 344 15684
1.0 17.5 13 7 15 344 15105
1.5 17.5 14.5 8.5 15 0.8 344 15155
2.2 26 15.5 6.5 22,5 ' 344 15225
3.3 26 18 8.5 225 344 15335
4.7 26 19 9.5 225 344 15475
6.8 30 20.5 11 27.5 344 15685
10 30 23 135 27.5 344 15106

2 October 1980 ( Mu“ard \3



Metallised film capacitors

344
series

100 V version (p.e.t.p. or polycarbonate)

Capacitance
(uF)

Dimensions in millimetres

Type numbers

L H T S d

0.047 10.5 10 45 7.5 344 27473
0.068 10.5 10 4.5 7.5 0.6 344 27683
0.1 10.5 10 45 7.5 344 27104
0.10 13 10 45 10 344 2*104
0.15 13 10 4.5 10 0.8 344 2*154
0.22 13 11 5 10 344 2*224
0.33 17.5 1 5 15 344 2*334
0.47 17.5 11.5 6 15 0.8 344 2°474
0.68 17.5 13 7 15 344 2°684
1.0 175 145 8.5 15 344 2*105
1.5 26 15.5 6.5 225 344 3*155
2.2 26 18 8.5 225 0.8 344 2*225
3.3 26 19 9.5 225 344 2*335
4.7 30 20.5 1 275 0.8 344 2*475
6.8 30 23 135 275 ’ 344 2*685

* Polyethylere terephthalate film = 5, e.q. 344 25474

Polycarbonate ﬁlm =1,egq.344 21474

250 V versian (p.e.t.p.)

Capacitance ‘ Dimensions in millimetres Type numbers

(uF) L H T s d
0.022 10.5 10" 4.5 7.5 0.6 344 47223
0.033 10.5 10 4.5 7.5 ) 344 47333
0.047 13 10 4.5 10 0.8 344 41473
0.068 13 1 5 10 ’ 344 41683
0.10 17.5 1" 5 15 344 41104
0.15 17.5 n 5 15 0.8 344 41154
0.22 17.5 115 6 15 344 41224
0.33 17.5 13 7 15 344 41334
0.47 26 15.5 6.5 22.5 344 41474
0.68 26 15.5 6.5 225 0.8 344 41684
1.0 26 18 8.5 225 344 41105
1.5 30 20.5 1 27.5 0.8 344 41155
2.2 30 20.5 1 27.5 ’ 344 41225

The smaller values are of p.e.t.p. construction = 7 e.g. 344 47223

v
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344
series

250 V version (polycarbonate)

. Dimensions in millimetres
Capacitance Type numbers
(uF) L H T S d
0.047 13 10 45 10 0.8 344 45473
0.068 13 1 5 10 ’ 344 45683
0.10 17.5 1 5 15 344 45104
0.15 17.5 11.5 6 15 08 344 45154
0.22 17.5 13 7 15 ’ 344 45224
0.33 17.5 145 8.5 15 344 45334
0.47 26 15.5 6.5 22.5 344 45474
0.68 26 16.5 7.5 22.5 0.8 344 45684
1.0 26 19 9.5 225 344 45105
1.5 30 20.5 1 27.5 0.8 344 45155
2.2 30 23 13.5 27.5 ) 344 45225
400 V version (p.e.t.p. or polycarbonate)
Capacitance Dimensions in millimetres Tvoe numbere
uF) L H T s d ve
0.01 10.5 10 4.5 7.5 06 344 57103
0.015 10.5 10 45 7.5 ’ 344 57153
0.010 13 10 45 10 344 5*103
0.015 13 10 4.5 10 0.8 344 5*153
0.022 13 10 45 10 ) 344 5*223
0.033 13 1 5 10 344 5*333
0.047 17.5 1 5 15 344 5*473
0.068 17.5 11.5 6 15 08 344 5683
0.10 17.5 13 7 15 : 3445*104
0.15 17.5 14.5 8.5 15 344 5*154
0.22 26 | 15.5 6.5 22.5 3445*224
0.33 26 16.5 7.5 22.5 0.8 344 5%334
0.47 26 19 9.5 22.5 344 5*474
0.68 30 20.5 11 27.5 0.8 344 5*684
1.0 30 23 13.5 27.5 ’ 344 5*105
*Polyethylene terephthalate film = 5, e.g. 344 55473
Polycarbonate film =1, e.g.344 51473
630 V version (p.e.t.p.)
Capacifance Dimensions in millimetres
(uF) L a T S " Type numbers
0.0047 10.5 10 45 7.5 0.6 344 67472
0.0068 10.5 10 45 7.5 : 344 67682
The smaller values are of p.e.t.p. construction = 7 e.g. 344 57103 v
4 October 1980 M " \v,
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Metallised film capacitors

344
series

ELECTRICAL DATA

Unless otherwise stated, all characteristics apply at an ambient temperature of 20 * 5 °C, atmospheric pressure of 10°Pa
(1000 mbars) and a relative humidity of 756% maximum.

Conditions 63 V types 100 V types: 250 V types 400/630 V types
Capacitance range - 0151 104F |0.1t06.8uF |0.047t02.24F | 0.0047 to 1.0 uF
(E6 Series)
Capacitance . . . .
tolerance - *10% +10% *10% +10%
Rated voltage (d.c.) —55 to +85 °C 63V 100 V 250 V 400 V
Rated voltage f = 60 Hz, source .
(r.m.s.) (see note) impedance > 1 k2 Wov 63v 160V 200V
Rated current (mean) - 400 mA 400 mA 400 mA 400 mA

petp.[ <150x10™ <150 x 10°*

Tangent of loss angle = 10 kHz
(tan 3) Polycarbonate - < 75x10°
Temperature range - —55 to +85 °C —55 t0 +85 °C| —55 t0 +85°C | —55to +85 °C

Extended
temperature range

Voltage derating
1.256%/°C above

+85 to +100 °C

+85 to +100 °C

+85 to +100 °C

+85 to +100 °C

85 °C
0.0047 to 0.33 uF > 15000 MQ > 15000 MQ | > 30000 MQ > 30 000 MQ2
Insulation resistance
0.47t06.8uF | > 5000 MQ.uF >5000 MQ.uF | >10 000 MQ.uF|>10 000 MQ.uF
Capacitor length L
=10.5 mm 6.3 V/us 10 V/us 25 V/us 40/60 V/us
Maximum rate of =13 mm 4.2 V/us 10 V/us 20 V/us 30 V/us
change of voltage =176 mm 2.6 Vs 7 Vius 10 Vips 20 V/ps
=26 mm 1.7 Vius 3.5 V/us 6 Vius 9 Vius
. =30 mm 1.4 V/us 3 V/us 5 Vius 8 Vius
Surge voltage (d.c.) 1 min. per hour 85V 140V 350 V 500/790 V
Minimum casing
breakdown voltage Applied for 1 min. 1000 V 1000 V 1000 V 1000 V
(d.c.)
1000 hrs at 85 °C :
1.5 x rated d.c. AC <3y AC ¢ 3y, AC <3y AC <3y,
voltage applied c c ¢ c
Capacitor length L
Long term stability 10.5 mm <20%
1000 hrs at 85 °C 13.0 mm AC < 15%
rated a.c. voltage 17.5 mm < < 10%
applied 26 mm < 7%
30 mm < 5%
Rated voltage (Ug) 55/085/56 55/085/56 55/085/56 55/085/56
Climatic category
0.8Ug 55/100/56 55/100/56 55/100/56 55/100/56

v}
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344
series

NOTE <

The maximum r.m.s. voltage at frequencies higher than 50 Hz can be calculated from
the relevant formula in METALLISED FILM CAPACITORS - INTRODUCTORY NOTES
and the graph on the last page of this data sheet.

SOLDERING CONDITIONS

For stress free mounted capacitors

Maximum solder time (seconds)
Solder
temperature Distance between solder point and capacitor body
©o 0. 8mm 1.6mm 2.5mm 4mm
250 — 5 6 8
260 2.5 3 4 6
270 — — 2 4

MARKING

The capacitors are marked on the top face, by embossed print, with:

Capacitance, tolerance, and rated voltage
Type number code
The method of marking is shown below: -

Tolerance

Value

Voltage

010 / 10 / 250

344 anos
Group  Five-digit
code individual
coding

ORDERING PROCEDURE
The capacitors should be ordered by their type numbers as shown in the table.

Examples: A 0.1 uF 2 10%, polyethylene terephthalate film, 100 V rated capacitor
should be ordered by quoting the type number 344 25104

A 0.1 uF £ 10%, polycarbonate film, 100 V rated capacitor should be ordered by quoting
the type number 344 21104.

October 1980
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Metallised film capacitors 344
series

5 — D7820a17270162.)
AC 7
Cc R
(%) P -+
0
p.v4
- 4's
s 1 kHz *
10kHz4],-
kHz
-10
-100 -50 0 0 100
Tamb(°C)

Typical capacitance change as a function of ambient
temperature for polyethylene terephthalate film

5 075210 {7270161.)
Ac
C
(°/o)
° 1 kHz >
10kHz.# 73~ 1 3
kHz'
-5
-10
-100 -S0 0

50 100
Tamb (°C)
Typical capacitance change as a function of ambient
temperature for polycarbonate film
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344
series

300 075220 (7270160.1)
tan 6
(x10°4)
200 TF < T
Y L
l 4 - a—) -
- N
100 A,
AN 10kHz
N 1kHz
N ~N J b/
0
-100 -50 0 50 ony 100
Tamb( C)

Typical loss factor as a function of ambient temperature
for polyethylene terephthalate film

300 D7523a (7270159.1)
tan &
(x107%)
200
100 — =
N~ kHz
ITH+L [ 11
[~ 10 kHz
0 , : 1kHz
-100 -50 0 50 on, 100
Tamb(°C)

Typical loss factor as a function oi ambient temperature
for polycarbonate film
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Metallised film capacitors 344

series
+1 D752417270
ac
C
(°/o)
0F—F+ o
e —— Metallized
™ PETP film
dielectric
-1 N
--- Metallized
polycarbonate film
-2 dielectric
'\
R 102 104 105 f(Hz) 108
Typical capacitance change as a function of frequency
tan 3 0251220628
-G bt
x10 200
(x10™) =
T 100
50 17 2
v — I = Metallized
20 : _~ PETP film
ng dielectric
pug 1
10
II = Metallized
6 polycarbonate film
dielectric
2 . 3 & 5
1 10 10 10
o : — f (Hz)

Typical loss factor as a function of frequency
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344
series

<
=
@

105 07526(7

RC
(s) 4 \ N

104

—— Metallized PETP film dielectric
103 --- Metallized polycarbonate film
dielectric

102

10
=100 =50 0 50 100
Tamb (°C)

Typical insulation resistance as a function of
ambient temperature

D495¢4

fress
(MHz)
2
102 3
7
S
2 Ny
!..--
10
7
® S
N
2 -
1 N
a2 s 7 o 2 s 7 2
1073 1072 10 1 CluF) 10

Self resonance frequency as a function of capacitance
for a total lead length of 10mm
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Metallised film capacitors 344

series
1500 - 075278
Pmax
(mW)
1250 "%
\
\
13
1000 N \\
N \\
[ S \\
750 "
ANE
10 Y
9 \\ \\\ \
N\ \\
500 = AAY \\
" ANENNAY
L N\
250 j N NN
2 WN
1 - .\\‘ N \
SSSNN
0 0
0 25 50 75 Tamp(°C) 100
Dimensions in millimetres Dimensions in millimetres
Curve Curve
L H T L H T
1 10.5 10 4.5 8 1751 145 8.5
2 13 10 4.5 9 26 15.5 6.5
3 13 1 5 10 26 | 16.5 7.5
4 13 12 6 1 26 18 8.5
5 17.5 11 5 12 26 19 9.5
6 17.5 11.5 6 13 30 20.5 1"
7 17.5 13 7 14 30 23 13.5

- October 1980 1
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METALLISED POLYESTER 352
FILM CAPACITORS Series
Crimped radial leads - lacquered

Designed for coupling and decoupling applications on printed wiring boards.
Capacitance ranges (E6 Series)

. 250 V'working 0.0047 to 2.2 uF
400 V working 0.01to 1.0 uF
Capacitance tolerances
0.0047 to 0. 22 puF +10 and +20 %
0.33to 2.2 uF ; +10 %

DIELECTRIC . Polyethylene terephthalate film

CASING
Hard, water repellent, lacquer.

TERMINATIONS

Radial leads of solder coated copper wire, crimped with a new profile to improve the
! geating’ when mounted on printed circuit boards. The lead pitch is suitable for use
with printed wiring boards having a 2.54 mm (0. 1 in) grid.

TYPE NUMBER DESIGNATION

Long leads Cropped leads
250 V version 352 44 and 45 352 47 and 48
400 V version 352 54 and 55 352 57 and 58

SPECIAL FEATURES

The capacitors are manufactured by using ' extended electrode’ technique, resulting in
low inherent inductance. They may be subjected to short term over-voltage.

The cropped style of termination facilitates immediate assembly into the boards, with no
prior wire cutting operation.

Mullard

NOVEMBER 1977 352 Series Page 1

QUICK REFERENCE DATA <



—> DIMENSIONS (millimetres) AND TYPE NUMBERS

e L > T L >
max ! max max
Hmax Hmax
1 [ B
s —»lle—g0 S 0763
Style A Style B
250 V version
Style A Style B
Capaci- Dimensions in millimetres Code No. Code No.
tance 35244...20% | 35247...20%
WF) L H T d 1] S 35245...10% | 35248...10%
0.0047 12.5 12.5 45 0.6 13 10.2 (0.4 in) ..472 ..472
0.0068 12.5 12.5 4.5 0.6 13 10.2 (0.4 in) .. 682 .. 682
0.010 12.5 12.0 4.0 0.6 13 10.2 (0.4 in) .. 103 .. 103
0.015 12.5 12.0 4.0 0.6 13 10.2 (0.4 in) .. 153 .. 153
0.022 12.5 12.0 4.0 0.6 13 10.2 (0.4 in) ..223 ..223
0.033 12.5 12.0 4.0 0.6 13 10.2 (0.4 in) ..333 ..333
0.047 12.5 12.0 4.0 0.6 13 10.2 (0.4 in) ..473 ..473
0.068 12.5 12.5 45 0.6 13 10.2 (0.4 in) ..683 ..683
0.10 12.5 13.0 5.0 0.6 13 10.2 (04 in) .. 104 .. 104
0.15 17.5 15.0 6.0 0.8 13 15.3 (0.6 in) ..154 .. 154
0.22 17.5 16.0 7.0 0.8 13 15.3 (0.6 in) ..224 ..224
0.33 22.5 15.5 6.5 0.8 21 20.3 (0.8 in) 45334 48334
047 22.5 16.5 1.5 0.8 21 20.3 (0.8 in) 45474 48474
0.68 22.5 18.0 9.0 0.8 21 20.3 (0.8 in) 45684 48684
1.0 30.0 18.0 9.0 0.8 19 27.9 (1.1in) 45105 48105
1.5 30.0 21.5 9.5 0.8 19 279 (1.1 in) 45155 48155
22 30.0 235 11.5 0.8 19 279 (1.1 in) 45225 48225
400 V version
Style A Style B
Capadi- Dimensions in millimetres Code No. Code No.
tance : 35254...20% | 35257...20%
uF) L H T d 2 S 35255...10% | 35258...10%
0.010 12.5 12.5 4.5 0.6 13 10.2 (0.4 in) .. 103 .. 103
0.015 12.5 12.5 4.5 0.6 13 10.2 (0.4 in) .. 153 .. 153
0.022 12.5 12.5 4.5 0.6 13 10.2 (0.4 in) ..223 ..223
0.033 12.5 13.5 5.5 0.6 13 10.2 (0.4 in) ..333 ..333
0.047 12.5 14.5 6.5 0.6 13 10.2 (0.4 in) ..473 :.473
0.068 17.5 15.0 6.0 0.8 13 15.3 (0.6 in) .. 683 .. 683
0.10 17.5 16.0 70 0.8 13 15.3 (0.6 in) .. 104 .. 104
0.15 22.5 15.5 6.5 0.8 21 20.3(0.8in) .. 154 .. 154
0.22 22.5 16.5 715 0.8 21 20.3 (0.8 in) ..224 ..224
0.33 225 18.5 9:5 0.8 21 20.3 (0.8 in) 55334 58334
0.47 30.0 18.5 9.5 0.8 19 279 (1.1 in) 55474 58474
0.68 30.0 22.0 10.0 0.8 19 27941.1in) 55684 58684
1.0 30.0 24.0 12.0 0.8 19 279 (1.1 in) 55105 58105

Mullard
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METALLISED POLYESTER
FILM CAPACITORS
Crimped radial leads - lacquered

352

Series

ELECTRICAL DATA

P

Unless otherwise stated, all characteristics apply at an ambient temperature of 20 +5°C,
atmospheric pressure of 105Pa (1000mbars) and a relative humidity of 75% maximum.

Conditions 352 Series 352 Series
. 250 v 400 V
Capacitance range (E6 Series) 0.0047t0 2, 2uF| 0.01 to 1uF
0.01 to 0. 22uF +10%, +20% *10%, +20%
Capacitance tolerance
0.33to 2.2 uF + 10%, + 10%
Rated voltage (. c.) over the category 250 v 400 V
temperature range
Rated voltage (r.m.s.) f =50 Hz, .
(see note) source impedance > 1kQ 160 v 200V
Rated current (mean) —_ 400 mA 400 mA
Tangent of loss angle (tan 6) f=10kHz <150 x 10-4 <150 x 10-4
Temperature range at rated voltage -40 to +85 °C | -40 to +85 °C
Voltage derating 1. 25% ° °
Extended temperature range per deg C above 85 9C +8S to +100 °C | +85 to +100 °C
R 0.0047 to 0. 33uF >30 000 MQ >30 000 MQ
Insulation resistance
0.47to0 2.2 pF >10 000 MQ.uF | >10 000 MQ. uF|
Capacitor length L
(see DIMENSIONS)
Maximum rate of change of =12, Smm 20 V/us 30 V/us
voltage =17.5mm 10 V/us 20 V/us
=22.5mm 7 V/us 10 V/us
=30 mm S V/ius 8 V/us
Surge voltage d.c.) 1 min per hour 350 v S00 V
1000 hrs at 85 °C
AC
1.5 x rated TSS% —A—é—:ss%
d.c. voltage applied
Long term stability Capacitor length L
=12,5mm =15%
o
1000 hrs at 85 °C =17.Smm AC =10%
rated a.c. voltage ~22.5 < =
applied = Leeomm =7%
=30 mm = 5%

Mullard
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NOTE

The maximum r.m. s. voltage at frequencies higher than S0 Hz canbe calculated from the
relevant formula in METALLISED FILM CAPACITORS - INTRODUCTORY NOTES a.nd_
the graph on the last page of this data sheet.

SOLDERING CONDITIONS 5 seconds max. at 250°C max.
MARKING
The capacitors are coded with: Capacitance

Tolerance

Rated voltage

The method of marking is shown below: -

f————— 1st figure of capacitance value Standard

2nd figure of capacitance value colour

\
~§ Multiplying factor (power of 10) code

21414

Capacitance tolerance (white = + 10%
black = + 20%)

Rated voltage (red = 250 V, yellow = 400 V)

Standard colour code

Black = 0 Green = S
Brown = 1 Blue =6
Red =2 Violet = 7
Orange= 3 Grey = 8
Yellow = 4 White = 9

—> ORDERING PROCEDURE
The capacitors should be ordered by their code number as shown in the table.

Example: A 0.1 pF # 20%, 250 V rated capacitor with crimped, long wire terminations,
should be ordered by quoting the code number 352 44104.

A 0. 1uF + 20%, 250 V rated capacitor with crimped and cropped terminations,
-*should be ordered by quoting the code number 352 47104.

Mullard
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METALLISED POLYESTER 352
FILM CAPACITORS Series
Crimped radial leads - lacquered

D7624 (7269364)
5 -

AC 17
c =Y
(%%e) ST I3
0
P
7
wHz- AT
10kHz 4
-5 luuxhz:/'
-10
-100 -50 0 50 100
Tamb(°C)

Typical capacitance change as a function of
ambient temperature

‘ D7625(7267053)
AC
C
(%)
0 T
—
N
q
-1 N
N
\\
AN
\\
-2 N,
\\
\k
\\
-3
102 103 10¢ f(Hz) 10°

Typical capacitance change as a function of frequency

Mullard

352 Series Page 5



300 O728(7269%88)

tan &
(x1074)
200 b ~
= P JJ00kHz |
a [
™
100 I
AN 10kH3 |
NT N tkHz | |
NC ~ b/
1]
-100 -50 0 S0 o
Tamp (°C)

Typical loss factor as a function of ambient température

07627 (7269287
300 1
tan &
x107%)
200
7
]
100 >
-
——a
0
10? 103 104 10°
f (Hz)

Typical loss factor as a function of frequeucy
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METALLISED POLYESTER 352
FILM CAPACITORS Series
Crimped radial leads - lacquered

108

RC
[s) o

D7628(7269368.

10*

103

10
-100 -50 0 50 100
Tams (°C)
Typical insulation resistance as a function of
ambient temperature

05444

fres [N
(MH2) R
J
\\ N
\\\\ h
10 NSRRI
7 S,
N
s s N N -
N
NN Y
-
2 ._\\\\ ™ g
NU [T
\§=:\ 10mm

%
e
FEE]

333

50

10"

1073 1072 10" 1 CuF)
Self resonance frequency as a function of capacitance
for various total lead lengths
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07613
Pmox
(mW)
16
15
1000 N
1%
1 \WR
\\\\‘
12
750 = \\\\
A\
10 N\
s \
A YA
500F== 8 \\\
T ‘\ \\
] d \\‘\ “\
250 . N AN \
3 7 N NN N
T S NN :3
-
0 [ ~
0 25 50 75 Tomp(°C) 1

Maximum permissible power dissipation as a function of
ambient temperature

TABLE OF CASE SIZES

Dimensions in millimetres Dimensions in millimetres
Curve Curve

L H T L H T
12.5 12.0 | 4.0 9 22.5 18.0 9.0
! { 12.5 12.5 | 4.5 10 22.5 18.0 9.5
2 12.5 13.0 | 5.0 11 30 18.0 9.0
3 12.5 13.5 5.5 12 30 18,5 9.5
4 12.5 13.5 | 6.5 13 30 21.5 9.5
5 17.5 | 15.0 | 6.0 14 30 22.0 10.0
6 17.5 16.0 7.0 15 30 23.5 11.5
7 22.5 15.5 | 6.5 16 30 24,0 12,0

8 22.5 16.5 | 7.5

Mullard
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J L 358 Series

METALLISED POLYESTER FILM CAPACITORS
Radial leads - epoxy coated - flame retardant

Designed for coupling and decoupling applications on printed-wiring boards.
The epoxy encapsulant makes these capacitors flame retardant and resistant to modern cleaning solvents.

QUICK REFERENCE DATA

Capacitance ranges (E6 Series)

100 V working 0.10t0 2.2 uF
250 V working 0.01t02.2 uF
400 V working 001t0 1.0 uF
Capacitance tolerance
100 V working 10 %
250 and 400 V working +20 %
Climatic category, at rated voltage U 40/085/21

at 0.8 UR 40/100/21
DIELECTRIC

Polyetheleneterephthalate film

CASING
Hard, flame retardant epoxy

TERMINATIONS

Radial leads of solder coated copper wire, crimped with a new profile and cropped, for use with
printed-wiring boards having a 2.54 mm (0.1 in) grid.

TYPE NUMBER DESIGNATION

100 V version 358 13...
250 V version 358 16.. .
400 V version 358 20. ..

SPECIAL FEATURES

The capacitors are manufactured by using ‘extended electrode’ techniques resulting in low inherent
inductance. They are flame retardant to three cycles of fifteen seconds in a butane gas flame, and self
extinquishing within 10 seconds.

The burner comprises of a 0.5 mm diameter needle, and the flame is adjusted to a height of 12 mm.
The series is identified by black printing on a light blue epoxy resin encapsulation.

U Mu||ard W Fctober 1979



358 Series

DIMENSIONS and TYPE NUMBERS Dimensions in mm

m:x jmlx r
( ) ‘T
H my

ax

5 max

1

D723 —slle—04d
100 V version
Capacitance Tol. Dimensions
Type number
uF % L H T od s P
0.10 135 1356 6.5 0.6 10.16 (0.4 in.) 358 13104
0.15 13.5 14.0 6.5 0.6 10.16 (0.4 in.) 358 13154
0.22 13.5 15.0 7.0 0.6 10.16 (0.4 in.) 358 13224
0.33 17.5 16.0 7.0 0.8 15.24 (0.6 in.) 358 13334
0.47 +10 17.5 17.0 8.0 0.8 16.24 (0.6 in.) 358 13474
0.68 245 16.5 75 0.8 20.32 (0.8 in.) 358 13684
1.0 245 17.0 8.5 0.8 20.32 (0.8 in.) 358 13105
1.5 245 19.0 100 0.8 20.32 (0.8 in.) 358 13155
2.2 32.5 175 9.5 0.8 27.94 (1.1 in.) 358 13225
250 V version
0.010 13.5 13.5 6.5 0.6 10.16 (0.4 in.) 358 16103
0.015 135 13.5 6.5 0.6 10.16 (0.4 in.) 358 16153
0.022 135 135 6.5 0.6 10.16 (0.4 in.) 358 16223
0.033 13.5 135 6.5 0.6 10.16 (0.4 in.) 358 16333
0.047 13.5 13.5 6.5 0.6 10.16 (0.4 in.) 358 16473
0.068 13.5 14.5 6.5 0.6 10.16 (0.4 in.) 358 16683
0.10 13.5 15.5 75 0.6 10.16 (0.4 in.) 358 16104
0.15 +20 17.5 16.5 75 0.8 15.24 (0.6 in,) 358 16154
0.22 17.5 17.5 8.5 0.8 15.24 (0.6 in.) 358 16224
0.33 245 17.0 8.0 0.8 20.32 (0.8 in.) 358 16334
0.47 245 18.0 9.0 0.8 20.32 (0.8 in.) 358 16474
0.68 25.5 19.0 10.0 0.8 20.32 (0.8 in.) 358 16684
1.0 325 18.5 120 0.8 27.94 (1.1in.) 358 16105
1.5 325 20.5 11.5 0.8 2794 (1.1 in.) 358 16155
2.2 32.5 20.5 135 0.8 27.94 (1.1 in.) 358 16225
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Metallised polyester film capacitors 358 Series

400 V version
0.010 135 13.5 6.5 0.6 10.16 (0.4 in.) 358 20103
0.015 13.5 13.5 6.5 0.6 10.16 (0.4 in.) 358 20153
0.022 13.5 13.5 6.5 0.6 10.16 (0.4 in.) 358 20223
0.033 135 145 6.5 0.6 10.16 (0.4 in.) 358 20333
0.047 13.5 15.5 7.5 0.6 10.16 (0.4 in.) 358 20473
0.068 175 16.5 75 0.8 15.24 (0.6 in.) 358 20683
0.10 +20 17.5 175 8.5 0.8 15.24 (0.6 in.) 358 20104
0.15 24.5 17.5 8.0 0.8 20.32 (0.8 in.) 358 20154
0.22 245 18.0 9.0 0.8 20.32 (0.8 in.) 358 20224
0.33 24.5 19.0 10.0 0.8 20.32 (0.8 in.) 358 20334
0.47 32,5 18.5 12.0 0.8 27.94 (1.1in.) 358 20474
0.68 32.5 235 12.5 0.8 27.94 (1.1in.) 358 20684
1.0 32.5 235 13.5 0.8 27.94 (1.1in.) 358 20105
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358 Series

ELECTRICAL DATA

Unless otherwise stated, all characteristics apply at an ambient temperature of 20 + 5 ©C, an atmospheric

pressure of 10° Pa (1000 mbars).and a relative humidity of 76% maximum.

. 358 13. 358 16. .. 358 20. . . .
P .
arameter Conditions (100 V) (250 V) (400 V) Unit
Capacitance range 0.10 to 0.010 to 0.010 to
(E6 Series) 2.2 2.2 1.0 uF
Capacitance tolerance +10 +20 +20
Rated voltage(d.c.) —40 to +85 °C 100 250 400
f= 50 Hz, minimum
Rated voltage (r.m.s.) .
(see NOTE below) source impedance 63 160 200 Vv
>1kQ
Rated current (mean) 400 mA
Tangent of loss angle _ ~
{tan &) f=10kHz <150 x 104 —
Category temperature
range —40 to +85 ocC
Voltage derating
Ext t t.
e ee"ded emperature 1.25% per °C +85 to +100 oc
9 above 85 °C
: ] 0.010 to 0.33 uF >15 000 >30 000 >30000 |MQ
Insulat t:
nsulation resistance 0.47 t0 2.2 uF > 5000 [ >10000 |>10000 | s
Capacitor length L
13.5 mm 10 20 30 V/us
Maximum rate of change 17.5 mm 7 10 20 V/us
of voltage 245 mm 4 7 10 V/us
32.5 mm 3 5 8 V/us
Surge voltage 1 min. per hour 140 350 500 v
1000 hrs at 85 °C AC
1.5 x rated d.c. voltage c <5 %
applied
Long term stability Capacitor length L
1000 hrs at 85 °C 13.5 mm <15 %
rated a.c. voltage 1725mm AC <10 %
applied 245mm ¢ <7 %
32.5 mm <5 %
Climatic category at rated voltage (UR) 40/085/21
(IEC publication 68) at0.8 Ug 40/100/21

NOTE

The maximum r.m.s. voltage at frequencies higher than 50 Hz can be calculated from the relevant
formula in METALLISED FILM CAPACITORS — INTRODUCTORY NOTES and the power rating
graph on the last page of this data sheet.
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Metallised polyester film capacitors 358 Series

SOLDERING CONDITIONS 5 s max. at 250 °C max.

MARKING .
Print marking on

‘ top surface of the

(" N\ componet

Light blue epoxy
resin encapsulation

D8499

These capa_citors are marked with the following information:—

Capacitance value

Capacitance tolerance (M = 20%; K = 10%).
Voltage

Manufacturer’s name (Philips)

Production date code (in accordance with IEC 62)
Dielectric code (MKT = metallised polyester).

ORDERING PROCEDURE

These capacitors should be ordered by quoting the type number shown in the tables on page 2, for example:

0.10 uF, + 10%, 100 V working capacitor — 358 13104,
0.047 uF, * 20% 250 V working capacitor — 358 16473.

5
ac

07225

3
) d
0

-

-10
=100 -50 0 00

50 1
Tamb(°C)

Fig.1 Typical capacitance change as a function of ambient temperature.
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358 Series

‘ 07226 (7267053)
ac
c
(%)
Py
0
.
N
N
-1 N
N\
\\
N
- N,
2 S
\k
‘\
-3
2 L 7 2 S 7 2 S 7
102 103 104 f (H2) 108
Fig.2 Typical capacitance change as a function of frequency
300 07227
tan &
(x107%)
200
-
100
N
AN
AN
0
-100 -50 0 50 o, 100
Tnmb( C)

Fig.3 Typical loss factor as function of ambient temperature
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Metallised polyester film capacitors 358 Series

300 D7220 126937 _
tan &
(x107%)
200
>
]
100 =
Lot
11| i
0
102 10° 104 0°
£ (Hz)

Fig.4 Typical loss factor as a function of frequency

07229 (7Z269386)

10°

RC
(s)

10° -

103

102

10

50 100
Tams (°C)

Fig.5 Typical insulation resistance as a function of ambient temperature
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358 Series

D7230a
1250
Pmax
(mw)
ettt 19
1000 \
18 \
17
A\
A
750 16 \\
15 \ \
14 N\ \\ \
13F ‘\ \‘
500 = = b \\ \\‘\
= —————hR \\ \ \
10 NN
F AN
7
6 F—1
250 =S ey
3
7 2
0 [ ]
0 25 50 75 100
Tamb(DC)
Maximum case dimensions Maximum case dimensions
Curve No. (millimetres) Curve No. {millimetres)
L H T L H T
1 135 13.5 6.5 1 245 17.5 8.0
2 13.5 14.0 6.5 12 245 17.0 8.5
3 13.5 145 6.5 13 245 18.0 9.0
4 13.5 15.0 7.0 14 245 19.0 10.0
5 13.5 15.5 7.5 15 325 17.5 9.5
6 17.5 16.0 7.0 16 325 18.5 12.0
7 17.5 16.5 7.5 17 325 20.5 11.5
8 17.5 17.0 8.0 18 32.5 235 12.5
9 17.5 17.5 8.5 19 325 235 13.5
10 245 16.5 7.5
Fig.6 Maximum permissible power dissipation as a function of temperature
8 October 1979 M I I rd L]
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L 330 Series

IINTERFERENCE SUPPRESSION CAPACITORS
(Class X)

For suppression of electrical interference from domestic appliances operating on 250 V (a.c.) supplies
in the class ‘X’ mode of operation, i.e. directly across the mains.

QUICK REFERENCE DATA

Rated capacitance range

types with axial leads 0.01t0 0.47 uF

types with radial leads 0.01 t0 0.33 uF
Capacitance tolerance

VDE approved types +20%
Rated voltages

VDE approved types 250 V¢
Climatic category (IEC 68) 40/085/21
DIELECTRIC

Metallised polyethyleneterephthalate (PETP) film and impregnated paper.

CASING
Yellow flame retardant polypropylene.

TERMINATIONS
Radial or axial leads of solder coated copper wire.

TYPE NUMBER DESIGNATIONS
Radial lead versions 330 40. ..
Axial lead versions 33000.. .

SPECIAL FEATURES

These capacitors are intended to operate directly across the incoming 250 V a.c. mains supply

(class ‘X’ mode) and may be approved to VDE 0560-7 specifications. Capacitors have to withstand an
endurance test of 1000 hours at maximum rated temperature and with 1.25 UR (rated voltage) applied
i.e. 312.5 Vems.
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330 Series

MECHANICAL DATA

Axial lead versions

Dimensions in mm

|—— 40min ———ete—L max —T-ZSmin - — te—T max
— {
:fl o H Tax
7
DS3s1a @d
Fig.1

Table 1
rated rated

capacitance voltage L H T d specification type number

na r.m.s.
0.01 250 18 10.4 6.5 0.8 VDE-0560-7 33000103
0.015 250 18 10.4 6.5 0.8 VDE-0560—-7 330 00153
0.022 250 18 10.4 6.5 0.8 VDE-0560-7 330 00223
0.033 250 18 10.4 6.5 0.8 VDE-0560—7 330 00333
0.047 250 18 10.4 6.5 0.8 VDE-0560—-7 330 00473
0.068 250 18 11.5 7.6 0.8 VDE—0560—7 330 00683
0.1 250 235 11.5 7.4 0.8 VDE-0560—-7 330 00104
0.15 250 235 12.8 8.7 0.8 VDE—-0560—-7 330 00154
0.22 250 235 144 104 0.8 VDE-0560—7 330 00224
2 September 1980 M “ d \v'
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Interference suppression capacitors L 330 Series

Radial lead versions

H
max
; y i
| |
S | 4 min
- A
D2983 —PHC—¢ 0.8
Fig.2
Table 2
rated rated
capacitance voltage L H T S specification type number
ufF r.m.s.

0.010 250 17.5 1 5 15 VDE—-0560-7 330 40103
0.015 250 175 1 5 15 VDE-0560-7 330 40153
0.022 250 17.5 1 5 15 VDE-0560—7 330 40223
0.033 250 17.5 1 5 15 VDE-0560—7 330 40333
0.047 250 17.5 115 6 15 VDE-0560—7 330 40473
0.068 250 17.5 13 7 15 VDE-0560—-7 330 40683
0.10 250 17.5 14.5 8.5 15 VDE-0560-7 330 40104
0.15 250 26.0 15.5 6.5 225 VDE-0560-7 330 40154
0.22 250 26.0 16.5 7.5 225 VDE-0560—-7 330 40224
0.33 250 26.0 19 9.5 225 VDE-0560—-7 330 40334

\vJ Mu" al'd W ( September 1980 3



330 Series J L

ELECTRICAL DATA

Unless otherwise specified all values apply at an ambient temperature of 15 — 35 ©C, an atmospheric
pressure of 860 to 1060 mbar and a relative humidity of 45 to 75%.

Capacitance
Capacitance range
types with axial leads 0.01 t0 0.47 uF
types with radial leads 0.01 to 0.33 uF
Tolerance on capacitance
VDE approved types +20%
5 7277173
ac
Cc
(%) |
o |_0,047 uF
N
r//
,/
/
4
-5
-100 -50 0 50 100
Tamb (°C)

Fig.3 Typical variation of capacitance with temperature:
measured at 1 kHz, 0.3 V.

Voltage
Rated voltage (UR) 50 — 60 Hz 250 Vae
Test voltage (d.c.) for 1 min

between terminals 750 V4c

Test voltage (a.c.) for 1 min

between interconnecting terminals and casing (f = 50 Hz) 2000 Ve
Insulation resistance

at 23 OC measured between terminals

at 100 V d.c. after 1 minute >15 000 M2

4 September 1980 ( Mu“ard U



Interference suppression capacitors j—L 330 Series

105 7272175.
RC
(s) ]
104
A ¥
\
\
103 \\
102
-100 -50 0 50 100
Tamb (°C)

Fig.4 Typical variation of the RC-product as a function of temperature

Tan § (tangent of loss angle)

Tan & at 10 kHz <130 x 10°* (typ 90 x 10-%)
300 7277174
tan §
(107%) 10 kHz
200
1 kHz N
N
N
\\
N
100
AN
-
N
0
-100 —50 0 50 100
Tamb (°C)

Fig.5 Typical variation of tan § as a function of temperature; measured at 0.3 V

t’ Mullard W (September 1980



330 Series J L

Pulse steepness
Maximum pulse steepness 100 V/us

Resonant frequency

102 7277176
resonant
frequency
(MHz)
10 P
.
N
~
! 2 3
1 10 10 Cg (nF) 10

Fig.6 Resonant frequency as a function of rated capacitance

Temperature

Rated temperature 85 °C
Category temperature range —40 to +85 °C
Storage temperature range —55 to +85 °C
Climatic category, |EC 68 40/085/21
MARKING

Each capacitor is marked with the following information.
Capacitance in uF, rated voltage and class of operation (‘X’)
Series number (330) and code for dielectric materials.
Manufacturer’s identification symbol.

VDE approval stamp

Date code (year and month)

For class ‘Y’ capacitors refer to 660 Series (Ceramic Section)

6 September 1980 ( Mu"ard \3



347 Series

POLYESTER FILM/FOIL CAPACITORS
Radial leads - lacquered

QUICK REFERENCE DATA

For general purpose and pulse applications on printed wiring boards, where metallised construction is
unacceptable.

Capacitance range (E6 Series) 1.0 to 680 nF
Capacitance tolerance 10 %
Rated voltage (d.c.) 100, 250, 400, 630 \%
Climatic category (IEC 68)

at rated voltage (UR) 40/085/21

at0.8 U 40/100/21

DIELECTRIC
Polyethyleneterephthalate film.

CASING
Hard, water repellent lacquer.

TERMINATIONS

Radial leads of solder coated copper wire, crimped and cropped for use with printed wiring boards
having a 2.54 mm (0.1 in) grid.

SPECIAL FEATURES

These capacitors are manufactured using ‘extended‘foil’ technique, resulting in low inherent inductance
and also making them suitable for use in pulse circuits where high peak currents are experienced.

The crimping and cropping of the leads enables the capacitors to be inserted into printed wiring boards
without preparatory operations and improves the solderability of the component in flow line production
techniques.

O Mullard W (August 1979 1



347 Series

MECHANICAL DATA Dimensions in mm

T
max

\

Il‘_ ’d D2577e

DIMENSIONS AND TYPE NUMBERS

Table 1 100 V version

capacitance dimensions in millimetres marking type
(nF) L H T | 4 s code number
100 19 165 | 7 0.8 15.24 (0.6 in) 100n 347 21104
150 19 165 | 8 0.8 15.24 (0.6 in) 150n 347 21154
Table2 250 V version
capacitance dimensions in millimetres marking type
(nF) L H T d S code number
40 13.5 125 | 6 0.6 10.16 (0.4 in) 10n 347 41103
15 13.5 13. 5.5 0.6 10.16 (0.4 in) 15n 347 41153
22 135 14 6.5 0.6 10.16 (0.4 in) 22n 347 41223
33 19 14 5.5 0.8 15.24 (0.6 in) 33n 347 41333
47 19 15 6.5 0.8 15.24 (0.6 in) 47n 347 41473
68 19 16 7.5 0.8 156.24 (0.6 in) 68n 347 41683
100 27 18 6.5 0.8 22.86 (0.9 in) 100n 347 41104
150 27 195 | 8 0.8 22.86 (0.9 in) 150n 34741154
220 27 21 9.5 0.8 22.86 (0.9 in) 220n 347 41224
330 32 215 | 10 0.8 27.94 (1.1 in) 330n 347 41334
470 32 235 | 12 0.8 27.94 (1.1 in) 470n 347 41474
680 32 265 | 15 0.8 27.94 (1.1 in) 680n 347 41684

August 1979 Mulhrd U



Polyester film/foil capacitors JL 347 Series

Table 3 400 V version

capacitance dimensions in millimetres marking type

(nF) L H T d S code number
4.7 13.5 12 45 | 0.6 10.16 (0.4 in) 4n7 34751472
6.8 135 13 55 | 0.6 10.16 (0.4 in) 6n8 347 51682
10 13.5 13.5 6 0.6 10.16 (0.4 in) 10n 34751103
15 13.5 14.5 7 0.6 10.16 (0.4 in) 15n 34751163
22 19 145 6 0.8 15.24 (0.6 in) . 22n 347 51223
33 19 15.5 7 0.8 15.24 (0.6 in) 33n 347 51333
47 19 16.5 8 0.8 15.24 (0.6 in) 47n 347 51473
68 27 18.5 7 0.8 22.86 (0.9 in) 68n 347 51683
100 27 20 85 | 0.8 22.86 (0.9 in) 100n 347 51104
150 27 22 105 | 0.8 22.86 (0.9 in) 150n 347 51154
220 32 25 |11 0.8 27.94 (1.1 in) 220n 34751224
330 32 25 135 | 08 27.94 (1.1 in) 330n 347 51334

Table 4 630 V version

capacitance dimensions in millimetres marking type
(nF) L H T d s code number
1.0 135 13 55 | 0.6 10.16 (0.4 in) 1n0 347 61102
1.5 135 13 55 | 0.6 10.16 (0.4 in) 1n5 34761152
22 13.5 12 45 | 06 10.16 (0.4 in) 2n2 347 61222
33 13.5 13 5.5 | 0.6 10.16 (0.4 in) 3n3 347 61332

U MU|brd W (August 1979 3
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ELECTRICAL DATA

Unless otherwise specified, all characteristics apply at an ambient temperature of 20 + 5 9C, atmospheric pressure of 10° Pa (1000 mbars) and a
relative humidity of 75% maximum.

. 347 21... 347 41. .. 347 51... 347 61...
Conditions (100 V) (250 V) (400 V) (630 V)
Capacitance
range (E6 Series) - 100 to 150 nF 10 to 680 nF 4.7 to 330 nF 1.0t0 3.3nF
Capacitance
tSlerance - +10% +10% +10% +10%
Rated voltage (d.c.) —40 to +85 °C 100 V 250 V 400 V 630V
Rated voltage f=50 Hz \
(r.ms.) —40 to +85 9C S0V sov 125V 200V
Tangent of f= 1kHz <60 x 104 <60 x 10 <60 x 104 <60 x 10°*
loss angle
(tan &) f=10kHz <110 x 10 <110 x 10-* <110 x 104 <110 x 104
Temperature range:
category - —40 to +85 °C —40 to +85 °C —40 to +85 °C —40 to +85 °C
extended voltage derating 1.25%/°C +85 to 100 °C +85 to 100 °C +85 to 100 °C +85 to 100 °C
Insulation measured C>330nF >16 500 seconds >16 500 seconds >16 500 seconds *>16 500 seconds
resistance at 100 Vd.c.
at20°0C after 1 minute C <330 nF >50 000 M2 >50 0O0MSQ2 >50 000 M2 *>50 000 MQ
1000 hrs at 85 °C
1.5 x rated d.c. voltage ac <5% ac <5% ac <5% Ac <5%
Long term applied ¢ c c ¢
stability
1000 hrs at 85 °C AC AC AC AC
rated a.c. voltage applied T <5% C <5% c <5% T <5%
at rated voltage (UR) 40/085/21 40/085/21 40/085/21 40/085/21
Climatic category
at 0.8 Ug 40/100/21 40/100/21 40/100/21 40/100/21

*At 500 V d.c.

Sauag /v



Polyester film/foil capacitors 347 Series

MARKING
The capacitors are marked with:—

Rated capacitance and tolerance
Rated voltage, dielectric code (FA = film*/foil)

*Polyethyleneterephthalate (PETP) film

ORDERING PROCEDURE
The capacitors should be ordered by quoting their type number, as shown in the tables.

Example: A 220 nF + 10% capacitor, 250 V version should be ordered by quoting the type number
347 41224.

06247

10°

RC
ts)

/
- | \

103

102

10
-100 =50 0 50 100 150 200
Tumb *C

Typical insulation resistance as a function of
ambient temperature
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347 Series

06248

-75  -50 -25 0 25 50 75 100 125 Ty °C)

Typical capacitance change as a function of ambient temperature 06200

—

>
(e]

102 10° 104 t(Hz) 10%
Typical capacitance change as a function of frequency
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Polyester film/foil capacitors 347 Series

150 : TTT1]
Tan 6 _ £=100kHz
(x107¢)

125

06250

100

P

75

f=1kHz N 17

P4

p 4

50

25

0

-75 -50 -25 0 25 50 75 100 125 Tymp(°C)
Typical loss factor as a function of ambient temperature

D6251

Tan § S
(x1074)

103

10

2 57 0? 2 S 7 0t 2 S 7 108 zf(Hx)S1‘°‘

Typical loss factor as a function of frequency
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347 Series

Table of case sizes

1500 7601 (7265009.3)
Pmnx
(mW) %
1250
\
15 \
N N
1000
\
14 ‘ \
\
\ \\
\
750
AN
2 N \
N \
n N \
N N
A \
500 \\‘ XN
10 rs \‘
o} AN W\
6 NN \‘\Q
250 L \\\» \
23 N \\
YN
0 [T T ™
0 25 S0 75 Tams(°C) 100

Maximum permissible power dissipation as a function of
ambient temperature for various case sizes

dimensions in millimetres dimensions in millimetres
curve curve
L H T L H T
* 13,5 12 45 1 27 18 6.5
2 135 125 5 12 27 19.5 8
3 135 13 5.5 13 27 21 9.5
4 135 135 6 14 32 21.5 10
5 135 14 6.5 15 32 235 12
6 19 14 55 16 32 26.5 15
7 19 15 6.5
8 19 15.5 7
9 19 16 75
10 19 16.5 8

A
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357 5.... Series

POLYPROPYLENE FILM/FOIL CAPACITORS
radial leads — moulded '

Designed for high frequency/high current applications on printed wiring boards.

QUICK REFERENCE DATA

Capacitance range 47 to 680 nF
Capacitance tolerance +10%

Rated voltage (UR) (d.c.) 250 V

Rated voltage (a.c.) (60 Hz) 160 V
Climatic category (IEC 68) 40/085/56
DIELECTRIC

Polypropylene film.

CASING

Flame retardant polypropylene case, sealed by epoxy resin, with small pips on to the base to give a
clearance between the capacitor and the printed-wiring board.

TERMINATIONS

Radial leads of tinned copper wire, 0.8 mm diameter, for use with printed-wiring boards having a
2.54 mm (0.1 in) grid.

SPECIAL FEATURES

The capacitors are manufactured using ‘extended foil’ technique, resulting in low inherent inductance.
They are mainly intended for ‘S’ correction in transistorized tv receivers, where high peak currents at
line frequency occur. It is, however, possible to use the capacitors in other applications, i.e. inverters
operating at other frequencies.

0 Mu"ard W ( September 1978 1



357 5... Series

MECHANICAL DATA Dimensions in mm

le—— L max ——————e ——‘Tmuxr—
H
max
|| %
' :
S J Il 4.5min
_ ol e @08
Fig.1 D4738
3 Dimensions in millimetres
capacitance :
(nF) type numbers
L H T S
47 215 15 8 15 357 51473
100 29 18.5 8.5 225 357 51104
220 34 20 10 27.5 35751224
330 34 22 12 275 35751334
470 34 25 15 275 35751474
560 34 25 15 275 357 51564
680 34 28 18 275 357 51684
ELECTRICAL DATA

Unless otherwise stated, all characteristics apply at an ambient temperature of 20 + 5 0C, atmospheric
pressure of 105Pa (1000 mbars) and a relative humidity of 75% maximum. .

conditions value
capacitance range — 47 to 680 nF
capacitance tolerance - +10%
rated voltage (d.c.) —40 to +85°C 250 V
rated voltage (a.c.) f=50 Hz 160 V
tangent of loss angle {tan 5) =10 kHz <5x 104
category temperature range - —40to +8509°C
insulation resistance at 20 °C C SO.14F > 50 000 M

C>0.1uF RC>5000s
minimum casing breakdown voltage {d.c.) applied for 1 minute 1000 V
minimum breakdown voltage between
terminals ) applied for 1 minute 500 vV

2 September 1978 ( Mu||a rd



Polypropylene film/foil capacitors J L 357 5... Series

SOLDERING CONDITIONS

For capacitors in printed-wiring board applications, where the distance between the solder point and
the capacitor body is 1.5 mm minimum, the maximum permissible soldering time at 250 ©C is 5 seconds.

MARKING

The capacitois are marked on the top face by embossed print, with

1st line: rated capacitance in uF, tolerance and rated d.c . voltage without unit symbols.

2nd line: series number (3567), code for dielectric material (FP) and code for factory of origin.

ORDERING PROCEDURE
The capacitors should be ordered by quoting their type number, as shown in the table.
Example: A 470 nF + 10% capacitor should be ordered by quoting the type number 357 51474.

0.1 D8244
ac
. C
(%)
0
P——
-
N
-0
-02
103 104 f (Hz) 105

Fig.2 Capacitance as a function of frequency: typical curve, measuring voltage is 0.3 V.
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357 5... Series

D825

5
AC
Cc
Py
(%) I 0.68 pF
0.047uF
0
NN 0047,F]
.
0.68 u‘F
-5 e 1]
-50 0 50 Tarms (°C) 100

Fig.3 Capacitance as a function of temperature; typical curves.
Measuring voltage 0.3 V, measuring frequency 10 kHz.

108 opce
RC
(s)
108 —
0.047uF
\
N

0.33pF NN

104
\
3
10-50 0 50 100
Tumb (°C)

Fig.4 R—C product as a function of temperature; typical curves.

-
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Polypropylene film/foil capacitors 357 5.... Series

08247

10
tan b
(10-4)
y,
0.68uF
5
4
/ -
1 00LTuF
= Tt == H
0==—--—-""" o - - |
103 104 £ (Hz) 108

Fig.5 Tan § as a function of frequency; typical curves
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357 5... Series

ADDITIONAL INFORMATION

The rated a.c. voltage, which has been specified at 50 to 60 Hz must also never be exceeded at other
frequencies. Moreover this voltage value may further be limited by the maximum permissible power
dissipation (Pyax).

The power dissipated by a capacitor is a function of the voltage over the series resistance (Rg) or of the
current through the series resistance and is expressed by

VRs?
p=_1% =12 1
Rs 12Rg (1)
D8260 rVRs’]
11
O— 1 —}—o°
L C " ’
r Vr.m.t. M
Rg?
VRs® = Vrms® (2a)

R52 + 1/0)2 (.':2

As tan § = RgwC for these capacitors is always < 0.1, equation (2a) can be simplified to

Rg?
VRs? == Vims® = Rs?w?C? Vs, (2b)
Rs 12 C? rms s rms
Thus P = Rgw?C?Vrms? = (RsC) Cw? Vims?. (3)

in which w = 2nf; the term (R¢C) is 7.96 x 10°°.

The maximum permissiblé power dissipation (Pyax), which depends on the dimensions of the capaci-
tor and on the ambient temperature,can be found from Fig.6.

Example

A capacitor of 0.47 uF is to be used at 40 kHz and an ambient temperature of 75 ©C. The RgC-product
at 40 kHz is 7.96 x 10" QF. The maximum permissible power dissipation at 75 °C is 780 mW (Fig.6)

The maximum a.c. voltage can be calculated from Eq. (3):

v - Pmax
rms '\/ (RsC) Cw?

0.78 57V
796x 107 x0.47x 100 x 4> x 16x 10° | ~°7 V-

6 September 1978 ( Mu'lard U



Polypropylene film/foil capacitors 357 5... Series

D7602 (7Z69261.1)

2000
6
Pmux
(mW)
S
N
1500
N
4 \\
3 \ \\
N. N\
0
100 NN
2 N\
‘\\‘\ NN\
\\‘ N :\‘: Q
! N
500
N QN
NG N
N
0
0 25 S0 75 Tamb(°C) 100

Fig.6 Maximum permissible power dissipation as a function of ambient
temperature for various case sizes.

Table of case sizes

Dimensions in millimetres
curve
L H T
1 215 15 8
2 29 18.5 8.5
3 34 20 10
4 34 22 12
5 34 25 15
6 34 28 18

< | Munard)( S



357 6"i' Series
(o}
357 9... Series

POLYPROPYLENE CAPACITORS
series construction (KP/MKP)

QUICK REFERENCE DATA

Rated capacitance range (E12 series) 1500 pF to 0,33 uF

Tolerance on rated capacitance t+ 5% and + 10%

Rated voltage UR (d.c.) 630V, 1000 V, 1500 V, 2000 V
Rated voltage UR (a.c.), 50 to 60 Hz 300V, 400 V, 600 V, 700 V
Rated temperature 85 °C

Climatic catagory, |IEC 68 40/085/56

APPLICATION

These capacitors are intended for applications where high currents, high voltages and steep pulses occur.
They are mainly used for deflection circuits in television receivers (e.g. flyback), for commutation in
thyristor circuits (e.g. motor control) and pulse steepness suppression networks.

When requiring advice,please send oscillograms of current and voltage waveforms.

DESCRIPTION

The capacitors consist of an impregnated, series constructed, low-inductive wound cell of polypropylene
film, aluminium foil and metallized polypropylene film. The cell is potted with epoxy resin in a yellow
polypropylene case. The radial leads are solder-coated copper wire.

The capacitors are flame retardent and can withstand solvents and rinsing liquids without damage. They
are provided with small stand-off pips to allow removal of solder flux etc., when cleaning the printed-
wiring board.

Composition of the catalogue number

code for rated voltage and j —[ code for capacitance
capacitance tolerance

61= 630V;t10%

62= 630V;+5%

71 =1000 V; + 10%

72=1000 V; + 5%

81=1500 V; + 10%

82=1500 V; + 5%

92 = 2000 V;-+ 5%

v Mullard | ="



357 6 Senes

357 9 Sene

e

MECHANICAL DATA

Table 1 UR (d.c.) =630 V; UR (a.c.) =300 V

<——-L————>|

->|Tl<—

a— P —»

}4—
—
1 I

—»

Dimensions in mm

»lle-@0o8

7250011 6

Fig. 1 For dimensions T, L, H and P, see Tables 1 to 4.

rated catalogue number
capacitance * T L, H P mass 357.....
uF max | ~max max g tol. + 5% tol. £ 10%

0,047 8,5 29 18,5 6 62473 61473
0,056 8,5 29 18,5 6 62563 61563
0,068 10 29 20 225+0,4 9 62683 61683
0,082 10 29 20 9 62823 61823
0,10 10 29 20 9 62104 61104
0,12 10 34 20 10 62124 61124
0,15 12 34 22 14 62154 61154
0,18 12 34 22 275404 14 62184 61184
0,22 15 34 25 o 20 62224 61224
0,27 18 34 28 28 62274 61274
0,33 18 34 28 28 62334 61334

* Besides the values of the E12 series as quoted, intermediate values of the E24 series (with a tolerance
+ 5%) are available. Other capacitance values and tolerances are available to special order.

2 October 1978
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357 6.... Series

Polypropylene capacitors to
357 9... Series
Table 2 UR (d.c.) = 1000 V; UR (a.c.) = 400 V
rated catalogue number
capacitance® Tmax | Lmax | Hmax P mass _ 357.....
uF g tol. + 5% tol. + 10%
0,018** 8,5 29 18,5 6 72183
0,022** 8,5 29 18,5 225+04 6 72223
0,027** 8,5 29 185 6 72273
0,033 85 29 18,5 225+04 6 72333 71333
0,039 8,5 29 18,5 o 6 72393 71393
0,047 10 29 20 9 72473 71473
0,056 10 29 20 9 72563 71563
0,068 10 34 20 10 72683 71683
0,082 12 34 22 13 72823 71823
0,10 12 34 22 13 72104 71104
0,12 15 34 25 275+04 18 72124 71124
0,15 18 34 28 26 72154 71154
0,18 18 34 28 26 72184 71184
0,22 18 34 28 26 72224 71224

Table 3 UR (d.c.) = 1500 V; UR f{a.c.) = 600 V

rated . catalogue number
capacitance*® Tmax Lmax Hmax P mass 357.....
uF g tol. + 5% tol. + 10%

0,0082** 8,5 29 18,5 6 82822
0,010** 8,5 29 18,5 6 82103
0,012°* 8,5 29 18,5 2504 6 82123
0,015°* 8,5 29 18,5 6 82153
0,018 8,5 29 18,5 6 82183 81183
0,022 8,5 29 18,5 6 82223 81223
0,027 8,5 29 18,5 225+04 6 82273 81273
0,033 10 29 20 o 9 82333 81333
0,039 10 29 20 9 82393 81393
0,047 10 34 20 10 82473 81473
0,056 12 34 22 13 82563 81563
0,068 12 34 22 13 82683 81683
0,082 15 34 25 27504 18 82823 81823
0,10 15 34 25 18 82104 81104
0,12 18 34 28 26 82124 81124
0,15 18 34 28 26 82154 81154

* Besides the values of the E12 series as quoted, intermediate values of the E24 series (with a tolerance
+ 5%) are available. Other capacitance values and tolerances are available to special order.
** Especially suited for fly-back purposes.
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357 6.... Series

to
357 9... Series

Table 4 UR (d.c.) =2000 V; UR (a.c.) =700 V

rated I| l| ‘[ catalogue number
capacitance® ' Tmax | .Lmax Hmax P mass 367.....
uF ' | i 9. tol. * 5% tol. * 10%
— t T T
0,0015** . : i 92152
0,0018** : : 92182
00027+ % 3 | oz |
0,0033** . 85 : 29 18,5 225+04 6 92332
0,0039: : | ! I 92392
0,0047 i i ! 92472
0,8026’ * i | ! 92562
0,0068* * 92682
0,0075** | ' 92752
1 |
Marking

The capacitors are marked on the top face by embossed print, with:

® rated capacitance in pF or uF, tolerance and rated d.c. voltage, without unit symbols;

® 5th, 6th and 7th digits of the catalogue number, code for dielectric materials (KP/MKP), code for
factory of origin and production date code (according to |EC 62, clause 5);

® manufacturer’s identification symbol.

The capacitors which are especially suited for flyback purposes are also marked with peak-to-peak
voltage and repetition frequency (16 kHz).

Mounting

The capacitors are suited for mounting on printed-wiring boards. When a number of capacitors are
connected to form a capacitor bank, and considerable power dissipation is expected, their mounting
proximity should allow a free circulation of air.

Besides the values of the E12 series as quoted, intermediate values of the E24 series (with a
tolerance * 5%) are available. Other capacitance values and tolerances are available to special
order.

** Especially suited for flyback purposes.

+ =) Mullard o



357 6... Series

Polypropylene capacitors tO

357 9.... Series

ELECTRICAL DATA

Unless otherwise specified all electrical values apply at an ambient temperature of 15 to 35 ©C, an
atmospheric pressure of 860 to 1060 mbar and a relative humidity of 45 to 75%.

Capacitance

Rated capacitance values (Cg) at 1 kHz see Tables 1 to 4
Tolerance on rated capacitance +5%or + 10%
Temperature coefficient at Tymp = 20 °C —400 + 50 ppm/°C
Frequency dependence between 100 Hz and 100 kHz negligible
7274869
5
ac
[
(%) s
~
0 0,0015 uF |
2000V
0,33uF R\
630V, N
e 11
-100 -50 0 50 100
o
Tamb (°C}

Fig. 2 Capacitance as a function of temperature; typical curves.
Measuring voltage is 0,3 V, measuring frequency is 1 kHz.

Voltage
Rated voltage UR (d.c.) 630 V, 1000 V, 1500 V, 2000 V
Rated voltage UR (a.c.), 50 to 60 Hz

630 V version 300 vV

1000 V version 400 V

1500 V version 600 V

2000 V version 700 V

Maximum permissible peak-to-peak voltage for flyback capaci-
tors, pulse duration 10 to 14 ps, repetition frequency 15 to 20 kHz

1000 V version 1000 V (p-p)

1500 V version 1500 V (p-p)

2000 V version 2000 V (p-p)
Over-voltage (d.c.) for 1 min/h < 20% of UR (d.c.)
Test voltage for 1 min

between terminals 1,6 x UR (d.c.)

between interconnected terminals and case 2x Ug (d.c.)
Notes

The following requirements must be satisfied:

© the sum of the d.c. voltage and the peak value of the superimposed a.c. voltage must be < rated d.c.
voltage;

® the peak-to-peak value of the a.c. voltage must be < maximum permissible a.c. voltage x 2vZ;

® for other than sinusoidal waveforms, the maximum permissible dissipation must not be exceeded.

o Mullard (="



357 6.... Series
to
357 9... Series

103 72474'864
voltage
(V)
. Nk
NN
0,047 uF[HH
o, 12uF
0,18 uF
0.33uF TH]
. I
103 104 105 ¢ (4 108

Fig. 3 Maximum permissible r.m.s. value of sinusoidal voltages as a function of frequency at
Tamb < 70 ©C, for 630 V version.

3 7274865
10 R T
T : )
voltage ¥ Tt
v Ll N,
iy RN
2 s P F\
10 + T =
1 H \N
s Ny0.0184F HH
T 0,22pFI—~~~
j I ! (
Cnlil |
! i i | |
10 N 1 il 1 i
103 104 105 f (Hz2) 108
L)

Fig. 4 Maximum permissible r.m.s. value of sinusoidal voltages as a function of frequency at
Tamb < 70 ©C, for 1000 V version.
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Polypropylene capacitors 357 G.i.bSerles
- )\_357 9... Series
103 . 7274866
voltage \\\
(V) N q
\\ J
\\\\
102 N
=
AN
10,0082 uFH
=0,018 uF 1Y
10
103 104 108 f (Hz) 108

Fig. 5 Maximum permissible f.m.s. value of sinusoidal voltages as a function of frequency at
Tamb < 70 ©C, for 1500 V version.

7274867
103

voltage
(V) N,

10? AN

b

10
103 104 105 f (Hz2) 106

Fig. 6 Maximum permissible r.m.s. value of sinusoidal voltages as a function of frequency at
Tamb < 70 ©C, for 2000 V version.
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357 6.... Series
to
357 9... Series

Insulation resistance

The insulation resistance is measured after a voltage of 500 + 50 V has been applied for 1 min * 5s.

ambient temperature

23 oC | 85 °C
R between terminations, for CR < 0,1 uF > 50 000 MQ2 > 500 M2
RC between terminations, for CR > 0,1 uF > 5000s > 60s
Tan §(tangent of the loss angle)
Tan § at 100 kHz
for capacitors with pitch P = 22,5 mm <10x 10°*
for capacitors with pitch P = 27,5 mm <15x 10
20 7274870
tan §
(1074)
10
0,33 ufF
630V
P!
T A\
0,0015uF
—== 2000V 17
ot=——F=9-F - I [TIT
103 104 f (Hz) 105

Fig. 7 Tan § as a function of frequency; typical curves.

Temperature dependence at 100 Hz,
1 kHz, 10 kHz and 100 kHz

Power dissipation
Maximum permissible power dissipation

Pulse steepness

Temperature

Rated temperature
Category temperature range
Storage temperature range
Climatic category, IEC 68

negligible

see Additional information

limited by network conditions

85 oC

—40to + 85 °C
—55 to + 85 OC
40/085/56

8 October 1978 i
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357 6.... Series

Polypropylene capacitors

to

357 9... Series

ADDITIONAL INFORMATION

The rated a.c. voltage, which has been specified at 50 to 60 Hz must also never be exceeded at other
frequencies.* Moreover this voltage value may further be limited by the maximum permissible power

dissipation (Pmax).

For a capacitor used with a sinusoidal voltage, the power dissipation is expressed by:
P =Vims Irms €0s ¢.

As lrmg = WCV me. and cos ¢= tan §, equation (1) can be rewritten as :
P=V? nswCtan § = V? ¢ 27fC tan 5.

For capacitors of the 357 series, tan § is about proportional to the frequency, thus:

f
tan§=— tan § .
10° 100k Hz

Substituting equation (3) in equation (2) gives:
P=2m10°% V2 sf*Ctand 100kHz2-

For capacitors with a pitch of 22,5 mm the maximum tan § at 100 kHz is 103, thus:
P=27.10°V? f°C.

For capacitors with a pitch of 27,56 mm the maximum tan § at 100 kHz is 1,5 x 103, thus:

P=3m10°V? f2C.

(1)

(2)

(3)

(4)

(5)

(6)

The maximum permissible power dissipation (P45}, which depends on the dimensions of the capacitor

and on the ambient temperature, can be found from Fig. 8.

dimensions (mm) 1000 7274868
T, L, H
curve | Tmax | bmax | Amax Prmax
1 85| 29 1856 (mW)
2 10 29 20
3 10 34 20 750 6
4 12 34 22
5 |15 |34 |25 \
6 18 34 28 5
4
500
3 \\
2 \
Fig. 8 Maximum permissible 250 AN\
power dissipation as a function \\
of temperature. N
0 ]
0 25 50 100
Tamb (°c)

* At Tamp < 70 ©C the maximum permissible sinusoidal voltage can be found in Figs 3 to 6.

o Mullard | =™



357 6.... Series
to

357 9... Series

Example 1

A capacitor of 0,12 uF (27,5 mm pitch) is to be used at a 20 kHz sinusoidal voltage of 300 V and an
ambient temperature of 80 ©C. The power to be dissipated is

P=3m10° Vg f2C
=3x3,14 x 10°® x 300? x 20 000 x 0,12 x 10"°W
P =407 mW.

Fig. 8 shows that at 80 OC, capacitors with curve number 5 can be used, thus a size of 15 mm x 34 mm
x 25 mm. |t can be seen from Tables 1 to 4 that a 0,12 uF/1000 V capacitor must be chosen.

Example 2
For a capacitor used with a half sinewave pulse, (Fig. 9), V ¢ can be expressed by
2 _ T
Vems® = 7 Vp? 7 - (7)
voltage
Vo-}--,
time
Ty —»
ind TZ el 72% 260

Fig. 9.
With f = %, and substitution of equation (7) in equation (5), the maximum power dissipation for
1

a capacitor with a pitch of 22,5 mm is'

_m " 1
P=7.10°V? RO (8)

A capacitor of 0,0075 uF is to be used with a half sinewave pulse (pulse duration 12 us, repetition
time 60 us), peak value 1500 V at an ambient temperature of 80 ©C.

The maximum dissipated power is

P=Jx 10 x 1500° x 1‘2‘1‘6‘6"0'0075" 10 W
P=184 mW

From Fig. 8 it can be seen that this power value is permitted for all capacitor sizes.

10 October 1978 (' Mu“a rd ‘3



POLYSTYRENE FILM/FOIL 424 425
CAPACITORS 426 427

Miniature,axial leads-insulated SERIES

For use in circuits where precision, reliability, stability and low losses are of prime importance, e.g.,
in tuned circuits, filter networks, discriminators, etc.

QUICK REFERENCE DATA

Capacitance range (E24 series) 100 to 39 000 pF
Capacitance tolerance ((‘1223 :}fi s";"d 427 series) i : orts ;’z
Rated voltage range (d.c.) 63, 160, 250 and 630 V
Climatic category (IEC 68)

424 40/070/21

425, 426 and 427 40/085/21

DIELECTRIC
Polystyrene film.

CASING
Polycarbonate sleeving.

TERMINATIONS
Welded axial leads, 0.6 mm diameter

TYPE NUMBER DESIGNATION

63V 424. ... ..
160 V 425......
250 V 426......
630 V 427......

SPECIAL FEATURES :

The capacitance cell is wound with polystyrene film and tin/lead foil using ‘extended foil’ technique,
resulting in low inherent inductance and low series resistance. This, combined with a low temperature
coefficient of capacitance, makes these capacitors suitable for use in professional and general purpose
applications.

‘:’ Mullard W (November 1980 1



424 425
426 427
SERIES

DIMENSIONS (millimetres) AND TYPE NUMBERS

l je—— £ min ————»

i« L
max

—e——— {min —————»

,

Table 1 630 V version [427 4. . . .(+ 1% tolerance ‘F’) or 427 2. .. .(+ 5% tolerance ‘J’')]"

/.

Capacitance L 0 9 Capacitance Type number
(pF) code suffix
100 10.9 3.8 30 100p 1001
110 10.9 3.8 30 110p 1101
120 10.9 3.8 30 120p 1201
130 10.9 3.8 30 130p 1301
150 10.9 3.8 30 150p 1501
160 10.9 3.8 30 160p 1601
180 10.9 3.8 30 180p 1801
200 10.9 3.8 30 200p 2001
220 10.9 3.8 30 220p 2201
240 10.9 3.8 30 240p 2401
270 10.9 3.8 30 270p 2701
300 10.9 3.8 30 300p 3001
330 10.9 4.0 30 330p 3301
360 10.9 4.0 30 360p 3601
390 10.9 4.0 30 390p 3901
430 10.9 40 30 430p 4301
470 10.9 4.5 30 470p 4701
510 10.9 4.5 30 510p 5101
560 10.9 4.0 30 560p 5601
620 10.9 4.5 30 620p 6201
680 10.9 4.5 30 680p 6801
750 10.9 5.0 30 750p 7501

*See MARKING

2 November 1980
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Polystyrene film/foil capacitors

424 425
426 427
SERIES

Table 2 250 V version {426 4. . . .(+ 1% tolerance ‘F’) or 426 2. . . .(+ 5% tolerance ‘J’')}

Capacitance L D 2 Capacitance Type number
(pF) code suffix
820 10.9 4.0 30 820p 8201
910 10.9 4.0 30 910p 9101
1000 10.9 4.0 30 1n0 1002

Table 3 160 V version [425 4. . . .(+ 1% tolerance ‘F’) or 425 2. . . .(+ 5% tolerance ‘J)]*

Capacitance L D 0 Capacitance Type number

(pF) code suffix
1100 10.9 3.8 30 n1 1102
1200 10.9 4.0 30 n2 1202
1300 10.9 4.0 30 1n3 1302
1500 10.9 4.0 30 1n5 1502
1600 10.9 4.0 30 1n6 1602
1800 10.9 4.5 30 1n8 1802
2000 10.9 45 30 2n0 2002
2200 10.9 4.5 30 2n2 2202
2400 10.9 45 30 2n4 2402
2700 10.9 45 30 2n7 2702
3000 10.9 5.0 30 3n0 3002
3300 10.9 5.0 30 3n3 3302
3600 10.9 5.0 30 3n6 3602
3900 10.9 5.0 30 3n9 3902
4300 15 5.0 28 4n3 4302
4700 15 5.0 28 4n7 4702
5100 15 5.0 28 5n1 5102
5600 15 5.0 28 5n6 5602
6200 15 5.0 28 6n2 6202
6800 15 5.5 28 6n8 6802
7500 15 5.5 28 7n5 7502
8200 15 6.0 28 8n2 8202

*See MARKING

mee—
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424 425
426 427
SERIES

Table 4 63 V version [424 4. ... (+ 1% tolerance ‘F’)]

Capacitance L D Q Capacitance Type number

(pF) code suffix

9100 15 5.0 28 9n1 9102
10 000 15 5.0 28 10n 1003
11 000 15 5.5 28 11n 1103
12 000 15 5.5 28 12n 1203
13 000 15 5.5 28 13n 1303
15 000 15 5.5 28 15n 1503
16 000 15 6.0 28 16n 1603
18 000 15 6.0 28 18n 1803
20 000 15 6.0 28 20n 2003
22 000 15 6.5 28 22n 2203
24 000 15 6.5 28 24n 2403
27 000 15 7.0 28 27n 2703
30 000 15 7.0 28 30n 3003
33 000 15 7.5 28 33n 3303
36 000 15 7.5 28 36n 3603
39 000 15 8.0 28 39n 3903

*See MARKING

ELECTRICAL DATA

Unless otherwise specified, all characteristics apply at an ambient temperature of 20 + 5 ©C,
atmospheric pressure of 10° Pa (1000 mbars) and a relative humidity of 75% maximum.

Characteristic| Conditions 4{2;0\/) o 4(22650 V) 4(21566 V) ! 424(63V)
Capacitance

range - 100 to 750 pF | 820 to 1000 pF | 820 to 8200 pF | 9100 to 39 000 pF
(E24 Series)
Capacitance - t1or+5% | +1%or+5% | +1or*5% £1%

tolerance
t

Rated voltage te(::nggtrzre 630 V 250V 160 V 63V

(d.c.) range

4 November 1980} ( MUIIard
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Polystyrene film/foil capacitors

ELECTRICAL DATA (continued)

Characteristic Conditions 427..... (630 V) 426. . ... (250 V) 425. .. .. (160 V) | 424..... (63 V)
at f = 50 Hz,
Rated voltage over 250 V 125V 63V 25V
(r.m.s.) temperature
range
f=10 kHz
< -4
€ >20 000 pF <10x10
=100 kHz
€ <20 000 pF <15x10* <15x10*
Tangent of >10 000 pF
loss angle
(tan 8) =100 kHz
€ <10 000 pF 10x10* <10x10*
> 1000 pF
f=1MHz
<10x10™* < 4
€ <1000 pF <10x 10 10 x 10
Category
temperature - —40 to + 85 °C. —40to + 85°C —40to+85 C —40to + 70 °C
range
Temperature | Ca‘eg"":r (—125 £60) x 10| (—125 £ 60) x 10°* | (—125 + 60 x 10°® | (~125 * 60) x 10°®
coefficient emperature oc oc oc oc
range
Insulation after 1 min. at min. 105 MQ min. 105 MQ min. 105 MQ min. 10° MQ
resistance indicated voltage at 500 V at 100 V at 100 V at1iov
I:n v olltage applied for
rminals 1 minute 1250 V 500 V 400V 400 V
to case (d.c.)
Volta lied fo
g aperied for 1250 v 500 V 320 v 125V
proof (d.c.) 1 minute

SOLDERING CONDITIONS

For capacitors in printed-wiring board applications, where the distance between the solder point and the
capacitor body is 1.5 mm minimum, the temperature and soldering times are as follows:-

Solder temperature Maximum solder time

240 °C 3 seconds

260 °C 2 seconds

If longer soldering times are necessary, a greater distance between the solder point and the capacitor
body must be used.

<

November 1980
Mullard 1(



424 425
426 427
SERIES

MARKING
The capacitors are marked with:-

Capacitance code

Tolerance code (F = + 1%, J = + 5%) and rated voltage
Dielectric code (KS = polystyrene)

Date code, month, year.

COMPOSITION OF TYPE NUMBER

Type number suffix

see DIMENSIONS AND
TYPE NUMBERS

42. ... ..
e =
I 1
Voltage Tolerance
4=63V 4=%1%
5=160 V 2=+5%
6=250V
7=630V

ORDERING PROCEDURE

These capacitors should be ordered by quoting their full type number, as indicated under

COMPOSITION OF TYPE NUMBER above.

Example:- A 100 pF + 1% 630 V rated capacitor should be ordered by quoting the type number

427 41001.

The 424, 425, 426 and 427 series can be supplied in bandoliers to facilitate automatic handling by

either crop and form processing or by fully automatic insertion. Full details of the bandoliering

specification, type numbers and drum quantities can be obtained from Mullard Ltd.

6 November 1980
(" Mullard
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424 425
Polystyrene film/foil capacitors

426 427
SERIES
ac
C
(%)
1
()}
-1
103 104 108 106 f(Hz) 107

Typical change in capacitance as a function of frequency

10
tan &
(10-4) 15 mm W
10.9 mm <
) I | 1 ',—"
107
102 103 104 f(Hz) 105

Typical loss factor as a function of frequency
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424 425

426 427
SERIES
2
tan &
(10-¢)
1
P -
0
-50 0 50 Tamb (°C) 100
Typical loss factor as a function of temperature
10}
Resonance
frequency
(MHz)
2 N
10 — 10mm
S - 20mm
N ] ggmm
TINONSK mm
%
ﬂN... ‘\‘ g
\\k\\
NN
10 PN
1
102 103 C(pF) 104

Self resonance frequency as a function of capacitance,
for various total lead lengths

]

8 November 1980 ( Mu‘lard



Senes

POLYSTYRENE FILM/FOIL CAPACITORS
radial leads — moulded

QUICK REFERENCE DATA

Rated capacitance range (E96-series) 100 to 34 000 pF
Tolerance on rated capacitance +1%

Rated voltage UR (d.c.) 63V

Rated voltage UR (a.c.), 50 to 60 Hz 25V

Rated temperature 70 °C

Climatic category, |EC 68 40/070/56

Basic specification IEC 275
APPLICATION

For use in LC filters, particularly in telephony equipment, where high requirements are imposed on
precision, stability, humidity, dissipation factor and reliability. The dimensions are such that, in com-
bination with currently available ferrites, a high package density is possible.

DESCRIPTION

The capacitors consist of a low-inductive wound cell of polystyrene film and tin/lead foil. The cell is
potted with epoxy resin in a yellow flame retardant.polypropylene case, which can withstand solvents
and rinsing liquids.

The low thermal conductivity of the radial leads provides optimum soldering conditions. The capacitors
are provided with stand-off ridges to give a clearance between the capacitor and the printed-wiring
board.

Composition of the catalogue number

43 .....
r | | multiplying factor
4 = capacitors > 3920 pF, according to Fig.1 or 1=1x
capacitors > 15 000 pF, according to Fig.2 2=10x
8 = capacitors< 3 920 pF, according to Fig.1 3= 100x
first three figures of capacitance
value in pF

For ordering purposes please quote the catalogue number.

Examples

A capacitor of 4750 pF should be ordered as 443 44752.
A capacitor of 121 pF should be ordered as 443 81211.

A capacitor of 12 100 pF should be ordered as 443 41213

u Mullard 7 (October 1978



443

Series.
MECHANICAL DATA Dimensions in mm
.75 -~
max
r‘ \ T o\
]
75 10 ] [
max max
L °
o
Y —
129
129
max max
Y j '
0.5 r o o * 05 . — ?
5.9 59
|3 !
0.5_>| L_ (7?:;%1.21 06 —>| L— 08173 (7275536)
Fig.1 Capacitors of rated Fig.2 Capacitors of rated
capacitance range 100 to capacitance range 15 400
15 000 pF. to 34 000 pF.

Marking

Capacitors according to Figs 1 and 2 are marked in ink on the top with:

1st line: rated capacitance (in pF to 976 pF, in nF above this value);

2nd line: tolerance code (F = + 1%) and rated voltage (d.c.);

3rd line: 5th, 6th and 7th digits of the catalogue number;

4th line: production date code according to IEC 62, clause 5, and code for dielectrics {KS = polystyrene)

The manufacturer’s identification symbol is indicated to the left of the 2nd and 3rd lines of marking.

Note
The earth side is indicated by a vertical line to the left of the 2nd, 3rd and 4th lines of marking, and
by the bevelled corner. )

October 1978 ( Mulla rd | U



Polystyrene film/foil capacitors Senes

Mounting

The capacitors are designed for mounting on printed-wiring boards. The required space on the printed-
wiring board for a hole diameter of 1 mm is given in Figs. 3 and 4.

10.16

162 (4e)
=" (3e) "_ Ger _’l
_ 5.08 |
1 e [T
: N L .
) L1 )
I r 1 t ' !
;V ; 10.16 7.62 ‘ 7|
& o =
e e
| | | |
+ €+ t + 1
cdb—4—Ja ‘ | W S B R +
e=254 e=254
D8176(7275543 ’ D8175(7275542) *
Fig.3 Required space for capacitors Fig.4 Required space for capacitors
according to Fig.1 according to Fig.2
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443
Series.

ELECTRICAL DATA

Unless otherwise specified all electrical values apply at an ambient temperature of 23 + 1 ©C, an
atmospheric pressure of 860 to 1060 mbar and a relative humidity of 50 + 2%.

Capacitance

Rated capacitance values (CR)
at 1 kHz, CR > 1000 pF and
at 1 MHz, CR < 1000 pF

Tolerance on rated capacitance

Temperature coefficient
CR <6000 pF
Cr > 6000 pF

Frequency dependence between 100 Hz and 1 MHz

Voltage
Rated voltage UR (d.c.)
Rated voltage UR f{a.c.), 50 to 60 Hz

Test voltage for 1 min
between terminals
between interconnected terminals and case

Insulation resistance

100 to 34 000 pF (E96-series)
+1%

—( 95 to 155) ppm/°C
—(120 to 185) ppm/OC

none

63 V
25V

2x Ug (d.c.)
400 V (d.c.)

The insulation resistance is measured after a voltage of 10 + 1 V has been applied for 1 min +5s.

R between terminals
R between interconnected terminals and case

Tan & (tangent of the loss angle)

Tan &
at 1 MHz, Cgr <500 pF
at 1 MHz, 500 pF <CR < 1000 pF
at 1 kHz, CRr > 1000 pF

Temperature

Rated temperature
Category temperature range
Storage temperature range
Climatic category, IEC 68

ambient temperature
239C | 70°C
> 500 000 M2 | > 100 000 M2
> 500 000 M2 | > 100 000 MQ2

< 5x10*
<10x 10*
< 2x10°?

70 °C
—40to+70°C
—55to+70°C
40/070/56

4 October 197§ ( Mu“ard



Polystyrene film/foil capacitors
Serles

102 ommuswm
tanb
(10-4)

o C0er /
pd
1 pd C < 3920 pF3H
o-l
102 103 104 105 §(Hz) 10°
Fig.5 Tan & as a function of frequency; typical curves
2 08177 (7269845)
tan b
- P’
(10-4) € >3920pF
o9
4 - C < 3920pF
- -
—
0
-50 0 50 Tamb (°C) 100
Fig.6 Tan & as a function of temperature; typical curves
Resonant frequency
8.5 x 102 .
Resonant frequency, total lead length 2 x 1 mm >TMHZ (CinpF)

V) Mullard W( ot



DEVELOPMENT SAMPLE DATA
This information is derived from development samples 4551 457

made available for evaluation. It does not necessarily SERIES
imply that the device will go into regular production.

POLYPROPYLENE FILM/FOIL CAPACITORS

QUICK REFERENCE DATA

Capacitance range 47 to 56 000 pF
Tolerance on rated capacitance + 2% (E24-series)*
Rated voltage Ug (d.c.) 63V,250V,
Rated voltage UR (a.c.)., 50 to 60 Hz 25V, 125V,
Rated temperature 85 °C

Climatic category, |IEC 68 40/100/21
APPLICATION

For use in circuits where precision, reliability, and low losses are of prime importance, e.g. tuned
circuits, filter networks, timing networks, etc.

DESCRIPTION

The capacitors consist of a low-inductive wound cell of aluminium foil with a polypropylene film. The
cell is covered with a blue plastic film. The long, axial leads of solder-coated wire make the capacitor
suitable for vertical or horizontal mounting on printed-wiring boards.

Composition of the catalogue number

' T l T
455=63 V | code for capacitance, see

I
packed on Tables 1 and 2
457 = 250 V 7=%+2% { bandoliers
on reels t
_ packed in
3=+2% l boxes

* EA48 series can be supplied to special order.
t Reel packing to special order only.

— September 1980
v Mullard
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455, 457
SERIES

MECHANICAL DATA

Table 1Ug (d.c.) =63 V;UR (ac.)=25V

=— 1.0 max. epaxy on lead

e 0s
—

1284038

Fig.1 For dimensions D, L and | see tables below.

Dimensions in mm

Capacitance approx. catalo b
: X ) gue number
(E24-ser|es;Ftol. + 2%) Dmax. Lmax. Imin. m:ss (packed in boxes)
2300 455 33302
3600 a0 33602
3900 : 33902
2300 03 34302
4700 34702
5 100 35102
5 600 4.5 1.0 30 35602
o500 36202
e 800 36802
7 500 0.4 37502
8 200 5.0 38202
9 100 39102
10 000 31003
1 o000 as 31103
12 000 0.5 31203
13 000 ' 31303
15 000 5.0 31503
16 000 31603
18 000 31803
20 000 5.5 32003
22 000 0.6 32203
24 000 ' 32403
57000 6.0 15.0 28 32703
30 000 33003
33000 6.5 07 33303
36 000 33603
39 000 .0 08 33903
3000 34303
47000 75 0.9 34703
51000 35103
26 000 8.0 1.0 35603
2 September 1980 M “ d L\ ]
unar \



455, 457
SERIES

Polypropylene film/foil capacitors

Table 2 UR (d.c.) = 250 V; UR 9a.c.) = 126 V

Capacitance approx. catalogue number
(E24-series, tol. + 2%)*| Dmax Lmax Imin mass (packed in boxes)
pF g
e 457 34709
51 35100
o6 35609
62 36209
o8 36800
75 37509
8o 38200
91 39109
100 31001
10 31101
120 31201
130 31301
150 31501
160 31601
180 31801
200 32001
220 32201
240 32401
270 4.0 32701
300 33001
330 0.3 33301
360 33601
430 34301
470 34701
510 35101
560 35601
620 36201
680 36801
750 37501
820 38201
910 39101
1000 31002
1100 31102
1200 31202
1300 31302
1500 : 31502
1600 31602
1 800 as 31802
2000 : 32002
5 200 . 32202
5400 32402
> 700 o 32702
3000 : 33002

U Mu"ard - W(Septemberwso 3



455, 457
SERIES

MARKING
The capacitors are marked as follows:

1st line: capacitance value in pF or nF

2nd line: tolerance code (G = + 2%) and rated voltage (d.c.);

3rd line: production date code and code for dielectric material (KP = polypropylene film/foil);
4th line: name of manufacturer.

Note: capacitance, tolerance, and production date code are according to IEC62.

PRODUCTION DATE CODE
2-digit date code year/month in accordance with BS1852/1EC62

1980 =M January =1 July 7
1981 =N February = 2 August =8
1982=0 March =3 September = 9
1983 =P April =4 October =0
1984 =Q May =5 November = N
1985=R June =6 December = D
MOUNTING

The capacitors are suited for horizontal or vertical mounting on printed wiring boards. When mounting
vertically on boards with plated through holes, the capacitance must be mounted with a minimum height
of 1 mm above the board.

4 S ber 1980
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455, 457
SERIES

Polypropylene film/foil capacitors

DEVELOPMENT SAMPLE DATA

Mounting

The capacitors are suited for horizontal or vertical mounting on printed-wiring boards. When mounting
vertically on boards with plated-through holes, the capacitors must be mounted with a minimum height
of 1 mm above the board.

ELECTRICAL DATA

Unless otherwise specified all electrical values apply at an ambient temperature of 23 + 1 ©C, an
atmospheric pressure of 86 to 106 kPa and a relative humidity of 50 + 2%.

Capacitance
Rated capacitance values (CR) at 1 kHz see Tables 1to 3
Tolerance on rated capacitance *+ 2%

Temperature coefficient —125 + 60 ppm/°C

Voltage
Rated voltage UR (d.c.) 63V, 250 V,
Rated voltage UR (a.c., 50 to 60 Hz

63 V version 25V

250 V version 125 vV
Category voltage Uc 0.8 x UR (d.c.)
Test voltage for 1 min.

between terminals 2xUg (d.c.)

between interconnected terminals and coating 2x Ug (d.c.) (minimum 400 V)

Insulation resistance

The insulation resistance is measured after a voltage has been applied for 1 min. + 5 s, the voltage being
10 £ 1V for the 63 V version and 100 + 15 V for the 250 V version.

ambient temperature

239C | 85 °C

R between terminals > 100 000 M2 [ > 100 000 M2
Tan § (tangent of loss angle)
Tan 5 at 1 MHz, for CR < 1000 pF <10x 104
Tan & at 100 kHz

for 1000 pF < CR < 5000 pF <10x 10

for 5000 pF < Cr < 20 000 pF <15x 10
Tan 8 at 10 kHz for CR > 20 000 pF <10x 10

Induction
Maximum induction

10 nH/cm lead and capacitor length

Temperature

Rated temperature 85 °C

Category temperature range —40 to + 100 °C
Storage temperature range —40 to + 100 °C
Climatic category, IEC 68 40/100/21

<
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455, 457
SERIES

PACKING

The capacitors are supplied on bandoliers on reels or in cardboard boxes

Packing on bandoliers on reels

Dimensions in mm

63515

7284037

Fig.2| B1-B2| = max. 1.4; for dimension L,y see Tables 1 to 4

T for number (n)
of capacitors

capacitance values (pF) of S

63 V version 250 V version n <50 50 <n <100
3 300— 6 200 47-2 200 5 5(n-1)+2 5(n-1)+4
6 800—56 000 2 400-3 000 10 10(n-1)+2 10(n-1)+4

September 1980 ( Mullard
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455, 457

Polypropylene film/foil capacitors

DEVELOPMENT SAMPLE DATA

SERIES
22°30'(16x)
Vo

r—20.5

- i1t
. - 30 77 856 92 B

ﬂﬁ -

3 g — 225

—>He)3
1 72735841
* L—BO—P

300mm leader at Fig.3 1:capacitor 4: flange

beginning and end 2: bandolier  5: cylinder

* 3: paper
capacitance values (pF) of B number of capacitors

63 V version 250 V version on one reel
3 300—- 6200 47-2 200 305 2500
6 800— 9 100 2 400-3 000 356 1500
10 000—12 000 305 2500
13 000—27 000 356 1500
30 000—56 000 356 1000

Packing in cardboard boxes

capacitance values (pF) of number of capacitors

63 V version 250 V version per box
3 300— 4 300 47—-1 500 400
4 700— 6 200 1 600—-2 200 300
6 800— 9 100 2 400—-3 000 250
10 000—12 000 400
13 000—-16 000 300
18 000—27 000 250
30 000—-33 000 200
36 000—56 000 150

v
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CERAMIC INTRODUCTORY
CAPACITORS NOTES

GENERAL

Ceramic capacitors are widely used in electronic circuits for coupling and decoupling,
and in filters. These different functions require different ceramic materials, which can
be divided into three classes:

Class 1. The dielectric materials, used in these capacitors, have a very high specific
resistance, a very good Q, and a linear temperature dependence (permittivities € from
6 to 250). They are used in applications, such as oscillators and filters, where low
losses and a high stability are required. They are also known as low-K types, with
defined temperature coefficients.

Class 2. These capacitors show higher losses and have non-linear temperature charac-
terisitics (permittivities € > 250). They are used in various electronic circuits for
coupling and decoupling purposes, and are also known as medium and high-K types.

The survey below shows the various materials and their basic chemical composition.

Class 1 (€ = 6 to 250) Class 2 (€ > 250)
Low-K types Medium -and high-K types
NPO (0 ppm/°C)[M Ti0] €, = 2000[Ba Ti 03]
N150 (-150 ppm/°C)[Ba; Tig Ogp +Ti 0] €, = 4000[Ba0 +Cal +Ti 0, +Zr 0,
N750 (-750 ppm/°C)[Ti 0, + additions] €, =12000[Ba0 +Ca0 + Ti 0y +Zr 0]

Class 3. Capacitors of this class have a special semiconductive dielectric material
which, together with the electrodes, is oxidized on both sides, thus forming diodes in
anti-series. The very high capacitance per mm2 results in capacitance values up to
0.1 pF, but with a limiting d. c. working voltage of 6 V. They are also known as barrier
layer capacitors, and are used for coupling and decoupling purposes in small transistor -
ized equipment.

Mullard
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CONSTRUCTION

The capacitance of a ceramic capacitor depends on the area of the electrodes (A), the
thickness of the ceramic dielectric (t) and the dielectric constant or permittivity of the
ceramic material (€); and on the number of dielectric layers (n) with multilayer ceramic
capacitors:

12
C=8Ax10 n =E:A><0.0885 n
47t x 9 x 1011 t
where C = capacitance in pF

= permittivity of dielectric material
surface area of one plate in cm2

= thickness of dielectric in cm

= number of parallel connected plates

S5 mMm
n

The working voltage is dependent on the dielectric thickness.

Typical constructions are shown in the figures below:

Solder lands Electrodes

End )
terminal Ceramic material D6836

Fig. 1 Cross-section of a Fig. 2 Single plate
multilayer chip capacitor capacitor

The electrodes of a single plate capacitor consist normally of nickel-chromium, silver
or some other good electrical conductor. For multilayer capacitors, palladium or plat-
inum is used.

DIELECTRIC MATERIAL

The raw materials are finely ground, carefully mixed, and compressed into suitable
shapes. These are calcined at a temperature below the melting point and the resultant
mass is then reground. The calcined, finely ground material is mixed with water and
binding matter and the required shape is obtained by extruding or rolling. A carefully
controlled drying sequence follows, and finally, the capacitor bodies are fired in a con-
trolled atmosphere at temperatures between 1200 °C and 1400 °C

Normally the leads are soldered to the electrodes of the capacitor body with a high
melting point solder.

Mullard
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CERAMIC INTRODUCTORY
CAPACITORS NOTES

DIELECTRIC MATERIAL (continued)

The capacitors are lacquered to ensure good behaviour under humid conditions and to
protect the electrodes.

The capacitance value is marked or coded and the temperature coefficient is indicated
by a colour band in accordance with international practice.

EQUIVALENT CIRCUIT
Fig. 3 shows the equivalent circuit of a capacitor.

C is the capacitance between the two electrodes, plus the stray capacitances at the edges
and between the leads.

Rg represents the losses in the leads, the electrodes, and the contacts. and is generally
extremely low.

L represents the inductance of the leads and the inherent internal inductance of the
capacitor.

R, represents the combined insulation resistances of the dielectric material and protec-
tive lacquer coating.

S R |
- __J
Rp
——NTY\——‘i:}—" —
RS
c

1' D6837

Fig. 3

TANGENT OF THE LOSS ANGLE

The losses of a capacitor are expressed in terms of tan which is the relation between
the resistive and reactive parts of the impedance, as shown below.

R

X

) RD +Ry [l +(wCRp)2]

tand =

weR 2wl [1+(ucr )]

1 . .
At frequencies below resonance, tan § approximates to “CRp' (where the inductive com-
ponent is insignificant. P

Mullard

Ceramic caps. INTRO. Page 3



561 SERIES

TUBULAR CERAMIC CAPACITORS

QUICK REFERENCE DATA

Capacitance range 1 pF to 22 000 pF
Rated d.c. voltage
Type 1 50 V
Type 2 50, 25,0r 16 V
Temperature coefficient, type 1 NPO, N220, N750, SL
Temperature dependence, type 2 V (SB2), SB (2B4), X (2C2),

Y (2D4), SD (2E4)

APPLICATION
Axial-lead tubular ceramic capacitors are developed for automatic insertion into printed circuits

DESCRIPTION

The capacitors consist of a ceramic tube, internally and partly externally metallized. Contact caps of
special alloy are pressed onto the ends of the tube and tinned copper connecting wires are welded to
these caps. A coating protects the capacitors against atmospheric influences.

v Mullard w ( e



561 Series JL

MECHANICAL DATA Dimensions in mm
Outlines

‘4—L——>I ~>|D|<—

'
20,6 :=%=¢= @
’ D8621({7275836.1)

Fig.1

Configuration of tape

] |
! {
[ e G S
0,5 ) |
max | | V
: == -?-{—:Z%#z: H-—
! 5
| | +0,5
fe== %é:ﬁ—% —_—
[ ! ¢
: | '
=3 - 1 - — = Mo —
ST
' , |
L. {7 -
«r——-— == %.‘ =
| | '
3.2
& - ! min
i (!
! 0,8
" max
- L ]" <.L2_,
08622
-— W 6+1 -— (7275835)
Fig.2
. L D w z Ly— Lo
size
max. max. max. max.
125 7.1 2.8
52*2 0.8 1
250 9.1 3.0 -
box packing | . . .
{ammunition box) reel packing (supplied to special order only)
Size 125 2000 pieces 5000 pieces
Size 250 1500 pieces 4000 pieces
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Tubular ceramic capacitors

561 Series

Marking

The capacitors are marked as follows

Fig.3. . M
D8623 (7275837)
| JL |
capacitance value tolerance temperature
1st, 2nd digit multiplier on capacitance coeff char.
Black 0 10° + 20% NPO
Brown 1 10! Y
Red 2 10? SD
Orange 3 103
Yellow 4 10¢ N220
Green 5
Blue 6
Purple 7 N750
Grey 8 + 30% X
White 9 SL
Gold 107! + 5% Vv
Silver 102 + 10% SB
July 1980

Mullard



561 SERIES

ELECTRICAL DATA — TYPE 1
Capacitance values
non-preferred
Tolerance on capacitance
Rated d.c. voltage

1 to 180 pF, E12 series

10 to 100 pF, E24 series

+5, 10, or + 20%, see Table 1
50 V

Test voltage (d.c.) for 1to5s 150 V
Insulation resistance min. 10 000 M2
Qat 1 MHz (see Fig.4)
C>30pF min. 1000
C<30pF min. 400
Category temperature range —25 to +85 °C

See further Table 1

D8624 (7275834)

1000

800

600 -

400

200+

0 1 1 1 Il J
0 10 20 30 40 50 60

capacitance (pF)
Fig.4

In addition to the temperature coefficients shown in Table 1, enquiries are invited for the following
coefficients:

N30, N80, N 150, N330, N470.
The general-purpose coefficient SL may be between P100 and N750.

July 1980 ( Mullard \:’



Tubular ceramic capacitors

561 SERIES

Table 1, Type 1 — 50 V

suffix of catalogue number for box packing

capacitance tol. NPO * 60 N220 + 60 N750 + 120 SL
pF Preferred range Preferred
Preferred values range
in heavy type
1 18108
1,2 + 20% 18128
15 18158
18 18188
2,2 19228
2,7 19278
33 02338 10338 19338
39 +10% 02398 10398 19398
4,7 02478 10478 19478
5,6 02568 10568 19568
6,8 02688 10688 19688
8,2 02828 10828 16828 19828
10 03109 11109 17109 20109
1 03119 11119 17119 20119
12 03129 11129 17129 20129
13 03139 11139 17139 20139
15 03159 11159 17159 20159
16 03169 11169 17169 20169
18 03189 11189 17189 20189
20 03209 11209 17209 20209
22 03229 11229 17229 20229
24 03249 11249 17249 20249
27 03279 11279 17279 20279
30 03309 11309 17309 20309
33 03339 11339 17339 20339
36 03369 11369 17369 20369
39 + 5% 03399 11399 17399 20399
43 03439 11439* 17439 20439
47 03479* 11479* 17479 20479
51 03519* 11519* 17519 20519
56 03569* 11569* 17569 20569
62 03629* 11629* 17629 20629
68 03689* 11689* 17689 20689
75 11759* 17759 20759
82 1829* 17829 20829
91 17919* 20919
100 17101+ 20101
120 17121+ 20121
150 20151*
180 20181*
for reel packing replace 02 by 31 10 by 39 16 by 45 1'8 by 47
(Reel packing supplied to 03 by 32 11 by 40 17 by 46 19 by 48
special order only) 20 by 49

*These capacitors are size 250,all other capacitors are size 125.

)
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561 Series

ELECTRICAL DATA — TYPE 2

Capacitance values

Tolerance on capacitance

Rated d.c. voltage (UR)
150 to 10 000 pF
6800 to 22 000 pF
22 000 pF

Test voltage (d.c.) for 1to5s
temp. characteristics SB and SD
temp. characteristics V and X
temp. characteristics Y

Insulation resistance

50 V types
25V and 16 V types

Tan 8§ at 1 kHz

Category temperature range

See further Table 2 and graphs

150 to 1500 pF, £12 series
2200 to 33 000 pF, EG6 series

+ 10, + 20 and/or + 30%

50 vV
25V
16V

3x UR
2x UR
18V

min. 10 000 MQ
min. 1000 MQ

max. 1.5% (1000 pF char. SB,
22 000 pF char. Y max. 3%)

—25 to +85 °C

July 1980 ( Mullard

)



Tubular ceramic capacitors 561 SER'ES

Table 2, Type 2
Preferred range

CHARACTERISTIC SB -
box packing
Capacitance size voltage temperature suffix of catalogue number for
pF characteristics capacitance tolerance of:
+10% +20% + 30%
150 21151
180 21181
220 21221
270 21271
330 21331
330 SB 21391
470 125 50 V 21471
560 21561
680 21681
820 21821
1000 21102
1200 21122
1500 250 21152
CHARACTERISTICS SD,V,X,Y
1000 sD 23102
1200 23122
1500 X 24152
1500 \ 22152
2200 X 24222
2200 \Y 22222
3300 125 50 V X 24332
3300 \ 22332
4700 X 24472
4700 \ 22472
6800 125 25V X 25682
10 000 125 25V X 25103
15 000 125 25V X 28153
22 000 250 25V X 28223
22 000 125 16V Y 30223
\4 v \4
for reel packing replace 21by50| 23by52| 28by57
(Reel packing supplied to special order only) 22by 51| 24by53| 30by59
25 by 54

) Mullard W(



561 Series JL

Capacitance change with respect to the capacitance at + 20 OC as a function of temperature for the

different dielectrics; guaranteed limits.

D8625(7282015)

50
amun:
ac
C —
(%) — 1
0
—
J 1
50 1 1]
-50 0 50 T(°C) 100
Fig.5 Characteristic V (2B2, Y5F)
50 D8626 (7282014)
SEEENEREREEN]
ac ) |
C
= SRS
0
]
sol 1 || l Ti
—-50 0 50 T (°C) 100

Fig.6 Characteristic SB (2B4, Y5P)

iy 1980 ( Mullard



Tubular ceramic capacitors

D8627(7Z82016)

561 Series

100 Fig.7 Characteristic X (2C2, Y5R)

08628 (7282017

50
Ac
Cc
(%)
0
1
T
—50 !
50
Ac
C
(%)
0

100

50 T(OC)

Fig.8 Characteristic Y (2D4, Y5S) _gg
-50

D8629 (7282018)

50
Ac

C
(%)

0

-50 . Fig.9 Characterisitc SD (2E4, Y5T)

-50 0 50 T(oc) 100 ‘

Mullard WI e ?
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METALLISED CERAMIC 629
PLATE CAPACITORS

Miniature, highK, radial leads—lacquered Series

QUICK REFERENCE DATA

For use in coupling and decoupling applications, where capacitance stability is
not critical.

(kbacitance range (E3 series) 1 to 22 nF
Capacitance tolerance -20 to +80 % <
Rated voltage (d.c.) 63 v <
Climatic category (IEC 68) at rated voltage (UR) 10/055/21

at 0. 63 Ug 10/085/21

DIELECTRIC

High K, rectangular ceramic plate with a permittivity of approximately 10 000.

CASING

Hard, water repellant lacquer.

TERMINATIONS

Radial leads of tinned-copper wire. Available with either 0.4 mm diameter long leads
on a 2,54 mm (0.1 in) pitch, or 0.6 mm diameter cropped leads on a 5.08 mm (0. 2 in)
pitch.

SPECIAL FEATURES

The electrode system does not employ silver in its construction, consequently the entire
surface of the dielectric is utilised, resulting in smaller dimensions per capacitance
value. Therefore, problems associated with "silver migration"” do not occur with this
series.

Mullard
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DIMENSIONS (millimetres)

L
Green
band FT
H
15
mi

2.54

{0.in) Fig.1

(0.2in)

Fig.2 07597

*Lacquer on the terminations is controlled so that it does not impair solderability when
the capacitors are mounted on printed-wiring boards: - 1.5 mm thick using @1.3 mm

holes, or 1 mm thick using @0. 8 mm holes.

Table 1. Long lead version
Capacitance L H T Capacitance Type
(nF) max. max. max. code number
1 3.5 4.5 2.1 1n0 629 02102
2.2 3.5 4.5 2.1 2n2 629 02222
4.7 3.5 4.5 2.1 4n7 629 02472
10 4.5 5.5 2,1 10n 629 02103
22 6.5 7.5 2.1 22n 629 02223
Table 2. Cropped lead version
Capacitance L H T Capacitance Type
@F) max. max.’ max. code number
1 6.5 6 2.1 1n0 629 06102
2,2 6.5 6 2.1 2n2 629 06222
4.7 6.5 6 2.1 4n7 629 06472
10 6.5 7 2.1 10n 629 06103
22 6.5 9 2.1 22n 629 06223

Mullard
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METALLISED CERAMIC 629
PLATE CAPACITORS

Miniature, highK, radial leads—lacquered Series

ELECTRICAL DATA

Unless otherwise stated, all characteristics apply at an ambient temperature of 20 +5°C,
an atmospheric pressure of 105 Pa (1000 mbars)and a relative lumidity of 75% maximum.

Conditions Value
. . measured at 1 kHz with <1.5 V a.c.

Capacitance range (E3 series) applied 1 to 22nF
Capacitance tolerance -20 to +80% |<—
Rated voltage (d.c.) 63V <
Tangent of loss angle (tan &) mea§ured at 1 kHz with <1.5 V a.c. <350 x 10-4

applied
Insulation resistance mea.sured at 10 Vd.c. after >1000 MQ

1 minyte
Test voltage to casing (d.c.) 200V

MOUNTING

The version with 0. 4 mm diameter leads may be used in point to point or printed-wiring
board applications. When bending, cropping or flattening the leads, care must be taken
to relieve any applied stress from the capacitor body. The cropped lead version (0. 6 mm
diameter leads) is suitable for direct insertion into printed-wiring boards.

SOLDERING CONDITIONS 5 seconds max. at 250 °C max.

MARKING

The capacitors have a green band (signifying high K permittivity), in position shown on
the outline drawing, and on one face the appropriate capacitance code.

ORDERING PROCEDURE

The capacitors should be ordered by their type number, as shown in tables.

Examples :

A 4.7 nF, long lead version capacitor should be ordered by quoting 629 02472.

A 4.7 nF, cropped lead version capacitor should be ordered by quoting 629 06472.

PACKING
Supplied in multiples of 1000 pieces.

Capacitors can also be supplied bandoliered. For details contact Mullard Ltd.

Mullard
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100 [T
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Ac
c
(%)
10V
1OV
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o
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[} 25 50 75
T(°C)
Fig. 3

Typical capacitance change versus
temperature

0683
1000 |HERN
[TTTT
f=1kHz
tanb - V=01V
x107%)
500
0 * T~ 4=
-100 -50 0 50 100
T{°C)
Fig. 5

Typical tan 6 versus temperature

Mullard
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C
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Fig. 4

Typical capacitance change versus
d.c. voltage

D3154
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c
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-
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Fig. 6

Typical capacitance change versus
frequency
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METALLISED CERAMIC 630
PLATE CAPACITORS Series
Miniature, mediumK, radial leads—lacquered er

For use in coupling and decoupling applications, where a non-linear change ofcapacitance
with temperature is permissible.

QUICK REFERENCE DATA
Capacitance range (E12 series) 390 to 4700 pF
Capacitance tolerance +10 %
Rated voltage d.c.) 100 \'A
Climatic category (IEC 68) 55/085/21

DIELECTRIC

Medium K, rectangular ceramic plate with a permittivity of approximately 2000.

CASING

Hard, water repellant lacquer.

TERMINATIONS

Radial leads of tinned-copper wire. Available with either 0.4 mm diameter long leads
on a 2.54 mm (0.1 in) pitch, or 0.6 mm diameter cropped leads on a 5.08 mm (0. 2 in)
pitch.

SPECIAL FEATURES

The electrode system does not employ silver in its construction, consequently the entire
surface of the dielectric is utilised, resulting in smaller dimensions per capacitance
value. Therefore, problems associated with "silver migration' do not occur with this
series.

Mullard
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DIMENSIONS (millimetres)

2.54
{0.1in)

Fig.1

5
_.“‘__¢01‘ (0.

Fig.2

D7598

* Lacquer on the terminations is controlled, so that it does not impair solderability when
the capacitors are mounted on printed-wiring boards: - 1.5 mm thick using @ 1.3 mm
holes, or 1 mm thick using @ 0. 8 mm holes.

l

Long lead version Fig. 1 Cropped lead version Fig. 2
Capacitance L H L H
(pF) code .max. max. Type number max. max. Type number
390 n39 3.5 4.5 630 02391 6.5 6 630 06391
470 n47 3.5 4.5 630 02471 6.5 6 630 06471
560 n56 3.5° 4.5 630 02561 6.5 6 630 06561
680 n68 3.5 4.5 630 02681 6.5 6 630 06681
820 n82 3.5 4.5 630 02821 6.5 6 630 06821
1000 1n0 4.5 5.5 630 02102 6.5 7 630 06102
1200 1n2 4.5 5.5 630 02122 6.5 7 630 06122
1500 1n5 4.5 5.5 630 02152 6.5 7 630 06152
1800 1n8 4.5 5.5 630 02182 6.5 7 630 06182
2200 2n2 5.5 6.5 630 02222 6.5 7.5 630 06222
2700 2n7 5.5 6.5 630 02272 6.5 7.5 630 06272
3300 3n3 6.5 7.5 630 02332 6.5 9 630 06332
3900 3n9 6.5 7.5 630 02392 6.5 9 630 06392
4700 4n7 6.5 7.5 630 02472 6.5 9 630 06472

Mullard
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METALLISED CERAMIC 630
PLATE CAPACITORS

Miniature, mediumK, radial leads—lacquered Series

ELECTRICAL DATA

Unless otherwise specified, all characteristics apply at an ambient temperature of
20 +5°C, an atmospheric pressure of 105Pa (1000 mbars) and a relative humidity of 75%
maximum,

Conditions Value

measured at 1 kHz with 1.5 V a.c.

Capacitance range (E12 series) 390 to 4700 pF

applied
Capacitance tolerance —_ + 10%
Rated voltage (d.c.) —_ 100V
measured at 1 kHz with 1.5 V a.c. -4
<
Tangent of loss angle (tan 6) applied 350 x 10
Insulation resistance mea.sured at 100 Vd.c. after >1000 MQ
1 minute
Test voltage to casing (d.c.) applied for 1 minute 300V

MOUNTING

The version with 0.4 mm diameter leads may be used in point to point or printed-wiring
board applications. When bending, cropping or flattening the leads, care must be taken
to relieve any applied stress from the capacitor body. The cropped lead version (0. 6 mm
diameter leads) is suitable for direct insertion into printed-wiring boards.

SOLDERING CONDITIONS S seconds max. at 250 OC max.

MARKING

The capacitors have a yellow band (signifying medium K permittivity), in position shown
on the outline drawing, and on one face the appropriate capacitance code.

ORDERING PROCEDURE

The capacitors should be ordered by their type number, as shown in table.

Example : A 1500 pF capacitor with a lead pitch of 2. 54 mm (0. 1 in) should be ordered by
quoting 630 02152.

A 3900 PF capacitor with a lead pitch of 5.08 mm (0. 2 in) should be ordered by
quoting 630 06392,

PACKING

Supplied in multiples of 1000 pieces.

Capacitors can also be supplied bandoliered. For details contact Mullard Ltd.

Mullard
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METALLISED CERAMIC 632
PLATE CAPACITORS 642
Miniature, low K, radial leads—lacquered ’ Series

QUICK REFERENCE DATA

For temperature compensation in tuned circuits where low losses, close tolerance
and high stability are required.

Capacitance range (E12 Series) 1.8to 330 pF
Capacitance tolerance

1.8 to 8. 2pF 0. 25 pF

10 to 330pF +2 %
Rated voltage (d.c.) 100 V |«
Climatic category (IEC 68) 55/085/21

DIELECTRIC

Low K, rectangular ceramic plate with a permittivity of approximately 100.

CASING

Hard, water repellant lacquer.

TERMINATIONS <

Radial leads of tinned-copper wire. Available with either 0. 4mm diameter long leads on
a 2.54mm (0. 1 in) pitch, or 0. 6mm diameter cropped leads on a 5.08mm (0. 2 in) pitch.

SPECIAL FEATURES

The electrode system does not employ silver in its construction, consequently the entire
surface of the dielectric is utilised, resulting in smaller dimensions per capacitance
value. Therefore, problems associated with "silver migration" do not occur with this
series.

Mullard
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—» DIMENSIONS (millimetres)

Temperature L
coefficient
band —T’
H
15
min

2.54
{0.1in) Fig.1

2.5
Temperature
eoemclegt
n

Fig.2

07599

*Lacquer on the terminations is controlled, so that it does not impair solderability when
the capacitors are mounted on printed-wiring boards: - 1.5 mm thick using @ 1.3 mm
holes, or 1 mm thick using @ 0. 8 mm holes.

Long lead version Fig. 1 Cropped lead version Fig. 2
Case size
L max. H max. L max. H max.
1 3.5 4.5 6.5 6
2 4.5 5.5 6.5 7
3 5.5 6.5 6.5 8
4 6.5 7.5 6.5 9
5 6.5 10.5 6.5 12

=» ELECTRICAL DATA

Unless otherwise specified, all characteristics apply at an ambient temperature of
20 + 5°C, atmospheric pressure of 105Pa (1000mbars) and a relative humidity of 75%

maximum.
Conditions Value
Capacitance range measured at 1 MHz with 1.8 to 330pF
(E12 Series) <5V a.c. applied
1.8 to 8.2pF 10, 25 pF
Capacitance tolerance
10 to 330pF +2%,
Rated voltage (d.c.) —_ 100V
15 . -4
measured at =15(=——+0.7) x 10
Tangent of loss angle 1 MHz with for C <S0pF m 55 x 10-4
(tan 6) <5V a.c. ax.
applied for C >50pF =15 x 10-4
Insulation resistance measured at 100 'V d.c. =10 000 MQ
after 1 minute
Test voltage to casing applied for 1 minute 300V

d.c.)

Mullard
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METALLISED CERAMIC 632

PLATE CAPACITORS 642
Miniature, low K, radial leads—lacquered Series
Cta;::‘:- Capacitance C{ise T‘f:;p;z:ie Capacitance T}l'gzgn;:alge ' ::Y::p::r;l::;
©F) tolerance size (ppm /degC) code verston vex:slon

Fig. 1 Fig. 2

1.8 1 1p8 632 09188 642 09188
2,2 1 2p2 632 09228 642 09228
2.7 1 2p7 632 09278 642 09278
3.3 1 3p3 632 09338 642 09338
3.9 £0. 25pF 1 3p9 632 09398 642 09398
4.7 1 4p7 632 09478 642 09478
5.6 1 0 S5p6 632 09568 642 09568
6.8 1 (Black) 6p8 632 09688 642 09688
8.2 1 8p2 632 09828 642 09828
10 1 10p 632 10109 642 10109
12 1 12p 632 10129 642 10129
15 1 15p 632 10159 642 10159
18 1 18p 632 10189 642 10189
22 1 22p 632 34229 642 34229
27 2 27p 632 34279 642 34279
33 2 33p 632 34339 642 34339
39 2 39p 632 34399 642 34399
47 +2%, 2 (0;;r510ge) 47p 632 34479 642 34479
56 3 56p 632 34569 642 34569
68 3 68p 632 34689 642 34689
82 4 82p 632 34829 642 34829
100 4 nl0 632 34101 642 34101
120 5 nl2 632 34121 642 34121
150 5 nlS 632 34151 642 34151
180 4 nl8 632 58181 642 58181
220 4 (Vi_o?li?) n22 632 58221 642 58221
270 5 n27 632 58271 642 58271
330 5 n33 632 58331 642 58331

Mullard
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— MOUNTING

The version with 0. 4mm diameter leads may be used in point to point or printed-wiring
board applications. When bending, cropping or flattening the leads, care must be taken
to relieve any applied stress from the capacitor body. The cropped lead version (0. 6mm
diameter leads) is suitable for direct insertion into printed-wiring boards.

SOLDERING CONDITIONS

MARKING

5 seconds max. at 250°C max.

The capacitance value is indicated on one face of the component by the capacitance code
(see table on Page 3). The temperature coefficient is indicated by colour marking in
accordance with I. E. C. recommendations as follows:

Temperature coefficient Marking colour
0 Black
-150 x 10-6 Orange
-750 x 10-6 Violet

—> ORDERING PROCEDURE

The capacitors should be ordered by their type number, as shown in the table.

Example: A 6.8pF * 0.25pF capacitor with a lead pitch of 2.54mm (0.1 in) should be
ordered by quoting the type number 632 09688. A 220pF + 2% capacitor with
a lead pitch of 5. 08mm (0. 2 in) should be ordered by quoting the type number

642 58221,

Capacitots can also be supplied bandoliered. For details contact Mullard Ltd.

Mullard
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L 660 Series

INTERFERENCE SUPPRESSION CAPACITORS
(Class Y)

For suppression of electrical interference from domestic appliances operating on 250 V(a.c.) supplies.

QUICK REFERENCE DATA

Capacitance range (E3 series) 1000 and 2200 pF
Capacitance tolerance +20%

Rated voltage (a.c.) 250 vV

Climatic category (IEC 68) 40/085/21
DIELECTRIC

Metallised ceramic disc

CASING
Flame retardant, solvent resistant lacquer.

TERMINATIONS
0.6 dia. radial leads of solder coated copper wire.

MARKING

The capacitors are marked with
Capacitance value

Tolerance (M = 20%)

The rated voltage
Manufacturer’s trade mark
VDE approval mark.

SPECIAL FEATURES

These capacitors are approved to VDE 0560 part 7/11.67 and are generally used in class ‘Y’ suppression
applications i.e., connected between line and the case of the appliance.

0 Mullard 1 (June 1978 1



MECHANICAL DATA

Dimensions in mm

<55 |-
DB1L (7265554}
X rated
capacitance voltage D type number
pF Vrms
1000 250 10 660 01102
2200 250 1 660 01222

ELECTRICAL DATA

Unless otherwise specified all electrical values apply at an ambient temperature of 20 £ 2 ©C, an
atmospheric pressure of 930 to 1060 mbar and a relative humidity of 45 to 75%.

Capacitance values

measured at 1 kHz, 1.5 V max. applied

Tolerance on capacitance

Tangent of loss angle (tan §) measured at 1 kHz, 1.5 V max. applied

Rated a.c. voltage
Test voltage {a.c.) for2s
Test voltage (a.c.) for 1 min at 85 °C

Insulation resistance at 500 V (d.c.)
after 1 min

Category temperature range

Stability (measured after 425 V,¢
applied for 1000 hrs at 85 ©C)

1000 and 2200 pF
1+20%

+3.5%

250 vV

1800 V (100% tested)
1500 V (type test)

=10 000 MQ2
—40 to +85 °C

5C
T <10%

June 1978 ( Mu“ard
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Interference suppression capacitors L 660 Series

D8215(7262767.1)

+50 l I I
ac average volu.e -
C = == guaranteed limits
(%)
4 N
0 =
1 ~
.\\ ~N
) .
P N
N
-50
-50 0 50 T (°C) 100

Capacitance change as a function of temperature.

For class ‘X’ interference suppression capacitors refer to 330 Series.
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851 - 856
Series

MULTILAYER CERAMIC CHIP CAPACITORS

QUICK REFERENCE DATA

Capacitance range

NPO (COG) dielectric 10 to 33000 pF  (E12 series)

K1800 (X7R) dielectric 180 to 470 000 pF (E12 series)
Rated d.c. voltage 50 V (EIA), 63 V. (IEC)
Tolerance on capacitance

NPO (COG) +10% +5%

K1800 (X7R) +20%, + 10%
Basic specification IEC 384-10

(EIA RS198/8B)
Climatic category (IEC68)

NPO (COG) 655/125/56
K1800 (X7R) 56/125/56
APPLICATION

These multilayer ceramic capacitors provide a very high capacitance per unit volume which, together
with physical size and performance, makes them very suitable for use in hybrid and other micro-
circuitry. These small size components can be applied to the same functions as other ceramic capacitors
i.e. coupling, by-passing, blocking, frequency discrimination, etc.

DESCRIPTION

The capacitors consist of a rectangular block of ceramic dielectric in which a number of interleaved
precious-metal electrodes yield a high capacitance per unit volume. The capacitors are Pd Ag metallized
at the end terminal (see Fig. 2).

o Mullard 7(



851 - 856

Series
MECHANICAL DATA Dimensions in mm
Outlines
T w
LA ,‘
L ol 7268122.2
Fig. 1
Table 1
T A (o]
size L w min. max. min. max. min.
0805 200,15 1,25+ 0,15 0,51 1,27 0,25 0,75 0,4
1206 3.2+0,15 16 0,15 0,51 1,60 0.3 10
1210 32102 25 +0,2 0,51 1,90 0,3 10
1808 451+0,2 20 +0,2 0.51 1,90 0,3 1,0
1812 4510,2 32 0,2 0,51 1,90 0,3 10
2220 5,7+0,2 ) 50 0,2 0,51 1,90 03 1,0
Soldering
Limiting conditions min. 2200C,3s
max. 250°C, 60 s
PACKAGING

Multiples of 100 pieces.

o Mullard O



851 - 856
Multilayer ceramic chip capacitors Series

solder lands

electrodes

end terminat R .
ceramic material

7265621

Fig.2.

COMPOSITION OF THE CATALOGUE NUMBER

2222... .. ...
style code j T capacitance value code, first two
851 for size 0805 significant figures of the capacit-
852 for size 1210 tolerance ance v:l:xle acood !:ding To El1 2
853 for size 1206 NPO(COG) 5% 12 series followed by multiplying
854 for size 1808 3 factor:
855 for size 1812 10% 1 9forx 1
856 for size 2220 [ K1800 (X7R) 10% 47 1forx 10
- 2 forx 10
20% 48 3 for x 10°
4 for x 10*

See Tables 2 and 3.

v) Mullard W rA‘"" o



851 - 856
Series

ELECTRICAL DATA

Unless otherwise specified all electrical values apply at an ambient temperature of 20 * 7 ©C, an
atmospheric pressure of 86 to 106 kPa and a relative humidity of 45 to 75%.

Type 1, High-Q, NPO (EIA: COG)

Capacitance range

< 1000 pF measured at 1 MHz, 1 V
> 1000 pF measured at 1 kHz, 1V

Tolerance on capacitance
Rated d.c. voltage (UR)

D.C. test voltage for 1 min

Dissipation factor, measured at 1 V,

1 MHz, C <30 pF

1 MHz, 30 pF < C < 1000 pF

1 kHz, C > 1000 pF
Insulation resistance

Category temperature range

Capacitance change as a function of

temperature. —55 to +125 °C

see Table 2, (E12 series)
*+10%, + 5%

50 V (EIA), 63 V (IEC)
200 V

10 12+07 x 10

<10x 10"
<10x 10

> 100 000 M2
—55 to +125 °C

+30 x 109K

7268124 .1

>
(3}

o
20|

Il

-100

-50

50 1 (ocy 100

Fig. 3 Typical capacitance change as a function of
temperature. Dotted lines indicate the limits.

April 1980 i
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851 - 856

Multilayer ceramic chip capacitors ' Series

Table 2: NPO (COG)

size capacitance range capacitance catalogue number
tolerance
0805 10to 1000 pF 5% 222285112...
10% 222285113...
1206 33to 3300 pF 5% 222285312...
10% 222285313...
1210 100 to 8200 pF 5% 2222852 12...
10% 2222852 13...
1808 100 to 10000 pF 5% 222285412...
10% 222285413...
1812 1000 to 15000 pF 5% 222285512. ..
10% 222285513...
2220 10000 to 33000 pF 5% 2222856 12. ..
10% 2222856 13...

code for capacitance value:
first two significant figures

of capacitance value according
to E12 series followed by:

9 for 10 to 82 pF
1for 100to 820pF

2 for 1000to 8200 pF

3 for 10000 to 33000 pF

e.g.: fill in 272 for 2700 pF.

o | Mullard |



851 - 856
Series

Type 2, K1800 (EIA: X7R)

Capacitance range
measured at 1 kHz, 1 V see Table 3 (E12 series)
Tolerance on capacitance +20%
Rated d.c. voltage (UR) 50 V (ElA), 63 V (IEC)
D.C. test voltage for 1 min 200V
Dissipation factor, measured at 1 kHz, 1 V < 2,5%.
Insulation resistance
C<10000 pF > 100000 MQ2
C > 10000 pF Rjns X C>1000s
Category temperature range —55to0 +125°C
Maximum capacitance change as a function
of temperature +15%, see Fig. 4
50 72661231
ac
C
(%) R QR R R O R o [ o e e pmpm e
0 | typical
| ot ™~
] 1 3 J 4= [—]-——-][-1—]
-50
-100 -50 0 50 T (°c) 100

Fig. 4 Typical capacitance change as a function of
temperature. Dotted lines indicate the limits.
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851 - 856

Muttilayer ceramic chip capacitors Series

Table 3: K1800 (X7R)

size capacitance range capacitance catalogue number
tolerance
0805 180 to 22000 pF 10% 222285147...
20% 2222 85148. ..
1206 1800 to 56 000 pF 10% 222285347 ...
20% 2222 85348...
1210 2700 to 100000 pF 10% 222285247 ...
20% 222285248...
1808 10000 te 150 000 pF 10% 222285447 ...
20% 222285448. ..
1812 10 000 to 270 000 pF 10% 222285547 ...
20% 222285548 ...
2220 100000 to 470 000 pF 10% 222285647 . ..
20% 222285648 . ..

code for capacitance valye:
first two significant figures

of capacitance value according
‘to E12 series followed by:

1 for 180 to 820 pF
2 for 1000to 8200pF
3 for 10000 to 82000 pF
4 for 100000 to 470 000 pF

e.g.: fill in 683 for 68 000 pF.

= Vatard ("
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ELECTROLYTIC INTRODUCTORY
CAPACITORS NOTES

GENERAL <«

The Mullard range of electrolytic capacitors are classified into three main groups.

1. Aluminium - general purpose with a liquid or non-solid electrolyte. They may
be classified as IEC 384-4 long life grade or G.P. Grade.

2. Aluminium - long life with a liquid or non-solid electrolyte, IEC 384-4 long life
grade.

3. Aluminium - long life with a solid electrolyte.
NOTE

Non-solid electrolyte capacitors may contain chemicals which can be regarded as haz-
ardous if incorrectly handled. Caution is necessary should the outer case be fractured.

CONSTRUCTION
All electrolytic capacitors have a dielectric which comprises an oxide layer. This layer

is produced by an electro-chemical process known as ‘forming’' and the thickness is a
function of the dielectric strength and hence the voltage rating.

D548 Electrolyte and
paper tissue(cathode)

®
_— Aluminium
[« foil(anode)
>
Aluminium foil Aluminium oxide
{cathode connection) film(dielectric)

Fig. 1

Schematic representation of an aluminium electrolytic capacitor
with a liquid or non-solid electrolyte

In many cases, the anode (+ve) foil has a roughness surface which effectively increases
the surface area and thus enables very high capacitances with respect to the volume.
This foil is 'formed*' and subsequently wound together with a cathode (-ve) foil, inter-
leaved with an absorbent paper tissue. The assembly is then impregnated with an elec-
trolyte (which is the true cathode) and finally sealed in an aluminium case.

Mullard
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Solid electrolyte capacitors are constructed in a somewhat similar way except that the
electrolyte comprises manganese dioxide impregnated into a glass fibre tape.

Manganese dioxide in

Sealing disc woven glass fibre

ded cathode
contact

M+

Aluminium anode pin

Fig. 2

Cross-section of a solid electrolyte aluminium capacitor

EQUIVALENT CIRCUIT
The equivalent circuit of a non-solid electrolytic capacitor is given in Fig. 3.

Ls c“ Rox Ret

Ry 05L87

Fig. 3

Equivalent circuit of an electrolytic capacitor

where C, = capacitance at the anode
Rp = parallel resistance or leakage current
R, = series resistance of the oxide layer

Re) = series resistance of the non-solid electrolyte and paper tissue

Lg =series inductance

The equivalent series resistance Rg of the capacitor is given by

Rg =Rox +Rel

Mullard
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ELECTROLYTIC INTRODUCTORY
CAPACITORS NOTES

This resistance is an important property as it is responsible for the heating effects of
It varies inversely with temperature and is also related to capacitance

ripple currents.

and frequency.

The following measurements are of principal interest to the designer:
1. Capacitance, C,, measured at 100Hz.

2. Loss factor or tan 6, measured at 100Hz, tané = “’CaRs

2

3. Impedance Z, where Z = ‘/Rsz + (wlg - e )

At various frequencies 'f', the following simplified formula for Z may be used:
1

1
at 100Hz Z ~ = —
) wCa 2 1I'fCa
at 100kHz Z ~Rgy ~Rg
é—

Z>wlg=27fLg

at 100MHz
TAN § and SERIES RESISTANCE
The losses in an ‘electrolytic capacitor as seen from Fig. 3 are mainly the series
resistance Rg. It is sometimes called ESR (equivalent series resistance) and can be
calculated, at any particular frequency from

R__ tand (measured) _
8 «C (measured) ESR

The loss angle 6 is the complementary angle to the phase angle @.
The vector diagram, Fig. 4 shows that the current leads the voltage by slightly less than

the theoretical 90°.
D588
6=loss angle

@=phase angle.
Power in watts is

6 El cos or
.71 El sin &
[
N4
E
Fig. 4

Vector diagram showing the relationship between current and voltage

Mullard
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In practice, and for convenience of measurement, the tangent of 6 is used which approx-
imates to the sine of 6. The losses or dissipation factors are therefore always expressed
as tan 4.

—> The series resistance is dependent on the electrolyte and also on the temperature and
frequency. It is also a function of the permissible ripple current rating.

Figs. S and 6 show examples of the effect of frequency on the dissipation factor (tan 6)
and the series resistance (Rg).

D5489 D! 9_‘2
10 102
? 7
A R
tan d v (ﬂs)
/
! 10
v 4
5| A 5
ol
N
™
10! pd i N
7 7 -
T=20°C T=20°C
2 2
102 10"
S 2 3 2 3 5 0‘
102 103 f(Hz) 104 102 10 $(Hz) 1
Fig. 5 Fig. 6
VOLTAGE

The voltage rating is dependent on the thickness of the oxide layer and it should not be
exceeded except for limited periods, such as, switch-on surge. The applied voltage may
be the sum of a d.c. component plus a superimposed a.c. voltage and the sum of these
two should not exceed the rated voltage.

The operation of capacitors with applied voltage less than the rated voltage has no
adverse effect.

The limits of loading an electrolytic capacitor with an a. c. voltage or alternating current
are subject to the following:

1. The peak value of the voltage should not exceed the permissible rated
voltage, neither should it subject the capacitor to a reverse polarity of
more than 2V or 10% of the rated voltage, whichever is smaller.

— 2. The alternating or ripple current is limited by the internal heating of the
capacitor which is generally fixed at AT =10°C max. between the winding
and the can.

Mullard
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