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DATA HANDBOOK SYSTEM

The Mullard data handbook system is made up of four sets of books, each comprising several parts;
plus the Signetics technical handbooks.

The four sets of books, easily identifiable by the colours on their covers, are as follows:

Book 1 (blue) Semiconductor devices

Book 2 (orange) Valves and tubes

Book 3 (green) Passive components, materials, and assemblies
Book 4 {purple) Integrated circuits

Each part is completely reviewed annually; revised and reprinted where necessary.
Revisions to previous data are indicated by an arrow in the margin.

The data contained in these books are as accurate and up to date as it is reasonably possible to make
them at the time of going to press. It must however be understood that no guarantee can be given
here regarding the availability of the various devices or that their specifications may not be changed
before the next edition is published.

The devices on which full data are given in these books are those around which we would recommend
equipment to be designed. Where appropriate, other types no longer recommended for new equipment
designs, but generally available for equipment production are listed separately with abridged data. Data
sheets for these types may be obtained on request. Older devices on which data may still be obtained
on request are also included in the index of the appropriate part of each book.

Requests for information on the data handbook system (including Signetics data) and for individual
data sheets should be made to

Technical Publications Department
Mullard Limited

New Road

Mitcham

Surrey CR4 4XY

Telex: 22194

Information regarding price and availability of devices must be obtained from our authorised agents
or from our representatives.

Mullard manufacture and market electronic components
under the Mullard, Philips and Signetics brands.
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Section E
VARIABLE CAPACITORS

Capacitance Working Dielectric Function Type No.
swing voltage Series
1-3.5to 2—-18 pF 300 V film trimmer 809 05
1.4-5.5 to 2—18 pF 300 vV film trimmer 809 09
1.4—5.5 to 5.5—65 pF 250 vV film trimmer 808
4-40 to 5—60 pF 300V film trimmer 809 08
4—40 to 7-100 pF 200 vV film trimmer 809 07
Section F
LINEAR RESISTORS
Resistance Power dissipation Description Style
range
1Q2to1 MR 0.2to 0.5W carbon film CR18, 25, 37
4.99 to 1 M2 0.25W metal film MR16
4.99 to 1 MQ 0.4to05W metal film MR25, 30, 308
10 22 to 27 k2 16t0 25W metal film PR37, 52
12to1 MQ 0.33W metal film SFR25
1 M£2 to 68 M2 0.25t01 W metal glaze VR25, 37,68




Section G

NEGATIVE TEMPERATURE COEFFICIENT THERMISTORS

Disc and rod types

Resistance B-value Power rating
(22) (K) w) Shape Type No.
at 25 °C
1.1 2650 1 disc 2322610 11118
2.2 2675 1 disc VA1086
4 2800 1 disc VA1033
6 2825 1 disc VA1074
8 2900 1 disc VA1053
10 2950 1 disc 2322610 12109
15 3000 1 disc VA1100
15 3350 see note 1 disc VA1104
33 3250 1 disc 2322610 11339
50 3300 1 disc VA1034
130 4600 1 disc VA1040
150 3280 0.6 disc VA1096
470 3620 0.6 disc VA1097
500 5200 1 disc VA1039
1300 5450 1 disc VA1038
1500 3775 0.6 disc VA1098
2200 3915 0.6 disc VA1106
4700 3300 0.6 rod VA1066S
4700 4200 0.6 disc VA1109
15000 3600 0.6 rod VA1055S8
15 000 4375 0.6 disc VA1108
22 000 4200 0.6 disc VA1112
33 000 4250 0.6 disc VA1111
47 000 3925 0.6 rod VA1056S
150 000 4075 0.6 rod VA1067S

Note 1: Max. r.m.s. current= 2.2 A




Section G (Continued)
NEGATIVE TEMPERATURE COEFFICIENT THERMISTORS

Two-point types

Temp. range Resistance B-value Power rating Type No.
{(oc) (ks2) (K) (w)
—-30to —10 15 to 60 4000 0.25 2322 640 90013
—20 to +25 2.71t0 16 4000 0.25 2322 640 90015
+25 to +100 0.95t0 12 3750 0.25 2322 640 90004
+100 to +200 1.12 to 16.7 4300 0.25 2322 640 90005
Miniature bead types
Resistance B-value Dissipation factor
(s2) (K) {mw/°C) Description Type No.
at 25 °C
1000 to 470 000 2375 to 4030 0.1 plain bead VA3100
1000 to 470 000 2375 to 4030 0.4 gasfilled glass tube VA3200
1000 to 220 000 2375 to 3920 0.75 glass dipped bead VA3400
1000 to 470 000 2375 to 4030 0.7 thermometer type VA3700
Section H
POSITIVE TEMPERATURE COEFFICIENT THERMISTORS
Resistance Switch Max.
at 25°C temperature voltage Application Type No.
(2) (°c) (V)
30 45 50 E220ZZ/02
40 110 50 Goiead [ E220ZZ/04
50 26 40 Py 1 £22022/01
50 80 50 E22022/03
80 75 265" De-gaussing VA8650
30+8 75 2656 Dual degaussing 2322 662 98003
4041 kto B k - 265 Dual degaussing 2322 669 98009
30 105 265* Overload 2322 662 93004
Protection

*With series current limiting resistor




Section J
VOLTAGE DEPENDENT RESISTORS

Silicon Carbide types

Reference Reference
voltage current Shape Type No.

(V) (mA)
8 100 disc E299DD/P116
8 10 disc E299DD/P216
10 100 disc E299DD/P118
10 10 disc E299DD/P218
12 100 disc E299DD/P120
12 10 disc E299DD/P220
15 10 disc E299DD/P222
18 10 disc E299DD/P224
22 10 disc E299DD/P226
27 10 disc E299DD/P228
33 10 disc E299DD/P230
39 10 disc E299DD/P232
47 10 disc E299DD/P234
56 10 disc E299DD/P236
1.0 disc E299DD/P336
68 10 disc E299DD/P238
68 1.0 disc E299DD/P338
82 1.0 disc E299DD/P340
100 1.0 disc E299DD/P342
120 1.0 disc E299DD/P344
150 1.0 disc E299DD/P346
180 1.0 disc ‘E299DD/P348
220 1.0 disc E299DD/P350
270 1.0 disc E299DD/P352
330 1.0 disc E299DD/P354




Section J (Continued)

VOLTAGE DEPENDENT RESISTORS

Zinc Oxide types

Min. voltage Max. voltage Type
at 0.1 mA at 1.0 A Shape No.

(V) (V) 2322 594

82 140 disc 18202

100 170 disc 11102

150 256 disc 11512

180 326 dise 11912

220 375 disc 12212

270 400 disc 12712

330 565 disc 13312

350 600 disc 13512

380 665 disc 13912

470 805 disc 14712

620 1050 disc 16212

680 1160 disc 16812

R.M.S. Clamping voltage Type

working voltage max. at 100 A Shape No.
(v) (v) 2322 594

60 220 disc 76002

75 260 disc 77502

95 330 disc 79502

130 440 disc 71312

150 510 disc 71512

175 570 disc 71712

230 760 disc 72312

250 820 disc 72512

275 900 disc 72712

300 980 disc 73012

420 1410 disc 74212

460 1550 disc 74612




CAPACITORS PREFERRED
AND RESISTORS NUMBER SERIES

The figures given in thetables 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
E1l2: 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

E96: 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 .523 536 549
562 576 590 604 619 634 649 665 681 698 715 732

750 768 787 806 825 845 866 887 909 931 953 976

Mullard

FEBRUARY 1972 Preferred numbers Page 1
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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 1k9.ﬂ

The power dissipated bya 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
s c r"vs“’] T = effective series resistance in ohms
o 1F et < Vs = voltage across effective series
L s —! . resistance
Vem.s. d Vr m.s = total applied voltage in volts r.m.s.
Fig.1
From the standard formula:
2 V’2
P=1.R=-——7=V X 1% tand, where P = power in watts
R r.m.s.
we can derive
2
V)
P=1lr = =2V I - s e e e8]
8 T 8
s
This gives Vs =1, r
Vr m.s
but I= — ....1_. 6
Z wC
where Z= 2 + (X )
Y )%+ %)
4 x =L h
an c = oo

Mullard

MAY 1974 Metallised Film Intro. Page 1



‘Vrms 'rsi ‘r.m.s. '8
Thus v = -

: z Jog®+ x )’

this can be writfen as
2 2
v ) {r) -1
2_ . r.m.s. s 2 2 2 2
(VS) B - )2 + (X )2 (Vr.m.s.) (rs) Ers) * (XC)]
¢ 8 C
substituting for X ,, we have

C,
2 2, 2 2 1\ 217t
(Vs) = (vr.m.s.) (rs) [(rs) * (;—C-) ]

s s [(rs)2 o)+ 1]
vl =, ey
r.m.s. 8 (wc)z

Since, tand = rg . wC and for polyethyleneterephthalate and polycarbonate metallised film
capacitors tan 8 is never greater than 0.1; (x‘s)z(o.)C)2 is lessthan 0.01 and canbe neglec-
ted in the above equation.

Therefore:
27t
2
<Vs)2 = Nr‘m.s.)z(rs)z[ 1;16) } = (Vr.nrx.ss.)z(rs)2 wC)

using equation (1)

2
‘ (Vs)2 (Vr.m.s.) (rs)z(wC)Z
P= ry - r
Simplified
2 2
P=Vm.s.) ey @)
or P = (rSC)C . w2 (vr.m.s.)z ———————— 2)

The term (rg , C)hasbeen plotted against frequencyin 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 dissipationgraphs on the individual Series data sheets, enables the cor-
rect size of capacitor to be selected.

Mullard

Metallised Film Intro. Page 2



METALLISED FILM INTRODUCTORY

CAPACITORS NOTES
167
D1675
(rs.C) max
(QF)
) \ A = Metallised polyethylene terephthalate
1078 N B = Metallised polycarbonate |
N
AN
NI
Py
. oy 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 ig 5 X 10_7SZF, therefore the power dissipated is

2

P (rs -0 sz (Vr.m.s.)

2

5x 1077 x 0.33 % 107 x 27x 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

Metallised Film Intro. Page 3



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
250"V 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® technique, resulting in
low inherent inductance. They may be subjected to short term overvoltage.

Mullard

MARCH 1978 C281 Series Page 1




DIMENSIONS (millimetres) AND TYPE NUMBERS

I {min Lmax —TZSmin - — e—T max

r ?
C —% o Hmax
. »r
D53861 @d
—> 250V version
Capacitance Dimensions in millimetres Code No. Type No.
WF) L H T d 2 34105...7 C281VV /.. T
0.010 14.6 [ 8.8 4.8} 0.8 40 ... 103 ... /A10K
0.015 14.6 8.8 4.8 1 0.8 40 oo 153 ... /A1SK
0.022 14. 6 8.8 4.8 0.8 40 ees 223 .os /A22K
0.033 14.6 8.8 4,8 0.8 40 ..o 333 ..o /A33K
0.047 14.6 8.8 4.8 | 0.8 40 ... 473 «os /A47K
0.068 14.6 9.5 5.6 0.8 40 ... 683 v.. /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 eee 154 ..o /A150K
0.22 18.1 | 10.5 6.6 | 0.8 40 eee 224 .0 /A220K
0. 33 23.6 | 1.6 | 7.5 0.8 | 40 .. 3% ... /A330K
0.47 23.6 | 1.6 7.5 1 0.8 40 oo 474 ... /A470K
0.68 23.6 { 12.9 8.8 0.8 40 . 684 ... /A680K
1.0 31.1 | 14.7 | 10.5 ] 0.8 49 .o 105 «os JAIM
1.5 31.1 | 19.6 | 12,5 | 0.8 49 ... 155 .eo JAIMS
2.2 31,1 | 19.6 | 12.5 | 0.8 49 ses 225 .oo /A2M2
400V version
Capacitance Dimensions in millimetres Code No. Type No.
@F) L T d 2 341 59,.. C281CD/...
0.010 14. 6 8.8 4,81 0.8 40 ... 103 ..o /AI0K
0.015 14.6 | 8.8 | 4.8 0.8 40 .es 153 .+ /AISK
0.022 14.6 8.8 4.8 0.8 40 ves 223 .eo JA22K
0.033 14.6 9.5 5.6 | 0.8 40 oo 333 ... /A33K
0,047 14.6 | 10.5 6.6 1 0.8 40 oo 473 ..« /A47K
0.068 18.1 | 10.5 6.6 1 0.8 40 .es 683 .os JAGBK
0.10 18.1 | 11.6 7.7 1 0.8 40 ve. 104 .+« /A100K
0.15 23.6 | 11.6 7.5} 0.8 40 ces 154 .+« /AI50K
0.22 23.6 | 12,9 8.81 0.8 40 ves 224 .es /A220K
0.33 23.6 | 14.5 | 10.5 | 0.8 40 eee 334 ... /A330K
0.47 3.1 | 14.7 | 10.5 | 1.0 49 .. 474 ... /A470K

t Post Office type.

Mullard

C281 Series Page 2



‘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 +5°C,
atmospheric pressure of 10°Pa (1000mbars) and a relative humidity of 75% maximum.

Mullard

C281VVy/... C281CD/...
Conditions 341 05... 341 59...
(250V) (400V)
Capacitance range (E6 Serie‘s) —_ 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 = 50Hz, source 160V 200V
(see note) impedance >1kQ
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 OC +85 to 1000C | +85 to 1000C
0.01 to 0. 33uF >30 000MQ >30 000MSQ
Insulation resistance
0.47t0 2.2 y.F >10 000MQ. uF | >10 000MQ. uF
Capacitor length L (see DIMENSIONS)
Maximum rate of change = 14, 6mm 20V /us 30V Jus
of voltage = 18, lmm 10V Jus 20V /us
= 23, 6mm TV/us 10V jus
= 3l. 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%
C (o]
applied
Long term stability Capacitor length L
=14, 6mm =15%
0
1000 hrs at 83°C | =18. 1mm AC =10%,
ra {alié d"° 28¢ | =23, 6mm C =17%
ap =31, lmm = 5%
Climatic category At rated voltage (UR) 55/085/56 55/085/56
(IEC Publication 68) At 0.8 UR 55/100/56 55/100/56

C281 Series Page 3




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

oc 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 table.

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

Mullard

C281 Series Page 4



METALLISED POLYESTER C281

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

D6285S

+1
ac
c
(%)
——
4] =
\‘
- —| B
N ™~
™
-1 N
NA
N
N
\\
-2 N
\\
] \\
N
A= Polyethylene terephthalate film
-3 B = Polycarbonate film
‘oz 2 5 ? )03 2 5 7 ‘0‘ 2 f(Hz) 5 ? 105

TYPICAL CAPACITANCE CHANGE AS A FUNCTION OF FREQUENCY

04937

tan !
4200 &
(x10™) ///
100
o
50 A 4
/
20 - “,/
10 5| Ll
6
A = polyethylene -
terephthalate film
B = polycarbonate fitm
102 103 *Ta0r T 708

f (H2)
TYPICAL LOSS FACTOR AS A FUNCTION OF FREQUENCY

Mullard
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06283

10
ac Polyethylene terephthalate film I
c T
(%)
S
4
T ' 7
et
- //
0
7
-5
- 1kHz
|| 10kHz 4 ]
/
F— 100kHz
-10 | [

-100 -50 [¢] 50 100 150 Tams (°C)
TYPICAL CAPACITANCE CHANGE AS A FUNCTION OF AMBIENT
TEMPERATURE FOR POLYETHYLENE TEREPHTHALATE FIILM

D6284

L .

ac Polycarbonate film
[
(/)
2
0 _—
,/ ,4 ] hy
Vs \\\Q\
N
" NANL L
N
\ 100kH2
N _[10kHz ]
1kHz
- [ ]
~100 -50 0 50 100 150 Tamb (°C)

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

Mullard

C281 Series Page 6



METALLISED POLYESTER C281
FILM CAPACITORS .

Axial leads—moulded . Series
(341 Series)
400 D6286
Polyethylene terephthalate film
Tan 6
(x107%)
300
,_|100kHz
4
/
200 /
P4 10kHz
TR A [kHz
h, /|
100 N
\\\ N i
N NN
\\ //
0
-100 -50 0 50 100 150 Tams (*C}
TYPICAL LOSS FACTOR AS A FUNCTION OF AMBIENT TEMPERATURE
FOR POLYETHYLENE TEREPHTHALATE FILM
- D6287
200
Polycarbonate film
Tan &
(x107%)
150
1
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TYPICAL INSULATION RESISTANCE AS A FUNCTION OF

AMBIENT TEMPERATURE
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METALLISED POLYESTER
FILM CAPACITORS

Axial leads—moulded

(341 Series)

ALTERNATING VOLTAGE RATINGS

C281

Series

7618

1250
Pmax
(mWw) 10
1000
s N
750 \
N
R NUEAN
N
7
500 5 N A\
ANNANA
B \\ N
nd N E\\\ \ —
250 : \\\\:\ MY
1 L <IN \\\ \
NN
0 I
0 25 50 75 Tams(°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 3.1 14.7 10.5
5 18.1 11.6 7.7 10 311 19.6 12,5

Muliard
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344
series

METALLISED FILM CAPACITORS

Radial leads-mouided

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

QUICK REFERENCE DATA

Capacitance range (E6 Series)

Capacitance tolerance

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

0.0047 t0 6.8 uf
+10 %
63, 100, 250, 400, 630 \

at rated voltage (UR) 55/085/56
at0.8Ug 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.
100V (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 —p —»{ Tmax j—

%— T

D2983a

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

. dimensions in millimetres
Capacitance T umbers
- e n

(wF) L H T s d P

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 11 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 17.6 14.5 8.5 15 08 344 15155
2.2 26 15.5 6.5 228 ) 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 11 275 344 15685
10 30 23 13.5 27.5 344 15106

October 1980 ( Mu“ard u



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 45 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 11 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 17.5 14.5 8.5 15 344 2*105
1.5 26 16.5 6.5 225 344 3*155
2.2 26 18 8.5 225 0.8 344 2*225
33 26 19 9.5 225 344 2*335
4.7 30 205 11 27.5 0.8 344 2*475
6.8 30 23 13.5 275 ) 344 2*685

* Polyethylene terephthalate film = 5, e.g. 344 25474

Polycarbonate ﬁlm =1,eg9. 344 21474

250 V versiaon (p.e.t.p.}

. Dimensions in millimetres
Capacitance . 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 45 7.5 ) 344 47333
0.047 13 10 4.5 10 08 344 41473
0.068 13 1 5 10 ’ 344 41683
0.10 17.5 1 5 15 344 41104
0.15 17.5 1 5 15 0.8 344 41154
0.22 17.56 11.56 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 22.5 344 41105
1.5 30 20.5 1 27.5 0.8 344 41155
2.2 30 20.5 11 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 08 344 45473
0.068 13 1" 5 10 ’ 344 45683
0.10 17.5 11 5 15 344 45104
0.15 17.5 11.5 6 15 0.8 344 45154
0.22 17.5 13 7 15 ’ 344 45224
0.33 17.5 14.5 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 1 275 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 Toe mumbers
wF) L H T s d ve
0.01 10.5 10 45 7.5 0.6 344 57103
0.015 10.5 10 4.5 7.5 : 344 571563
0.010 13 10 4.5 10 344 5*103
0.015 13 10 4.5 10 0.8 344 5*153
0.022 13 10 4.5 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 5*683
0.10 17.6 13 7 15 : 344 5*104
0.15 17.5 14.5 8.5 15 344 5*154
0.22 26 | 15.5 6.5 22.5 344 5%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 23 135 27.5 ’ 344 5*105
*Polyethylene terephthalate film = 5, e.g. 344 55473
Polycarbonate film =1,e.9.344 51473
630 V version (p.e.t.p.)
Capacftance Dimensions in millimetres
{uF) L H T S a Type numbers
0.0047 10.5 10 4.5 7.5 06 344 67472
0.0068 10.5 10 4.5 7.5 : 344 67682
The smaller values are of p.e.t.p. construction = 7 e.g. 344 57103 v
4 October 1980 M " rd \v,
| ulia \/



Metallised film capacitors

344
series

ELECTRICAL DATA

Unless otherwise stated, all characteristics apply at an ambient temperature of 20 £ 5 ©C, atmospheric pressure of 105Pa
(1000 mbars} and a relative humidity of 76% maximum.

Conditions 63 V types 100 V types: 250 V types 400/630 V types
Capacitancs range - 0.15t10 104F |0.11068uF |0.047t02.24F | 0.0047 to 1.0 uF
(E6 Series)
Capacitance . . N .
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 20V
Rated current (mean) - 400 mA 400 mA 400 mA 400 mA

petp.| <180x10™ <150 x 10°*

Tangent of loss angle §= 10 kHz
{tan &) Polycarbonate - < 75x 10
Temperature range - —55 to +85 °C —55 to +85 °C| —5510 +85°C | —55t0 +85 °C

Extended
temperature range

Voltage derating
1.25%/°C above

+86 to +100 °C

+85 to +100 °C

+85 to +100 °C

+85 to +100 °C

85 °C
0.0047 t0 0.33 uF > 15000 MQ2 > 15000 MQ | > 30000 M2 > 30 000 MQ2
Insulation resistance
047 t06.8uF | > 5000 MQ.uF >5 000 MQ.uF | >10 000 MQ.uF{>10 000 MQ.uF
Capacitor length L
=10.5 mm 8.3 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 Vius 30 V/us
change of voltage =17.6 mm 2.6 Vips 7 Vius 10 Vips 20 V/us
=26 mm 1.7 Vius 3.5 Vius 6 Vius 9 V/us
X =30 mm 1.4 Vius 3 Vius 5 Vius 8 Vius
Surge voltage (d.c.) 1 min. per hour 8V 140V 350 V 500/790 V
Minimum casing
breakdown voltage Applied for 1 min. 1000 V 1000 V 1000 V 1000 V
{dc.)
1000 hrs at 85 °C ’
1.5 x rated d.c. AC <3y AC 3y, AC <3y, AC <3y
voltage applied ¢ 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 17.56 mm < < 10%
applied 26 mm < 7%
30 mm < 5%
Rated voltage (Ug) 55/085/56 §6/085/56 56/085/56 55/085/56
Climatic category
0.8 U 55/100/56 55/100/56 55/100/56 55/100/56

Mullard ‘ W(October 1980 5



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
©0o 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 iNngs
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
( Mullard N



Metallised film capacitors 344
series

5 . D7520a(7270162.1
Ac 7
C . R
f°lo) - —p—
0
W
- Vd'’s
s 1 kHz *
10kHz/},-
kHz
-10
-100 -50 o] 0 100
Tamb(®C)

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

5 D7521a {7Z70164.1)
Ac
C
(°/o)
° 1 kHz >
10kHZA =5 =
M0OkHz
-5
-10
-100 -50 0

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

075220 (7270160.1)

300
tan &
(x107%)
200 , = < KHa
JI‘ 3
T ==
ZIINE
100 N 10kHz
- 1kHz
T Y/
0
~100 - 50 0 50 o 100
. Tampi{“C)

Typical loss factor as a function of ambient temperature

for polyethylene terephthalate film

‘300 D7523a (7270158.1)
tan &
(x107%)
200
100 — =
N~ ikHz
=Wt S [ 11
™ 10kHz
oL - ] 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 D7524 (7270
ac
[
{°/o)
0F—+ -
i —— Metallized
™ PETP film
dielectric
-1 N
--- Metallized
polycarbonate film
-2 dielectric
N\
R 103 104 105 f(Hz) 108
Typical capacitance change as a function of frequency
tan S o251 220828
-G bt
x10 200
(x10™) =
T 100
50 17 "
v - I = Metallized
20 : ] PETP film
i . .
41 dielectric
-
10 oy -
IT = Metallized
6 polycarbonate film
dielectric
2 . 3 £ 5
10 10 10 10
: — f (Hz)

Typical loss factor as a function of frequency

A
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344

series
105 D7526({ 7Z 71 8.1
=
RC
(s} 4 N
N
104 A
\
—— Metallized PETP film dielectric
10 --- Metallized polycarbonate film
dielectric
102
10
-100 -50 0 50 100
Tamb (°C)
Typical insulation resistance as a function of
ambient temperature
¢ s D4954
Tes
(MH2)
2
102 3
7
S
? ™
.
10 ™~

1~'\

03 °

5 7
1072

2 s 7 2
107! 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 - D75278
Pmax
{(mW)
1250 1%
\
1000 - \
N \\
[ N q \\
750 "
ANEAVAY
0 NANA
9 \\\\\ )
N\ \\
500 - N \
: ANENNNGN
L AN
-9 \ \\ \\\&\\
i
: SNSNNNNANW
1 [~ N N N
SSSNN
0 0
0 25 50 75 Tamn(°C) 100
Dimensions in millimetres Dimensions in millimetres
Curve Curve
L H T L H T
1 10.5 10 4.5 8 175} 145 85
2 13 10 4.5 9 26 15.5 6.5
3 13 11 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 "
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 uF +10 and +20 %
0.33to 2. 2uF ) +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
* seating' 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 boardg, with no
prior wire cutting operation.

Mullard
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—> DIMENSIONS (millimetres) AND TYPE NUMBERS

’ T < L P
max max max
|
sl
Hmax H max
— i — *
£ min 5 max
L s —j —»lla—gd s 07633
Styte A Style B
250 V version
Style A Style B
Capaci- Dimensions in millimetres Code No. Code No.
tance 352.44...20% | 35247...20%
@F) L H T d ] 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 12.5 120 40 0.6 13 10.2 (0.4 in) .. 103 .. 103
0.015 12.5 12.0 40 0.6 13 10.2 (0.4 in) .. 183 .. 153
0.022 12.5 12.0 40 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 (0.4 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 7.5 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 23.5 11.5 0.8 19 279 (1.1 in) 45225 48225
400 V version
Style A Style B
Capaci- Dimensions in millimetres Code No. Code No.
tance : 35254,..20% | 35257...20%
(uF) L H T d e s 35255...10% | 35258...10%
0.010 12.5 i2.5 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
0.047 125 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 65 0.8 21 20.3 (0.8 in) .. 154 .. 154
0.22 22.5 16.5 7.5 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
047 30.0 18.5 9.5 0.8 19 27.9 (1.1 in) 55474 58474
0.68 30.0 22.0 10.0 0.8 19 2794(1.1in) 55684 58684
1.0 30.0 240 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

Unless otherwise stated, all characteristics apply at an ambient temperature of 20 +5°C,
atmospheric pressure of 105Pa (1000mbars) and a relative lumidity 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. 22pF +10%, +20% +10%, +20%
Capacitance tolerance
0.33t0 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 > 1k 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% ° o
Extended temperature range per deg C above 85 0C +85 to +100 °C | +85 to +100 °C
. 0.0047 to 0. 33uF >30 000 MQ >30 000 MQ
Insulation resistance
0.47to 2.2 uF >10 000 MQ. pF | >10 000 MQ, uF|
Capacitor length L
(see DIMENSIONS)
Maximum rate of change of =12.5mm 20 V/us 30 V/ius
voltage =17.5mm 10 V/us 20 V/us
=22, 5mm 7 V/jus 10 V/us
=30 mm 5 V/us 8 V/us
Surge voltage (.c.) 1 min per hour 350 v 500 V
1000 hrs at 85 °C
AC AC
1.5 X rated TSS% - =5%
d. c. voltage applied
Long term stability Capacitor length L
=12, 5mm =15%
[
1000 hrs at 85 °C = 17.Smm AC =10%
rated a.c. voltage _ —_
applied = 22.5mm C =7%
=30 mm = 5%

<~
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NOTE

The maximum r.m. s. voltage at frequencies higher than 50 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: -

p———— — lst figure of capacitance value Standard

2nd figure of capacitance value colour

\
§ Multiplying factor (power of 10) code

ety

2

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

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

Standard colour code

Black = 0 Green = 5
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,
--ghould be ordered by quoting the code number 352 47104.

Mullard

352 Series Page 4



METALLISED POLYESTER
FILM CAPACITORS

Crimped radial leads - lacquered

352

Series

D7624 (77693641

5
ac 7
[§ 17V
(%o} B S+
0
P
@
kHz ALY
10kHz— 1,V
-5 100kHz {7
=10
-100 -50 0 50 100
Tamb{®C}
Typical capacitance change as a function of
ambient temperature
D7625 {7267 )
t
AC
[+
(%)
0 T
e
\\
-1 \\
N
N\
\\
- N
2 \\
N
\\
-3
102 10° 0% f(Hz) 105

Typical capacitance change as a function of frequency
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300 DMN281726988)

tan 8
{x1074)
200 = ~
" P JJ0OkHz |
- S
- ™
100 a
h 10kH3 |
AUES tkHz ] |
NC ~ b/
0
-100 -50 0 S0 o, 100
Tomb (°C}

Typical loss factor as a function of ambient température

300 D7627 (7263267 -
tan &
x107%)
200
7
]
100 -
d’
- i
0
10? 103 10* 10°
f (Hz)

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

108

RC
(s) o

D7628(7269366.

104

10°

L

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

05444
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\\ ™
\\\\ n
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\\ 1 ~
N
2 '_\\\

/;
777 17
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y 4
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NI
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103 102 10" 1 CluF)
Self resonance frequency as a function of capacitance
for various total lead lengths
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07633
me
{mw)
16
15
1000 N
14
3 N\ N
: \\\\‘
12 \
750
m LWANY
\\
) AN
, ANENA
A
500
F==sF \\ N
7 NAY
) INNRTANAY
250 ‘ SISINNN
3 z \‘ SN N \\\\‘
! S NNNY
~y A
-
0 [ | ~
0 25 50 75 Toms(°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
L { 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 1 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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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 00110 1.0 uF
Capacitance tolerance
100 V working +10 %
250 and 400 V working +20 %
Climatic category, at rated voltage Ug 40/085/21

at 0.8 UR 40/100/21
DIELECTRIC

Polyetheieneterephthalate 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.
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358 Series

DIMENSIONS and TYPE NUMBERS Dimensions in mm

I‘~mtx—~' fmax
— R

N

X

5 max
. 1
D723 —slle—04d
100 V version
Capacitance Tol. Dimensions
uF % Type number
L H T ¢d S
0.10 13.5 135 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 7.5 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 17.5 9.5 0.8 27.94 (1.1 in.) 358 13225
250 V version
0.010 13.5 135 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 13.56 13.5 6.5 0.6 10.16 (0.4 in.) 358 16223
0.033 13.5 13.5 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 17.6 16.5 7.5 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
0.68 255 19.0 10.0 0.8 20.32 (0.8 in.) 358 16684
1.0 32.5 185 120 0.8 27.94 (1.1 in.) 358 16105
1.5 325 20.5 115 0.8 2794 (1.1 in.) 358 16155
2.2 32.5 205 13.5 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.% 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 13.56 13.5 6.5 0.6 10.16 (0.4 in.) 358 20223
0.033 13.56 14.5 6.5 0.6 10.16 (0.4 in.) 358 20333
0.047 135 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 (0.8in.) 358 20154
0.22 245 18.0 9.0 0.8 20.32 (0.8 in.) 358 20224
0.33 245 19.0 10.0 0.8 20.32 (0.8 in.) 358 20334
0.47 325 18.5 12.0 0.8 27.94 (1.1in.) 358 20474
0.68 325 235 125 0.8 2794 (1.1in.) 358 20684
1.0 325 235 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 75% 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 OC 100 250 400
f= 50 Hz, minimum
Rated voltage {r.m.s.) .’
(see NOTE below) source impedance 63 160 200 \Y
>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 1
o 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 10 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 24.5 mm 4 7 10 V/us
32.5 mm 3 5 8 V/us
Surge voltage 1 min. per hour 140 350 500 \%
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 17.6mm AC <10 %
applied 245mm ~C <7 %
32.5 mm <65 %
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.

e
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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 capacitors 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
h) 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)
1
ac
Cc
(%)
0 ——
-
N
g
- N
N\
\\
N\
\\

- N

2 N

\k
‘\
-3
2 s 7 2 5 7 2 13 7
102 103 104 f (H2) 105

Fig.2 Typical capacitance change as a function of frequency

300

07227

tan &
{x107%)

200

100

0
-100 -50 0 50

100
Tamb (°C)

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

300 D7228 (128937 _
tan &
{x107%)
200
L~
]
100 H—
oot
et i
0
102 103 104 o
f(Hz)

Fig.4 Typical loss factor as a function of frequency

D722% (7269386}

10°

RC
{(s)

10° ‘

103

10?

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)
et 19
1000 \
18 A
17
A\
N
750 16 \\
15 W\
14 N\ NN\
13F ‘\ \‘
500 p=t———m=—i1? \\ \\‘\
pretict et 11 \\ N \
10 NN
F AN
7
6 1
PLD — —— 1 —
3
1 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 13.5 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 14.5 6.5 13 245 18.0 9.0
4 13.5 15.0 7.0 14 24.5 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 17 325 205 11.5
8 17.5 17.0 8.0 18 32.5 235 12.5
9 17.56 17.5 8.5 19 325 235 13.5
10 245 16.5 75
Fig.6 Maximum permissible power dissipation as a function of temperature
8 October 1979 M “ rd L ]
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FILM/FOIL CAPACITORS




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 0.01 to 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 Ve
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 33040. ..
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 V.
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330 Series

MECHANICAL DATA

Axial lead versions

Dimensions in mm

40min Lmax 4T-25rnin-— — fe—T max
1 ¢
:fl o Hmax
I
DS3sia @d
Fig.1

Table 1
rated rated

capacitance voltage L H T d specification type number

uF r.m.s.
0.01 250 18 10.4 6.5 0.8 VDE-0560—-7 330 00103
0.015 250 18 10.4 6.5 0.8 VDE-0560--7 330 001563
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 23.5 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 14.4 10.4 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
; ¥ i
| |
S Il 4 min
. A
D2983 —DHd—Q 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 17.5 1 5 15 VDE-0560-7 330 40153
0.022 250 17.5 11 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 11.5 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 22,5 VDE-0560—7 330 40334
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330 Series

ELECTRICAL DATA

Unless otherwise specified all values apply at an ambient temperature of 16 — 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 t0 0.33 uF
Tolerance on capacitance
VDE approved types +20%
7277173
5
ac
C
(%)
0,047 ufF
0
N
I//
,/
/
5 4
-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 V4
Test voltage (d.c.) for 1 min

between terminals 750 Vge
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 jL 330 Series

105 7277175.
RC
(s) ]
104
A ¥
AY
\
103 \
102
-100 -50 i} 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
P
N
o]
-100 —50 0 50 100
Tamp (°C)

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

Pulse steepness
Maximum pulse steepness 100 V/us

Resonant frequency

102 7277176
resonant
frequency

(MHz)
10 P
N
-
N
~
! 2 3
1 10 10 Cg (nF) 10

Fig.6 Resonant frequency as a function of rated capacitance

Temperature

Rated temperature 85 0C
Category temperature range —40 to +85 °C
Storage temperature range —55 to +85 °C
Climatic category, |IEC 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 u



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 \Y
Climatic category (IEC 68)

at rated voltage (UR) 40/085/21

at0.8 UR 40/100/21

DIELECTRIC
Polyethyleneterephthalate film.

CASING
Hard, water repellent facquer.

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.

0 Mulla rd W ( August 1979 1



347 Series

MECHANICAL DATA Dimensions in mm

T
max

\

}‘_ ’d D2577e

DIMENSIONS AND TYPE NUMBERS

Table 1 100 V version

capacitance dimensions in millimetres marking type
(nF) L H T I d 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 250V version
capacitance dimensions in millimetres marking type
{nF) L H T d S code number
10 13.5 125 |5 0.8 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 15.24 (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 347 41154
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
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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 13.56 14.5 7 0.6 10.16 (0.4 in) 16n 347 51163
22 19 145 6 0.8 15.24 (0.6 in) . 22n 347 51223
33 19 16.5 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 | 08 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 |1 0.8 27.94 {1.1in) 220n 347 51224
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 13.5 13 55 | 0.6 10.16 (0.4 in) 1nb 347 61152
22 13.56 12 45 | 0.6 10.16 (0.4 in) 2n2 347 61222
33 13.5 13 55 | 0.6 10.16 (0.4 in) 3n3 347 61332
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347 Series
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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 shouid 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)

/
ot | \

103

102

10
-100 -50 ] 50 100 150 200
Tumb *C

Typical insulation resistance as a function of
ambient temperature

p——
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347 Series

06248

-75  -50 -25 0 2 50 75 100 125 T,y °C)

Typical capacitance change as a function of ambient temperature os240

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 § - £=100kHz
(x107%)

125

06250

100

P d

75

f=1kHz N 17

¥

4

50

25

0

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

D6251

Tan § S
(x1074)

10°

10

2 57 03 2 S 7T 40t 2 S 7 108 zf(Hz)5710°

Typical loss factor as a function of frequency
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347 Series

Table of case sizes

1500 7601 (7265009.34
Pmﬂt
(mW) 16
1250
\
15 \
\
1000 )
\
14 ‘ \
AN
N \\
\
750
N N
12 N \
N
[ N \
AN N \
500 NSO
0 ‘\‘
ot SEANN N\
6 NN \‘\: \
5 AN
250 4
2 0 \\ b\ \\
TN
0 [T
0 25 S0 75 Tamn(°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
* 135 12 45 1 27 18 6.5
2 135 125 5 12 27 19.5 8
3 13.5 13 5.5 13 27 21 9.5
4 1356 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 7.5
10 19 16.5 8

N
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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 1o 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.
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357 5... Series

MECHANICAL DATA

f#———— L max ——————e

——‘ Tmax

Dimensions in mm

-

|
|

i
Al i
Il 4.5min
_ e @08
Fig.1 D4738
. Dimensions in millimetres
capacitance :
{(nF) type numbers
L H T S
47 21.5 15 8 15 357 51473
100 29 18.5 8.5 22,5 357 51104
220 34 20 10 27.5 357 51224
330 34 22 12 27.5 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 9C, 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 + 856 °C 250 v
rated volitage (a.c.) f=50 Hz 160V
tangent of loss angle {tan 5) =10 kHz <5x104
category temperature range — —40to+85°C
insulation resistance at 20 ©C C SO.14F > 50000 Mg

C>0.1uF RC>5000s
minimum casing breakdown voltage {d.c.) applied for 1 minute 1000 vV
minimum breakdown voltage between
terminals - applied for 1 minute 500 Vv
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Polypropylene film/foil capacitors JL 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 OC 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 {357), 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—
-
-
-01
-0.2
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

5 D8245
AC
c
=i
(%) = 0.6(1-3 HF
0.047uF
0
N 0047yF]
N
0.68 p!-'
-5 e T1]1
-50 0 50 Tamp (°C) 100

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

108 e
RC
(s)
105 — .
0.047pF
~
N
0.33pF \
104
\
3
10—50 0 50 100
Tamb (°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}
/

0.68uF

5
4
/ -
L 00LTF
e Tl - ——
oE=====x27 de ce g =
103 10% £ {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 ,‘VRsv]
1l
o—}- {—F+——o
L C " }
r Vr.m.s. v
R¢?
VRs® = Vrms® (2a)

R52 + 1/(.02 C2

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

Rg?
VRs? = Vims® = Rs?w?C?Vppe?. (2b)
Rs 172 C2 rms s rms
Thus P = Rgw? C?Vrmg? = {(RsC) Cww? Virmg?. (3)

in which w = 27f; the term (RsC) is 7.96 x 10°°.

The maximum permissiblée power dissipation {Py3x), 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" F. 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
7.96x 107 x0.47x 10 x 4> x 16 x 10° | ~°7 V-
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Polypropylene film/foil capacitors 357 5... Series

07602 {7Z69261.1)

2000
6
Pmux
{mW)
S
N\
1500
N\
4 \‘
3 \\ \\
NL N
1000
\\ N
2 N\
‘\\\\ NN\
ASRAAN
! N
500
SEENAX
-
.
0
0 25 50 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

o Mullard |



357 6"f 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 +5% and * 10%

Rated voltage UR (d.c.) 630 V, 1000 V, 1500 V, 2000 V
Rated voltage UR (a.c.), 50 to 60 Hz 300V, 400 VvV, 600V, 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— T cade for capacitance
capacitance tolerance

61= 630V;t10%

62= 630V;+5%

71=1000 V; £ 10%

72=1000 V; £ 5%

81=1600 V; £ 10%

82=1500 V; + 5%

92 = 2000 V;-+ 5%

v Mullard | ™"



357 6.... Series

357 9 Serle

8

MECHANICAL DATA

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

<——-—L-———>l

->|Tl<—

‘“-— P —».

g L—I—>
lo

—

Dimensions in mm

-l le@08

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 | mmax max g tol. 5% tol. £ 10%

0,047 8,5 29 18,5 6 62473 61473
0,056 8,56 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 s 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 ¢apacitance values and tolerances are available to special order.

October 1978
Mullard
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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+0,4 6 72223

0,027** 8,5 29 18,5 6 72273

0,033 85 29 18,5 2265+ 04 6 72333 71333
0,039 8,5 29 18,5 e 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 Ug (d.c.) = 1500 V; UR {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 25 275+04 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 Ug {(d.c.) =2000 V; Ug (a.c.) =700 V

rated I| l| ‘i catalogue number
capacitance” ' Tmax | .Lmax Hmax | P mass 357.....
uF : 1 | g. tol. + 5% tol. + 10%
4 ; ;
0,0015** . : 92152
0,0018** : : : 92182
0,0022** i ; ! 92222
0,0027** 1 : 92272
0,0033** . 85 : 29 185 | 225:04 6 92332
0,0039:: | ! l 92392
0,0047” i i ! 92472
0.8026 i | : 92562
0,0068** 92682
0,0075** | ! 92752
L |
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 IEC 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, intermedijate 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.
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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 9C, 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 negligibie
7274869
5
ac
[
(%) e
~
0 0,0015 uF |
2000V
0,33uF NN
630V N
s 11
-100 -50 0 50 100
[
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 Vv, 1000 V, 1500 V, 2000 V
Rated voltage UR (a.c.), 50 to 60 Hz
630 V version 300V
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 UR (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 2v2;

@ 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)
10? §§\
NN
0,047 uFlHH
0,12 4F
0,18 uF
0.33uF 71T
0 ]
103 104 108 t (Hz) 106

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 ) 1 1 + 1 t
{ < } 1
=" ! '
voltage % 1
V) R IREEEH N
i N
R ! Q\
102 i t
v : ¥ ¥
MR ! ~
o Nyo0.0184F HH
; . I 0'22“FI—-—4H-
[ I
R i
[ I !
ol i1 | .
.103 104 105 ¢ (H2) 108

Fig. 4 Maximum permissible r.m.s. value of sinusoidal voltages as a function of frequency at
Tamp < 70 ©C, for 1000 V version.
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Polypropylene capacitors 357 6""osenes
) k357 9... Series
103 . 7274866
voltage \\\
(V) ANAN
\
ANEN
\\\\
102 s
\
AN
10,0082 1F
3>0,018 uF L]
10
103 104 10% £ (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.

103 7274867
voltage ~ N
V) AN
N
~
N
N
102 N
10
103 104 105 f (Hz) 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

Insutation 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 yF > 50 000 M2 > 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 = 27,56 mm <15x 10*
20 7274870
tan §
(1074)
10
V.
0,33 ufF
630V
Pdi
> T T
0,0015uF
—== 2000V
N e == 37T
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 °C

—40to +85°C
—55to +85 0C
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 {Prmax)-
For a capacitor used with a sinusoidal voltage, the power dissipation is expressed by:

P=Vims lrms €Os ¢. (1)
As g = WCVmg, and cos ¢= tan §, equation (1) can be rewritten as :

P=V2 nswC tan § = V? g 27fC tan 5. (2)
For capacitors of the 357 series, tan § is about proportional to the frequency, thus:

tan § = % tan §100kHz: 3)
Substituting equation {3} in equation {2) gives:

P=271.10% V? sf*Ctan 8 100kHz- 4)
For capacitors with a pitch of 22,56 mm the maximum tan § at 100 kHz is 10-3, thus:

P=27.10°V? ,f’C. (5)
For capacitors with a pitch of 27,6 mm the maximum tan § at 100 kHz is 1,5 x 1073, thus:

P=3n.10°V? s C. (6)

The maximum permissible power dissipation (P55}, which depends on the dimensions of the capacitor
and on the ambient temperature, can be found from Fig. 8.

dimensions {mm) 1000 1274868
T, L, H
curve | Tmax | bmax | Hmax Prnax
1 85| 29 1856 (mWw)
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 \
1 N \
. . L N\
Fig. 8 Maximum permissibie 250 AN
power dissipation as a function \\
of temperature. N
0 ]
4] 25 50 75 100
Tamp (°C)

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

357 9.... Series

Example 1

A capacitor 0f 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. It can be seen from Tables 1 to 4 that a 0,12 #F/1000 V capacitor must be chosen.

Example 2
For a capacitor used with a half sinewave pulse, (Fig. 9), Vms €an be expressed by

TT% . 7)

1
Vims® = 7 Vp?

voltage

Vo-l--,

time

il T2 bl T2 260

Fig. 9.

With f = 2.:.1 . and substitution of equation (7) in equation (5), the maximum power dissipation for

a capacitor with a pitch of 22,56 mm is

_m " 1
P-IJOBVPZ WC. (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=7x 10° x 15007 x 1-2—)(13-(.5><0,t)075x 10° W
P =184 mW

From Fig. 8 it can be seen that this power value is permitted for all capacitor sizes.
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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 (425, 426 and 427 series) ttorth %
(424 series) +1 %
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 teads, 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.
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424 425
426 427
SERIES

DIMENSIONS {millimetres) AND TYPE NUMBERS

l je——— £ min ————»

- L
max

¢ Dmax

T

—e—— { min —————f

g/g

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

Capacitance L 0 0 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 38 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
390 109 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 45 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 Q 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 1n1 1102
1200 10.9 4.0 30 in2 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 45 30 1n8 1802
2000 10.9 4.5 30 2n0 2002
2200 10.9 45 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 4an7 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

o
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424 425
426 427
SERIES

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

Capacitance L D 2 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 12;0\/) e 4(22650 V) 4(2156.0. 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
)¢

Rated voltage te‘::p‘:?,:zre 630 V 250V 160 V 63V

{dc.) range

4 November 1980
| Mullard
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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 = 60 Hz,
Rated voltage over 250 V 125V 63V %V
{r.m.s.) temperature
range
f=10 kHz
< -4
€ >20 000 pF <10x10
=100 kHz
C <20 000 pF <15x 10 <15x10*
Tangent of >10 000 pF
toss angle
(tan §) f=100 kHz
€ <10 000 pF 10x 10 <10x10*
> 1000 pF
f=1 MHz
<10x 10* <10x 10
C <1000 pF 0x 0x
Category
temperature - —40 to + 85 °C. —40 to + 85 °C —40to+85 C —40to+ 70 °C
range
Temperature | “teg"(’: (—12560) x 10¢| (~125+60) x 10°° | (—126 %60 x 10°® | (—125 + 60) x 10°®
coefficient emperature o¢ oc oc oc
range
Insulation after 1 min. at min. 105 MQ min. 10° MQ min. 10° MQ min. 105 MQ
resistance indicated voltage at 500 V at 100 V at 100 vV at 10V
Test .voltage applied for
terminals 1 mi 1250 V 500 V 400 V 400 V
minute
to case {d.c.)
Volta lied for
9 apptie 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 1.6 mm minimum, the temperature and soldering times are as follows:-

Solder temperature

Maximum solder time

240 °C
260 °C

3 seconds

2 seconds

If longer soldering times are necessary, a greater distance between the solder point and the capacitor

body must be used.

<
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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

42, ... ..
. | | bd
I ,._J 1
Voltage Tolerance Type number suffix
4=63V 4=1%1% see DIMENSIONS AND
5=160 V 2=+5% TYPE NUMBERS
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 U



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 e
10.9 mm o
) I 1 L]
107
102 103 104 f{Hz) 105

Typical loss factor as a function of frequency

\:j Mu“ard w (November 1980 7



424 425

426 427
SERIES
2
tan &
(10-4)
1
B e et
0
-50 0 50 Tamp(®C) 100
Typical ioss factor as a function of temperature
10°
Resonance
frequency
(MHz)
: N
10 — 10mm
—— S 20mm
SN t‘\ 3% 30mm
NSNS §5mm
%
*~.~ ‘\‘ .
\\\\\
\\\\
NG
10 ===
1
102 103 C(pF) 104

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

8 November 1980 ( Mullard \3



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 0C

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

443 ... ..
I | | 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

r‘

75
max

Dimensions in mm

-« 10 o

—
—

L o
| [
—
9
0.5‘ LJ O.SL T
Y t ' Yo
59 54
| +
0_5_>| L_ (7?:4;#11) 06 —>| L— 08173 (7275536)

Fig.1 Capacitors of rated
capacitance range 100 to
15 000 pF.

Fig.2 Capacitors of rated
capacitance range 15 400
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 bevelied corner. ‘

October 1978 ( Mulla rd | D



Polystyrene film/foil capacitors Se"es

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
762 (4e)
7.62
= (3e) ] | (30) l
., 5.08 |
(2e) |
, PR
ey S T !
iV i 10.16 7.62 ‘ 1|
{36? 5(320? ; ' (4e) (3e) ) }
e e) H
‘ ! o ! L ! FanY '
/ I I S L Y.
. ! +-1-1-1 !
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

u Mu“ard W ( October 1978 3



443
Series.

ELECTRICAL DATA

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

Capacitance

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

Tolerance on rated capacitance

Temperature coefficient
CR <6000 pF
Cg > 6000 pF

Frequency dependence between 100 Hz and 1 MHz

Voltage
Rated voltage UR (d.c.)
Rated voltage UR (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/°C

none

63V
2%V

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 5 (tangent of the loss angle)

Tan §
at 1 MHz, Cr <500 pF
at 1 MHz, 500 pF < CR < 1000 pF
at 1 kHz, Cg > 1000 pF

Temperature

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

ambient temperature
230C | 70°C

> 500 000 MS | > 100 000 MS2
> 500 000 MS2 | > 100 000 MS2

< 5x10%
<10x 10*
< 2x10%

70°C
—40to+70°C
—55t0+70°C
40/070/56

4 October 197# ( Mu“ard



Polystyrene film/foil capacitors
Serles

102 osm_uzssun
tand
(10-4}
o Ca0er /
P4
1 P C < 3920 pFiy
0—1
102 103 104 105 §(Hz) 10°
Fig.5 Tan & as a function of frequency; typical curves
2 D8177 {71269845)
tan§ »
(10-4) C>3920pF
o9
- C < 3920pF
1
™ ot
ey
0
-50 0 50 Tamb (°C) 100
Fig.6 Tan & as a function of temperature; typical curves
Resonant frequency
8.5 x 10? .

Resonant frequency, total lead length 2 x 1 mm >—\/6—‘—MHZ {CinpF)

V) Mullard W( ot



imply that the device will go into regular production.

DEVELOPMENT SAMPLE DATA
This information is derived from development samples 4551 457
made available for evaluation. It does not necessarily SERIES

POLYPROPYLENE FILM/FOIL CAPACITORS

QUICK REFERENCE DATA

Capacitance range 47 to 56 000 pF
Tolerance on rated capacitance + 2% (E24-series)™
Rated voltage UR (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
onreels T
B packed in
3=+2% { boxes

1 * E48 series can be supplied to special order.

L t Reel packing to special order only.

U Mu“ard September 1980



455, 457
SERIES

MECHANICAL DATA

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

[=— 1.0 max. epoxy on lead

20 =/

et s
—

7284038

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

Dimensions in mm

Capacitance approx. catalo b
: . ) gue number
(E24-senethol. + 2%} Dmax. Lmax. Imin, m:ss (packed in boxes)
2300 455 33302
3600 10 33602
3900 ' 33902
300 0.3 34302
4700 34702
5 100 35102
5 600 4.5 11.0 30 35602
& 200 36202
® 800 36802
7 500 0.4 37502
8 200 5.0 38202
9 100 39102
10 000 31003
11000 a5 31103
12000 05 31203
12000 : 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
27 000 6.0 150 28 32703
30 000 33003
33 000 6.5 07 33303
36 000 33603
39 000 .0 08 33003
3000 34303
47 000 7.5 0.9 34703
51000 35103
26 000 8.0 1.0 35603
2 September 1980 M “ d L\ ]
unar \J



455, 457
SERIES

Polypropylene film/foil capacitors

Table 2 UR (d.c.) = 250 V; U 9ac.) = 125 V

Capacitance approx. catalogue number
(E24-series'; tol. £ 2%}*| Dmax Lmax Imin mass {(packed in boxes)
P g
a7 457 34709
51 35109
pon 35609
pos 36209
68 36809
75 37509
g2 38200
o1 39109
100 31001
110 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
b 35101
560 35601
620 36201
680 36801
250 37501
820 38201
910 39101
1000 31002
1100 31102
1200 31202
1300 31302
1500 : 31502
1600 31602
1800 as 31802
5200 . 32202
5 200 32402
5700 co 32702
3 000 : 33002

\vJ Mullard - W(September 1980 3



455, 457
SERIES

MARKING
The capacitors are marked as follows:

st 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
eptember ( Mu|lard \vv'



o ) 455, 457
Polypropylene film/foil capacitors SER‘ES

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
Tolerance on rated capacitance
Temperature coefficient

Voltage

Rated voltage UR (d.c.)

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

63 V version
250 V version

Category voltage Ug

Test voltage for 1 min.
between terminals

between interconnected terminals and coating

Insulation resistance

see Tables 1 to 3
*+ 2%
—125 + 60 ppm/°C

63V, 250V,

25V
125V

0.8 x UR (d.c.)

2x Ug (d.c.)
2 x UR {d.c.}) (minimum 400 V)

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 + 156 V for the 250 V version.

R between terminals

Tan § (tangent of loss angle)
Tan § at 1 MHz, for Cg < 1000 pF

Tan 8 at 100 kHz
for 1000 pF < CR < 5000 pF
for 5000 pF < CR < 20 000 pF

Tan 8 at 10 kHz for CR > 20 000 pF

tnduction
Maximum induction

Temperature

Rated temperature
Category temperature range
Storage temperature range
Climatic category, |1EC 68

ambient temperature
239C | 85 °C

> 100 000 MQ > 100 000 M2

<10x 104

<10x 10*
<15x 10*

<10x 10*

10 nH/cm lead and capacitor length

85 0C

—40 to + 100 °C
~40to + 100 °C
40/100/21

<

Mullard W (September 1980



455, 457

SERIES
PACKING
The capacitors are supplied on bandoliers on reels or in cardboard boxes
Packing on bandoliers on reels Dimensions in mm
|
: - B - h h - N h
"_ L max _’|
™
L Ry —==3 T
+€e== :—:a——+
S+03
L———E; - -3 e ==34-
0+1,2 i ST m e _ o }
] STLITT
w8l B1 - B2
- 63 s +1 5 - 7284037
Fig.2| B1-B2| = max. 1.4; for dimension L,y see Tables 1 to 4
T for number {(n)
capacitance values (pF) of s of capacitors
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)x4
6 800—56 000 2 400—3 000 10 10(n-1)x2 10(n-1)+4

September 1980 ( Mu"ard \:J



Polypropylene film/foil capacitors

455, 457
SERIES

A

DEVELOPMENT SAMPLE DATA

22°30'(16x)

—

300mm leader at

[4— 20,5
I

:7{ 856 92 B
3 o) e

1 72735841
l— 8 —

ma Fig.3 1:capacitor 4: flange
beginning and end 2: bandolier  b5: 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}

Mu‘lard ) W (september 1980 7



CERAMIC CAPACITORS
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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)[Mg Ti0] €, = 2000[Ba Ti 03]
N150 (-150 ppm/°C)[Ba; Tig Ogp +Ti 02] €, = 4000(Ba0 +Cal +Ti 0y +Zr 02]
N750 (~750 ppm/°C)[Ti 0, + additions] €, = 12000[Ba0 +Cal + 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 uF, 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

MARCH 1975 Ceramic caps. INTRO. Page |




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=€A><10 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

B hnm
1]

The working voltage is dependent on the dielectric thickness.

Typical constructions are shown in the figures below:

Solder lands Electrodes

End
terminal Ceramic material 06836
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

Ceramic caps. INTRO. Page 2



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 generaily
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 A |
| I |
Rp
——NTY\'—G—" —
RS
c

ll 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

B RP +R [l + (wCRp)Z]

tand =

wCsz - wL E+ (wCRp)Z:I

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

Muliard
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561 SERIES

TUBULAR CERAMIC CAPACITORS

QUICK REFERENCE DATA

Capacitance range 1 pF to 22 000 pF
Rated d.c. voltage
Type 1 50V
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

e



561 Series

MECHANICAL DATA

Qutlines

-

Dimensions in mm

——>ID|<—

20,6 :::==|==@IE=-= @

Configuration of tape

D8621{7275836.1)

Fig.1

] i
! {
E‘—tﬁi = ‘E:%#;.‘;Eb——
0,5 ) |
max T ! ‘
I— == ﬂ—(:% iy ———— - == DR
! 5
| ! +0,5
fe== %5:5—4« —_
1 | ‘
‘ [ 1
= - l - — == b —
== = i
' ! |
Lo Y e
= T
[ j ,
3,2
! - min
-’ (!
{ 0,8
i - <——max
- L 1»‘ -l
D8622
-— W 6+ 1 -— (7275835}
Fig.2
. L D w Z L1 —Lo
size
max. max. max. max.
125 7.1 2.8
52*2 0.8 1
250 9.1 3.0 -
box packing ! Ki i .
{ammunition box) reel packing {supplied to special order only)
Size 125 2000 pieces 5000 pieces
Size 2580 1500 pieces 4000 pieces

July 1980 ( Mullard \vv'



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 muitiplier on capacitance coeff char.
Black 0 10° +20% NPO
Brown 1 10! Y
Red 2 10? SD
Orange 3 10°
Yellow 4 104 N220
Green 5
Blue 6
Purple 7 N750
Grey 8 + 30% X
White 9 SL
Gold 107! + 5% \
Silver 102 + 10% SB
July 1980

Mullard



561 SERIES

ELECTRICAL DATA — TYPE 1

Capacitance values

Tolerance on capacitance
Rated d.c. voltage

non-preferred

1 to 180 pF, E12 series

10 to 100 pF, E24 series

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

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 i 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 \Vv'



Tubular ceramic capacitors 561 SER'ES

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 + 209 18128
15 +20% 18158
1,8 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
a7 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.

\vv’ Mullard MJUIV 1980 5



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 § at 1 kHz

Category temperature range

See further Table 2 and graphs

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

+ 10, *+ 20 and/or + 30%

50 V
25V
16V

3x UR
2x UR
18V

min. 10 000 MQ
min. 1000 MO

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

—25 to +85 0C

ree—

July 1980 ( Mullard
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Tubular ceramic capacitors

561 SERIES

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
390 SB 21391
470 125 50 V 21471
560 21561
680 21681
820 21821
1000 21102
1200 250 21122
1500 21152
CHARACTERISTICS SD,V,X,Y
1000 ) 23102
1200 23122
1500 X 24152
1500 \% 22152
2200 X 24222
2200 \Y 22222
2300 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
\J \j v
for reel packing replace 21by 50| 23by52| 28byb7
(Reel packing supplied to special order only) 22 by 51 24by 53| 30by59
25 by 54

v,
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561 Series

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

different dielectrics; guaranteed limits.

D8625(7282015)
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ac|
c i
(%) T
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—-50 J
-50 0 50 T(°C) 100
Fig.5 Characteristic V (2B2, Y5F)
50 D8626 {7282014)
ac Ll
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T
0
50 |
—-50 0 50 T (°C) 100

Fig.6 Characteristic SB (2B4, Y5P)
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561 Series

Tubular ceramic capacitors

D8627 (7282016)
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Ac
C
(%)
0
—-50
—-50 0 50 T (°C) 100 Fig.7 Characteristic X (2C2, Y5R)
50 08628 (7282017)
Ac
C
(%)
0
Fig.8 Characteristic Y (2D4, Y5S) _g(
-50 0 50 T (°C) 100
50 D8629 (7282018)
(%)
0
—-50 . Fig.9 Characterisitc SD (2E4, Y5T)
50 T(°C) 100 ‘
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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.

Cabacitance range (E3 series) 1to 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 U 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)

Fig .1 Fig.2 7587

*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 @l.3 mm
holes, or 1 mm thick using @0, 8 mm holes.

Table 1. Long lead version

Capacitance L H T Capacitance Type
mF) 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 7.8 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

629 Series Page 2



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 humidity 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'sured at 1 kHz with <1.5 V a.c. <350 x 10-4

applied
Insulation resistance mea.sured at 10 V.d.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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METALLISED CERAMIC 630
PLATE CAPACITORS

Miniature, mediumK, radial leads—lacquered Series

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

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

i

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 ona 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

5.08
{0.2in)

Fig.2 07598

*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 Series
Miniature, mediumK, radial leads—lacquered erie

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
< X
Tangent of loss angle (tan 96) 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. 6mm
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 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 oxdered 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) 1.8 to 330 pF
Capacitance tolerance

1.8 to 8. 2pF #), 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)

L 2.5
Temperature Temperature
coeffb%l:ndt coefficient

722

2.54
{0.1in})

Fig

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 Mg
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
C:al::::_ Capacitance C'flse Ti:;pf;z:::ie Capacitance T}l,grelgnr;ge : gg:pzznll::;
(PF) tolerance size (ppm / degC) code ve?:smn vex:smn

Fig. 1 Fig. 2

1.8 1 1p8 63209188 | 64209188
2.2 i 2p2 63209228 | 64209228
2.7 1 2p7 63209278 | 64209278
3.3 1 3p3 63209338 | 64209338
3.9 | 20.25pF | 1 3p9 63209398 | 642 09398
4.7 1 4p7 632 09478 | 642 09478
5.6 1 0 5p6 63209568 | 642 09568
6.8 1 (Black) 6ps 63209688 | 642 09688
8.2 1 8p2 632 09828 | 642 09828
10 1 10p 63210109 | 642 10109
12 1 12p 63210129 | 64210129
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 34270
33 2 33 632 34339 | 642 34339
39 2 39p 632 34399 | 642 34399
47 +29, 2 (o;;ige) 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 nl10 632 34101 | 642 34101
120 5 nl2 632 34121 | 642 34121
150 5 nls 632 34151 | 642 34151
180 4 n18 632 58181 | 642 58181
220 4 (Vi';i(i) 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 106 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 V

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.

D Mullard W (June 1978 1



MECHANICAL DATA

Dimensions in mm

£5.5 =
D824 (7265554}
) rated
capacitance voltage D type number
pF Vrms
1000 250 10 660 01102
2200 250 11 660 01222

ELECTRICAL DATA

Unless otherwise specified alt 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 V

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

> 10 000 M2
—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 | | I
ac average value ||
C - == guaranteed limits
(%)
[} N
0 —
1 ~
N\ ~
//4 7 h N
) 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 1010 33000 pF  (E12 series)

K 1800 {X7R) dielectric 180 to 470 000 pF (E12 series)
Rated d.c. voltage 50 V (ElA), 63 V- (IEC)
Tolerance on capacitance

NPO (COG) +10% +5%

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

(EIA RS198/B)
Climatic category (IEC68)

NPO (COG) 55/125/56
K1800 (X7R) 55/125/56
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 interieaved
precious-metal electrodes yield a high capacitance per unit volume. The capacitors are Pd Ag metallized
at the end terminal (see Fig. 2).

< Mullard W(A‘"" . 1



851 - 856
Series

MECHANICAL DATA
Outlines

"

Dimensions in mm

w
|+ A —>L——— [ ———-»L Ao‘
I L | 7268122.2
Fig. 1
Table 1
T [of
size L w min. max. min. max. min.
0805 200,15 1,26+ 0,15 0,51 1,27 0,25 0,75 0,4
1206 3,2+0,15 16 0,15 0,51 1,60 03 1,0
1210 32+0,2 2,5 02 0,51 1,80 0,3 1,0
1808 45+0,2 20 £02 0.51 1,90 0,3 1,0
1812 45 +0,2 32 0.2 0,51 1,90 0,3 10
2220 57+0,2 50 +02 0,51 1,90 03 1,0
Soldering
Limiting conditions min. 2200C,3s
max. 2500C, 60 s

PACKAGING

Multiples of 100 pieces.

April 1980
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851 - 856
Muitilayer ceramic chip capacitors Series

solder lands

electrodes

end terminal R .
ceramic material

7265621

Fig.2.

COMPOSITION OF THE CATALOGUE NUMBER

2222... .. ...
style code capacitance value code, first two
851 for size 0805 significant figures of the capacit-
852 for size 1210 tolerance ance "fa""’le ac::’o;ding To El12
853 for size 1 series followed by multiplying
or size 206 NPO(COG) 5% 12 factor:
854 for size 1808 1 13
8565 for size 1812 0% 9forx 1
856 for size 2220 | K1800 (X7R) 10% 47 1forx 10,
- 2 for x 10
20% 48 3 for x 10?
4 for x 104

See Tables 2 and 3.

o Mullard ]f 150



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 1V,

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)
200V

10 12+07)x 10

<10x 10
<10x 10¢

> 100 000 M2
—55 to +125 °C

+30 x 109K

7268124 .1

>
(3}

)
2ol

i

—-100

-50

50 ¢ (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% 2222851 13...
1206 33to 3300pF 5% 222285312...
10% 222285313...
1210 100 to 8200 pF 5% 222285212...
10% 2222852 13...
1808 100 to 10000 pF 5% 222285412...
10% 2222854 13. ..
1812 1000 to 15000 pF 5% 222285512...
10% 222285513...
2220 10000 to 33000 pF 5% 2222856 12. ..
10% 222285613 ...

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 1000 to 8200 pF

3 for 10000 to 33000 pF

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

o | Mullard | ™



851 - 856
Series

Type 2, K1800 (E1A: X7R)

Capacitance range
measured at 1 kHz, 1 V

Tolerance on capacitance

Rated d.c. voltage (UR)

D.C. test voltage for 1 min

Dissipation factor, measured at 1 kHz, 1V

Insulation resistance
C < 10000 pF
C >10000 pF
Category temperature range

Maximum capacitance change as a function
of temperature

see Table 3 (E12 series)
+20%

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

< 2,5%.

> 100 000 M2
Rins X C> 1000's
—55 to +125 °C

+15%, see Fig. 4

50 72681231
AC
C
(%) i g g o ———H
0 | .
i ot -
[~ o QUi G I ~1=1
-50
- 100 -50

50 1 (oc) 100

Fig. 4 Typical capacitance change as a function of

temperature. Dotted lines indicate the limits.

=™



851 - 856

Multilayer ceramic chip capacitors Ser ieS

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% 2222 85247 ...
20% 222285248...
1808 10000 te 150 000 pF 10% 222285447 ...
20% 222285448. ..
1812 10000 to 270000 pF 10% 222285547 ...
20% 222285548...
2220 100000 to 470000 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 8200 pF
3 for 10000 to 82000 pF
4 for 100000 to 470 000 pF

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

April 1980
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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.

05485 Etectrolyte and
paper tissue(cathode)

®
- Alumimium
[« foillanode)
Ei ;
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+

Atuminium anode pin 054866

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

Rp D5L87

Fig. 3

Equivalent circuit of an electrolytic capacitor

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

Muliard
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INTRODUCTORY
NOTES

ELECTROLYTIC
CAPACITORS

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

The following measurements are of principal interest to the designer:

1, Capacitance, C,, measured at 100Hz.
2. Loss factor or tan 8, measured at 100Hz, tané = “’CaRs
2

3. Impedance Z, where Z = /RSZ + (wlg - e )
a

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

1 1
at 100Hz Z o — = o
) wCy 21rfCa
at 100kHz Z ~Rg) ~Rg
at 100MHz Z>wlg=27fLg
(—-

TAN é 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
_ tand (measured) _ ESR

R_=
8 wC (measured)

The loss angle & 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°.
Ds4B8
6=loss angle

@=phase angle.
Power in watts is

& El cos or
.71 El sin &
N

Fig. 4 E

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 ordissipation factors are therefore always expressed
as tan§.

—> 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. 5 and 6 show examples of the effect of frequency on the dissipation factor (tan 6)
and the series resistance (Rg).

D5489 D! !Q
10 102
? 7
A R
tand v (Qs)
/|
! — 10
5| >4 5
/1
§
™
10! pd 1
7 7 -
T=20°C T=20°C
2 2]
102 . ! 10’
102 103 f(Hz) 104 ©102 103 (Hz) 104
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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ELECTROLYTIC INTRODUCTORY
CAPACITORS NOTES

IMPEDANCE

In practice, the impedance Z of an electrolytic capacitor approximates to:

’2 1 2
Z = RS+(w—C)

Fig. 7 shows a typical relationship of impedance with temperature for a 150pF, 25V
capacitor. Fig. 8 shows the typicalvariation of impedance with frequency and temperature
for 10 000uF, 6.3V capacitor.

D549’
z
W)
100 Hz
10
N
! \‘ -
\, -
A ]
\\‘ ]
N
_, S | 1ookHz
10
750 0 50 T1(C) 100
Fig. 7
- D6261
L ERER !
1
V4
) 5
2 T=—~40°C
107 :
7
s
-20°C
2 ~ae
107
? oo £
s 1 >
- <l
85°C
2
10°

10 2 S92 2 57193 2 5 7Tig6 2 57y 2 708 fiH2)® T’
Fig.8
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—> It can be seen that resonance occurs at approximately 100kHz for low values of capacity
and 20kHz for high values, and at these frequencies Rg will predominate. For this
reason, the impedance at 100kHz or 20kHz is usually given in the characterisitics. At
higher frequencies, the capacitor will behave like an inductance and this should be
avoided.

—>» LEAKAGE CURRENT (NON-SOLID ELECTROLYTE)

The leakage current is the small continuous direct current flowing through a capacitor.
It is usually specified at 20°C, and for type 1 capacitor is expressed by the formula:
= 1000CV, Iy, =0.0lCV or 1pA whichever is the greater

>1000CV, Iy, = (0.006CV + 4) pA

where CV is the product of capacitance in uF and the rated voltage.

The leakage current is very dependent on the applied voltage and temperature. At 85°C,
it may be as much as 5 times the!figure derived from the formula.

06262
° of
current
2
100
7
1
//
10
7
1
25 50 72ppl 4 vol 100
ied volt
{% of nominal vuft?ee)
Fig. 9

Typical variation of leakage current with applied voltage

After prolonged storage without voltage being applied, the initial leakage current may be
up to 100 times the normal. This phenomena, however, only occurs for a very short
time and the normal value will be attained within five minutes. ’

LEAKAGE CURRENT (SOLID ELECTROLYTE)

In the case of aluminium capacitors with solid electrolyte the leakage current I is =0.1Cv
expressed in pA,

Mullard
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ELECTROLYTIC INTRODUCTORY
CAPACITORS NOTES

RIPPLE CURRENT (NON-SOLID ELECTROLYTE)

The ripple current rating is dependent on a number of factors which together are respon-
sible for a temperature rise in the capacitor. These losses are principally I?R, where I
is the ripple current in amperes and R is the equivalent series resistance. The factor
determining the limit is when the can temperature rises to the rated temperature of the
capacitor. The power dissipation can also be calculated for a particular capacitor by
applying a loading factor to the effective surface area. This calculation applies to
capacitors whose CV products exceeds 1000 and where the can temperature is 70°C.

14mW/ em? for = 160V ratings
llrnW/cm2 for > 160V ratings

The ripple current rating is usvally quoted at 100Hz. At 50Hz, this rating will be reduced
to 0.7 of the 100Hz figure. Conversely, at frequencies above 10kHz, the ripple current
rating may be increased by 20% or more.

TEMPERATURE

Electrolytic capacitors usually have a positive temperature coefficient which is depend-
ent on the voltage rating.

The temperature rating of a non-solid electrolytic capacitor is dependent on the electro-
lyte, whose characteristics are chosen to provide adeguate life at high temperatures,
and a tolerable increase in impedance at low temperatures. The actual life is determined
by a "drying out” of the electrolyte (see SERVICE LIFE).

The limiting conditions for the maximum operating temperature can be derived from

a) ambient temperature in which the capacitor is operated as measured in
the immediate neighbourhood of the capacitor.

b) the temperature produced by loading the component with a ripple current
due to the I2R loss, where R is the equivalent series resistance (E.S.R.)
at a particular temperature and frequency.

¢) the temperature produced by the leakage current which is usually insig-
nificant except for high CV products.

d) the combination of a), b)and c) which raises the temperature of the can
to the upper temperature category of the capacitor. This is the maximum
safe operation of any electrolytic capacitor.

To summarize; the effect of operation at the maximum category temperature compared
to that at 20°C is

a) the capacitance increases by approximately 10%.

b) the tan'd decreases by approximately 20%.

¢) the E.S.R. decreases by approximately 30%.

d) the leakage current increases by approximately 5 times.

NOTE: The above figures are intended as a general guide and should not be used as
. operating parameters,

Mullard
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INTERNATIONAL PUBLICATIONS <

Specifications are issued by the IEC (International Electrotechnical Commission) who
establish the performance after electrical and mechanical tests. The standard for
aluminium electrolytic capacitors is:

IEC 384-4 long life grade capacitors which may also be used for general purpose appli-
cations. The life is defined by a number of tests on various parameters of which the
capacitance change is probably the most important for the user. This permissible cap-
acitance change occurs after an endurance test of 2000 hours at the maximum category
temperature. It is invariably negative and due to evaporation of the electrolyte.

IEC 384-4 general purpose grade capacitors will have a higher permissible thange after
a 1000 hours endurance test.

REQUIREMENTS AFTER AN ENDURANCE TEST FOR
CAPACITORS WITH A NON-SOLID ELECTROLYTE

IEC 384-4 Rated voltage Permissible AC
=160 < 159,
Long life grade
> 160 < 10%,
=160 < 25%
G.P. Grade
> 160 < 15%

The corresponding figure for solid electrolyte aluminium capacitors is AC <10%, and as
there is no "drying out” of the electrolyte the category temperature can be higher than
components with a non-solid electrolyte.

SERVICE LIFE

The service life is not necessarily defined by the IEC parameters, and many circuits
will function satisfactorily when the capacitance has declined by nearly 50% of the original
value. The important point is that life is dependent on ambient temperature, and for
maximum life, an electrolytic capacitor should be operated at temperatures below 40°C.
This can extend the ultimate life of any non-solid electrolyte capacitor by a factor of 10
compared with that at the maximum temperature rating.

In the case of solid electrolyte, the life is usually much greater than non-solid or liquid
electrolyte types and it is not so dependent on temperature.

- Mullard
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ELECTROLYTIC MOUNTING
CAPACITORS CLIPS

Mounting clips for use with large electrolytic capacitors 071, 105 and 106/107 <
Series, are available. They are supplied without screws or nuts and are suitable
for the following can sizes

For dimensions (mm)

CaSg:;:;tsor sCia-z; (for o?dziig;n;z:;oses) and outline drawings
Bee page
5 Bl 271 21 3
6 Bl 271 22 4
7 Bl 271 22
071 8 DT2402 2
9 Bl 271 24 4
10 Bl 271 25

11 DT2401
12 DT2401 2
105, 106/107 14 DT2254 3

15 DT2254
16 DT2400 1

4
..2“ %3 . @ 4.8 min
t 12}
max
lo——T79 max —
o 2 slots @ 4.8 min
x 6 min long

11:2
91 77 65.2 max
max / /\

Material:- 1.2mm (18 s.w.g)mild steel
cadmium plated

Type number DT2400

Mullard
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,— $3.8 min

[\\)
_.g.u-
'S

o

=
—P‘1ZI-—
max
i 2 slots @ 3.8min
x & min long

615 46 35 T 3
max !
] 13
max

Material :- 0.9mm(20 s.w.g)mild steel
cadmium plated

Type number DT2401

3.
f N3
13.7max O ?
) —] |

2 slots @& 4.1min
x 6.6min long

30°
\<
~
60.4max
Material:-1.2mm (18sw.g.) mild steel,
cadmium plated 02184

Type number DT2402

Mullard
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ELECTROLYTIC MOUNTING

CAPACITORS

‘ T @ 4.8 min

286 .[Ht/

max
} —»| 12}a—

¢ 655
, 2 siots ® 4.8 min
- x 6 min long
T Ty | 5,
[+ 515 .

Yas”
Material-1.2 mm (18 swg) mild steel
cadmium piated

Type number DT2254

IS ¢3.8min
13 8
max
[ —[ —] ,SL—
max

2 siots ¢3.8min

\ . " x 7.1 min long
50

37 9.5 7|’~ - 21
X max |

30.
Material :- 0.8 mm (21 sw.g)mild steel
cadmium plated

Type number Bl 271 21

Mullard
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; i $3.8min

14 10
max
_%__
1 ol
max
f——¢

2 slots $ 3.8 min
x 7.1 min long

___-_E:r%s max !

l

i

£\

30°

Material:- 1 mm (19 swg) mild steel
cadmium plated

Dimensions
Type
a b c d e number
56 41.5 25 11.5 36 Bl 271 22
71 56.5 40 11.5 51 Bl 271 25

195

max

64 max

545 i
o34 "
1 | |

gl —i— T

1_/ x | \g& ;f

2slots , AN
@4 min x 6.5min long /
Material: -
imm (19sw.g.) 10
mild steel om0

cadmium plated
Clip type number Bl 271 24

Mullard
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WET & SOLID
ELECTROLYTIC
CAPACITORS
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015 Series
016 Series

ALUMINIUM ELECTROLYTIC CAPACITORS
miniature — axial leads — insulated

Suitable for coupling, decoupling and general purpose applications.
The 015 Series is also available to BS9078 F003.

QUICK REFERENCE DATA

Capacitance range (E6 Series) 1to 470 uF
Capacitance tolerance —10 to +50%
Rated voltage range {R5 Series) 41063V
Climatic category (1EC 68)
015 Series 25/085/56
016 Series 40/085/56
ELECTROLYTE

Impregnated into high purity grade paper.

CASING
Aluminium can, insulated with a plastic sleeve and sealed with a s.r.b.p. and rubber faced disc.

TERMINATIONS

Axial leads of tinned copper wire 0.6 mm diameter for can sizes 2 and 3, with 0.8 mm for can sizes
4 to 6 (see DIMENSIONS).

PACKING -

The capacitors are supplied on a continuous tape (bandolier) conforming to Fig.2 either in boxes or on
reels.

SPECIAL FEATURES

The use of high etch factor foils, together with improved electrolyte, enables the capacitors to be
produced with both wide operating temperatures and high capacitance per can size.

\3 Mullard W (June 1979 1



015 Series
016 Series

QUICK SELECTION CHART

D8217

o it Rated voltage (V)
Rl 6.3 10 16 25 40 63

2.2

3.3

4.7

6.8

22 KZL/'J\Zr
N AT
a7 —_%ﬂ M
D e A
Nl

220 -

330 — 5

3
470 _ /*GK/\I

July 1978
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Aluminium electrolytic capacitors

015 Series
016 Series

MECHANICAL DATA

w
=
|

31 +

F R |

I-'th

Y

N - —

Dimensions in mm

Insutating
sleeve

I "'_ ®d  panc

Fig.1
dimensions in mm
can e
size Lq D4 d .
max. max. nom. (g)
2 10.5 5.0 o6 -
3 105 6.3 0.6 07
4 18.5 6.9 o8 -
5 185 85 08 ”o
6 185 10.5 0.8 27

a
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015 Series
016 Series

—> ELECTRICAL DATA

Unless otherwise stated, all parameters apply at an ambient temperature of 20 + 5 ©C, a frequency of
100 Hz, an atmospheric pressure of 105 Pa {1000 mbars) and a relative humidity of 756% maximum.

rated capaci- can| max. max. max. max. type number
voltage tance size | leakage | permissible | tangent h.f.

Ugr {—10 to +50%) current ripple of loss | impedance com- com-
{notes 1 {note. 3) current angle |(f=100kHz) | ponents ponents
and 2) (at 85 °C) in on

{note 4) boxes reels

V) (uF) (uA) (mA} {tan &) (2)

47 2 10 26 0.40 6.8 01532479015 22479

4 100 3 20 44 0.40 3.4 015 32101 |015 22101

220 4 9 85 0.38 0.8 016 32221016 22221
330 5 12 125 0.38 0.55 016 32331 (016 22331
33 2 1 26 0.32 6.8 015 33339 (015 23339
68 3 22 44 0.32 3.4 015 33689 |015 23689
6.3 150 4| 10 85 0.30 0.8 016 33151016 23151
470 6 22 190 0.30 0.3 016 33471 |016 23471
22 2 11 26 0.26 6.8 015 34229 |015 24229
47 3 24 44 0.26 3.4 015 34479 015 24479
10 100 4 10 85 0.24 0.8 016 34101 |016 24101
220 5 18 125 0.24 0.55 016 34221 (016 24221
330 6 24 190 0.24 0.3 016 34331 (016 24331
15 2 12 26 0.18 6.3 016 35159 (015 25159
33 3 27 44 0.18 3.4 015 35339 (015 25339
16 68 4 11 85 0.17 0.8 016 35689 (016 25689
150 5 19 125 0.17 0.55 016 35151 (016 25151
220 6 26 190 0.17 0.3 016 35221 (016 25221
10 2 13 23 0.15 6.8 015 36109 (0156 26109
22 3 28 37 0.1% 3.4 015 36229 |015 26229
25 47 4 12 72 0.14 0.8 016 36479 (016 26479
100 5 19 105 0.14 0.55 016 36101 [016 26101
150 6 27 155 0.14 0.3 016 36151 |016 26151
6.8 2 14 23 0.12 6.8 015 37688 |015 27688
15 3 30 37 0.12 3.4 015 37159 |015 27159
40 33 4 12 72 0.11 0.8 016 37339 /016 27339
47 5 16 105 0.1 0.55 016 37479 }016 27479
100 6 28 155 0.11 0.3 016 37101 {016 27101
June 1979
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015 Series

Aluminium electrolytic capacitors 016 Series

| ELECTRICAL DATA (continued)

rated capaci- can| max. max. max. max. type number
voltage tance size | leakage |permissible | tangent h.f.
‘ Ur [{—10 to +50%) current ripple of loss| impedance
{notes 1 {note3) | current angle |{f= 100 kHz) com- com-
and 2} {at 85 OC) ponents ponents
(note 4) in on
boxes reels
‘ (V) (uF) (nA) (mA) {tan 8) Q)
1 3 5 10 0.08 5 015 38108 { 01528108
1.5 3 5 12 0.09 45 01590043 | 01590041
2.2 3 7 15 0.09 3.5 01538228 | 015 28228
3.3 3 1 17 0.09 3.5 01538338 | 01528338
63 4.7 3 15 22 0.09 35 01590044 | 015 90042
‘ 6.8 3 22 25 0.09 35 01538688 | 015 28688
‘ 10 4 7 44 0.09 0.95 016 38109 § 016 28109
15 4 10 55 0.09 0.8 016 38159 | 016 28159
22 5 13 80 0.09 0.55 016 38229 | 016 28229
a7 6 22 115 0.09 0.3 01638479} 016 28479
Notes

1. Rated voltage is the sum of the direct voltage plus the peak ripple voltage. The peak ripple voltage
relates to the maximum ripple current at 85 ©C. The capacitors may be operated on an alternating
voltage (without a direct voltage present}, up to the value shown in the table below:

voltage (V)
rated voltage (UR) 4 6.3 10 16 25 40 63
r.m.s. voltage 04 0.63 1 1 1 1 1

2. A surge voltage may be applied for a maximum of 1 minute per hour. The rated voltage plus surge
voltage equals the maximum permissible voltage as shown in the table below:

voltage (V)
rated voltage {UR) 4 6.3 10 16 25 40 63
g
maximum permissible
voltage at Tmp, < 40 OC 5.1 79 12.7 20.2 31.7 50.6 79.8
. issibl
voltage at Tump > 400G | 46 7.2 115 18.4 88| 46 | 725

) Mullard



015 Series
016 Series

Notes (continued)

3. Maximum leakage current is measured at 20 ©C, 5 minutes after the application of the full rated
voltage.

4. Ripple current at 70 0C is 1.7 times the figure for 85 ©C and 2.2 times for 60 ©C.

OPERATIONAL DATA

)
Equivalent series resistance (ESR) = T }
w

This can be calculated from measurements at any frequency and ambient temperature.

Insulation test voltage (d.c.)
measured between insulating sleeve and both leads 1000 V

Climatic category (IEC Publication 68)

015 Series 25/085/56

016 Series 40/085/56
Soldering conditions 250 ©C max. for 5 seconds max.
MOUNTING

The capacitors may be mounted in any position.

MARKING

The capacitors are marked with:
Capacitance

Tolerance

Voltage

Manufacturer’s name (Philips)
Factory code

Date code {year and month)
Series number (015 or 016)

Polarity indication

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

Example: A 47 uF, 40 V rated capacitor in a box should be ordered by quoting the type number
016 37479. o

A 100 uF, 25 V rated capacitor on a reel should be ordered by quoting the type number
016 26101.

In the case of BS9000, the order must quote ‘BS9078 FO03’ and the relevant 8 digit code
number.

Note: Non-solid electrolyte capacitors may contain chemicals which can be regarded as hazardous if
incorrectly handled. Caution is necessary shouid the outer case be fractured.

et ( Mullard <



015 Series

Aluminium electrolytic capacitors 016 Series

Capacitors are supplied on continuous bandolier tape to facilitate automatic handling by either crop
and form processing or by fully automatic insertion.

—> The basic dimensions of the bandoliers and reels are given below.

BANDOLIERS
Biue tape White tape
(indicating negative {indicating positive
terminal of capacitor) terminal of capacitor)
"] e~y
G
|
- = - T
y
¢
S
] le _ | 4
- EE@E]
o~ b~ {7276149.2)
- - 6+0,5
|- A E
Fig.2
Table (dimensions in mm)
T for number (n)
of capacitors
size A S Lmax
n <50 50 <n <100
2 63.5+1.6 5+0.4 5(n1)+2 5(n-1)x4 10.5
3 63.5*1.6 10+0.4 10(n-1)+2 10({n-1) x4 10.5
4 7316 10£0.4 10 {n-1) 2 10 {n-1)+4 18.5
5 73+ 1.6 1004 10 (n-1) 2 10(n-1)+4 18.5
6 73+£16 15+ 0.75 15 (n-1} £ 2 15(n-1) 4 18.5

\3 Mullard June 1979



015 Series
016 Series

REELS

-3

—
08219 (727654811
-— C

Dimension C is 84.5 mm for can sizes 2 and 3 and 88.0 mm for can sizes 4, 5 and 6, the overall width

of the reel is 94.5 mm and 99.5 mm respectively.

1 = capacitor

2 = bandolier

3 = interleaving paper
4 = flange

5 = cylinder

Fig.3

—>PACKING

Capacitors in bandoliers are supplied on reels or in boxes with a fixed number of components only, in

accordance with the following table.

can size reel quantity box quantity
2 3000 1000
3 1000 1000
4 1000 1000
5 500 500
6 500 500

June 1979 ( Mullard
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015 Series
016 Series

Aluminium electrolytic capacitor
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015 Series

016 Series
D3168
108
z
() [—can ,
b-—Si1Z¢e
N
102 L h,
A
10 h! -
Sl
1
107!
10 102 103 104 10% 108 10
f (M2}
Fig.6 Typical impedance plotted against frequency, Tamp = 20.9°C Cansizes 2 and 3
i D3169
10°
4
(0}
102
[— Can &4
| . size
5
6
o LSRN
N
N
N
N N
N
. NN \\
o,
NN T
]
107
10 102 10° 10* 108 108 107
f (Hz)
Fig.7 Typical impedance plotted against frequency, Tamb = 20 oC. Can sizes 4,5 and 6
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01b Series

Aluminium electrolytic capacitor 01 6 Series
1‘2 08222 (7265687
(-]
L .
o 11
S 10
c
:g \\%
123
g o039 v —
8 \\
S 08
5 N
a 07
=
E os \
0.5
10 102 103 f (Hz) 104
Fig.8 Typical capacitance as a function of frequency Can sizes 2 and 3
1.2 08223 (7265689
o
<
Py 11
£ 1 \\,
j=]
B4 63V
(")
g 09 \\
g \
‘s 08 WV
3 \
a 07
=
E o6 _
0.5
10 102 103 f (H2) 104
Fig.9 Typical capacitance as a function of frequency Can sizes 4,6 and 6
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032 Series

ALUMINIUM ELECTROLYTIC CAPACITORS
small — axial leads — insulated

Suitable for coupling and decoupling in general purpose applications.

QUICK REFERENCE DATA

Nominal capacitance range 68 to 4700 uF
Tolerance on nominal capacitance ~10 to +50 %
Rated voltage range (UR) 6.31t0 100V
Climatic category 40/085/56
ELECTROLYTE

Porous paper spacer impregnated with an electrolyte.

CASING
Aluminium can sealed by a plastic disc and insulated with a blue plastic sleeve.

DESCRIPTION

The use of high etch factor foils, together with an improved electrolyte enables the capacitors to be
produced with both wide operating temperature and high capacitance per can size. All internal
connections are welded to allow high ripple current ratings.

0 Mu" ard W ( October 1979 1



032 Series JL

SELECTION CHART

Rated voltage (Ug)

v)

Capacitance

{uF)

68
100
150

220
330

2 October 1979W ( Mu“ard
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Aluminium electrolytic capacitors J | 032 Series

MECHANICAL DATA Dimensions in mm

.‘_550 »le — L 13+

J
| Pdi=
r

Nnsulating sleeve

08232

can size Dmax Lmax d
00 10.5 30.5 0.8
o1 13.0 30.5 0.8
02 15.5 30.5 0.8
03 18.5 30.5 0.8

U Mull ar d W( October 1979 3
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ELECTRICAL DATA

Unless otherwise stated, all parameters apply at an ambient temperature of 20 £ 5 °C, a frequency of
100 Hz, an atmospheric pressure of 10° Pa (1000 mbars) and a relative humidity of 75% maximum.

UR | nominal maximum r.m.s. maximum leakage maximum can type
capaci- ripple current current at UR ESR size number
tance at Tamp=85°C after 5 min
V) (uF) (mA} (nA) (£2)
6.3 1500 450 61 0.299 00 032 13152
6.3 2200 610 87 0.214 01 032 13222
6.3 3300 790 129 0.153 02 032 13332
6.3 4700 1000 182 0.117 03 032 13472
10 1000 430 64 0.320 00 032 14102
10 1500 570 94 0.245 01 032 14152
10 2200 740 136 0.177 02 032 14222
10 3300 950 202 0.128 03 032 14332
16 680 400 70 0.382 00 032 15681
16 1000 550 100 0.260 01 032 15102
16 1500 680 148 0.205 02 032 15152
16 2200 880 216 0.150 03 032 15222
25 470 360 75 0.468 00 032 16471
25 680 500 106 0.323 01 032 16681
25 1000 660 154 0.220 02 032 16102
25 1500 810 229 0.179 03 032 16152
. 40 220 260 57 0.864 00 032 17221
40 330 370 84 0.576 01 032 17331
40 470 440 17 0.404 01 032 17471
40 680 580 167 0.279 02 032 17681
40 1000 780 244 0.190 03 032 17102
63 150 260 61 0900 - 00 032 18151
63 220 350 88 0.614 01 032 18221
63 330 480 129 0.409 02 032 18331
63 470 570 182 0.287 02 032 18471
63 680 770 261 0.199 03 | 03218681
100 68 130 45 3.53 00 032 19689
100 100 190 64 2.40 01 032 19101
100 150 250 94 1.6 02 032 19151
100 220 330 136 1.09 03 032 19221
Endurance test

After mplicétion of the rated voltage for 2000 hours at +85.0C
Within 15% of the initital measured value

Capacitance: .
Leakage current: Less than the initial specified value.

Tan § (dissipation factor)

Tan § =ESR x wC

4 October 1979 ( Mu“ al’d



Aluminium electrolytic capacitors L 032 Series

Capacitance multiplying factor

Temperature range
Category temperature range —40 to +85 9C
CAPACITANCE
1'25 D8509
<)
5
& 6,3V
g 210V/16V
s 25V/40V/63V
i 2100V
2 1
g i
g K77 |10V
2 L 25V /a0v 63V
© M0V/16V
V6,3V
0,75 6, A ] I
—50 0 50 Tymp (°C} 100

Fig.5 Typical capacitance as a function of ambient temperature

1.1 D8510
1,0
T 1] = =63V
09 T~ i 40V
P 25/100v
IN
16V
0.8 NN
N
0V
0,7
AN
6.3V
06
0.5
10 102 103 f (Hz) 104

Fig.6 Typical capacitance as a function of frequency
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032 Series JL

Voltage

<40°C | 40to850C
Rated voltage = maximum permissible voltage 1.1 x UR UR
Ripple voltage* = maximum permissible a.c. voltage
providing the following three conditions are met:
a) maximum (d.c. + peak a.c.) voltage <11xUR < UR
b) maximum peak a.c. voltage with d.c. voltage applied < applied d.c. voltage + 1 V
c) maximum peak a.c. voltage withoud d.c. voltage supplied 1V
Surge voltage = maximum permissible voltage for short periods 1.15x UR
Reverse voltage = maximum d.c. voltage applied in the reverse
polarity at the maximum category temperature for short
periods 1V
Ripple current**
Maximum permissible r.m.s. ripple current at
100 Hz and Tamp = 85 °C see page 4
o851
3
8
3
£
2>
3 N
22 N
-
;
(2]
2
& \
" \
1
—-50 0 50 Tamp (°C) 100

Fig.7 Typical ripple current as a function of ambient temperature at 100 Hz

* Ripple voltages are not applicable if the maximum permissible ripple current is exceeded. In that

case the ripple current is decisive.

** Ripple currents are not applicable if the maximum permissible ripple voltage is exceeded. In that

case the ripple voltage is decisive.

P omnm ( Mullard
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Aluminium electrolytic capacitors 032 Series

2 D8512
G
5
£
@ 63V
£
2 L~ a0v
3
E15 P //
€
e v 25V
3 ,// A 16V
v V.
2 /o 6,3V/10V
& y /DB aah 100V
o N

—
1
—6,3V/10V
1
63V
05 ‘ 8
10 . 102 103 104 f (Hz) 108

Fig.8 Typical ripple current as a function of frequency

Charge and discharge current

The capacitors may be charged from a source without internal resistance and they may be discharged
by short-circuiting. If the capacitors are charged and discharged continuously at a rate of several times
per minute, the charge and discharge currents have to be considered as ripple currents flowing through
the capacitor. The r.m.s. value of these currents should be determined and the value thus found must
not exceed the applicable limit.

g ) Mu“ ard 1 [ October 1979 7



032 Series J[

Leakage current

Maximum leakage current 5 min after application
of the rated voltage at Ty, = 25 °C

Leakage current during continuous operation at UR,
at Tambh =25 °C

at Tamp = 85 °C

102 D8513 (727 5560
L
z 1
$
x 10
8 7
o y
8
8
]
£
1 A
7
1
10-1
-50 0 50 100
Tamb (OC)

Fig.9 Typical leakage current as a function of
ambient temperature; | = leakage current
during continuous operation at 25 °C and UR.

10-1

multiplier of leakage current 1/1¢

10-2

see page 4 (0.006 CU + 4 uA)

approx. 0.01 of value stated
on page 4.

< value stated on page 4

D8514 1727556
A
4
y
V]
V
“
1.
0 0,5 U/up 1

Fig.10 Typical leakage current as a function of
U/UR; lg = leakage current during continuous
operation at 25 °C and UR.
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Aluminium electrolytic capacitors

032 Series

Equivalent series resistance (ESR)

DB515 (7275571

10
ESR
(Q2)
; N
\
N N
AN
QLN |
N f‘
N8
N ]
|
N
i
101 6
10-2
-50 0 50 100
Tamb (°C)

Fig.11 Typical ESR as a function of ambient
temperature at 100 Hz

- Can size 00:

curve 1= 150 uF, 63 V;
curve 2=220 uF,40 V;
curve 3=470 uF,25V;
curve 4 = 680 uF, 16 V;
curve 5= 1000 uF, 10 V;
curve 6 = 1500 uF, 6.3 V.

D8516{7275570]

10
ESR
(2)
‘|._.
\\\
NN
N
N
N 2
N t
N 3
\§:\-—_4
.y 5
10-1 6
10-2
~-50 0 50 100
Tamb (€C)

Fig.12 Typical ESR as a function of ambient
temperature at 100 Hz

Can size 01:

curve 1 =220 uF. 63 V;

curve 2=330uF, 40 V;

curve 3=470 uF, 40 V;

curve 4 =680 uF, 25 V;

curve 5= 1000 uF, 16 V;

curve 6 = 1500 uF, 10 V and 2200 uF, 6.3 V.

)

Mullard | =



032 Series

10 D8517 (7275569
ESR
Q)
1
-
\\
N
NN
1
R |
\§§§\ 2
101 R 3
R 4
S =
5]
6
10-2
-50 0 50 100
Tamb (°C)

Fig.13 Typical ESR as a function of ambient
temperature at 100 Hz

Can size 02:

curve 1 =330 uF, 63 V;

curve 2=470 uF;63 V;

curve 3= 680 uF;40.V;

curve 4 = 1000 uF, 25 V;

curve 5= 1500 uF, 16 V;

curve 6 = 2200 uF, 10 V and 3300 uF, 6.3V

10 D8518 (72755672
L
ESR
(£2)
1
4
\
N
10—1 \\ 1q
2]
NS .
10-2
-50 0 50 100
Tamb (°c)

Fig.14 Typical ESR as a function of ambient
temperature at 100 Hz.

Can size 03:

curve 1 =680 uF, 63 V;

curve 2 = 1000 uF, 40 V;

curve 3 = 1500 uF, 25 V;

curve 4 = 2200 uF, 16 V;

curve 5= 3300 uF, 10 V and 4700 uF, 6.3 V

10 O;tober 1979 ( Mullard
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Aluminium electrolytic capacitors L 032 Series

100 08502
\
ESR
Q)
10
1
111
A\N
L \\
\
\ \
PANN
N NN
1.0 NN <.
N ;_
N N
3_.
|
‘.4
10!
-50 0 50 100
Tamb(°C)

Fig.15 Typical ESR as a function of ambient temprature at 100 Hz.

curve 1= 68 pF, 100 V, can size 00
curve 2 = 100 uF, 100 V, can size 01
curve 3= 150 uF, 100 V, can size 02
curve 4 = 220 pF, 100 V, can size 03

T "



032 Series

D8619 (7275565
06 1 N
curve 1= 150 uF, 63 Vv;L 1
N curve 2= 220 uF, 40 V1]
ESR 2 curve 3= 470 uF, 25 V;IT]
() \C curve 4= 680 uF, 16 V;}-
\ curve 5= 1000 uF, 10 V;:H-
AN curve 6 = 1500 gF, 6.3 V. [
0.4 ¢
N\
3A AN
AN
AN
a -~ 3
- R AN
9T - NN
> = § \\
0,2 =
0
10 102 103 f(Hz) 104
Fig.16 Typical ESR as a function of frequency at 25 °C Can size 00

)

D8620 (777556
0.6 ] L 1J
curve 1= 220 uF, 63 V;| Y
curve 2= 330 uF, 40 V; "‘F
ESR ™ curve 3= 470 pF, 40 V;[]]
(Q2) curve 4 = 680 uF, 25 V;H
‘curve 5 = 1000 uF, 16 VT
2 ‘curve 6 = 1500 uF, 10 V; tt
0.4 N and 2200 ¢F, 6.3 V. |-
N
NN
3 h NEAN
N ANERN
4 N
= NI N X
02 5 AN N
Sk =S N Y
B—
0
10 102 103 f (Hz) 104
Fig.17 Typical ESR as a function of frequency at 25 ©C Can size 01
12 October 1979 M I' rd \v’
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Aluminium electrolytic capacitors

L 032 Series

D8521 (7275567
03 1 T LTI
curve 1= 330 puF, 63V, H
curve 2= 470 uF, 63 V;
ESR curve 3= 680 uF, 40V; []
() curve 4 = 1000 uF, 25 V; H
curve 5 = 1500 uF, 16 V; M
curve 6 = 2200 uF, 10V; []
02 2t \\ = and 3300 uF, 6.3V. H
al N AN
| e N
| K
45
: h -~ N
5 LSS AN
6+ <11 N
0.1 - —
0
10 102 103 f (Hz) 104
Fig.18 Typical ESR as a function of frequency at 256 °C Can size 02
D8522 (7275568
0.15 ju T T [ TIII]]
\ curve 1= 680 uF, 62 V; [
2 curve 2= 1000 uF, 40 V;
5?2? ‘\ curve 3= 1500 uF, 25 V;
curve 4 = 2200 uF, 16 V; []
3 curve 5=3300 uF, 10V; H
0,10 \\ and 4700 uF, 6.3 V. [
a
I AN
N AN
5 AN N
3 S
S DO
N
o~
0,05 -
0
10 102 103 f(H2) 104
Fig.19 Typical ESR as a function of frequency at 256 oC Can size 03

v}
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032 Series
D8501
3
E.S.R.
Q)
25
2.0 N
- .
Pt 68uF can size 00
15
1.0 F1100uF can size 01
T T 1111
- 1T 1111
150uF can size 02 [T
) ~
0.5 — T T TTIII
220uF can size 03171
|
() NN
107 102 108 104 f(Hz) 105

Fig.20 Typical ESR as a function of frequency at 25 °C

100 V versions

14 October 1979 | ( Mu“ard




Aluminium electrolytic capacitors

JL 032 Series

102 08523
I curve 1= 68 uF, 100v; Hi
z 12k curve 2= 150 uF, 63V; i
() 3LNIH curve 3= 220 uF, 40V; [T
NN \ curve 4= 470 uF, 25V; 1]
10 e\ N curve 5= 680 uF, 16V;
—5 = —_— curve 6=1000 uF, 10V;
—16 AN ¥ curve 7=1500 uF, 6,3V;
AN N NN —~
N ~\\ h N ~~"‘--
N N 1
: N\:§> \\\N M \—.-._____.
S
N
. \\ NN 2l
Pl TR =1
107
1072
10 102 103 10 105 108 7
f (Hz)
Fig.21 Typical impedance as a function of frequency at 25 oC Can size 00
102 D8524
—11 curve 1= 100 uF, 100V; {
z N curve 2= 220 uF, 63V;[[]]
(2) 28N curve 3= 330 uF, 40vV; |||
3 \\\ curve 4= 470 uF, 40V;
10 4 5N N curve 5= 680 uF, 25V; L}
53N - curve 6=1000 uF, 16V; HY
‘7= N curve 7=1500 pF, 10V; Hj
N AN NI curve 8=2200 uF, 6.3V; I
CINMNHILIANN ™
N A W
LA N i
\\ N
\N NN
N
NN
= N LA
‘ 107! ]
1072
10 102 103 104 10% 108 7
f (Hz)
Can size 01

Fig.22 Typical impedance as a function of frequency at 25 °C

October 1979
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032 Series
102 D8527
curve 1= 150 uF, 100V; Hh
4 T curve 2= 330 uF, 63V, H{
Q) I curve 3= 470 uF, 63V, [T]]
—12 L curve 4= 680 uF, 40V; ]
3 B\ curve 5=1000 pF, 25V; |||
10 == 4 = oy curve 6=1500 uF, 16V; EE:
- gcurve 7=2200 uF, 10V; Hf
— 2 = curve 8=3300 uF, 6.3V.
N N X HH
; NN \\‘\\ ™
; NN N
s
S -
ANANY
AN ‘\ W
\ N .\\S\\ IV t
N A
107 b _
1072
10 102 103 104 108 106 7
f (Hz)
Fig.23 Typical impedance as a function of frequency at 25 °C Can size 02
102 basze
curve 1= 220 uF, 100V; Gf
7 curve 2= 680 uF, 63v; [
(£2) 1 curve 3=1000 uF, 40V; 1
™ curve 4=1500 uF, 25V;{ff
N curve 5=2200 uF, 16V;
10; 2 curve 6=3300 uF, 10V; Eq
3 ~ curve 7=4700 pF, 6.3V, Hi
4
5 NNNIN,
6 NI
1 7 N D \{}\ h -
. S 3\
~ 5
AN
L\ N
SNHRORNNTR D
N N \ /'
101 NN \\\ pa
1072 [
10 102 103 104 105 108 7
f (Hz)
Fig.24 Typical impedance as a function of freauency at 26 °C Can size 03
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033 Series

ALUMINIUM ELECTROLYTIC CAPACITORS

® Small type

® Axial leads or single ended

® Long life

® General and industrial applications

QUICK REFERENCE DATA

Nominal capacitance range (E6 series)
Tolerance on nominal capacitance
Rated voltage range, UR (R5 series)
Category temperature range
Endurance test at 85 °C

Basis specifications

1000 to 10000 uF
-10 to + 50%
63t063V

—40 to + 85 °C

2000 h

IEC 384-4, long-life grade

DIN 41316
Climatic category
1EC 68 40/085/56
DIN 40040 GPF
Selection chart for Chom-UR and relevant case sizes.
Cnom UR (V)
HF 163 |10 716 [25 |40 |63
1000 05
1500 04
2200 04 | 05 case | nominal
3300 04 (05 size | dimensions {mm)
4700 04 |05
6800 04 | 05 04 ® 18 x40
10000 | 05 05 0 21x40
APPLICATION

These capacitors with high CU-product per unit volume are mainly used for smoothing, coupling and
decoupling purposes in consumer applications, such as audio and television circuits, and in other appli-

cations such as measuring, regufating, timing and delay circuits.

Mulla rd w Fanuary 1979



033 Series

DESCRIPTION

The capacitor has etched aluminium-foil electrodes rolled up with a porous paper spacer which separ-
ates the anode and the cathode. The spacer is impregnated with an electrolyte which is the electrical
connection between dielectric and cathode foil and retains its good characteristics both at low and at

high temperatures. The capacitor is housed in an aluminium case.
The capacitor is available in 2 styles, all with soldered-copper leads.
Style 1: axial leads; case insulated with a blue plastic sleeve.

Style 2: single ended; with mounting ring with printed-wiring pins; especialtly for use in applications

with severe shocks and vibrations.

MECHANICAL DATA

4—3&._?—»-'4——— L ————a—33%1 >

¢0,8*2===”( + > == @D
h
h‘ 'ﬁ' !
Il 1]
1] il
u u
|4 45 min V’ 7278481

Fig. 1 Style 1; see Table 1a for dimensions D and L.

Dimensions in mm

Table 1a

case style 1

. approx. mass
size Dnom Lnom Dmax Lmax i g

04 18 40 18,5 41,5 14

05 21 40 215 415 19

—

2 January 1979 ( Mulla rd




Aluminium electrolytic capacitors J ' 033 Series

Table 1b |

case style 2 , VAR RN 120°
size | D1|D2max | D3 ( /L \
D3 A
04 [18]| 205 |185 | ‘)(/ o
05 |21 | 235 |215 (%02 ~_ A
= el i 1,3 (4x)

14—01 —

a2

- °~9-8,1

- |41.3_‘,§'1

Fig. 2 Style 2; see Table 1b for dimensions D1,
D2, D3.

Marking

The capacitors are marked with:
nominal capacitance;
tolerance on nominal capacitance;
rated voltage;
group number 033; code of origin;
name of manufacturer;
date code (year and month) according to IEC 62;
band to identify the negative terminal.

Mounting
The diameter of the mounting holes in the printed-wiring board is 1 +:0,1 mm for style 1 capacitors,
and 1,3 + 0,1 mm for style 2 capacitors.

U Mullard W(” B s



033 Series

—

ELECTRICAL DATA
Table 2

Unless otherwise specified all electrical values in Table 2 apply at an ambient temperature of 20 to
25 OC, a frequency of 100 Hz, an atmospheric pressure of 860 to 1060 mbar and a relative humidity

of 45 to 75%.
UR nom. max. r.m.s. max. leakage max. case catalogue number
cap. ripple current current at Ug ESR size 2222 033 followed by
at Tymp =85 °C after 5 min
\ uF mA HA m£2 style 1 style 2
6.3 6800 1280 261 91 04 13682 43682
6,3 10000 1570 382 72 05 13103 43103
10 4700 1220 286 100 04 14472 44472
10 6800 1500 412 79 05 12682 44682
16 3300 1160 321 M1 04 15332 45332
16 4700 1430 455 87 05 15472 45472
25 2200 1060 334 132 04 16222 46222
25 3300 1340 499 99 05 16332 46332
40 1500 970 364 159 04 17152 47152
40 2200 1220 532 118 a5 17222° 47222
63 1000 1140 382 135 05 18102 48102

January 1979
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Aluminium electrolytic capacitors

033 Series
Capacitance _
Nominal capacitance values at 100 Hz and Tamp = 25 °C see Table 2
Tolerance on nominal capacitance at 100 Hz —10 to + 50%
25 7275558
63V
,Z10V/16 V

L2217 25V /A0V/63V

p—y

e
/'

25V/40V/63V
MoV/16V
(63 V |
0,75 :
=50 0 50 Tamp (°C) 100

multiplier of capacitance C/Co _

Fig. 3 Typical capacitance as a function of ambient temperature; Cg = capacitance at 25 ©C, 100 Hz.

multiplier of capacitance C/Co

1'1 7Z7556%
1,0 =
[~ \.~ — —— — - 63V
1 =40V
09 ~— PN 25 v
~. Y
N \‘
- 16V
0'8 . ) AN
\ -
10V
0,7
6.3V
06
05 ‘
10 102 103 f (Hz2) 104

Fig. 4 Typical capacitance as a function of frequency; Cg = capacitance at 25 °C, 100 Hz.
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033 Series

Voltage

Rated voltage = max. permissible voltage

Ripple voltage * = max. permissible a.c. voitage providing
the following three conditions are met:

a) max. {(d.c. + peak a.c.} voltage
b) max. peak a.c. voltage with d.c. voltage applied
¢) max. peak a.c. voltage without d.c. voltage applied

Surge voltage = max. permissible voltage for short periods

Reverse voltage = max. d.c. voltage applied in the reverse polarity
at the maximum category temperature for short periods

Ripple current **

Maximum permissible r.m.s. ripple current at
100 Hz and Ty =85 OC

<40 °C 40 to 85 °C

1.1 xUg UR

<1,1xUR <UR
< applied d.c. voltage + 1V
1V
1,15 x UR

1V

see Table 2

7275557

AJ
g

/]

multiplier of ripple current I/ o

\

A

\

-50 0

50 Tamp (°C} 100

Fig. 5 Typical ripple current as a function of ambient temperature; I = ripple current at 86 ©C, 100 Hz.

* Ripple voltages are not applicable if the maximum permissible ripple current is exceeded. In that

case the ripple current is decisive.

** Ripple currents are not applicable if the maximum permissible ripple voltage is exceeded. In that

case the ripple voltage is decisive.

N
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Aluminium electrolytic capacitors 033 Series

72717840 .
1, 3 63V
e 40V,
S 25V
= < 16V,
5 : = 10V,
E L 6,3V
.8 y. =
1 V.
&1,2 V7 ra
= /) A
-4 y
; Vi 4
& /4
g
= V
3
E
1
)
y
08
10 162 103 1% § (H2) 108

Fig. 6 Typical ripple current as a function of frequency; iy = ripple current at 85 oC, 100 Hz.

Naon-sinusoidal ripple currents have to be analyzed into a number of sinusoidal currents and the follow-

ing requirements shall then be satisfied:

2
'n

Z—x< 2

n r max
lr max = maximum ripple current at 100 Hz and applicable ambient temperature;
In = ripple current at a certain frequency;

rn = I{/1ro = multiplying factor at a same frequency.

Charge and discharge current

The capacitors may be charged from a source without internal resistance and they may be discharged
by short-circuiting. If the capacitors are charged and discharged continuously at a rate of several times.
per minute, the charge and discharge currents have to be considered as ripple currents flowing through
the capacitor. The r.m.s. value of these currents should be determined and the value thus found must

not exceed the applicable limit.

) Mullard W(J o



033 Series

Leakage current
Maximum leakage current 5 min after application

of the rated voltage at Ty = 25 °C see table 2 (0,006 CU + 4 uA)
Leakage current during continuous operation at UR,
tTaymp=25°C approx. 0,01 of value stated
in Table 2
at Tamp = 85 9C < value stated in Table 2

If the leakage current is too high, owing to prolonged storage and/or storage at an excessive tempera-
ture (> 40 OC), application of the rated voltage for some hours will cause the leakage current to fall
to a value lower than specified in Table 2.

102 . 7Z7'5560 o. 1 727556
f = r4
K =
= 7 S y,
i /
5 @ /
o s
-4 %
210 2 //
2 7 53
s r4 .g’ //
& g V]
s 31071 “
£ / g
E / -
1 A
d
10-1 10-2
~-50 0 50 100 0 0,5 U/Ur 1
Tamb (°C)
Fig. 7 Typical leakage current as a function Fig. 8 Typical leakage current as a function
of ambient temperature; |, = leakage current of U/UR: {4 = leakage current during continu-
during continuous operation at 25 °C and UR. ous operation at 25 OC and UR.
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Aluminium electrolytic capacitors

033 Series
Equivalent series resistance (ESR)
ESR at 100 Hz and Tapp = 25 ©C, measured
by means of a four-terminal circuit {Thomson circuit) see Table 2
10 7277841 10 7277842
ESR ESR , -
(£2) (£2)
1 1
10—1 \ 10—1 \\
A, A
N 1—
g 177 T
' _
2 ~ 2
3
1072 ' 10-2
-50 0 50 100 -50 0 50 100
Tamb (°C) Tamp (°C)

Fig. 9 Typical ESR as a function of
ambient temperature at 100 Hz
Case size 04:
curve 1 = 1600 uF, 40 V and

2200 uF, 25 V;
curve 2 = 3300 uF, 16 V,

4700 uF, 10V and

6800 uF, 6,3 V.

Fig. 10 Typical ESR as a function of
ambient temperature at 100 Hz
Case size 05:
curve 1= 1000 uF,63V;
curve 2= 2200 uF, 40 V and
3300 uF,25V;
curve 3= 4700 uF, 16V,
6800 uF, 10 V and
10000 uF,6,3 V.
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033 Series

7277844t

100

ESR
(m$) 1

75

50

77
]

25

0 J
10 102 103 f (Hz) 104
Fig. 11 Typical ESR as a function of frequency at 25 OC. Case size 04: curve 1 = 1500 uF, 40 V and
2200 pF, 25 V; curve 2 = 3300 uF, 16 V, 4700 uF, 10 V and 6800 uF, 6,3 V.

100 72778451
1
N
ESR P\
{m§2)
75
2 N\
AN
N \\
33 ~J
50 - N N
) T~
Iy P—
‘\\,“
25
0
10 102 103 t{H2) 104

Fig. 12 Typical ESR as a function of frequency at 25 C. Case size 05: curve 1 = 1000 uF, 63 V;
curve 2 = 2200 pF, 40 V and 3300 uF, 25 V; curve 3 = 4700 uF, 16 V, 6800 uF, 10 V and 10000 uF,6,3 V.
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Aluminium electrolytic capacitors 033 Series

Tan § (dissipation factor)
Tan 8 = ESR x wC

Impedance
The impedance is measured by means of a four-terminal circuit (Thomson circuit).
102 7277847
z
(€2)
10
— 1N
2RN
AN
1 = 4 } A N
——5 ==
AN
hANAN
AR A
\, ‘\:\\
N
101 NN . /
1072 )
10 102 103 104 105 108 107
f (H2)

Fig. 13 Typical impedance as a function of frequency at 25 OC. Case size 04:

curve 1 = 1500 uF, 40 V; curve 3 = 3300 uF, 16 V; curve 5 = 6800 uF, 6,3 V.

curve 2 = 2200 uF, 25 V; curve 4 = 4700 uF, 10V;

Y - Mullard WFMW,Q,Q

n



033 Series

102 7277848
z
(2)
10
—11
2 N
3
1 AN
=0ss = =
——16 \\\
N
INNOYEY
N N N
10—1 \\\\ N \ A
L ooet
1072 l
10 10? 103 104 10° 108 107
f (Hz)
Fig. 14 Typical impedance as a function of frequency at 25 OC. Case size 05:
curve 1 = 1000 uF, 63 V; curve 3 =3300 uF, 25 V; curve 5= 6800 ufF, 10V;
curve 2 = 2200 uF, 40 V; curve 4 = 4700 uF, 16 V; curve 6 = 10000 uF, 6,3 V.
OPERATIONAL DATA
Category temperature range —40 to + 85 °C
PACKING
The capacitors are packed in boxes containing 100 pieces.
12 January 1979 M II rd H
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034 Series

ALUMINIUM ELECTROLYTIC CAPACITORS

© Miniature and small types
® Single ended
©® General purpose

QUICK REFERENCE DATA

Nominal capacitance range {E®S series)
Tolerance on nominal capacitance
Rated voltage range, UR (R5 series)
Category temperature range
Endurance test

Basic specification

Climatic category

0,47 to 3300 uF
—10 to + 50%
6,3t0 100V
—40to +85°C
1000 h at 85 °C

IEC 384-4, G.P. grade
DIN 41259/41233

IEC68 40/085/56
DIN 40040 GPF

Selection chart for Chom —UR and relevant case sizes.

Chom Ug (V) case | nominal
(uF) 6.3] 10] 16 25| 35 | 40 | 50| 63 | 100 size | dimensions {mm)
047 11 1 M 1¢5 xN
0,68 T 12 ¢ 6 x11
1’5 1 14 ¢10 x 12
2'2 11 12 15 ¢10 x 16
3’3 11 16 ¢10 x 20
4’7 11 12 [ 13 17 ¢12,5X20
- 6,8 11 121 13 i 18 ¢12,5X25
10 11 12 13 15 19 | ¢16 x25
15 1112 13[ 14 |16 20 | ¢16 x31
22 11] 12 13| 14! 15 |16
33 12 [ 13 14 15 [ 17
47 12] 13 14 15| 16 [ 17
68 13 14| 15 16| 17 [ 18

100 13] 14[15] 16 17118 119

150 14) 15| 16 17 |18 19 {20

220 14115] 16 | 17 18.1 191 20

330 15]16] 17 | 18 19 {20

470 16 17 19| 20

680 16 1 17] 18 (19| 20

1000 171181 19| 20

1500 18 [19] 20

12200 19 | 20

B300 {20

Mullard | =



034 Series

APPLICATION

These capacitors are mainly used for smoothing, coupling:and decoupling purposes in-consumer
applications, such as audio and television circuits. Other applications are in timing and delay circuits.

DESCRIPTION

The capacitor has etched aluminium foil electrodes rolled up with a porous paper spacer which separ-
ates the anode and the cathode. The spacer is impregnated with an electrolyte which is the electricat

connection between dielectric and cathode foil. The capacitor is housed in an aluminium case, which
is insulated with a blue plastic sleeve.

MECHANICAL DATA Dimensions in mm

<—ﬂD—>

)

20
30 min
min ‘

72773871

——
H
—>|P<—-

Fig. 1 Style 1; see Table 1
for dimensions d, D, L. and P.
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Aluminium electrolytic capacitors 034 Series

Table 1

case dimensions

size -
d Dmax Lmax P

1 0,5 5,5 12,0 2,0
12 | 05 6,5 12,0 25
13 | 06 8,5 13,0 3,5
14 | 06 10,5 13,0 5,0
15 | 06 10,5 17,0 5,0 10,2
16 | 0,6 10,5 21,0 5,0
17 0.6 13,0 210 50
18 [ 06 13,0 26,0 5,0
19 | 0,6 16,5 26,0 75
20 | 0,6 165 | 320 7,5

Marking
The capacitors are marked with: nominal capacitance, rated voltage, a symbol to identify the negative
terminal, name of manufacturer and date code (year and month) according to IEC 62.

o Mullard | "



)

034 Series

zzeys V4 yL'0 S € 020 599 qz9 002z
ZSLYS 6l 0Z'0 S € 0Z°0 SG¥ 8L¥ 0051
Z0L¥S 8L gL' S € 0z'o 50¢ LLE 0001
189PS Ll ¥Z'0 g £ 0Z'0 602 8.2 089
LEEYS 9l 8v'0 S € 0z'0 0L v8l oee
L2TYS | Gl £L'0 S € 0zZ'0 1L ovi 0zz
LGLYG bi 10°1 ] € 0zZ'0 05 86 051
LOLYS el o'l S € 0z’o Sg oL 00l
6LyYS. zL ov'e ] € 0z’o 61 oy Ly
62ZZYs 1 ('L g € 0Z'0 4} [:74 2z ol
TEEES (174 1o L ¥ zzo 629 0.9 00€e
2eees 6l 9l'o L ¥ zz'0 L2y 9zs ooze
ZSles 8L £2°0 L v zzZ'o 682 ozy 0051
Z0LEG Ll 0z'0 L ¥ zz'0 v6l 1415 000l
189€S 9L 62’0 L 14 zZ0 peL LeT 089
LLYES 9l £r'o L v zZ’0 ¥6 1z oLy
LEEES 5L 190 L 14 4 A 89 oot oee
Lzees vl 16°0 L 14 b4 ALY Ly Sil o0zz |g'9
L 3jAis ZHX 0L 18 |ZHY L e v yw 4m | A
AqQ pamo|joy (v) J002+322 | DoOC +182 ulw G Jaye | Do Gg = GWE e
¥£0 2222 o215 | Do 0z +=9We e [Jo0v—182 | DoSZ—3Z | guer | Ypieueuno aund ayddy | ded
Jaquwinu anbojezes aseo asuepadwy ‘xew o13es aouepaduul “xew ‘Xew abees| "xew ‘ST TXRW 4n

‘wou

'%GL 0} Gp J0 ALpiwny aAne|AI B pue Jequ §gQL 0} omm 30 asnssaid
oudydsowse ue ‘zH 0p| 40 Aouanbauy e ‘Qg GZ 01 0T 40 s:smesadwa) jusiquie ue e Ajdde g ajge | uj sanjeA |ed11303[a ||B pay1oads asimIaylo ssajun

Z3jqel
v.iva 1voI410313

4 January 1979\ ( Mulla rd




034 Series

tors

ic capaci

lectrolyt

injum e

Alum

L1006
S1006
10006
21006
£0006

20199
18909
1E€99
12299
16196
10195
68999
6££99
69199
88994

z6155
Z0159
18965
LLbaS
LEESS
12259
15169
10158
68955
6LVSS
BEESS
622ss
65195
60155

Lo

el

zl'o

L'o

LOOLLLOWVLOLIOWLOLWY TSI T T T

NANNNNNNNNNNNNN NNNNNNNNNN NNNNNN

ZL'o
zL'o
zi'o
zi'o
ZL'o
$1°0

yi'o

al'o
91’0

6lL
66¥
oLl
LL
4]

174
61S
£5¢
ozL
8il
08
95
(41
ol
ol

SeL
g8y
cee
1€2
oL
L1l

98¢
vEl
101
S

vES .

(434
[A4%4
80¢
€51
(41}
08
0s
9z
8l

€69
0S¥
SbE
09z
P44
891
Lz
16

L9

8¢
e
€C
114

089
oLy
001

34
000t

oee
(1744
0si

S€

214

gL

Mullard | ™




A

034 Series

6.v8S
6€€8S
62289
65185
60185
88985
8.v89
8€€85
82289
8G18G
80189
48985
LL¥8S

LE006
8¢006
92006
2006
22006
61006
' 90006
S0006
0006

LLYLS
LEELS
LCTLS
LGLLS
BEELS
6¢CLS
601 LS
8LYLS

| 9jA1s

Aq pamojjo}

¥€0 ezt
Jaquinu anfojees

9l LL'L 17 z 800 6 8l I3,
Sl L9'L v FA 800 89 88 €€
Gl 052 ¥ Z 800 Ly SL A
vl L9'E v b4 80°0 €e LS ]
el 09'S ¥ z 800 ¥z 9e oL
£l 60’8 17 z 800 8L 0¢ 8’9
zlL L't ¥ z 800 vl 0c a4
i L9l 14 z 800 il Si £'e
It 0's2 v z 800 6 el A4
1 L'9g 17 Zz 800 8 ol gL
I 0'6S v A 800 L 4 Q'L
il 608 17 z 800 9 YL 89°0
1 LIl 17 4 800 9 z'9 v'o | €9
(174 810 v 4 oL'o 005 444 0g€
6L Lz'0 ¥ Zz oL'o Se€ 14 0ze
8L or'o 14 z oL'o 0ez €52 051
Ll 090 t z oL'0 §G1 L8t 001
9l 880 v z 01’0 L0l 8el 89
Gl 8Z'l v z oL'o 9L 101 Ly
vl £L'2 v z oL'o 8e +9 zz
€l o'y v z oL'o :74 Ly Sl
4} 28’8 v z 0L'0 Sl 9z 8’9 | 09
0z 510 ¥ 4 z1'o 695 G6Y oLy
6l 12'0 ¥ F4 FAN] Loy 88¢ oee
8l 2e'0 v Zz F4N] 692 682 0zz
Ll Lv'o Z F4 zL'o S8l z8l 051
vi A4 ¥ 4 t4N] St 19 €€
€l 8L’ 14 4 FAN() 1€ 142 44
4} 00'L 12 4 X)) Ll 9z oL
1 &'yl 14 4 zZL'o 1 Ll L'y |ov
ZHN QL I8 JZHY | e wr vw 37 [ A
(©) Q00C+¥Z 19002 +122 Ul GJaye | 3o gg = W) se
8215 | Dooz+=9We)je | JoOF-18Z {D0SC—®Z |oum | Hnieauauns wauna addy | -des
ased aouepaduil "xew onel asuepaduw) “xew ‘xXew abeyjea) "xew s'w xew | "wou [Hn

o

January 1979) ( Mulla rd




)

1es

34 Ser

iectrolytic capacitors

Alum

Mullard W( -

16169
Loies
68965
6.16S
6££65
6¢C6S
65169
60165
8LY6S
87265
8016S
LLv6S

12z8s
15185
10185
68985

L'56
SZ'0
LEO
§6'0
18°0

IS SIS TS

NONNN NNNNNNNNNNNN

L0°0

L0°0

100
L0°0
L0’0
80°0

9ce
6vC
e8l
cel
€Ll

L9t

00l




034 Series

Capacitance
Nominal capacjtance values at 100 Hz and Tapip = 25 °C see Table 2
Tolerance on nominal capacitance at 100 Hz —10 to + 50%
Voltage
<409C |40 to 85 OC
Rated voltage = max. permissible voltage 1,1 xUR UR

Ripple voltage® = max. permissible a.c. voltage providing
the following three conditions are met:

a) max. (d.c. + peak a.c.) voltage <1,1xUR| <Upg
b} max. peak a.c. voltage with d.c. voltage applied < applied d.c. voltage + 1 V
c) max. peak a.c. voltage without d.c. voltage applied 1v

Surge voltage = max. permissible voltage for short periods
(see also Tests and requirements) 1,16 x U

Reverse voltage = max. d.c. voltage applied in the reverse polarity
at the maximum category temperature for short periods (see
also Tests and requirements) 1v

Ripple current**
Maximum permissible r.m.s. ripple current at

100 Hz and Tymp, = 85 °C see Table 2
3 7275557

2

3

€

g

3

o ‘\

2

g2 AN

k]

R

g

E

2 \

1
-50 0 50 Tamp (°C) 100

Fig. 2 Typical ripple current as a function of ambient temperature; lro = ripple current at 85 °C; 100 Hz.

»

Ripple voltages are not applicable if the maximum permissible ripple current is exceeded. In that
case the ripple current is decisive.
** Ripple currents are not applicable if the maximum permissible ripple voltage is exceeded. In that
case the ripple voltage is decisive.
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Aluminium electrolytic capacitors 034 Series

Non-sinusoidal ripple currents have to be analyzed into a number of sinusoidal currents and the follow-
ing requirements shall then be satisfied:

Ir max = Maximum ripple current at 100 Hz and applicable ambient temperature;
[P = ripple current at a certain frequency;
rn = l¢/lyg = multiplying factor at a same frequency.

Charge and discharge current

The capacitors may be charged from a source with negligible internal resistance and they may be dis-
charged by short-circuiting. If the capacitors are charged and discharged continuousty at a rate of several
times per minute, the charge and discharge currents have to be considered as ripple currents flowing
through the capacitor. The r.m.s. value of these currents should be determined and the value thus

found must not exceed the applicable limit. {See also Tests and requirements.)

Leakage current
Maximum leakage current 5 min after application

of UR at Tymp =256 °C see Table 2 (0,03 CU + 5 pA)
Leakage current during continuous operation at UR,

at Tymp =25°C approx. 0,2 x value stated in Table 2

at Taymp =86 °C < value stated in Table 2

If owing to prolonged storage and/or storage at an excessive temperature (> 40 OC) the leakage current
is too high, application of the rated voltage for some hours will cause the leakage current to fall to a
value lower than specified in Table 2,

Tan § {(dissipation factor)

Maximum tan 8 at 100 Hz and Ty, = 25 OC, measured by means
of a four-terminal circuit (Thomson circuit} see Table 2

Equivalent series resistance (ESR)

ESR = tan §/wC
Maximum tan & and C at 100 Hz and Tgmp, = 25 °C see Table 2

Impedance (Z)

Maximum impedance at T4, = 20 ©C and

10 kHz (Cphopy, < 1000 uF) or 1 kHz (Cpyom > 1000 uF),

measured by means of a four-terminal

circuit (Thomson circuit) see Table 2

z2=2Zx Chom see Table 3

0 MU"ard W Fa"uaw 1979



034 Series

Table 3
z=2Z x Cpom (2 uF) at UR
Tamb
63V|10V |16V |26V |35V ] 40V |50V | 63V | 100V
Cnom > 1000 uF, +200C 350 300( 250 220} — 200 — 180 | 175
at 1 kH2 —-25 0C 1700 {1100 | 800 | 570 | -— 430 - 330 | 300
—40 °C 4500 | 2800 | 2000 | 1400 | — 1100 | - 800 | 700
Chom < 1000 pF, +200C 2001 160 | 120 904 75 70| 60 55 45
at 10 kHz —250C 1200 | 750 ( 560 400} 330 300| 220 | 180 | 130
—40 °C 3200 | 2000 | 1500 [ 1100 | 950 900} 700 | 500 |} 350
Ratio between impedances at T g = —25 ©C and + 20 °C,
and at Tap = —40 ©C and + 20 ©C, at 100 Hz
measured by means of a four-terminal
circuit (Thomson circuit) see Table 2
OPERATIONAL DATA
Category temperature range —40to +85 °C
Life expectancy
at Tymp =85 °C 2000 h
at Tamp = 105 0C 500 h
PACKING
The capacitors are packed in boxes; the number per box is:
1000 for case sizes 11 to 14,
500 for case sizes 15 to 18,
200 for case sizes 19 and 20.
TESTS AND REQUIREMENTS
See Introduction, section 9, under aluminium electrolytic capacitors.
Note: Capacitors 2222 034 belong to the miniature and small types, general-purpose grade.
10 January 1979 \.’
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JL 041 Series

ALUMINIUM ELECTROLYTIC CAPACITORS

® Miniature type

® Axial leads or single ended

o High voltage

e General and industrial applications

QUICK REFERENCE DATA

Nominal capacitance range (E3 series)
Tolerange on nominal capacitance
Rated voltage range UR

Category temperature range
Endurance test at 85 °C

Basis specifications

Climatic category

11022 uF
—10 to +560%
16010 385 V
—40 to +85 °C
1000 h

|EC 384-4, general-purpose grade
DIN 41316

|EC 68 40/085/56
DIN 40040 GPF
Selection chart for Chom-UR and relevant case sizes.
UR (V)
Cn(;:m
HF 1160 | 260 | 350 | 385 case nominal
1 4 size dimensions {(mm)
2,2 4 5 4 ® 65x18
4714 5 6 7 5 ® 8 x18
10 5 7 6 ®10 x18
22 7 7 ®10 x26
\.’ M “ d June 1980 1
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041 Series

APPLICATION

These capacitors are mainly used for high voltage smoothing purposes in consumer applications. The
bandoliered version is extremely suitable for automatic insertion and for cutting and forming equipment.

DESCRIPTION

The capacitor has etched aluminium foil electrodes rolled up with a porous paper spacer which
separates the anode and the cathode. The spacer is impregnated with an electrolyte which is the
electrical connection between dielectric and cathode foil. The capacitor is housed in an aluminium
case, which is insulated with a blue plastic sleeve.

The capacitor is available in 3 styles, all with soldered-copper leads.

Style 1: axial leads; supplied on bandoliers in boxes or on reels;
Style 2: single ended; with self-locking lead;
Style 3: single ended.

MECHANICAL DATA Dimensions in mm

u u

l‘—% P —“__" 7275545

Fig. 1 Style 1; see Table 1a for dimensions d, D, L and P.

Table 1a
style 1 mass
case
size approx.
d Dnom Lhom Dmax Lmax Prmin 9

4 0,8 6,5 18,0 6,9 18,5 25 1,3

5 0,8 8,0 18,0 8,5 18,5 25 1,7

6 0,8 10,0 18,0 10,5 18,56 25 25

7 0,8 10,0 25,0 10,5 25,0 30 33

June 1980 r Mu“ard \:J




Aluminium electrolytic capacitors

041 Series

- @D |

A
+03
|

=162 e

] &>

»jle@d

7276904.1
- P !

Fig. 2 Style 2; non-preferred; see Tabie 1b
for dimensions d, D, L and P.

Table 1b
Styles 2 and 3 mass
case
size d approx.
Dmax | Lmax P 9

4 0,8 6,9 21,5 5 —-10 1,2

5 0,8 8,5 21,5 5 -10 1,6

6 0,38 10,5 21,5 7,5-125 2,3

7 0,8 10,5 28,0 7,5-125 3.1

Marking

The capacitors are marked with:
nominal capacitance;
tolerance on nominal capacitance;
rated voltage;
group number 041; code of origin;
name of manufacturer;
date code (year and month) according to 1EC 62;
band to identify the negative terminal;
+ signs to identify the positive terminal.

Mounting

T
4 OI - Id—ﬂd
7278089

-— [ -

Fig. 3 Style 3; see Table 1b for
dimensions d, D, L and P.

The diameter of the mounting holes in the printed-wiring board is 1 + 0,1 mm, except that of the hole

for the anode lead of style 2 capacitors: 1,3 +0,1 mm.

o Mullard W(
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041 Series

ELECTRICAL DATA
Table 2

Unless otherwise specified all electrical values in Table 2 apply at an ambient temperature of 20 to
25 OC, a frequency of 100 Hz, an atmospheric pressure of 860 to 1060 mbar and a relative humidity of

45 to 75%.
UR nom. max. f.m.s. max. leakage max. | case catalogue number *
cap. ripple current current at UR ESR | size
at Tymb =856°C| after 5 min
Vv uF mA uA Q
160 4,7 26 38 532 | 4 2222 041 .1478
160 10 41 68 250 | 6 .1109
160 22 77 126 14| 7 1229
250 2,2 18 28 132 4 3228
250 4,7 29 55 617 6 3478
250 10 55 95 29 7 3109
350 4,7 32 69 681 6 .5478
385 1 12 19 335 4 .8108
385 2,2 23 42 162 5 .8228
385 4,7 43 71 M3 | 7 .8478
Capacitance
Nominal capacitance values at 100 Hz and Tamp = 20 °C see Table 2
Tolerance on nominal capacitance at 100 Hz —10 to +50%
1,26 L
71160V
o 4+
S 250V
o 350V
3 ——
§ ) 385V
5 -
g8 1
8
‘5
B 385
8 p
3 v
E
075 160V
-50 0 50 Tamb (°C) 100

Fig. 4 Typical capacitance as a function of ambient temperature;
Cg = capacitance at 20 °C, 100 Hz.

* Replace dot in catalogue number by:
2 for style 1 on bandoliers on reel;
3 for style 1 on bandoliers in box;
7 for style 2;
8 for style 3.

June 1980 ( Mu‘lard
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Aluminium electrolytic capacitors

041 Series

Voltage

Rated voltage = max. permissible voltage
at<40°C
at 40 to 85 °C

Ripple voltage * = max. permissible a.c. voltage providing
the following three conditions are met:
a) max. (d.c. + peak a.c.) voltage
b) max. peak a.c. voltage without d.c. voltage applied
¢} momentary value of applied voltage

Surge voltage = max. permissible voltage for short periods
for Ug = 160 V or 260 V
for Ug =350 V or 385 V

Reverse voltage = max. d.c. voltage applied in the reverse polarity
at the maximum category temperature for short periods

Ripple current **

Maximum permissible r.m.s. ripple current at
100 Hz and Tymp = 85 °C

between Ug and —1 V

1,15x UR
11 xUg

1v

see Table 2

7275557

w

N
V4

muitiplier of ripple current I¢/1;0

N

\

1

~50 0 50 Tamp (°C) 100

Fig. 5. Typical ripple current as a function of ambient temperature; i;g = ripple current at 85 ©C, 100 Hz.

* Ripple voltages are not applicable if the maximum permissible ripple current is exceeded. In that

case the ripple current is decisive.

** Ripple currents are not applicable if the maximum permissible ripple voltage is exceeded. In that

case the ripple voltage is decisive.
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3 7Z83140
= 160V
2
g //
€
g
=
3 2
L]
a
g
- 385V
. - —= 350V
= ]/ : 250V
S
S /.
€
250 V]
-
160V
0
10 102 103 10° f (Hz) 108

Fig. 6 Typical ripple current as a function of frequency; i = ripple current at 85 0C, 100 Hz.

Non-sinusoidal ripple currents have to be anatyzed into a number of sinusoidal currents and the follow-
ing requirements shall then be satisfied:

§ 2

n

zZ — < 2

", o rmax
lymax = maximum ripple current at 100 Hz and applicable ambient temperature;
In = ripple current at a certain frequency;

1= /1,g= multiplying factor at a same frequency.

Leakage current

Maximum leakage current 5 min after application
of the rated voltage at Tyyp = 20 °C see Table 2 (0,05 CU or 5 pA
for CU < 1000 uC; 0,03 CU
+20 pA for CU > 1000 uC)
If the leakage current is too high, owing to prolonged storage and/or storage at an excessive temperature
{> 40 ©C), application of the rated voltage for some hours will cause the leakage current to fall to a
value lower than specified in Table 2.
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Aluminium electrolytic capacitors 041 Senes

Equivalent series resistance (ESR)
ESR at 100 Hz, measured by means of a four-

terminal circuit {Thomson circuit) see Table 2
104 7283138
ESR
{Q)
103 \
\
AUAY
TN
LN
10 . t‘ N
\
~
\ N 1
\\ N
N N \\
™ N
N T
10 N N a
AN 4_
—~
‘\‘ 5
\‘
™ 6
1
—-50 0 50 100
Tamb (°c)
Fig. 7 Typical ESR as a function of ambient
temperature at 100 Hz.
Curve 1 = case size 4, 385 V; Curve 4 = case size 7,385 V;
Curve 2 = case size 5, 385 V; Curve 5 = case size 5, 160 V;
Curve 3 = case size 4, 160 V; Curve 6 = case size 7, 160 V.
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7283139
ESR
{22)
102
-
\‘ i
~_~..\ ~] ul casisnze
H"‘- . 5 =t~ htd
10 N
e
7
1
10 102 103 104 f (Hz) 108
Fig. 8 Typical ESR as a function of frequency at 20 °C; Ug = 250 V.
Impedance

The impedance is measured by means of a four-terminal circuit {Thomsan circuit).
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Aluminium electrolytic capacitors 041 Series

103 7283136

el

Q)

102

AT

-——

//’

10 \

X case size
.4
\ ~14
A N
\\ ™~ 5]
N
N
\\
7
1
-50 0 50 100
Tamb (°c)

Fig. 9 Typical impedance as a function of ambient
temperature at 10 kHz; Ug = 260 V.
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103 7283135 ‘
z N\, ‘
()
102 \\
N q ~~
N
NN N
N
‘\._ T —
\ Peted -
10 Ny Y T s
H 2
- —] -
™ 3
mast I
1
102 103 104 105 §(yz) 108
Fig. 10 Typical impedance as a function of frequency at 20 °C.
curve 1 = case size 4, 250 V;
curve 2 = case size 5, 260 V;
curve 3 = case size 6, 350 V;
curve 4 = case size 7, 250 V.
OPERATIONAL DATA
Category temperature range —40 to +85 °C

PACKING
Capacitors of styles 2 and 3 are supplied in boxes of 1000 pieces of case size 4, or 500 pieces of case
sizes 5, 6 or 7.

Capacitors of style 1 are supplied on bandoliers in boxes or on reels of 1000 pieces of case size 4, or
500 pieces of case sizes 5, 6 or 7.

10 June 1980 ( Mu“ard \:'



Aluminium electrolytic capacitors

041 Series

: EEE &
|
- T
_ = [}
S
—t - !
- || —— Eu@ﬂ b 7276149.2
- 6105

Fig. 11 Style 1 capacitors on bandoliers: the bandolier to which the negative capacitor terminals are
connected is blue. See Table 3 for dimensions A, S, T and L.

Table 3

Dimensions in mm

case T for number (n)
size A S of capacitors Lmax
n <50 50<n <100
4 7316 10+ 0,4 10(n-1) £2 10(n-1) 4 18,5
5 73+£1,6 10+0,4 10(n-1} £2 10(n-1}£4 18,5
6 73+ 1,6 16+ 0,75 15(n-1) £2 15 (n-1) £ 4 18,5
7 73+1,6 16 £ 0,75 15(n-1} £2 15(n-1) 4 25,0

Mu“ard w (June 1980

1



041 Series

72765481
la— C ——"

Fig. 12 Style 1 capacitors on bandoliers on reel; dimension C is 88,5 mm; the overall width of the reel

is 99,5 mm.
1 = capacitor 3 = paper 6 ="cylinder
2 = bandolier 4 = flange

12 June 1980 ( Mu“ard U
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ALUMINIUM ELECTROLYTIC CAPACITORS

o Small type

® Axial leads or single ended

® Long life

® General and industrial applications

QUICK REFERENCE DATA

Nominal capacitance range (E3 series)
Tolerance on nominal capacitance
Rated voltage range, UR {R5 series)
Category temperature range
Endurance test at 70 °C

Basis specifications

Climatic category, IEC 68

10 to 100 uF

—10 to + 50%

160 to 385 V

—40to +700C

2000 h

1EC 384-4, type 1, long-life grade
40/070/56

Selection chart for Com-UR and relevant case sizes.

case | nominal
size | dimensions {mm)

Cnom Ur (V)
uF 160 | 250 | 350 | 385
10 01 | o1
22 01 | 02 | 03

47 02 03 04
100 03

01 ® 12,5x 30
02 @15 x30
03 18 x30
04 ® 18 x4a1

APPLICATION

For smoothing, coupling and decoupling purposes in circuits where a high voitage is required.

Mu“ard ) F)ne 1980 1
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043 Series

DESCRIPTION
The capacitors are available in 3 styles, ail with soldered-copper leads.
Style 1: axial leads; case insulated with a blue plastic sleeve.

Style 2: single ended; with mounting ring with printed-wiring pins; especially for use in applications

with severe shocks and vibrations; case sizes 03 and 04.

Style 3: single ended; case insulated with a blue plastic sleeve; case sizes 01 and 02.

MECHANICAL DATA

Dimensions in mm

B e O S— ——>J<—33:1—>‘

@08 —e—oc——x( + = @D

F ]

n J §

H 1l
1l I}
1

I‘__._. P ___,I 7278999

Fig. 1 Style 1; see Table 1a for dimensions D, L, 2 and P.

Table 1a
case style 1
size Dnom Lnom Dmax Lmax 2 Pmin
01 12,5 30,0 13,0 30,5 55+ 1 35,0
02 15,0 30,0 15,5 30,5 55 + 1 35,0
03 18,0 30,0 18,5 30,5 55+ 1 35,0
04 18,0 40,0 18,5 415 34+1 45,0
™
N’

2 June 1980 ( Mullard
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042 Series
043 Series

N

I ,/ { \\ 120°

185402 311 T L/ ‘ \’ﬂ\:)
!

1,3 (4x}

T

=T == =
cl L] [

///////,9‘7////’/7)'7 ////]5'/////, 3 05

Fig. 2 Style 2; see Tabie 1b for dimensions d, D1,
D2,Db3 and L.

Table 1b
case style 2
Size 1 d [ D1 | D2may D3 L
03 | 08 18,0 | 205
04 | 1,0 18,0 | 205 185+0,2 1421
Table 1c
case style 3
size d Dmax Lmax P
01 0,8 13,0 34,0 7.5-12,6
02 08 15,5 340 (10,0-15,0

+1
4 OI »{le3d
YN, -

P »| 72698581

Fig. 3 Style 3; see Table 1c for
dimensions d, D, L. and P.
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Marking
The capacitors are marked with:
nominal capacitance;
tolerance on nominal capacitance;
rated voltage;
group number 042 or 043; code of origin;
name of manufacturer;
date code (year and month) according to 1EC 62;
band to identify the negative terminal.

Mounting

The diameter of the mounting holes in the printed-wiring board is 1 + 0,1 mm for style 1 and style 3
capacitors, and 1,3 + 0,1 mm for style 2 capacitors. {The diameter of the centre hole for the anode lead
of style 2 capacitors, case size 03, is 1 + 0,1 mm).

Minimum atmospheric pressure 8,5 kPa

ELECTRICAL DATA
Table 2

Unless otherwise specified all electrical values in Table 2 apply at an ambient temperature of 20 to
25 OC, a frequency of 100 Hz, an atmospheric pressure of 860 to 1060 mbar and a relative humidity
of 45 to 75%.

URr nom. max. r.m.s. max. leakage max. case catalogue

cap. ripple current current at Ug ESR size number *

at Tymp =700C after 5 min

\Y uF mA uA Q
160 47 173 246 3,2 02 2222042 .1479
160 100 280 500 15 03 2222042 . 1019
250 22 100 185 8,1 01 2222 042 . 3229
250 47 176 373 38 03 2222 042 . 3479
350 10 50 125 19 01 2222 042.5109
350 2 81 251 88 02 2222 042 . 5229
350 47 148 514 4,1 04 2222 043 . 5479
385 10 49 140 20 01 2222 042 . 8109
385 22 88 284 9,2 03 2222 042 . 8229

* Replace dot in catalogue number by:
1 for style 1,
4 for style 2,
8 for style 3.

s
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Aluminium electrolytic capacitors J L 043 Series

Capacitance
Nominal capacitance values at 100 Hz see Table 2
Tolerance on nominal capacitance at 100 Hz —10 to +50%
1.25 7282480

o

o

S~

o

@

(2]

=4

]

S —

©

s =

Y ot --—

(<] »

k-l

=)

3

E

0,75
—50 0 50 Tamb (°c) 100

Fig. 4 Typical capacitance as a function of ambient temperature; Cg = capacitance at 25 °C, 100 Hz.

Voitage

Rated voltage = max. permissible voltage
at<40°C 1,1xUR
at 40 to 70 °C UR

Ripple voltage* = max. permissible a.c. voltage providing
the following three conditions are met:

a) max. (d.c. + peak a.c.) voltage UR

b) max. peak a.c. voitage without d.c. voltage applied 1V

c) momentary value of applied voltage between U and —1 V
Surge voltage = max. permissible voltage for short periods

for Ur =160 V or 250 V 1,16 x UR

for Ug =350 V or 385 V 1,10x URp

Reverse voltage = max. d.c. voltage applied in the reverse
polarity at the maximum category temperature for
short periods 1V

*

Ripple voltages are not applicable if the maximum permissible ripple current is exceeded. In that
case the ripple current is decisive.

u Mullard Y June 1980 5
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Ripple current *

Maximum permissible r.m.s. ripple current at

100 Hz and Ty = 70 °C see Table 2
o 3 7283008
el

:l-
=
c
g
3
2
2
o 2
o
2
s A
=]
3
E

1

-50 0 50 Tamb(oc) 100

Fig. 5 Typical ripple current as a function of ambient temperature; | g = ripple current at 70 °C, 100 Hz.

7282479
2
2
<
-
[
g
315 -
2 —
g pec e
- =
—» ©
8
g
x —
g 1
W,
05
10 102 103 104 f (Hz) 105

Fig. 6 Typical ripple current as a function of frequency; I g = ripple current at 70 ©C, 100 Hz.

* Ripple currents are not applicable if the maximum permissible ripple voltage is exceeded. In that
case the ripple voltage is decisive.
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Aluminium electrolytic capacitors 043 Series

Non-sinusoidal ripple currents have to be analyzed into a number of sinusoidal currents and the follow-
ing requirements shall then be satisfied:

2
lﬂ

Z — <lrmax’

n n
lrmax = maximum ripple current at 100 Hz and applicable ambient temperature;
In = ripple current at a certain frequency;

rn = I /1o = multiplying factor at a same frequency.

Charge and discharge current -

The capacitors may be charged from a source without internal resistance and they may be discharged
by short-circuiting. If the capacitors are charged and discharged continuously-at a rate of several times
per minute, the charge and discharge currents have to be considered as ripple currents flowing through
the capacitors. The r.m.s. value of these currents should be determined and the value thus found must
not exceed the applicable limit.

Leakage current
Maximum leakage current 5 min after application

of the rated voltage see Table 2 (0,03 CU + 20 pA)
If the leakage current is too high, owing to prolonged storage and/or storage at an excessive tempera-

ture > 40 OC), application of the rated voltage for some hours will cause the leakage current to fall
to a value lower than specified in Table 2.

7282477
10 7282478

-
-
o
[

-

multiplier of leakage current I / g
Ty
multiplier of leakage current | / o

1 o1 - 10’2
~50 0 ' 50 100 0 05  ymn, 1
Tamb (°c)
Fig. 7 Typical leakage current as a function of Fig. 8 Typical leakage current as a function of
ambient temperature; | = leakage current during U/UR: 1o = leakage current during continuous
continuous operation at 25 9C and UR. operation at 25 0C and UR.
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Equivalent series resistance (ESR)

ESR at 100 Hz, measured by means of a
four-terminal circuit {Thomson circuit)

103 7282469
ESR
(£2)
102
1
—
10 \j
\
~11
N
2
1
-50 ) 50 100
Tamb (OC)

Fig. 9 Typical ESR as a function of ambient
temperature at 100 Hz.

Case size 01:

curve 1= 10 uF, 350 V/385 V;

curve 2=22 uF, 250 V.

see Table 2
102 7282470
A\
ESR
Q) \
10 \
N,
N
\ N 1
\N
107!
-50 0 50 100
Tamb (°C)

Fig. 10 Typical ESR as a function of ambient

temperature at 100 Hz.
Case size 02:

curve 1 =22 uF, 350 V
curve 2=47 uF, 160 V
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Aluminium electrolytic capacitors 043 Series
102 7282471 102 7282472
1
ESR \ ESR
(Q2) ()
10 AN 10
\
) \
\ AN \
\
N
™ N\,
1 -—
\ N
\ \w N
\ q NN
\\_ 2
1 AN 1
AN
~
3
107! 107
-50 0 50 100 -50 0 50 100
Tamb °c) Tamb (°c)
Fig. 11 Typical ESR as a function of ambient Fig. 12 Typical ESR as a function of ambient
temperature at 100 Hz. temperature at 100 Hz.
Case size 03: Case size 04: 47 uF, 350 V.

curve 1 =22 uF, 385 V;
curve 2 =47 uF, 250 V;
curve 3= 100 uF, 160 V.

p—
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043 Series
14 7282473
ESR
(Q}
12
T
10 N
AN
—. 8 i
o —
6
-
4 —
2
10 102 103 t (Hz) 104
Fig. 13 Typical ESR as a function of frequency at 20 OC. Case size 01:
curve 1 =10 uF, 350 V/385 V; curve 2 =22 uF, 250 V.
6 7282474
ESR
(£2)
9 N
No
4 .
Ty
—- 3
—
2
T —
1
0 3 4
10 102 10 f (Hz) 10
Fig. 14 Typical ESR as a function of frequency at 20 °C, Case size 02:
curve 1 =22 uF, 350 V; curve 2 = 47 uF, 160 V.
10 June 1980
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Aluminium electrolytic capacitors 0 43 S eries
7282475
6 TN
ESR
(Q) N
5
N,
\ s
N
4
-
RN
3
-—
2
2
-
\
\
1 3 \ -
[ ————
0
10 102 103 f (Hz) 104
Fig. 15 Typical ESR as a function of frequency at 20 ©C. Case size 03:
curve 1 =22 uF, 385 V; curve 2=47 uF, 250 V,; curve 3 = 100 uF, 160 V.
6 7282476
ESR
()
5
4
3 -—
k
2
- —
1
0
10 102 103 f (Hz) 104

Fig. 16 Typical ESR as a function of frequency at 20 OC. Case size 04: 47 uF, 350 V.
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— Impedance

The impedance is measured by means of a four-terminal circuit (Thomson circuit).

103 7282461
z
)
102
~
\WH
Y
)"'M'W"F L] | \\\ Tamb =
10 — —~40 OC ‘:da:H
1 T
s —-25° i
\ 1]
\ mauil I BRE
1 Rt +20°C LGN
=
+70°C T
10_110 102 103 10 10° 106 107
f (Hz)

Fig. 17 Typical impedance as a function of frequency at different temperatures. Case size 01: 22 uF, 250 V.

103 7282462
FF
z
)
\N-
102 =
\ M Tamb = H-{ﬁ
10 -40°C L H
~ _25°¢ H
171
N - [ 1
0,
, ISt 20,
+70°c HHH
107! 2
10 102 103 10 10% 108 107
f (Hz)

Fig. 18 Typical impedance as a function of frequency at different temperatures. Case size 01:
10 uF, 350 V/385 V.
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Aluminium electrolytic capacitors 043 Series
103 7282463
2
(€2)

102
~¢
™~ 4
10 S S
— Tamb = —5_3
B —40°C HH
~LT] il I
N M —25°C
1 Y —4—t+
+20°c THH
P A +70°C 1]
— 31
107! J H
10 102 103 104 105 108 107
f {Hz)

103 7282464
z
($2)
102
—
—t——LL]
10 T M Tamb= || b
—40°c EEE:.
1 1
\\\ = -’25°C -
SRl
T Te
1 N M +20°C
—
+70°c M
10!
10 102 103 104 10° 106 107
f (Hz)

Fig. 20 Typical impedance as a function of frequency at different temperatures. Case size 02: 22 uF, 350 V.
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043 Series
103 7282465
z
(2)
102.
10 =
N -
T 111
3 REIIN N Tamb = [ E‘
, M —_ _4IOOICI M
! ~25°C i
a ) . .
+20°C T,
N T— i edt ’l +70°C jﬁr
» I
107 =
10 102 103 104 105 106 107
f (Hz)

Fig. 21 Typical impedance asa function of frequency at different temperatures. Case size 03: 100 uF, 160 V.
103 7282466
z

(£)

102
L I~
-
M N
10 NI _
Tamb = F
S _400C L
—25°C HH
~ I
N
| ! LLL
+20°C
< +70°C T
1071
10 102 103 104 10° 106 107
t (H2)

Fig. 22 Typical impedance as a function of frequency at different temperatures. Case size 03: 47 uF, 250 V.
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Aluminium electrolytic capacitors K 043 Series
103 7282467
V4
(82)

102 ~
‘\ NG M
N .
10 = it Tomb = £
- [ —40° HHH
N 1T
L -25°C
1 T 1 ||
+20°
— 1
+70°c T

107!

10 102 103 104 105 108 107
f (Hz)

Fig. 23 Typical impedance as a function of frequency at different temperatures. Case size 03: 22 uF, 385 V.
103 7282468
Zz

Q)

102
mnH "
10 | [ =
] - - Tarﬂbs 20At
N I 0%, 11
N N -25°c
1 salliat
+20°C
L +70°C

107!

10 102 103 104 10° 108 107
f (Hz)

Fig. 24 Typical impedance as a function of frequericy at different temperatures. Case size 04: 47 uF, 350 V.
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043 Series
Inductance (ESL)
Case size 01 50 nH
Case size 02 55 nH typical values
Case size 03 and 04 60 nH
OPERATIONAL DATA
—40 to + 70 °C

Category temperature range for rated voltage

PACKING

Capacitors 2222 042: 500 per box.
Capacitors 2222 043: 100 per box.

e

16 June 1980 ( Mullard
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples made available 050 SE R I ES
for evaluation. it does not form part of our data handbook system and
does not necessarily imply that the device will go into production

ALUMINIUM ELECTROLYTIC CAPACITORS
® Large type with solder tags or printed-wiring pins
® Long life
® Industrial applications
QUICK REFERENCE DATA
Nominal capacitance range (E6 series) 470 to 68 000 uF
Tolerance on nominal capacitance —10 to + 30%
Rated voltage, UR 10 to 100 V
Category temperature range —40 to +85 °C
Endurance test at 85 OC, at Ug 2000 h

Basic specification

Dimensional specification
Climatic category, |[EC 68

IEC 384-4, long-life grade;
DIN 41240

DIN 41238
40/085/56

Selection chart for Chom-UR and relevant case sizes.

Crom UR V)

uF 10 |16 |25 [40 {63 [100

g;g ; nominal dimensions (mm)

1 000 1 3 case | versions with versions with

1500 1 2 4 size solder tags printed-wiring pins
2200 112 [3 |5/6

3 300 1 1213 14 7 1 ¢ 25x35 ¢ 25 x 36
4700 |1 |2 |3 |4 |6/6] 8 2 ¢ 25 x 45 ¢ 25 x 45
6800 | 2 [3 |4 |5/6]7 9 3 ¢ 30x45 ¢ 30x45
10000 | 3 |4 [5/6] 7 {8 4 ¢ 35 x 45 ¢ 35x45
15000 | 4 (5/6{7 |8 |9 5 ¢ 35x55 ¢ 35 x 55
22000 |5/617 {8 |9 6 ¢ 40 x 45
33000 [ 7 |8 (9 7 ¢ 40 x 55 ¢ 40 x 55
47000 | 8 |9 8 ¢ 40 x 75 ¢ 40 x 75
68000 | 9 9 ¢ 40 x 105 ¢ 40 x 105

Juiy 1980 1
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050 SERIES JL

APPLICATION

These capacitors have low ESR and ESL values and a high resistance to shock and vibration which
render them suitable for application such as:

@ switched-mode power supplies;

@ power supplies in digital equipment;

® energy storage in pulse systems;

® filters in measuring and control apparatus.

DESCRIPTION

The resistance to shock and vibration is achieved by a special internal construction.

The capacitors are completely cold welded and charge/discharge proof. The aluminium case is fully
insulated. The solder tag versions have a safety vent in the discs, the printed-wiring versions have a safety
vent in the case bottom.

MECHANICAL DATA Dimensions in mm
Capacitors with solder tags

oo @

-—— D ———y
— Table 1a
case size D L mass ;pprox.
2 25 45 30
3 30 45 40
4 35 45 55
+

5 a5 [ YO8 g (13 -
101 8 40 75 115
_ T4 DIN 41497 __ 2 40 105 160

.
I

10+0,5 7275844
1=plus
5 = minus

e
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Aluminium electrolytic capacitors

050 SERIES

DEVELOPMENT SAMPLE DATA

Capacitors with printed-wiring pins

- ;
10£0,1
t
1,3(3x)
ol ;1'0.5, L_ 7278143
Piercing diagram viewed
from component side.
Table 1b
R
. mass approx.
31 o 7Z7584% case size L g
-1 45405 ; = "
+
2 a5 | 13 30
1
PN D2s
s O & )}
N7
2
— 30%) —m ¥
1501
= L
L 1,3 (4x)
O 72540, L—
17,54 0,1l 7775142
— J
! Piercing diagram viewed
30 7275848 from component side.
! 45405
Table 1c
case size L mass approx.
)
3 45 + 1,3 40

Mullard W (July 1980 3
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a2s
| -
1501
* T
,4_.__35*(1]_—- 1 &:
T
h 1,3 (4x)
75£0,1—»| -—
—=i17,5 % 0,1l=7275141

——

Piercing diagram viewed
from component side.

-

Table 1d
T {
J case size L mass ;\pprox.
9 f 7Z75841
3
-1 45%05 p o —
5 55 | +13 65
025
1 __l 5
pnunsan
fo1r :
20+0,1 )
i
1,3 (5x}
10£0,1— e
——17,510,1«1._
~ml 20+ 0,1 |l 7275140

Piercing diagram viewed

L from component side.
Table 1e
case size L mass approx.
) ]
T INEINRN
39 asxos T 8 75 (Y13 15
9 105 160

f Mulard
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Aluminium electrolytic capacitors 050 SERIES

DEVELOPMENT SAMPLE DATA

Marking

The capacitors are marked with: nominal capacitance, tolerance on capacitance, rated voltage,
temperature range, |EC grade, catalogue number, date code {year, month) according to 1EC62,
name of manufacturer, indication of production centre, polarity of the terminals and dimensional
specification DIN 41238.

The terminals are marked as shown in the dimensional figures.

Mounting

The capacitors may be mounted in any position with or without a mounting clamp. Where a number

of capacitors are connected to form a capacitor bank, the proximity to one another must not be less than
15 mm, when no derating of ripple current and/or temperature is applied.

If the case has to be at a specified potential, it shouid be connected to the negative terminal only.

Minimum atmospheric pressure 8,5 kPa

v Mullard W( -
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ELECTRICAL DATA

Unless otherwise specified all electrical values apply at an ambient temperature of 20 °C, a frequency

of 100 Hz, an atmospheric pressure of 86 to 106 kPa and a relative humidity of 45 to 75%.

Table 2 (note is at the end of the table)

Ur nom. max. r.m.s. max. typ. max. | max. case | catalogue
cap. ripple current leakage tan § ESR | impedance |size | number*
(A) at current at at 10 kHz 050
100 Hz, | 20 kHz, | UR after followed
v uF 85 oC 700C | 5 min (mA) m& m$2 by
10 4700 | 24 46 0,28 0,19 74 40 1 . 4472
6800 | 3,2 6,1 0,41 0,18 51 28 2 . 4682
10000 | 3,8 7,2 0,60 0,24 39 25 3 .4103
15000 | 4.1 7.8 0,90 0,33 35 24 4 . 4153
22000 | 5,0 9,5 1,32 0,37 27 21 5 . 4223
22000 | 4,2 8,0 1,32 0,48 36 25 6 . 4223
33000 | 5,0 g5 1,98 0,58 29 21 7 . 4333
47000 | 6,8 129 2,82 0,58 20 17 8 . 4473
68000 | 9,2 17,5 4,08 0,62 15 14 9 . 4683
16 3300 | 24 46 0,32 0,13 75 42 1 . 5332
4700 | 31 5,9 0,45 0,14 52 30 2 . 5472
6800 | 3,7 7,0 0,65 0,17 40 27 3 . 5682
10000 | 4,1 7,8 0,96 0,22 36 26 4 .5103
15000 | 5,0 9,5 1,44 0,25 28 21 5 . 51583
15000 | 4,2 8,0 1,44 0,33 36 25 6 .5153
22000 ; 50 9,5 2,12 0,38 29 21 7 . 6223
33000 | 6,7 12,7 3,17 0,41 20 17 8 .58333
47000 | 9,1 17,3 4,51 0,42 15 14 9 . 5473
25 2200 | 2,3 4,4 0,33 0,10 78 44 1 . 6222
3300 | 3.1 59 0,49 0,11 53 32 2 . 6332
4700 | 3,7 7,0 0,70 0,12 42 27 3 . 6472
6800 | 4,1 7.8 1,02 0,15 37 26 4 . 6682
10000 | 5,0 95 1,50 0,17 28 21 5 . 6103
10000 | 4,2 8,0 1,50 0,22 36 25 6 .6103
156000 ) 5,0 95 2,25 0,26 29 21 7 .6163
22000 | 6,8 129 3.30 0,27 20 17 8 . 6223
33000 | 9,2 17,5 4,95 0,30 15 14 9 . 6333
40 1500 | 2,0 38 0,36 0,085 102 60 1 . 7152
2200 | 2,7 5,1 0,563 0,087 69 42 2 . 7222
3300 | 33 6,3 0,79 0,10 52 35 3 . 7332
4700 | 3,8 7.2 1,13 0,12 44 32 4 . 7472
6800 | 4,7 8,9 1,64 0,13 33 26 5 . 7682
6800 | 4,1 78 1,64 0,17 41 30 6 . 7682
10000 | 4,9 9,3 2,40 0,19 32 25 7 .7103
15000 | 6,6 12,5 3,60 0,21 23 20 8 . 7153
22000 | 9,0 171 5,28 0,22 17 16 9 . 7223

-
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Aluminium electrolytic capacitors

050 SERIES

Table 2 (continued)

URr nom. max. r.m.s. max. typ. max. | max. case | catalogue
cap. ripple current leakage tan § ESR | impedance | size number*
(A} at current at at 10 kHz 050
100 Hz, | 20 kHz, | UR after followed
v uF 8590C | 70°C | 5 min (mA) m§ m& by
63 1000 1.8 34 0,38 0,064 122 70 1 . 8102
1500 25 4,7 0,57 0,065 83 48 2 . 8152
2200 3,1 59 0,83 0,076 57 39 3 . 8222
3300 3,6 68 1,25 0,094 48 35 4 . 8332
4700 44 83 1,78 0,10 36 27 5 . 8472
4 700 38 7,2 1,78 0,13 45 33 6 . 8472
6 800 4,7 8,9 2,57 0,14 35 27 7 . 8682
10 000 6,2 11,8 3,78 0,15 25 20 8 .8103
15 000 8,5 16,1 5,67 0,16 18 16 9 . 8153
100 470 1,2 23 0,28 0,086 342 300 1 . 9471
< 680 1,7 3,2 0,41 0,087 229 210 2 . 9681
: 1 000 2,2 4,2 0,60 0,092 160 150 3 . 98102
o 1500 2,6 49 0,90 0,10 117 120 4 . 9152
w 2200 32 6,1 1,32 0,11 84 90 5 . 9222
o 2200 3,0 5,7 1,32 0,12 96 110 6 . 9222
5 3300 3,6 6,8 1,98 0,14 70 75 7 . 9332
,‘f 4 700 5,0 9,5 2,82 0,13 49 55 8 . 9472
E 6 800 6,9 13,1 4,08 0,14 34 40 9 . 9682
3
a
(=]
e}
w
>
w
o
* To complete the catalogue number, replace dot by:
1 = solder tag version;
4 = printed-wiring version, case size 6 only;
5 = printed-wiring version, except case size 6;
July 1980 7
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050 SERIES

Capacitance
Nominal capacitance values at 100 Hz and Tymp, = 20 °C
Tolerance on nominal capacitance at 100 Hz

Voltage
Rated voltage = max. permissible voltage

Ripple voltage* = max. permissible a.c. voltage
providing the following
conditions are met:

(a) max. positive voltage on
anode (d.c. + peak a.c.}

(b) max. positive voltage on
cathode (reverse voltage)

Surge voltage = max. permissible volitage for short periods
Reverse voltage = max. d.c. voltage applied in the reverse

polarity at the maximum category temperature for
short periods

Ripple current**

Maximum permissible r.m.s. ripple current
at 100 Hz and Ty = 85 °C
at 20 kHz and Tamp = 70 °C
at 100 Hz and other temperatures
at other frequencies and Tyt = 85 ©C

Table 3
ambient multiplier of
temperature max. ripple
oC current
85 1,00
80 1,22
75 1,41
70 1,58
65 1,73
60 1,87
55 2,00
50 2,12
45 2,24
<40 2,35

see Table 2

—~10 to + 30%

<50 °C 50 to 85 °C
1,1 x UR UR
<1,1xUR <UR

2V
1,25 x UR 1,16 x UR

2V
see Table 2
see Table 2
see Table 3
see Table 4
Table 4
frequency multiplier of
max. ripple
Hz current,/r
50 0,83
100 1,00
200 1,10
400 1,156
1000 1,19
> 2000 1,20

* Ripple voltages are not applicable if the maximum permissible ripple current is exceeded. In that

case the ripple current is decisive.

** Ripple currents are not applicable if the maximum permissible ripple voltage is exceeded. in that

case the ripple voltage is decisive.

.
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Aluminium electrolytic capacitors 050 SERIES

DEVELOPMENT SAMPLE DATA

Non-sinusoidal ripple currents have to be analyzed into a number of sinusoidal currents and the follow-
ing requirements shall then be satisfied:

2

n
L — <lrmax?
n n

Iy max = maximum ripple current at 100 Hz and applicable ambient temperature
[ = ripple current at a certain frequency
Vrn = multiplying factor at same frequency (Table 4).

Charge and discharge current

The capacitors may be charged from a source with negligible resistance and they may be discharged by
short-circuiting. If the capacitors are charged and discharged continuously, the charge and discharge
currents have to be considered as ripple currents flowing through the capacitor. The r.m.s. vailue of
these currents should be determined and the value thus found must not exceed the applicable limit.

Leakage current
Maximum leakage current 5 min after application
of the rated voltage at Tpp), = 20 °C see Table 2 {0,006 CU + 4 pA)
Maximum leakage current 15 min after application
of the rated voltage
at Tamp =20 °C 0,125 x value stated in Table 2
at Tamp =86 °C 0,625 x value stated in Table 2
If owing to prolonged storage and/or storage at an excessive temperature the leakage current is too

high, application of the rated voltage for some hours will cause the leakage current to fall to a value
lower than specified in Table 2.

Tan § (dissipation factor)

Tan § at 100 Hz and T4 = 20 OC,
measured by means of a four-terminal
circuit {Thomson circuit) see Table 2

Impedance

Maximum impedance at 10 kHz and Tamp = 20 ©C,
measured by means of a four-terminal circuit
{Thomson circuit) see Table 2

Equivalent series resistance (ESR)

Maximum ESR at 100 Hz and Ty, = 20 °C see Table 2
Inductance (ESL)
10V, 16 V, 25V and 40 V versions max. 30 nH
63 V and 100 V versions max. 50 nH

v Mullard



050 SERIESJL

OPERATIONAL DATA

Category temperature range —40to +85 °C
Life expectancy
Typical life time
at Tymp =85 °C > 5000 h
atTamp =40 °C > 200 000 h
Guaranteed life time at maximum ripple
current and different temperatures see Table &
Table 5
ambient guaranteed life time (h)
temperature at maximum ripple current
oC
86 2000
80 3100
75 4 800
70 7 500
65 12 000
60 18 000
55 27 000
50 42 000
45 65 000
<40 100 000
Failure rate

Failure rate, catastrophic, at
rated voltage, Tamp = 40 OC and confidence
level 60% <0,5x 10”7

PACKING
The capacitors are packed in boxes containing 100 pieces.

w o s ( Mullard I,



DEVELOPMENT SAMPLE DATA

This information is derived from development samples 052 SERIES
made available for evaluation. It does not necessarily
imply that the device will go into reguiar production.
ALUMINIUM ELECTROLYTIC CAPACITORS
® Large type with solder tags or printed wiring pins
® Long life grade
® High voltage for industrial applications
QUICK REFERENCE DATA
Nominal capacitance range (E6 Series) 47 to 1000 uF
Tolerance on nominal capacitance —10 to +30%
Rated voltage range 250 and 385 V
Category temperature range —~40 to +85 °C
Endurance test at Ug 2000 hours at +85 °C
Basic specification IEC384--4, longlife grade
DIN41240
Dimensional specification DIN41238
Climatic category, [EC68 40/085/56

Selection chart for Crom — UR and relevant case sizes

Ug (V) nominal dimensions (mm}
Chom
KF 250 385 case | versions with versions with
size solder tags printed-wiring pins
47 1
183 1 § 1 ¢$25x 35 $25 x 35
150 2 4 2 925 x 45 $25x 45
220 3 5/6 3 $30 x 45 ¢30 x 45
330 4 7 4 $35x 45 ¢35 45
470 5/6 8 5 ¢35 x 55 ¢35 x 65
6 - ¢40 x 45
1838 ; 7 $40 x 55 $40 x 55
8 $40 x 75 ¢40x 75

(v Mullard W(M e



052 SERIES

APPLICATION
The capacitors have low ESR and ESL values and a high resistance to shock and vibration which renders
them suitable for applications such as:

® switched mode power supplies

® energy storage in pulse systems

o filters in measuring and control apparatus

DESCRIPTION

The resistance to shock and vibration is achieved by a special internal construction.

The capacitors are completely cold welded and charge/discharge proof. The aluminium case is fully
insulated. The solder tag versions have a safety vent in the discs, the printed wiring versions have a safety
vent in the case bottom.

MECHANICAL DATA Dimensions in mm
Capacitors with solder tags

D8825
st (LA Q
} 5 1
Table ta
b approx.
case D L mass
size
— — 9
1 25 35 25
2 25 45 30
3 30 45 40
L 4 35 +0.6 1| 45 +1.3 55
5 35 55 65
7 40 55 85
8 40 75 115
€ )
10+1
f T4 DIN 41497
10+05

tag 1 = positive
tag 5 = negative

May 1980 ( MUI'ard \vv’




Aluminium electrolytic capacitors

052 SERIES

Capacitors with printed-wiring pins

D8826

e
|
|

= gl
3’ ¢
-1 45405
1 D8827
Q@Q
5(-) 3

‘%[@J

4—30”(’)_.

|

4505

tag 1 = positive
tag 5 = negative
Other tags not connected

1
A

1
T
t

1,3 (3x}

_>l :2051 1« 7275143

Piercing diagram viewed
from component side

Table 1b
case size L approx. mass
9
1 35 } +1.3 25
45 ’ 30
i
ot
r
154 0,1 :
) 7
i N
1,3 {4x)
75+ 0,1+[
_>1'|7’5 40,1l 7275142
Piercing diagram viewed
from component side
Table 1¢
case size L approx. mass
g
3 45 + 1.3 40

]

Mullard W( 1980



052 SERIES

1 D8828
41
s @ ))is
2
<_—-35*(1) JR—
L

0 i
3.3 45+05
1 D8829
@l
2 ?]l @] a
—
5(-)
e 40 * ] —
1 —
L

—

tag 1 = positive
tag b = negative
Other tags not
connected

}
15£0,1

T 33 (4x)

-

—=117,6 + 0,11=—7275141

Piercing diagram viewed
from component side

Table 1d
case size L approx. mass
9
5 55 } +1.3 65
025

s

20101

10£0,1—

1,3 (5x}

ot

—117,61 0,1+

—]

2010,1

o 7275140

Piercing diagram viewed
from component side

Table 1e
case size L apprm;. mass
6 45 l 70
7 65 +1.3 85
8 75 J 115

C ( Mullard
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Aluminium electrolytic capacitors 052 SERIES

W VLWV IVILRIVI OMIVIFLLD WA TA

Marking
The capacitors are marked with;

Nominal capacitance

Tolerance on capacitance

Rated voltage

Temperature range

1EC grade

Catalogue number

Date code {year, month) according to IEC62
Name of manufacturer

Indication of production centre
Polarity of the terminals
Dimensional specification DIN41238

The terminals are shown as marked on the dimensional figures.

Mounting

The capacitors may be mounted in any position with or without a mounting clamp. Where a number of
capacitors are connected to form a capacitor bank, the proximity one to another must not be less than
15 mm, whre no derating of ripple current and/or temperature is applied.

If the case has to be at a specified potential, it should be connected to the negative terminal only.

Minimum atmospheric pressure 8.5 kPa

Q

Mullard W(W’y .



052 SERIES

ELECTRICAL DATA

Unless otherwise specified all electrical values apply at an ambient temperature of 20 ©C, a frequency
of 100 Hz, an atmospheric pressure of 86 to 106 kPa and a relative humidity of 45 10 756%.

Table 2 {note is at the end of the table)

UR (nom. max. r.m.s. max. leakage typ. max. max. case | catalogue
cap. ripple current current at tan § ESR | impedance | size number
(A)at 100 Hz | UR after 5 min. at 10 kHz 052
(n (1 (n (1 (1) followed by*
V | uF 850C 70 °C uA mS2 mS
2501 100 | 0.6 0.95 150 0.085 | 1800 1300 1 3101
150 | 0.8 1.3 230 0.08 1100 850 2 .3151
220 | 1.0 1.6 330 0.08 750 550 3 3221
330 | 1.4 2.2 490 0.08 500 400 4 .3331
470 | 1.8 2.8 700 0.08 360 290 5 3471
470 | 1.8 2.8 700 0.095 420 350 6 .3471
680 | 2.3 3.6 1020 0.08 250 190 7 .3681
1000 | 3.0 4.7 1500 0.08 170 140 8 .3102
385 47 | 04 0.65 110 0.065 | 2800 2200 1 .8479
68 | 0.6 0.95 160 0.055 | 1700 1350 2 .8689
100 | 0.8 1.3 230 0.055 | 1100 850 3 .8101
150 | 1.0 1.6 340 0.055 725 525 4 .8151
220 1 1.3 2.1 500 0.055 500 350 5 .8221
220 | 1.3 2.1 500 0.065 600 420 6 .8221
330 | 1.7 2.7 750 0.055 340 230 7 .8331
470 | 2.8 4.5 1060 0.055 240 160 8 .8471
(1) see also corresponding paragraph
*Replace dot in catalogue number (4th digit) by
1 —  for solder lug type
4 — for printed wiring (case size 6 only)
5 — for printed wiring {except case size 6)
6 May 1980 ",
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Aluminium electrolytic capacitors 052 SER'ES

HEVELUIFIVIEINI OAMFLLE UDURAIA

Capacitance

Nominal capacitance values at 100 Hz and Tymp = 20 °C See Table 2
Tolerance on nominal capacitance at 100 Hz —10 to +30%
Voltage
< +50 0C +50 to +85 OC
Rated voltage = maximum permissable voltage 1.1x UR UR

Ripple voltage* = maximum permissable voltage provided
that the following conditions are met:

(a) maximum positive voltage on anode {d.c. + peak a.c.) <1.1x UR UR
{b) maximum positive voltage on cathode {reverse voltage) 2V
Surge voltage
<+509C +50 to +85 °C
Maximum permissable voltage for short periods 1.25 UR 1.15 UR (UR = 250 V)
1.20 UR 1.05 UR (UR =385 V)

Reverse voltage

Maximum d.c. voltage applied in the reverse polarity at the
maximum category temperature for short periods 2V

Ripple current*

Maximum permissible r.m.s. ripple current at 100 Hz
and Tamp = 85 °C See Table 2

Non-sinusoidal currents have to be analyzed into a number of sinusoidal currents and the following
requirements shall then be satisfied:

2
E:n — < I® max.
n

maximum ripple current at 100 Hz and applicable ambient temperature

I, max.

I = ripple current at a certain frequency

L ESR (100 Hz)
VA = multiplying factor at same frequency = —_—
ESR (fp,)

*These ripple currents are not applicable if the maximum permissable ripple voltage is exceeded. In that
case the ripple voltage is decisive.

< Mullard W (M‘” >



052 SERIES

Table 3 Table 4
ambient multiplying factor multiplying factor
temperature of maximum frequency of maximum
{oC) ripple current {Hz) ripple current
85 1.0 50 0.8
80 1.22 100 1.0
75 1.41 200 1.19
70 1.58 400 1.24
65 1.73 1000 1.33
60 1.87 >2000 1.35
55 2.00
50 2.12
45 2.24
<A0 2.35
Charge and discharge current

The capacitors may be charged from a source with negligible resistance and they may be discharged by
short circuiting. If the capacitors are charged and discharged continuously, the charge and discharge
currents have to be considered as ripple currents flowing through the capacitor. The r.m.s. value of
these currents should be determined and the value thus found must not exceed the applicable limits.

Leakage current
Maximum leakage current 5 min. after

application of the rated voltage at T4 p = 20 °C See Table 2 (0.006 CU + 4 nA
Maximum leakage current after 16 min. at Ug

at Tymp = 20 °C 0.125 x value stated in Table 2

at Tymp =85 °C 0.625 x value stated in Table 2

If, owing to prolonged storage and/or storage at an excessive temperature the leakage current is too
high, application of the rated voltage for some hours will cause the leakage current to fall to a value
lower than specified in Table 2.

Tan § (dissipation factor)

Tan & at 100 Hz and Tymp = 20 °C
measured by means of a four-terminal
circuit (Thomson circuit) See Table 2

Impedance

Maximum impedance at 10 kHz and Tymp = 20 °C
measured by means of a four-terminal circuit
{Thomson circuit) See Table 2

Equivalent series resistance
Measured at 100 Hz and Ty, = 20 °C See Table 2

iev 1980 ( Mullard <




Aluminium electrolytic capacitors

052 SERIES

LDEVELUFNVIENIT OAIVIFLED UMATM

OPERATIONAL DATA
Category temperature range
For rated voltage

Life expectancy
Typical life time
at Tamp = 85°C
at Tymp =40 ©C

Guaranteed life time at maximum ripple
current and different temperatures

Table 5
ambient guaranteed life time
temperature | at maximum ripple current
(9C}) (hours}
85 2 000
80 3 100
75 4 800
70 7 500
65 12 000
60 18 000
55 27 000
50 42000
45 65 000
<40 100 000
Failure rate

Failure rate, catastrophic, at rated
voltage, Tamp = 40 OC and confidence
level 60%

PACKING
The capacitors are packed in boxes of 100 pieces

~40 10 +85 °C

>5000 hours
>200 000 hours

See Table 5

<1077
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052 SERIES

MOUNTING ACCESSORIES Dimensions in mm

Clamps

To facilitate vertical mounting, a series of rigid clamps made of cadmium-plated steel are available.
They can easily be slid over the capacitor and then fixed to it with a nut and bolt. They are provided
with two mounting lugs. Four types are available, one for each case diameter of the capacitor range.
They are delivered without nuts or bolts.

t
EED ol
= = i K

For case sizes 1,2,3,7 and 8 For case sizes 4 and 5.
dimensions (mm)
case size catalogue number
a b c d e
1,2 415+0.2 25 35 18.5 56 4322 043 03301
3 46.5 0.2 30 40 21 61 4322 043 03311
4,5 51,6 +0.2 35 - 235 63 4322 043 04272
7.8 56.6 £ 0.2 40 50 26 71 4322 043 03331

10
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071 Series

ALUMINIUM ELECTROLYTIC CAPACITORS
large, high grade, general purpose

For use in power supplies and similar applications in transistorized equipment.

QUICK REFERENCE DATA

Nominal capacitance range 680 to 47 000 uF

Capacitance tolerance —10 to +50%

Rated voltage range (UR) 63t063V

Climatic category (IEC 68) 40/085/56 (1EC 384-4 long life grade).

ELECTROLYTE
Impregnated into high purity grade paper.

CASING

Aluminjum can with longitudinal crimps sealed by a rubber faced plastic disc and insulated by a plastic
sleeve. A rupture vent is incorporated in the disc which will operate if the internal pressure becomes
excessive due to overloading. ‘

TERMINATIONS
Solder tags marked with a square (1) for the positive terminal and a A for the negative terminal.

SPECIAL FEATURES

The longitudinal crimping of the casing holds the core in position, allowing it to withstand severe
vibration and shocks, also to increase the thermal dissipation from the core centre. The capacitors
utilize other forms of advanced technology to achieve relatively small size coupled with high quality
and long life. Typical life is greater than 5000 hours at 85 OC or greater than 80 000 hours at 40 °C.

) Mullard WK o !



071 Series

QUICK SELECTION CHART

D74L95 (846
Capacitance Rated voltage (V)
(WF) 6.3 10 16 25 40 613
680 /l\
1000 is 6
1500 7
2200
3300
4700
6800
10 000 —~
15 000 .
22 000 -
Dimensions
size (mm)
33000 =
5 ®21.6x51.3
47000 - 6 025.6x 51.3
7 025.6x 81.3
8 |- $30.6x 81.3
S ®35.6x 81.3
10 $40.6x 81.3

June 19ﬂ r Mu“ard \vJ




Aluminium electrolytic capacitors

071 Series
—_

MECHANICAL DATA

Dimensions in mm

I ]
| N N N | Insulating
| | sleeve
| |
| )
| |
U U Ul
max | I
1N ]
| !
{ |
] J
! |
{
U uj
|
] (|
] 1
- o) P,
12 0
f _.|/.|<. 07491
Typical
can size L max. D max. S weight
(g}
5 51.3 21.6 13 20
6 51.3 256 13 30
7 81.3 25.6 13 a5
8 81.3 30.6 19 70
9 81.3 35.6 19 100
10 81.3 40.6 19 130

a
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071 Series

ELECTRICAL DATA

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

rated | capaci- | can max. max. max. max. type
voltage | tance | size | leakage permissibie tangent h.f. number
Ur (—10 to current ripple of loss impedance
(notes 1 | +50%) {note 3) current angle (f = 100 kHz)
and 2) {note 4)
{V) {(uF) {mA) {A) (tan 8) (£2)
sooc [70oc] 85
10000 | 6 | 0.38 40 | 3.1 1.8 0.50 0.06 071 13103
15000 | 7 | 057 61 | 48 | 27 0.50 0.05 07113153
63 |22000 | 8 | 0.84 83 | 64 | 37 0.50 0.05 071 13223
33000 | 9 | 1.25 110 | 85 | 49 0.50 0.025 071 13333
47000 |10 | 1.78 142 [110 | 63 0.50 0.025 071 13473
4700 | 5 | 0.28 25 | 1.9 | 11 0.35 0.08 071 14472
6800 | 6 | 0.41 40 | 31 1.8 0.35 0.06 071 14682
10000 | 7 | 0.60 60 | 46 | 27 0.35 0.05 071 14103
10 15000 | 8 | 0.90 82 | 63 | 37 0.35 0.05 071 14153
22000 | 9 | 1.32 106 | 83 | 48 0.35 0.025 071 14223
33000 |10 | 198 134 (104 | 60 0.35 0.025 071 14333
3300 | 5 | 032 24 | 1.9 | 11 0.25 0.08 071 15332
4700 | 6 | 0.45 39 | 30 | 17 0.25 0.06 071 15472
6800 | 7 | 0.655 58 | 45 | 26 0.25 0.05 071 15682
16 10000 | 8 | 0.96 79 | 6.1 35 0.25 0.05 071 15103
15000 | 9 | 1.44 105 | 76 | 47 0.25 0.025 071 15153
22000 (10 | 2.12 13.8 {106 | 6.1 0.25 0.025 071 15223
2200 | 5 | 033 22 | 1.7 | 10 0.20 0.08 071 16222
3300 | 6 | 0.495 37 | 28 | 17 0.20 0.06 071 16332
4700 | 7 | 0.705 54 | 42 | 24 0.20 0.05 071 16472
25 6800 | 8 | 1.02 731 56 | 33 0.20 0.05 071 16682
10000 | 9 | 15 96 | 74 | 43 0.20 0.025 071 16103
15000 |10 | 2.25 126 | 98 | 5.7 0.20 0.025 071 16153
1000 | 5 | 0.24 21| 16 | 10 0.15 0.125 071 17102
2200 | 6 | 053 29 | 22 1.3 0.15 0.1 071 17222
3300 | 7 | 0795 52| 41 | 24 0.15 0.08 071 17332
40 4700 | 8 | 1.13 70| 54 | 31 0.15 0.08 071 17472
6800 | 9 [ 164 91| 71 | a1 0.15 0.04 071 17682
10000 | 10 | 2.4 120 | 87 | 53 0.15 0.04 071 17103
680 | 5 | 0.26 21| 1.4 | 08 0.10 0.125 071 18681
1000 | 6 | 0.38 201 22| 13| 010 0.1 071 18102
1500 | 7 | 057 43| 34 | 20 0.10 0.08 071 18152
83 2200 | 8 | 0835 58 | 45 | 26 0.10 0.08 071 18222
3300 | @ | 125 78| 60 | 35 | 0.10 0.04 071 18332
4700 {10 | 1.78 100 ] 78 | 45 0.10 0.04 071 18472
June 1978 M " d \.’
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071 Series

Aluminium electrolytic capacitors

ELECTRICAL DATA (continued)

Notes

1. Rated voltage is the sum of the direct voltage plus the peék ripple voltage. The peak ripple voltage
relates to the maximum ripple current at 85 ©C. The capacitors may be operated on an alternating
voltage (without a direct voltage present), up to the value shown in the table beiow:

voltage (V)

rated voltage (UR) 6.3 10 16 25 40 63

r.m.s. voltage 0.63 1 1 1 1 1

2. A surge voltage may be applied for a maximum of 1 minute per hour. The rated voltage plus surge
voltage equals the maximum permissible voltage as shown in the table below:

voltage (V)
rated voltage (UR) 6.3 10 16 25 40 63
maximum permissible
voltage at Tamp < 50 °C 8.3 13 20.5 31.8 50.5 79.3
maximum permissible
voltage at Tgmp > 50 OC 75 11.7 18.5 28.6 455 71.3

3. Maximum leakage current is measured at 20 ©C, 5 minutes after the application of the full rated
voltage.
Maximum leakage current during continuous operation at Ug
at 20 OC: approx. .125 x value shown in table.
at 85 OC: < value shown in the table. )
4. Maximum ripple current is measured at 85 0C. At < 65 ©C ambient, the rating may be increased by
a factor of 2.2. :

OPERATIONAL DATA

Equivalent series resistance (ESR = &25)
(73]

This can be calculated from measurements at any frequency and ambient temperature.

Insulation test voltage (d.c.) )
measured between insulating sleeve and both leads 1000 V

Climatic category (IEC Publication 68) 40/085/56 (IEC 384-4 long life grade)
Soldering conditions 250 9C max. for b seconds max.

v} | Mullard dune 1978



071 Series

MOUNTING

The capacitors may be mounted in any position. Suitable mounting clips from the Muliard range (see
data sheet MOUNTING CLIPS) are given in the table below:

can mounting clip
size type number
5 B1 271 21
6 B1 271 22
7 B1 271 22
8 DT2402
9 B1 271 24
10 BT 271 25

MARKING
The capacitors are marked with:

Capacitance and tolerance

Rated voltage

Category temperature range
Maximum permissible ripple current
Type number code

Polarity indication

ORDERING PROCEDURE
The capacitors should be ordered by their type number, as shown in the table.
Example: A 6800 uF, 16 V rated capacitor should be ordered by quoting the type number 071 15682.

Note:

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

e 1978 ( Mullard <




Aluminium electrolytic capacitors 071 Series

D5160
13
Ripple current
multiplying
factor
et
12 =
]
Py

1.1
1

09 2 5 2 5 7 2 S 7 ‘

10 10° 10° 10 fHz2) | 10°

Typical ripple current multiplying factor plotted against frequency

D7508
1.2 v 17265677}

A o5

1.0

0.9

A
63V Y
25V /

08

0.7 |10V

Capacitance multiplying factor

0.6

0.5
~60 -40 -20 0 20 40 60 80 100 120 140

Tams (°C)

Typical capacitance as a function of ambient temperature
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Aluminium electrolytic capacitors 071 Series

5 D5997
Z
(o)
1
7
RAN
N\,
. \\ 1
\& \ I
10!
; 680uF -~ 63V
\
5 ~ ] "
—_—
—
2200 pF - 25V
2
1072
102 2 R M [ L 705 7 fiH2)® T 108
Typical impedance plotted against frequency. Tamb=209C Cansize 5
5 05988
z —
()
1 \‘ 1
7 N 1T T T1T1
S
N
N\
2
\ ~
- \ x
10 T :E
7 1000 pF -63V
s ~
3300pF - 25V —4—-HHH
2
1072
102 2 5 ? 103 2 5 7 10[‘ 2 S 7 105 2 f (HZ) 5 7 105
Typical impedance plotted against frequency. Tamb =20 °C Can size 6
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071 Series

D5999
5 -

y

N N ”
R b
10-1 1
S
7 N
s
5 K 1500 uF = 63V "
Lr’
s L700pF - 25V,
10-1 7 7 2 5 7 2 5 ?
102 2 5 I ° 104 108 f (Hz) 10€
Typical impedance plotted against frequency. Tgmp = 20 °C Can size 7
5 06000
Z
(n)
1
) 1T
TN\
A
, N ,
\N 2200 pF-63V 2200uF/ /
10! L
.4
7 NG 1
SN > 4 T
s NG 6800uF
- 6800 F - 25V S ~
/
2
1072 L
4‘02 2 S 7 103 2 5 7 1014 2 5 7 105 2 § (HZ) 5 ? 105
Typical impedance plotted against frequency. Tamp =20 °C Cansize 8
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Aluminium electrolytic capacitors 071 Series

' D800I
AN
HEN
s AN
, \
N
N\ \\ ’
A N 3300pF-63V
7 N
N
5 »
10 000UF ~25V
] -
2
2
102 2 5 7 403 2 5 7 104 2 S 7 405 2 ¢ (Hz)S 7 106
Typical impedance plotted against frequency. Tymp = 20 °C Can size 9
, D6002a
7
5
AN
2
A
’
! \\ ol
NS
?
5 N
N
N -y 4700pF-63V ms
\\ -
2
15 000pF-25V
3
102 2 5 7 103 2 5 7 104 2 5 7 105 2 f (HZ)S 7 105
Typical impedance plotted against frequency. Tamp =20 OC. Can size 10
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ALUMINIUM
ELECTROLYTIC CAPACITORS
Large, long life, computer grade

106
107
Series

For industrial and professional use where large capacitance values, long life and high
reliability are required. The 106 series is especially suitable for SMPS applications,

where low ESR and ESL values are required.

Capacitance range (E6 Series)
Capacitance tolerance
Rated voltage range

Climatic category (IEC 68) 106 Series
107 Series

QUICK REFERENCE DATA

1500 to 150 000
-10 to +50
6. 3 to 100

40/085/56
25/085/56

IEC 384-4 long life grade

uE
%

ELECTROLYTIC
Impregnated into high purity grade paper tissue.

CASING

Aluminium can sealed by a plastic disc and rubber ring, insulated by a plastic sleeve.

TERMINATIONS

Terminal posts fitted with 5 mm screws and washers.

TYPE NUMBER DESIGNATION

6. 3to 63 V versions
100 V version

APPROVAL

(106 Series) P.O. specification D2543, type No. 4513A

Mullard

NOVEMBER 1979

106 Series
107 Series

106 Series Page 1



SPECIAL FEATURES

Manufactured using the technique of multiple anode and cathode cold welded connections,

resulting in low impedance and inductance values,

In the event of excess internal press-

ure occuring, this will be released by a valve type vent without affecting the normal
The vent will operate when the internal pressure exceeds
the external pressure by approximately one atmosphere (105 Pa). Typical life is greater
than 5000 hours at 85 OC, 80 000 hrs at 40 °C or 15 years at 25 o¢.

operation of the capacitor,

D6949a
Capacitance Maximum d.c. working vottage (V)
(wh) 83 10 16 25 40 63 100
1
1500
2200
3300
4700
6800
10 000
15 000
22000 -
33000
47 000 —
Dimensions
size {mm)
68 000 16
. d n ©36.5 x 83
A 12 @#36.5x115
1 16,
00000 d W | 0%1.5x83
15 251.5 x 115
150 000 ———-(16,—
16 P$66.5x NS

Mullard

106 Series Page 2




ALUMINIUM 106
ELECTROLYTIC CAPACITORS 107
Large, long life, computer grade Series
DIMENSIONS (millimetres)
1.2 ‘1
L 60
_________________ - = L6
J 'y .
J i.l l | X
O ) T Ele-y
oo ||t
Y Lhreud
________________ Lt pt ] S
Insulating sleeve 06307
Table 1
Dimensions in millimetres
Typical
L D S SlazI; weight
C ®
max. max. min. max.
83 36.5 14,9 15.1 8.4 11 105
115 36.5 14.9 15.1 8.4 12 140
83 51.5 21.9 22,1 14,3 14 200
115 51.5 21.9 22,1 14.3 15 280
115 66.5 30.9 31.1 19.0 16 480

The maximum permissible torque which may be applied to the termination screws at
various heights ('X' in the drawing above), is given in the table below: -

Table 2

Dimension 'X' (millimetres)

Max. permissible torque (newton metres) 1.5

Mullard

106 Series Page 3



ELECTRICAL DATA

Unless otherwise stated, all characteristics apply at an ambient temperature of 20 £5°C,
a frequency of 100 Hz, an atmospheric pressure of 105 Pa (1000 mbars) and a relative
humidity of 75% maximum.

Max.
Rated | Capaci- Max. permissible H.F
voltage| tance { Can |leaka ripple tL
(notes 1| (-10 to |size currgft cufx?ent ESR | tan & i?Pezg?:;:e nu’fxrygr
and 2)| +50%) (ote 4) | Tamp=85°C (£=20kHz)
(note 6)
V) #F) (mA) &) (mQ) (m)
typ. | max. | typ. | max.
22000 11 0.9 5 13.0 0. 32 8.5 13.0 | 106 33223
33000) 12 1.3 7.9 8.5|0,32 7.0 10.5 | 106 33333
6.3 | 47000 14 1.8 9.4 6.510.35 5.5 8.0 {106 33473
68 000| 15 2.6 13.2 4,510. 35 4.0 6.0 | 106 33683
150 000} 16 5.7 21.3 2,5|0.45 3.5 5.5 | 106 33154
15000{ 11 0.9 5.3 14.0 0. 23 8.5| 13.0 | 106 34153
22000 12 1.4 7.5 9.5(0. 23 7.0} 10.5 | 106 34223
10 33000| 14 2.0 9.1 7.0]0,25 5.5 8.0 | 106 34333
47000| 15 2.9 12.8 5.0(0.25 4.0 6.0 | 106 34473
100 000| 16 6.0 20,5 2,5]0.27 3.5 5.5 {106 34104
10000| 11 1.0 5.0 16.0 /0. 16 8.5( 13.0 | 106 35103
15000f 12 1.5 7.1 10.5|0.16 7.0 10.5 | 106 35153
16 22000] 14 2.2 8.6 8.0(0.18 5.5 8.0 | 106 35223
33000( 15 3.2 12,4 5.0]0.18 4.0 6.0 | 106 35333
68 000| 16 6.6 19.7 2.50.19 3.5 5.5 | 106 35683
6800| 11 1.1 4,7 18.0 0. 12 8,5 | 13.0 | 106 36682
10000 12 1.5 6.7 12.0 (0,12 7.0 10.5 | 106 36103
25 15000] 14 2.3 8.2 8.5]0.13 5.5 8.0 [ 106 36153
22000{ 15 3.3 11. 6 6.010,13 4.0 6.0 | 106 36223
47000| 16 7.1 18.7 3.0 (0,14 3.5 5.5 | 106 36473
4700| 11 1.2 4.3 21,0(0.10 | 11.5] 17.0 | 106 37472
68001 12 1.7 6.0 14.510.10 8.5| 13.0 | 106 37682
40 10000| 14 2,4 7.4 10.5 0. 10 6.0 9.0 | 106 37103
15000{ 15 3.6 10,6 7.010.10 4.5 7.0 {106 37153
33000} 16 8.0 17.6 3.510.11 3.5 5.5 | 106 37333
22001 11 0.9 3.6 30.010.065) 11,5 17.0 | 106 38222
3300 12 1.3 5.2 20.0 |0,065| 8.5) 13.0 | 106 38332
63 4700] 14 1.8 6.3 14.570.070{ 6.0 9.0 {106 38472
6800| 15 2.6 8.8 10.0 {0,070} 4.5 7.0 | 106 38682
15000 16 5.7 14.8 5.0)0,075] 3.5 5.5 | 106 38153
1500| 11 0.9 3.1 270 [0.40 }200 300 107 30152
2200 12 1,4 4.5 180 0.40 (130 200 107 30222
100 3300| 14 2.0 5.4 120 ]0.40 | 90 140 107 30332
4 700] 15 2.9 7.7 80 0.40 | 60 90 107 30472
10 000} 16 6.0 12.6 40 10.40 | 40 60 107 30103

Mullard
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ALUMINIUM 106
ELECTROLYTIC CAPACITORS 107
Large, long life, computer grade Series

Notes

1. Rated voltage is the sum of the direct voltage plus the peak ripple voltage. The peak
ripple voltage relates to the maximum ripple current at 85 0C,

2. A surge voltage may be applied for a maximum of 1 minute per hour. The rated volt-
age plus surge voltage equals the maximum permissible voltage as shown in the table
below: )

Parameter Voltage (V)
Rated voltage
at Ty p = 85 9C (UR) 6.3 10 16 25 40 63 100
Max, permissible voltage
at T, =400C 6.9 11 17 27 44 69 110

Max. permissible surge’
voltage at Ty 1, > 40 oC 7.20 1.5 18. 4 28.7 46.0 72.4 115

3. A reverse voltage of 1 V max. may be applied at the maximum temperature fora max-
imum of 1 hour,

4, Maximum leakage current is measured at 20°C, 5 minutes after the application of the
full rated voltage.

5. For ripple current ratings at other frequencies, the multiplying factor shown on the
graph (last page) should be applied.

6. The maximum permissible ripple current

at 100 Hz and Ty 1, = 85 °C see table on page 4
Tamb = 80 °C 1.4 X value stated on page 4
Tamb =75 °C 1.7 X value stated on page 4*
Tamb = 65 °C 2.2 X value stated on page 4*

TYPICAL INDUCTANCE

Case size 11 and 12 12 nH

14 and 15 15 nH

16 18 nH
tand

EQUIVALENT SERIES RESISTANCE (ESR) = el

This can be calculated from measurements at any frequency and ambient temperature.

INSULATION TEST VOLTAGE {d.c.)

Measured between insulating sleeve and terminations 1000 V

*With a maximum of 30 A,

Mullard

106 Series Page 5



CLIMATIC CATEGORY (IEC Publication 68)

106 Series 40 /085 /56
107 Series 25 /085 /56
IEC 384-4 long life grade

MOUNTING

The capacitors may be mounted vertically with terminals uppermost, or horizontally with
vent uppermost. When a number of capacitors are connected to form a capacitor bank,
the distance from one capacitor to another must not be less than 15 mm when no derating
of ripple current and /or temperature is applied.

Suitable mounting clips from the Mullard range (see data sheet MOUNTING CLIPS) are
given in the table below: -

Can size Clip type number
11 DT2401
12 DT2401
14 DT2254
15 DT2254
16 DT2400

MARKING

The capacitors are marked with: -
Capacitance and tolerance Maximum permissible ripple current
Rated voltage Type number
Category temperature range

ORDERING PROCEDURE

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

Example: A 33000 uF 10 V rated capacitor should be ordered by quoting the type
number 106 34333.

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.

Mullard

106 Series Page 6




ALUMINIUM
ELECTROLYTIC CAPACITORS
Large, long life, computer grade

103 059500 (72692640
r4
(mQ)
102 \ 6.3 to 25V working
LY -
\
AR AN
AT\
\\
\
VAR
\
N \
10
N\ N case
N\ N N size
A hobs l ]
N
I s
_— P~ —— 1% |
1
-50 0 50 on, 100
Tamb (°C)

106
107

Series
m3 D695ta (7Z69245.1)
4
{mQ)
102 - 40 to 63V working .||
ALY
\
\ A\
\
TN
AN
cagse
10 \\ \\\ \\\ size -]
AY AN N —
A N - 1
N N ~ ]
\\ \\ L =11 _l
Nl 12
o =14
1B
16—
1
-50 0

0 100
Tamb (°C)

Typical impedance as a function of temperature at 20 kHz

Muliard
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103 D6952¢ (71‘925P,L '03 D5953a (7269246.1)
ESR ESR
{mA} tmQ)
102 6.3 to 25V workiny 102 \ \ 40 to 63V working
\ N
A INY N
ase
AN size 1 {
AR l,_
N WY "
\\ N I
case 2
- Y
\ N size
10 BN __ 10 N N %_
A —
AN 1w— =
— 15_|
=S 12] ™ 9 .
N Ll %_] ‘
16 'ﬂ
NN o
.
= 16
! 100 !
=50 0 -50 0 S0 100
Tumb(°c, Tamb(ec)

Typical ESR as a function of temperature at 100 Hz

Mullard
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ALUMINIUM 106

ELECTROLYTIC CAPACITORS 107
Large, long life, computer grade Series
10‘ D6954b (7262285.2)

1= 2200pF 63V
z 2= LT00WF 4OV
{mf}} 1 3= 6800uF 25V
4= 10000pF 16V
2T 5= 15000pF 10V
0 NN 6= 220004F 6.3V
S =
AN
6L N,
RANN
N N
102 ] \\n h
= A
h N N
NYRCH \\\Q
SN
10 =
1
1 10 102 103 10% 10° 10°

f (H2)
Typical impedance plotted against frequency at Tyt = 20 C, can size 11

10A D6955b {7762284.2)
1= 3300pF 63V
z 2= 6800pF 40V
{mn) 3= 10000pF 25V
a8 4 = 15000pF 16V
N 5= 22000pF 10V
103 2 6 = 33000pF 6.3V
1N
N
2
SAANNIN Y
102 AN N
S
AN
AN
N \\ 7
RN
2 NI
10 S
11 10 102 10° 10* 10° 108
£ (Hz)

Typical impedance plotted against frequency at T, .y, = 20 °C, can size 12

Mullard

106 Series Page 9



10" L“""Dﬂw_bnmuul
T=_4700F B3V,
z 2="10 000pF 40V
{ma) 3= 15000pF 25V
4= 22000pF 16V,
1 5= 33 000pF 10V
o N 6 = 47 D00NF 6.3V
2
3
[N
50 )
AN
02 \\\r«
\“ A
AN
AN
N\ NN
NONN
10 NN \\
=
! 10 102 103 0% 08 108
! ! O 2

Typical impedance plotted against frequency at Tamb = 20 OC, can size 14

10‘; DOS57D (7282288.2)
1= 6800pF 63V
z 2= 15000 pF 40V
{mQ) 3 = 22000pyF 25V
L = 33000 pF 16V
5= 47000 pF 10V
10? 1 6 = 68000pF 6.3V
2
3 N
AAY
mZ [N \ \\
S :
AN
N
a
10 \ \\ \\
-
! 2 3 r 3 6
1 10 1 10
0 10 10 £ (Hz) 10

Typical impedance plotted against frequency at T,y = 20 °C, can size 15

Mullard
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ALUMINIUM 106

ELECTROLYTIC CAPACITORS 107
Large, long life, computer grade Series
1DA S— D6956b(7262287.2)

1 = 15 000pF 63V
z 2 = 33 000pF 40V
(mfy) 3 = 47 000pF 25V
4= 68 000pF 186V
5 =100 000uF 10V
103 6 =150 000uF 6.3V
1
‘\
2L 1)
3
2 NN
s < N ‘\ p.
TN NHRS T3 P4
N ~\\‘\ N y
\n \\\\ \~ /
10 D -
= - .
‘ ~
NS .
H
1
2 3 s S 6
1 10 10 10 10 10 £ Hz) 10

Typical impedance plotted against frequency at T, = 20 ©°C, can size 16

Mullard
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1.3 DR {7272168)

6.3V

= 25 V|
// 63V

=
o

o
©

/
pd

v

4

N

Capacitance multplying factor
o
9

/

.5 L
0-60 =40 -20 0 20 40 60 80 100 120 140

Tqmb (OC)

0.6

Typical capacitance as a function of ambient temperature

06960 (7Z8! 2
15 1 T!w"]
case size 1111
k- 7
K-}
> 125 ‘ 1T
‘S case size 16
-3
g 1
3
@
&
[+ 4
0.75
10 102 103 0% f (Hz2) 10°

Ripple current as a function of frequency
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J L 108 Series

ALUMINIUM ELECTROLYTIC CAPACITORS
small, long life, axial leads — insulated

For professional applications in coupling, decoupling and smoothing where long life and high stability
together with small size are required.

QUICK REFERENCE DATA

Capacitance range {E6 Series) 2.2 to 2200 uF

Capacitance tolerance —10 to +50 %

Rated voltage range 6.3t1063V

Climatic category ({IEC 68) 40/085/56 {IEC 384-4 long life grade)

ELECTROLYTE
Impregnated into high purity grade paper.

CASING
Aluminium can sealed by a plastic disc and insulated by a plastic sleeve.

TERMINATIONS

Axial leads of tinned copper wire 0.8 mm diameter.

APPROVAL SPECIFICATIONS
Post Office D254 1 {Provisional)

SPECIAL FEATURES

The capacitors utilise advanced technology and etched aluminium foil combined with welded construction
to achieve high capacitance values, coupled with small size and high stability with long life. Typical life is
greater than 10 000 hours at 85 OC, or greater than 160 000 hours at 40 ©C. Guaranteed life is 5 000
hours at 856 ©C with rated d.c. voltage applied.

\vJ Mu“ard W (January 1980 1



108 Series

QUICK SELECTION CHART 06267 (846)

Capacitance Rated voltage (V)

{ uF)

6.3 10 16 25 40 63

2.2 5
3.3 5
4.7 5 |
6.8 5
35

10

15

22

33

47

68

100

150

220

330

470
680

1000

{ Dimensions
size {mm)

5 @ 85x 22.5
6 $10.5 x 22.5
00 P 10.5 x_32.5
01 613 x 32.5

1500

2200

02 #155x 32.5
03 #18.5 x 32.5

2 January 1980) ( Mullard O




Aluminium electrolytic capacitors

108 Series

MECHANICAL DATA Dimensions in mm
@ D max Insulating sleeve
f_——_ —— @os8
— /L 1] Y — L ‘ 3
7 j rd t
r
T_\.___..______. —2
4 min —rL L max =l'4 32 min
D45580
typical
L max. D max. £ min. can size weight
(g)
22.5 85 32 5 1.8
22.5 10.5 32 6 25
325 10.5 54 00 43
325 13 54 01 6.6
325 155 54 02 8.5
325 18.5 54 03 11.2

Mu“ard W rlanuary 1980 3



108 Series

ELECTRICAL DATA

Unless otherwise stated, all characteristics apply at an ambient temperature of 20 + 5 OC, a frequency
of 100 Hz, an atmospheric pressure of 105 Pa (1000 mbars) and a relative humidity of 75% maximum.

rated capaci- { can max. max. max. max. max. type
voltage | tance size | leakage permissible | tangent h.f. effective number
(see {—10to current ripple of loss impedance series
notes 1 | +50%) (see current angle (f = 100 kHz)| resistance
and 2) note 3} (see note 4)
(V) {uF) (uA) (mA) (tan &) (2) (Q2)
150 5 10 130 0.20 1.60 2.12 108 33151
330 6 17 220 0.20 0.84 0.97 108 33331
470 | 00 22 325 0.20 0.42 0.68 108 33471
6.3 1000 | 01 42 470 0.20 0.30 0.32 108 33102
1500 | 02 60 630 0.20 0.22 0.21 108 33152
2200 { 03 85 920 0.20 0.19 0.14 108 33222
100 5 10 120 0.15 1.60 2.39 108 34101
220 [} 17 205 0.15 0.84 1.09 108 34221
330 | 00 24 325 0.15 0.42 0.72 108 34331
10 680 | 01 45 470 0.15 0.30 0.35 108 34681
1000 | 02 65 630 0.15 0.22 0.24 108 34102
1500 03 95 920 0.15 0.19 0.16 108 34152
68 5 11 110 0.12 1.60 2.81 108 35689
150 6 18 190 0.12 0.84 1.27 108 35151
220 | 00 25 270 0.12 0.42 0.87 108 35221
16 470 | 01 50 360 0.12 0.30 0.41 108 35471
680 | 02 70 500 0.12 0.22 0.28 108 35681
1000 | O3 100 650 0.12 0.19 0.19 108 35102
33 5 8 85 0.10 1.60 4,83 108 36339
47 5 11 100 0.10 1.60 3.39 108 36479
100 6 19 170 0.10 0.84 1.59 108 36101
25 150 | 00 26 270 0.10 0.42 1.06 108 36151
2201 01 37 360 0.10 0.30 0.72 108 36221
470 | 02 75 500 0.10 0.22 0.34 108 36471
680 | 03 106 650 0.10 0.19 0.23 108 36681
15 5 6 65 0.08 1.60 8.49 108 37159
22 5 9 80 0.08 1.60 56.79 108 37229
33 6 12 110 0.08 0.84 3.86 108 37339
47 6 15 130 0.08 0.84 2.71 108 37479
40 68 { 00 20 195 0.08 0.42 1.87 108 37689
100 | O1 28 245 0.08 0.30 1.27 108 37101
150 | O1 40 280 0.08 0.30 0.85 108 37151
220 | 02 56 360 0.08 0.22 0.58 108 37221
330 | 03 85 495 0.08 0.19 0.39 108 37331
o
O

4 January 1980 ( Mu‘lard




Aluminium electrolytic capacitors 108 Series

ELECTRICAL DATA {(continued)

rated | capaci- | can | max. max. max. max. max. type
voltage | tance | size |leakage | permissible tangent h.f. effective number
(see (—10to current ripple of ioss impedance series
notes1 | +50%) (see current angle (f= 100 kHz) | resistance
and 2} note 3) | (see note 4)
(v) (uF) (uA) (mA) (tan 3) (2) ()
2.2 5 1.5 25 0.08 1.60 57.90 108 38228
3.3 5 2 30 0.08 1.60 38.60 108 38338
4.7 5 3 35 0.08 1.60 27.10 108 38478
6.8 5 4 45 0.08 1.60 18.73 108 38688
10 5 6 50 0.08 1.60 12.74 108 38109
15 6 10 75 0.08 0.84 8.49 108 38159
63 22 6 | 12 90 0.08 0.84 579 | 10838229
33 00 | 17 125 0.08 0.42 3.86 108 38339
47 00 22 150 0.08 0.42 2.71 108 38479
68 01 | 30 195 0.08 0.30 1.87 108 38689
100 02 42 275 0.08 0.22 1.27 108 38101
150 03 | 60 355 0.08 0.19 0.85 108 38151

Notes

1. Rated voltage is the sum of the direct voltage plus the peak ripple voltage. The peak ripple voltage
relates to the maximum ripple current at 85 ©C. The capacitors may be operated on an alternating
voltage {without a direct voltage present), up to the value shown in the table below:

voltage (V)
rated voltage (UR) 6.3 10 16 25 40 63
r.m.s. voitage 0.63 1 1 1 1 1

2. A surge voltage may be applied for a maximum of 1 minute per hour. The rated voltage plus surge
voitage equals the maximum permissible voltage as shown in the table below:

voltage (V)
rated voltage (UR) 6.3 10 16 25 40 63
maximum permissible 79 12.7 202 31.7 506 | 79.8

voltage at Tgmp <50 °C

maximum permissible
voltage at 'Ir'Jamb >50°C 7.2 11.5 18.4 28.8- 46 72.6

(
< Mullard sanuary 1980




108 Series

Notes (continued)

3. Maximum leakage current is measured at 20 ©C, 5 minutes after the application of the full rated
voltage; during continuous operation at 20 OC the typical leakage current will be approximately 20%
of the value given in the table.

4, Maximum ripple current is measured at 85 ©C. At < 65 °C ambient, the rating may be increased by
a factor of 2.2, at 75 ©C ambient the rating may be increased by a factor of 1.7.

OPERATIONAL DATA

tan &
Equivalent series resistance (ESR = Ercl:— }

This can be calaculated from measurements at any frequency and ambient temperature.

insulation test voltage (d.c.}

measured between insulating sleeve and both leads 1000 V
Climatic category {IEC Publication 68) 40/085/56 (IEC384-4 long life grade).
Soldering conditions 250 ©C max. for 5 seconds max.
MOUNTING

The capacitors may be mounted in any position.

MARKING
The capacitors are marked with:

Capacitance

Rated voltage

Date code

Series number (108)
Polarity indication

ORDERING PROCEDURE
The capacitors should be ordered by their type number, as shown in the table.
Example: A 680 uF, 16 V rated capacitor should be ordered by quoting the type number 108 35681.

Note:

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

anuary 1960 Mullard v




J L 108 Series

Aluminium electrolytic capacitors
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108 Series
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108 Series
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Aluminium electrolytic capacitors
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115 SERIES

ALUMINIUM ELECTROLYTIC CAPACITORS

® Large type with screw terminals
® High voltage

® Long life

® industrial applications

QUICK REFERENCE DATA

Nominal capacitance range {E6 series) 150 to 4700 uF
Tolerance on nominal capacitance —10 to +30%

Rated voltage range, UR 250 to 385 V

Category temperature range —40 to +85 OC
Endurance test at 85 0C 2000 h

Basic specification |EC 384—4 long life grade
Climatic category, |[EC68 40/085/56
APPLICATION

These capacitors have extremely low impedance and inductance values and high resistance to shock
and vibration which render them very suitable for applications such as:

switched-mode power supplies,

power supplies in digital equipment,

energy storage in pulse systems,

filters in measuring and control apparatus

DESCRIPTION

The low values of impedance and inductance are achieved by a special construction with multiple internal
anode and cathode connections. The high resistance to shock and vibration is achieved by the longitudinal
rills and special internal construction. The capacitors are completely cold-welded and charge/discharge
proof. The aluminium cases are fully insulated and sealed by a synthetic disc with a vent. The capacitors
are delivered with screws and washers.

c Ur (V) case size | nom. dimensions {(mm)
nom
(uF} 250 385 10 ¢ 35x 60
1 ¢ 35x 80
Joos o 12a ¢ 35 x 105
330 10 12a 14 ¢ 50 x 80
15a ¢ 50 x 105
470 11 14
16a ¢ 65 x 105
680 12a 15a 17 # 75 x 105
1000 14 16a
1500 1ba 16a
2200 16a 17
3300 16a
4700 17

a

Mullard July 1980



115 SERIES

MECHANICAL DATA Dimensions in mm

———

(7283284}
MB80-1065/1

Fig.1 See Table 1 for dimensions D, L, P, A, dy, dg, and I.

{1) Maximum permissible torque which may be applied to the termination screws at various heights
{dimension x in drawing):

X max. permissible torque (Nm)
2 1.5
4 1.0
6 0.5
Table 1
case size D+15 L+3 P+0.1 dq £0.2 dgp x
10 35 60 13.0 8 M8 x 12
1 35 80 13.0 8 M8 x 12
12a 35 105 13.0 8 M8 x 12
14 50 80 22.0 8 M12 x 16
15a 50 105 22.0 8 M12 x 16
16a 65 105 285 11 M12x 16
17 75 105 32.0 1" M12 x 16
Marking

The capacitors are marked with: rated capacitance, tolerance on rated capacitance, rated voltage,
temperature range and 1EC type, maximum r.m.s. ripple current at Tamp, = 70 °C and 20 kHz,
catalogue number, date code {year/month), name of manufacturer.

e
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Aluminium electrolytic capacitors

115 SERIES

Mounting

The capacitor may be mounted upright or lying down, with or without mounting clamp. To ensure
good working of the vent, this device should be on the upper side when the capacitor is mounted lying
down. When a number of capacitors are connected to form a capacitor bank, the proximity to one
another must not be less than 15 mm when no derating of ripple current and/or temperature is applied.

(See also Mounting accessories)

Minimum atmospheric pressure: 8.5 kPa

ELECTRICAL DATA

Unless otherwise specified, all electrical values in Table 2 apply at an ambient temperature of 200C, a
frequency of 100 Hz, an atmospheric pressure of 860 to 1060 mbar, and a relative humidity of 45 to 75%.

Capacitance
Nominal capacitance values at 100 Hz and Tayp = 20 ©°C
Tolerance on nominal capacitance at 100 Hz

Voltage

Rated voltage = max. permissible voltage
at <50 °C
at 50°Cupto85°C

Ripple voltage

Maximum permissible a.c. voltage providing
the following three conditions are met:

a) maximum positive voltage on anode (d.c. + peak a.c.) is:
b) maximum positive voltage on cathode (reverse voltage) is:

¢) maximum ripple current is not exceeded

Surge voltage

Maximum permissible voltage for short periods {see also
Tests and requirements)

Reverse voltage

Maximum d.c. voltage applied in the reverse polarity

at the maximum category temperature for short periods
Ripple current

Maximum permissible r.m.s. ripple current
at 100 Hz and Tamb = 85 °C
at 20 kHz and Tymp = 70 °C

Multiplying factor versus frequency and versus
temperature for calculation of maximum ripple current

see Table 2
—10 to +30%

1.1UR
Ugr

<50° | 50 ©C up to 85 °C

1.1ug | UR
1V

<50°C | 50 OC up to 85 °C

1.2Ug | 1.15UR (UR<250V)
1.05 U (UR =375 V)

2V
see Table 2
see Table 2

see Tables 3 and 4

\:’ Mullard w Fuly 1980 3



115 SERIES

Ripple current (continued)

Non-sinusoidal ripple currents have to be analysed into a number of sinusoidal currents and the following
requirements shall then be satisfied:

ln2 ’
E — <y max’
n

n

Ip max = maximum ripple current at 100 Hz and applicable ambient temperature

In ripple current at a certain frequency

Vrn

multiplying factor at same frequency

Note

The ripple currents are not applicable if the maximum permissible ripple voltage is exceeded. In that
case the ripple voltage is decisive.

Table 2
1) h ) b
Ug | nom. max. r.m.s. max. leskage | ESR at | Tan 8] case | catalogue
cap. ripple current (A) current at 100 Hz | max. | size | number UR
Tamb =85 °C Tamb= 70 °C UR typ. 115 —
100 Hz 20 kHz after 5 min.
A\ uF mA mS2
250 | 330 1.2 2,9 . 0.50 480 | 0.15 | 10 13331
470 1.7 4.1 0.71 340 | 015+ N 13471
680 23 5.5 1.02 235 | 0.15 | 12a 13681
1000 2.8 6.7 1.50 160 | 0.15 | 14 13102
1500 4.2 10.1 2.25 105 [ 0.15 | 156a 131562
2200 5.9 14.2 3.30 72 { 0.15 | 16a 13222
3300 7.2 17.3 4.95 48 | 0.15 | 16a 13332
4700 9.4 22.6 7.05 34 | 015 | 17 13472
385 | 150 0.8 1.9 0.34 560 [ 0.10 | 10 18151
220 1.1 2.6 0.50 400 | 0.10 | 11 18221
330 1.5 3.6 0.75 260 | 0.10 | 12a 18331
470 1.8 4.3 1.06 180 [ 0.10 | 14 18471
680 2.7 6.6 1.53 120 | 0.10 | 15a 18681
1000 3.9 9.2 2.25 82 | 0.10 16a 18102
1500 4.7 11.3 3.38 56 | 0.10 | 16a 18162
2200 6.0 14.4 4.95 40 | 010 | 17 18222

1) See also corresponding paragraph

July 1980
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Aluminium electrolytic capacitors 15 SER'ES

Table 3 Table 4
ambient multiplying factor of frequency multiplier at
temperature | max. ripple current versus Hz maximum | versus
oC temperature frequency

85 1.0 50 0.90
80 1.4 100 1.00
75 1.7 200 1.10
70 2.0 400 1.156
65 2.2 1000 1.19
60 2.4 > 2000 1.20
55 2.6
50 2.8
45 3.0

<40 3.2

Charge and discharge current

The capacitors may be charged from a source without internal resistance and they may be discharged
by short-circuiting. If the capacitors are charged and discharged continuously at a rate of several times
per minute, the charge and discharge currents have to be considered as ripple currents flowing through
the capacitor. The r.m.s. value of these currents should be determined and the value thus found must
not exceed the applicable limit. (See also Tests and requirements).

Leakage current
Maximum leakage current 5 min. after application of

the rated voltage at Tamp = 20 °C see Table 2 (0.006 CU + 4 pA)
Leakage current after 15 min at Ug at 20 °C 0.125 x value stated in Table 2
85°CC 0.625 x value stated in Table 2

If owing to prolonged storage and/or storage at an excessive temperature the leakage current is too high,
application of the rated voltage for some hours will cause the leakage current to fall to a value lower
than specified in Table 2.
Tan § (dissipation factor)
Tan & at 100 Hz, and Tamp = 20 °C, measured
by means of a four-terminal circuit {Thomson circuit) see Table 2
Impedance
Impedance at 20 kHz and Tamp = 20 C measured by
means of a four-terminal circuit {Thomson circuit) see Table 2

Equivalent series resistance (ESR) at 100 Hz and Ty =20 °C  see Table 2

inductance (ESL)

case size | typical inductance
10,11,12a 13 nH
14,15a 16 nH
16a 19 nH
17 20 nH

«
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115 SERIES

s

OPERATIONAL DATA
Category temperature range for rated voltage

Life expectancy
Typical lifetime at Ty = 86 °C
40 °C

For minimum values

Failure rate

at rated voltage, Tamp = 40 °C and with confidence level 60%

catastrophic
catastrophic + degradation

PACKING

50 pieces per box (case size 10, 11, 12a, 14, 15a)
25 pieces per box (case size 16a, 17)

—40 to +85 °C

>5000 h
> 100000 h

see Table 5

<107
<3x107

Table 5
ambient temperature guaranteed lifetime
oC hours
85 2000
80 3100
75 4800
70 7500
65 12 000
60 18 000
55 27 000
50 42 000
45 65 000
40 100 000

Tests and requirements

The tests and requirements will be according to |1EC 384-4 for long life grade capacitors.

July 1980 ( Mullard
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Aluminium electrolytic capacitors 115 SER'ES

MOUNTING ACCESSORIES Dimensions in mm

Clamps

To facilitate vertical mounting, a series of rigid clamps made of cadmium-plated steel are available.
They can easily be slid over the capacitor and then fixed to it with a nut and bolt. They are provided
with two or three mounting lugs. Four types are available, one for each case diameter of the capacitor
range. They are delivered without nuts or bolts.

25.4 L — $38min
max ) ©
|
1 e
max

: 2 slots @ 3.8 min
X © min long

g— 13
max

Material :- 0.9mm {20 s.w.g)mild stee
cadmium plated

Fig.2 Clamp for case diameter of 35 mm
Type No. DT2401

] Mullard ]f ’



115 SERIES l L

MOUNTING ACCESSORIES (continued)

!

® 4.8 min
28.6 [ ct/
max

X —»| 12—

max

655
max

.

-2 slots $ 4.8min
T - - X 6 min long

: 9.9
79.3 6|5 SI.S 10.4 max ‘—A\i ’/m;:(
iR 2
\ Y 1-2_4;50/

Material-1.2 mm (18 sw.g) mild steel
cadmium plated

Fig.3 Clamp for case diameter of 50 mm
Type No. DT2254

26.2 04/0)1..8 min
max
——'lZL—
max
le—— 79 max ——

2 slots @ 4.8 min
x 6 min long

Material:- 1.2mm (18 s.w.g.)mild steel
cadmium plated

Fig.4 Clamp for case diameter of 65 mm
Type No. DT2400

v 1980 ( Mullard




Aluminium electrolytic capacitors J 15 SER'ES
I | ,
6+0,2
¥ 1102,5 4_-9
61 S . '
¥ r L ="
60°//’l'
— = - !,
e o B thd,z
105 9> ; . '
s N
P55 W\
Nt ‘ BN
™~ ) \
>
~ ™~
\\ \ 7 k .. y
e | Ve
//\\/(’ \Z\i 12,5
N X - max
\\\\\ I /"/ -
T I, — -
7Y ———
9805
110t1 728324?

Fig.6 Clamp for case diameter of 75 mm
Catalogue number: 4322 043 12990
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121 Series

SOLID ALUMINIUM ELECTROLYTIC CAPACITORS
Small, long life, axial leads-insulated

QUICK REFERENCE DATA

For use in low voltage circuits, in professional and military applications,
where long life and high stability over a wide temperature range are of
major importance.

Capacitance range (E6 Series) 2.2 to 330 uF
Capacitance tolerance +20 %
Rated voltage range (R5 Series) 6. 3 to 40 v

Climatic category (IEC 68)
at rated voltage (Ug) 55/125/56

ELECTROLYTE

Semiconducting manganese dioxide on a glass fibre carrier.

CASING

Aluminium can, sealed by a ceramic disc and insulated with a plastic sleeve.

TERMINATIONS

Axial leads of tinned copper wire 0. 8 mm diameter.

SPECIAL FEATURES

These capacitors utilise advanced technology to achieve long life, high stability,

high ripple current rating and a low temperature dependence. The capacitors are
not subject to a limitation on charge or discharge currents and they will function
in circuits where voltage reversal may occur.

€ Products approved to NEN CECC 30 302-001, available on request.

< Mullard 1(““
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121 Series

QUICK SELECTION CHART

. Rated voltage (V)
Capacitance i
{pF) 6.3 10 16 25 40
|
2.2
4.7
10
15
22
33
47
68
100
150 Dimensions
{mm)
$6.6 x 17.5
220
@6.6 x 26
?8.3 x 24
330
$10.4 x 24
$10.4 x 32
@12.9.x 32

October 1980
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Solid aluminium electrolytic capacitors

121 Series

DIMENSIONS (millimetres)

32 min

J‘— L max

@0  Insulating sleeve

32min ————

\msaz

*It is recommended not to bend leads closer to the capacitor body than Imm

L max. D max. Can size Typical weight P
g
17.5 6.6 1 1.2
24 6.6 2 1.6
24 8.3 3 2.4
24 10. 4 4 3.3
32 10.4 5 4.5
32 12.9 6 6.3

Mullard

October 1980



121 Series

—> ELECTRICAL DATA

Unless otherwise stated, all characteristics apply at an ambient temperature of 20 +5°C,
a frequency of 100Hz, an atmospheric pressure of 105Pa (1000 mbars) and a relative
humidity of 75% maximum.

Max.
Rated Max. |permissible] Max. Max.
voltage C;ZI::(: "} Can |leakage| ripple tangent gﬁ h.f. Type
(note 1, (£20%) size | current | current at |of loss (note 6) impedance number
2 and 3) b (note 4)| 85t0 125°C | angle (f = 100kHz)
(note 5)
(W WF) ®A) (mA) (tan &) @ ()]
22 1 12,5 45 0.18 6. 51 2,5 121 13229
47 2 25 75 0.18 3.05 1,25 121 13479
6.3 68 3 40 102 0.18 2,34 0.75 121 13689
: 150 4 70 170 0.18 0.95 0.5 121 13151
220 5 125 240 0.18 0. 80 0.4 121 13221
830 6 150 335 0.18 0.53 0.4 121 13331
15 1 15 40 0.16 7.43 2,5 121 14159
33 2 30 67 0,16 3. 86 1.25 121 14339
10 47 3 50 87 0. 16 2.71 0.75 121 14479
100 4 80 145 0.16 1.59 0.5 12] 14101
150 5 150 215 0.16 1.17 0.4 121 14151
220 6 200 287 0.16 0.58 0.4 121 14221
10 1 20 35 0.14 9.55 2.5 121 15109
15 2 40 47 0.14 5.31 1.25 121 15159
16 33 3 75 97 0.14 2,89 0.75 121 15339
47 4 100 107 0.14 1. 69 0.5 121 15479
68 5 175 150 0.14 1,64 0.4 121 15689
100 6 250 205 0.14 0.95 0.4 121 15101
4.7 1 20 22 0. 14 16.93 5 121 16478
10 2 40 40 0.14 11,14 2,5 121 16109
25 22 3 75 70 0.14 5.06 15 121 16229
33 4 100 90 0.14 3.86 1 121 16339
47 5 175 127 0.14 2,56 0.8 121 16479
68 6 250 170 0.14 1.87 0.5 121 16689
2,2 1 20 20 0.12 28.94 5 121 17228
4,7 2 40 32 0.12 16.93 2.5 121 17478
40 10 3 75 52 0.12 9.55 1.5 121 17109
22 4 100 87 0.12 6.51 1 121 17229
33 5 175 122 0.12 4. 34 0.8 121 17339
47 6 250 162 0,12 2,37 0.5 121 17479
4 October 1980 ",
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Solid-aluminium electrolytic capacitors J L 121 Series

NOTES

1. Rated voltage is the sum of the direct voltage plus the peak ripple voltage. The
peak ripple voltage relates to the maximum ripple current at 859C. For tempera-
tures above 85°C, a voltage derating of one step must be applied as shown in the

table below: -
Voltage (V)
Rated voltage atT < 85°C 6.3 10 16 25 40
U.) amb 5
R atT >85C 4 6.3 10 16 25
amb .

2, A surge voltage may be applied for a maximum of 1 minute per hour. The rated
voltage plus surge voltage equals the maximum permissible voltage as shown in
the table below: -

Voltage (V)
)
Rated voltage (UR)at Tamb <85°C 6.3 10 16 25 40
Maximum permissible 7.3 11.5 18.5 29 46

< 859
voltage at T'amb < 85°C

Maximum permlssible

>
voltage at Tamb 85°C

5.6 7.5 11.5 18,5 29

3. The maximum permissible reverse voltage without d. c. voltage present is shown
in the table below: -

Voltage (V)
! 0
Rated voltage (UR) at Tamb <8C | 6.3 10 16 25 40
Reverse voltage at T. . < 85°C 0.951 1.5 2.5 | 3.75| 6
-amb
Reverse voltage at Tamb > 85°C. 0.6 0.95 1.5 2.5 3.75

4, Maximum leakage current is measured at 20°C, 5 minutes after the application
of the full rated vqltage- at 25°C the typical leakage current will be approximately
40% of the value given in the table.

5. Rated ripple current at >85° C is dependent on the ripple voltage, frequency and
dissipation of heat. At < 70°C ambient, the rating may be increased by a factor

of two., At frequencies , other than 100Hz, see graph on last page. <
6. Equivalent series resistance (ESR) = %‘—s . This can be calculated from meas-

urements at any frequency and ambient temperature.

a
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121 Series

Minimum insulation resistance
ymeasured between insulating sleeve and
both leads at an applied voltage of 100V 100 MQ

Insulation test voltage (d.c.)
measured between insulating

sleeve and both leads 1000 \Y
Minimum storage temperature -80 0C
Climatic category (IEC Publication 68)

full rated voltage (UR) 55/085/56

0. 63UR 55/125/56
SOLDERING CONDITIONS 250°C max. for S seconds max.
MOUNTING

The capacitors may be mounted in any position.

MARKING
The capacitors are marked with: -
Capacitance
Rated voltage and maximum temperature
Derated voltage and maximum temperature
Type number

Polarity indication

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

Example: - A 33uF, 16V rated capacitor should be ordered by quoting the type
number 121 15339.

October 1980
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Solid aluminium electrolytic capacitors 121 Series
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121 Series

Solid aluminium electrolytic capacitors
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121 Series
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\ L 121 Series

Solid aluminium electrolytic capacitors
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121 Series
10° — 032160
= 1=22uF. LOV. can sizel
Z,ls\ 2-470F 4OV, can sive?
Y4 3=10uF, 4OV, can size3
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S=47uF. 6.3V. can size 2
N,\ 6=68pF. 63V. can size 3
10?
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2 D3219¢
10 N 7=22uF, L0V, can size 4
=~ 8=33uF, 40V, can sizeS
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Solid aluminium electrolytic capacitors 121 Series
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J ‘ 122 SERIES

SOLD ALUMINIUM CAPACITORS [ —)

® Miniature type

¢ Single ended

o Resin dipped

® Long iife

® General and industrial applications

QUICK REFERENCE DATA

Nominal capacitance range (E6 series)
Tolerance on nominal capacitance

Rated voltage range, UR (RS series)
Category temperature range
Endurance test

at 85 °C

at 125 oC
Basic specification
Climatic category, |EC 68

0,1 to 68 uF

—20 to + 40%

(£ 20% on request)
63tod0V

—55 to + 125 °C

5000 h

2000 h

1EC 3844, long-life grade
56/125/56

Selection chart for Chgm —UR and relevant case sizes.

Chom Ug (V}

[
b 63| 10 | 16 | 25

&

0,1

0,15

0,22

0,33

047

FNY A [N (] Y S Y N

BN N = =i

case maximum

size | dimensions {mm}

B[N [N) = |=a

125x8x3,5

HB(WINN| ==

125x8x45

125x8x5

8
& IBWININ =

HWN =

125x8x6

* Up to 85 9C, from 85 to 1256 OC this value is 25 V.
Products approved to NEN CECC 30 302-002, available on request.

v}
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122 SERIES

APPLICATION

Especially for filtering, smoothing, coupling and decoupling purposes in general and industrial appli-
cations. These capacitors utilize advanced technology to achieve long life, high reliability, high stability
and low temperature dependence.

The capacitors have a very low and stable leakage current, small dimensions and a fixed pitch of 5 mm.

DESCRIPTION

This capacitor is of a construction with a-highly etched aluminium plate anode, aluminium oxide as a
dielectric and a solid cathode. The capacitor is coated with an orange synthetic resin. The terminal
wires are brought out on one sidg.

MECHANICAL DATA Dimensions in mm

+03 printed-

,/ : -07 wiring
/ board
Losaand -
51‘0,2*/ 2 —.l I<—¢°,5+g.02
T286430.6

Fig.1 See Table 1 for dimensions T and W.

2 September 1980 ( Mu“ard \3




Solid aluminium capacitors 122 SER'ES

Table 1
case
size Trmax Wmax
1 35 8
2 45 8
3 5 8
4 6 8

Note: A kink in the cathode wire avoids solder wetting problems of the lacquer dipped leads. The
lacquer is so applied that it cannot pass beyond the centre of the kink, thus ensuring a clean surface of
the part of the lead in the printed-wiring board hole. {Also suitable for use in plated-through holes.)
Marking

Stamped on the capacitor are: nominal capacitance. rated voltage, "+ signs to identify the anode
terminal

Mounting
When bending, cutting or straightening the leads, ensure that the capacitor body is relieved of stress.

ORDERING PROCEDURE

The capacitors should be ordered by their type number as shown in table 2.
Example: A 3.3 uF, 25 V rated capacitor should be ordered by quoting the number 122 56338

\:" Mu“ard September 1980 3



122 SERIES

ELECTRICAL DATA

Unless otherwise specified all electrical values in Table 2 apply at an ambient temperature of 20 to
25 OC, a frequency of 100 Hz, an atmospheric pressure of 930 to 1060 mbar and a relative humidity

of 45 to 75%.
Table 2
nom. max r.m.s. max leakage max case
Ugr |cap. at1 l::-?zlfr::,rt:e:t% oc c:;':i.?t!‘aar;?iR tan 3 * | size | catalogue number
v uF mA * ub*
63 |10 60 3 0,15 1 122 53109
15 70 5 0,15 2 53159
22 90 7 g,15 2 53229
33 110 1 0,15 3 53339
47 140 15 0,15 4 53479
68 180 22 0,15 4 53689
10 4,7 40 3 0,15 1 54478
6,8 50 4 0,15 1 54688
10 60 5 0,15 2 54109
15 75 8 0,15 2 54159
22 95 1 0,15 3 54229
33 125 17 0,15 4 54339
16 2,2 35 2 0,10 1 55228
3.3 40 3 0,10 1 55338
4,7 50 4 0,10 2 55478
6,8 60 6 0,10 2 55688
10 80 8 0,10 3 55109
15 100 12 0,10 4 55159
25 0,68 20 2 0,10 1 56687
1,0 25 2 0,10 1 56108
1.5 30 2 0,10 1 56158
2,2 35 3 0,10 2 56228
33 45 4 0,10 2 56338
4,7 55 6 0,10 3 56478
6.8 70 9 0,10 4 56638
40** | 0,1 7.5 2 0,10 1 57107
0,15 10 2 0,10 1 57167
0,22 12,5 2 0,10 1 57227
0,33 15 2 0,10 1 57337
0,47 175 2 0,10 2 57477
0,68 20 2 0,10 2 57687
1.0 25 2 0,10 3 57108
15 30 3 0,10 4 57158

* See also corresponding paragraph.
** Up to 85 OC; from 85 to 125 OC this value is 25 V.

4 September 1980 ( Mu"ard U



Solid aluminium capacitors l L 122 SERIES

Capacitance
Nominal capacitance values at 100 Hz and Tamp = 26 °C see Table 2
Tolerance on nominal capacitance at 100 Hz —20 to +40%; + 20% on request

1,2 . 72659561

11 ="

10

09 S

08

07

multiplier of capacitance C/Co

06

0'§50 -40 -20 0 200 40 60 80 100 120 140

Tamb {°c

Fig.2 Typical capacitance as a function of temperature; Co = capacitance at 25 ©C, 100 Hz.

Voltage
Rated voltage = max permissible voltage
at<8509C see Table 2, UR
Derated voltage = max permissible voltage
at > 85 OC up to +125 °C 0,63 x UR for 40 V version,
UR for other versions
Surge voltage = max permissible voltage for short periods

(see also Tests and requirements) 1,16 x UR
Ripple voltage * = max permissible a.c. voltage
providing the following
conditions are met:
a) if a.c. + d.c. voltage is applied:
® max (d.c. + peak a.c.) voitage <u

R
©® maxpeak a.c voltage < applied d.c. voltage +0,3 U
b} if only a.c. voltage is applied:
©® max peak a.c. voitage <0.8Ug

Reverse voltage =max d.c. voltage applied in the reverse
polarity at the maximum category
temperature for short periods (see also
Tests and requirements) 0,30 x UR

* Ripple voltages are not applicable if the maximum permissible ripple current is exceeded. In that case
the ripple current is decisive.

\:J Mullard w (September 1980



122 SERIES

Ripple current *

The maximum permissible r.m.s. ripple current at 1 kHz and 85 OC (I} is given in Table 2. The values
in this table are based upon the maximum permissible heat dissipation, which is the dominating limiting
factor at frequencies above 1 kHz. From 1 kHz onwards the maximum permissible ripple current can be
found from the formula: Iy max = @ lrg: @ i given in Fig.3. In this graph the curves below 1 kHz are
omitted, because at these frequencies the ripple voltage (see under Voltage) is the dominating limiting
factor. For frequencies below 1 kHz I max can be calculated from the formula:

Iy max = %7/2.1073 (UR + 0,3 URL.L.C mA,

in which: UR is rated voltage in V, f is frequency in Hz, C is minimum capacitance (0,8 Crom) in uF.

7265961.2

3 e
e
H
25 £70°CH —
ot
o« 175 °C L
2 -
- B0°C
15 / = ol R
1 >
— 85°C T 1+
/
-
1
0,5
0
102 103 104 10° f(Hz) 108

Fig.3 Multiplying factor « as a function of frequency.

Charge and discharge current

The capacitors may be charged from a source without internal resistance and they may be discharged
by short-circuiting. If the capacitors are charged and discharged continuously at a rate of several times
per minute, the charge and discharge currents have to be considered as ripple currents flowing through
the capacitor. The r.m.s. value of these currents should be determined and the value thus found must
not exceed the applicable fimit.

* Ripple currents are not applicable if the maximum permissible ripple voitage is exceeded. In that

case the ripple voltage is decisive.

——

6 September 1980 ( Mu“ard C’




Solid aluminium capacitors

122 SERIES

Leakage current

Maximum leakage current 5 min. after application
of the rated voltage, at Tamp = 25 °C

Leakage current during continuous operation at Ug
at259C
at8590C

see Table 2 (0,05 CU or 2 pA
whichever is greater)

approx. 0,02 x value stated in Table 2
approx. 0,1 x value stated in Table 2

102 7265954
g
rated
voltage
10
{Ur) 7
/
/
1
v 4
10"
-100 0

200

Tamb (°C)

Fig. 4 Multiplier I/lg1 as a function of temperature; Igq = leakage current during continuous operation

at UR, Tamb = 25 °C.

Tan § (dissipation factor)

Tan & at 100 Hz and Tamp = 25 9C, measured by
means of a four-terminal circuit (Thomson circuit)

see Table 2

\3 Mu“ ard W (September 1980



122 SERIES

o
O 72659551
[ =4
S
Ead
>
c 3
g
2
»
)
2
o
o
8
c 2
B=1
B
a N
i
@ \\
-]
‘-
e 1 —
N
4
a
4
=)
£

0
-60 -40 -20 1 20 40 60

80

100 120 140
Tams (°€)

Fig.5 Muitiplier of dissipation factor as a function of temperature; tan 8¢ = dissipation factor at 25 0C

100 Hz.

Impedance
Impedance at 100 kHz and Tamp = 25 °C, measured by

means of a four-terminal circuit (Thomson circuit) see Table 2
7265962
2 o
o
N
N A :
~N y N\-55 °C
7 \
N
€15
g. ’ / 11 - \
E 2 P Fs20°c
? P rd NN
2 L] 1t N
a 13 ()
2, 1] +25°C \4%.._.
g ““v-...\ /f—— L
T T H50°C AT
o~y
] ettt + 85 °C
o 1
0,5
0
102 103 104 10° 106 107 flHz 108

Fig.6 Muitiplier of impedance Z/2q as a function of frequency at different temperatures; Zg = im-

pedance initial value at 25 OC.

8 September 1980 ( Muuard
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Solid aluminium capacitors 122 SER'ES
104 =y T T
Z N T H
[ A '
10° \. o \
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10? \i b
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= ]
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Fig.7 Typical impedance as a function of frequency at 26 ©C, case size 1.Curve 1 =9,15 uF, 40 V;
curve2 = 0,68 pF, 25 V; curve. 3= 4,7 yF, 10 V; curve 4 = 10 yF, 6,3 V.

104
2
m K
N
10°
b
X
102 N\ ™ \\
2 H=
i
N 1l
AN
N
N
10 N h
4
-
~ § ™ P
N N
' N \ L ™
g 1
/ i
N " [
1071 L i i
102 102 10* 10° 108 107 tHa 10°

Fig.8 Typical impedance as a function of frequency at 25 OC; case size 2. Curve 1=0,47 uF,40V;
curve 2=2,2 uF, 25 V; curve 3= 10 uF, 10 V; curve 4 =22 uF, 6,3 V.
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122 SERIES
104
z
o)
10°

1

102 D\
2
NITTN
N 3|

10
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"N ™ N
1
=
¥
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10
10? 102 104 10° 108 107 tHz2)  10°

Fig.9 Typical impedance as a furiction of frequency at 25 ©C; case size 3.Curve 1 = 1 uF, 40 V;
curve 2=4,7 uF, 25V, curve 3= 10 uF, 16 V; curve 4 =33 uF, 6,3 V.

104
z
o
10°
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102
‘\
N
s
10 B \‘\\
b
N
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1 N N N /
SRAN ™
1 L
10-1
102 103 10! 10° 108 107 fHy 108

Fig.10 Typical impedance as a function of frequency at 25 OC; case size 4. Curve 1=6,8 uF, 25 V;
curve 2= 15uF, 16 V; curve 3=68 uF, 6,3 V.
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Solid aluminium capacitors l L 122 SER'ES

Equivalent series resistance (ESR) at 100 Hz

tan &
ESR = wC

Tan & and C at 100 Hz see Table 2

OPERATIONAL DATA

Category temperature range
for rated voltage —B5 to +85 °C
for derated voltage ~55 to +125 °C

PACKING
1000 pieces per box: 200 pieces per plastic bag, 5 bags per box.

\.J M80—1161 Y Mu“ard W feptember 1980 1
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808 Series

FILM DIELECTRIC TRIMMERS

For use on printed wiring boards in radio and television equipment.

QUICK REFERENCE DATA

Maximum capacitance 5.5, 10, 15, 20, 22, 27,
40, 65, 80, 100, 120 pF

Rated voltage (d.c.) 250V

Climatic category {I1EC 68} 40/070/21, 40/085/21.

DIELECTRIC
Polypropylene film.

BODY MATERIAL
Mineral filled polypropylene housing

TERMINATIONS
Solder tags suitable for use with 2.54 mm (0.1 in) grid printed wiring boards with 1.3 mm holes.

SPECIAL FEATURES

The capacitors are sturdily constructed on a plastic frame and the dielectric is so arranged to support
the vanes, thus giving a very high degree of stability. The plastic materials employed in the assembly
are resistant against most of the usual cleaning agents.

Top adjustment is by means of a screwdriver slot in.the centre spindle. Bottom adjustment can be
achieved using the projecting ridge on the lower surface of the spindle.

Trimmers with horizontal adjustment can be supplied to special order.

v Mullard |~



808 Series

DIMENSIONS (millimetres) 808 23xxx Series (5.0 mm)

=
*
9 5
max [yl /
g
" +0,2
: Ei 0,4 0
v v "
3 1 0,3 0 /
+05 E ' ‘
v f -
- M 1,15 max
- 1_2’?2 e

D8768
-———— Tmax ——»i (7278613)
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Film dielectric trimmers 808 Series

TECHNICAL DATA 808 23xxx Series

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

Conditions 808 23109 808 23159 808 23209

Capacitance - <310>10pF | <2t0>16pF | <2t0>20pF

swing

Body

colour — yellow . blue green

Temperature o (—200 + 300) (—50 + 200) (=50 + 200)

coefficient 201070 °C x 10°¢/0C x 10°¢/0C x 10°6/9C

Rated

vortage (d.c.) - 250 V 250 v 250 V

Insulation - > 10 000 MQ > 10000 M2 > 10 000 M2

resistance

Tangent

of loen f=1MHz <10x 10 <10x 10 <10x 10
|

tton 5) f=100MHz | <25x10% <25x10* <25x 10*

Contact - <10mQ <10mQ <10 mQ

resistance

Typical

self Set at C max. > 500 MHz . > 500 MHz > 500 MHz

resonance

Effective

angle of - 1800 1800 1800

rotation

Oerating - <15 Nmm <15 Nmm <15 Nmm

torque

Test voltage Applied for 500 V 500 V 500 V

{d.c.) 1 minute

Weight - 0.45¢g 045¢g 0.45¢g

Climatic

category - 40/070/21 40/070/21 40/070/21

(IEC 68)

= woterd (=



808 Series J l

DIMENSIONS (millimetres) 808 11xxx Series (7.5 mm)

‘.1—3‘2‘54- ;.Emin

)

s = . - - 3

| - S—— 1 2 |
10
max
45
max

Rotor (2x)

8max

Stator T "l i"r?“?‘

Insulating
material

0.8

07256¢

Fig.2

9
)

Essential dimensions of trimming
tool for bottom adjustment
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JL 808 Series

Film dielectric trimmers

808 11xxx Series

TECHNICAL DATA
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808 Series

DIMENSIONS (millimetres) 808 32xxx Series (10.0 mm})

@25
* e 0.6min

0.7min
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Insulating
f—‘—\/\,\/J material

:“1, 0.8
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Essential dimensions of trimming
tool for bottom adjustment

072560

Fig.3
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Film dielectri

ic trimmers

808 Series

TECHNICAL DATA

808 32xxx Series

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

Conditions 808 32409 808 32659 808 32809 808 32101
Capacitance
swing —  |<5510>40pF | <55 t0>65pF |<6.0 to>80 pF | <6.0 to > 100 pF
g;iﬁr - grey yellow red violet
Temperature o {—150 + 350) {—200 + 300) {—100 £ 300) {—100 + 300)
coefficient {2010 70°C x 10°¢/0C x 10°6/0C x 108/°C * x 10-6/0C
Rated - 250 v 250 V 250 V 250 V
voltage {d.c.)
Insulation
resistance - > 10 000 MQ2 > 10 000 MQ2 > 10 000 M2 > 10 000 M2
Tangent
oflg:sn f=1MHz <10x 10* <10x 10* <60 x 104 < 50 x 10
angle s "
sy |f-100mHz | <25x10 <25x 10 - -
Contact - <10MQ <10me < 10 mQ <10m
resistance
Typical s
self et at > 200 MHz > 200 MHz > 170 MHz > 150 MHz
resonance C max.
Effective
angle of - 180° 180° 180° 180°
rotation
Operatin
to‘:q:e 9 - < 15 Nmm <15 Nmm <15 Nmm <15 Nmm
Test voltage tied f '
oy e Appled forl  soov 500 V 500 V 500 V
Weight - 1.3¢ 139 1.3g 1349
Climatic
category - 40/070/21 40/070/21 40/085/21 40/085/21
(IEC 68)
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808 Series

DIMENSIONS (millimetres) 808 4 1xxx Series (13.5 mm)
) 3
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fe—— 81015 —»! 0,4

max
08769 Fig.4
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Film dielectric trimmers

808 Series

TECHNICAL DATA 808 41xxx Series

Unless otherwise specificed, all characteristics apply at an ambient temperature of 20 = 5 O9C, atmospheric

pressure of 105 Pa {1000 mbars}, and a relative humidity of 76% maximum.

Conditions 808 41121
Capacitance - <1110>120pF
swing
Body

- green

colour
Temperature o (0 + 200)
coefficient 201070°C x 10-¢/9C
Rated
voltage {d.c.) - 150V
Insulation _ > 10 000 MQ
resistance
Tangent of
loss angle f=1MHz <50 x 10-*
{tan §)
Contact - <10mQ
resistance
Typical self
resonance Set at C max. > 150 MHz
Effective
angle of - 1800
rotation
Operating
torque — <35 Nmm
Test voltage Applied for
{d.c.) 1 minute 500 v
Weight - 204
Climatic
category - 40/070/21
(IEC 68)

Mullard W April 1980



FILM DIELECTRIC
TRIMMERS 809 05

Miniature, insulated Series
QUICK REFERENCE DATA
For use in miniaturised measuring and telecommunication equipment, especially
where high temperatures occur and a low temperature coefficient is important,
for example, for fine adjustment of h, f. tuned circuits.
Maximum capacitance 3.5, 10 and 18 pF
Rated voltage (d.c.) 300 v
Climatic category (LEC 68) 40/125/21
DIELECTRIC
3.5 and 10 pF trimmers p.t.f.e. film
18 pF trimmer p.t.f.e. and Kapton ' sandwich® film

VANE MATERIAL

Brass vanes, rotor and stator.

BODY MATERIAL
Polysulphone housing.

TERMINATIONS

Solder tags suitable for use with 2. 54mm (0.1 in) grid printed wiring boards with 1. 3mm
holes.

SPECIAL FEATURES

The dielectric is so arranged that it supports the vanes to give accuracy and robustness
in use; this combined with rigidly controlled production and inspection techniques pro-
duces a reliable and very stable component.

Mullard
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DIMENSIONS (millimetres) AND TYPE NUMBERS

;

wimams

= i

g — w

max o = =
|
3.8 E\Ro(or
min
32

Slot for screwdriver
Stator [=— 3.2 adjustment of
capacitor

7.4 maxJ

D3928

Capacitance swing Type number

1 to 3. 5pF 809 05001
1.8 to 10pF 809 05002
2to 18pF 809 05003

Colour dot

Printed wiring board piercing diagram

Mullard

809 05 Series Page 2




FILM DIELECTRIC

TRIMMERS

Miniature, insulated

TECHNICAL DATA

809 05

Series

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 809 05001 809 05002 809 05003
Capacitance swing - <1to >3.5pF | <1.8to >10pF | <2 to >18pF
Colour code - orange white red
-250 + 150) (-300 £ 75) (~350 £ 75)
20 to 70°C ( -6 -6 26
Temperature x10 Cper degC | x10~Oper degC | 10~V per degC
coefficient 4010 42000 | (750 % 2007 (-100 + 200 | (-100 + 200*
x10-6 per degC x10-6 per degC x10-6per degC
Rated voltage (d.c.) - 300V 300V 300V
Insulation Between rotor
resistance and stator >10 000M$ >10 000M& >10 000M8
Tangent of loss f = IMHz <10 x 1074 <10x107% | <25 x107%
angle (tan 6) f = 100MHz <20 x 1072 <20 x 104 <40 x 10-%
Parallel damping f = 1.5MHz >10MQ >10MQ >10MQ
Contact resistance - <5m@ <5mg <5m$
Set at
70% of Cax-
Maximum f = 175MHz,
dissipation temperature 0.75W 0.75W 0.75W
rise of 100°C
Typical Set at >850MHz >580MHz >360MHz
self resonance C
max
Climatic category R 12 40/12 4 3
(IEC 68) 40/125/21 0/125/21 0/125/21

*Tentative data

Mullard
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TECHNICAL DATA (Contd. )

Conditions 809 05001 809 05002 809 05003
Effective angle — 180° 180° 180°
of rotation
Operating torque —_ <15Nmm <20 Nmm <20 Nmm
Axial load —_ <2N <2N <2N
Test voltage (d. c.) A"flr‘n‘ﬁ lﬁ’: 600V 600V 600V
Weight (approx.) —_ 0.7g 0.7g 0.7g

SOLDERING CONDITIONS

For printed wiring board applications

5 seconds max. at 240°C max.

—> Care should be taken to prevent the ingress of soldering flux into the rotor/

stator assembly

MARKING

The capacitors are marked with colour code shown in table.

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

Example: A capacitor having a swing from 1. 8 to 10 pF should be ordered by quoting
the type number 809 05002.

Mullard
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i e ecTmc 809 07

Small, insulated Series

QUICK REFERENCE DATA

For use in miniaturised measuring and telecommunication equipment, especially
where high temperatures occur and a low temperature coefficient is important,
for example, for fine adjustment of h. f. tuned circuits.

Maximum capacitance 40, 60, 80 and 100 pF
Rated voltage (d.c.) 200 v
Climatic category (IEC 68) 40/125/21

DIELECTRIC
P.T.F.E, film or p.t.f.e. and Kapton ' sandwich' film.

VANE MATERIAL

Brass vanes, rotor and stator.

BODY MATERIAL
Polysulphone housing.

TERMINATIONS

Solder tags suitable for use with 2. 54 mm (0. 1in) grid printed wiring boards with 1. 3mm
holes.

SPECIAL FEATURES

The dielectric is so arranged that it supports the vanes to give accuracy and robustness
in use; this combined with rigidly controlled production and inspection techniques pro-
duces a reliable and very stable component.

Mullard
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—> DIMENSIONS (millimetres) AND TYPE NUMBERS

1.5 max —»

stator 9 9max

———

¥

— 0.6 min

-ea/ |

4.3

le— 8.4 max —»
.82
2

e
or T

min ]

ESNS1

stator

7.62 —

Printed wiring board piercing diagram

N4

A\,

/7

—

]

Slot for screwdriver
adjustment of capacitor
depth 0.6 min

4 holes & 1.3min

D1269

Capacitance swing

Type number

4 to 40pF
5to 60pF
6 to 80pF
7 to 100pF

809 07008
809 07011
809 07013
809 07015

Mullard
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FILM DIELECTRIC

TRIMMERS
Small, insulated

TECHNICAL DATA

809 07

Series

Unless otherwise specified, all characteristics apply at an ambient temperature of
20 + 59C, atmospheric pressure of 105Pa (1000mbars) and a relative humidity of 75%

<

maximum.
Conditions 809 07008 809 07011 809 07013 809 07015
CaPaCitance — <4 to >40pF | <5 to >60pF <6 to >80pF | <7 to >100pF
swing
Colour Yellow Blue Grey White
code
© + 200) © + 200) {0 = 200) (© + 200)
Z:;?f?:fzsre 20 to 70°C | x10-6 per x10-6 per x10-6 per x10 -6 per
degC degC degC degC
Rated voltage) 200V 200V 200V 200V
d.c.)
i Between
Insulation rotorand | >10000M2 | >10000M2 | >10000Me | >10 000Me
resistance
stator
Tangent of f=1MHz | <10x10"4 | <10 x10-4 <10 x 1074 | <10 x 10-4
loss angle
(tan 6) f=100MHz | <17 x10"% | <25 x10-4 <25 x 10-4 <25 x 10-4
Parallel f=1L5MHz| >l0Me >10 M@ >10 M@ >10 Mg
damping
Contact _ <5mg <5mg <5mQ <53mgQ
resistance
Set at
. 70% of Crax
g{laxfm‘:: f=175MHz W 1w W 1w
1ssipation temperature
rise of 45°C
Climatic
category —_ 40/125/21 40/125/21 40/125/21 40/125/21
(IEC 68)

Mullard
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TECHNICAL DATA (Contd. )

Conditions 809 07008 809 07011 809 07013 809 07015
Effective
angle of —_ 180° 1800 180° 180°
rotation
Operating — <35Nmm <35 Nmm <35 Nmm <35 Nmm
torque
Axial load —_ <2N <2N <2N <2N
Test voltage | Applied for 400V 400V 400V 400V
d.c.) 1 minute
Weight
(approx. ) 2.3g 2.3g 2.3g 2.3g

SOLDERING CONDITION
For printed wiring board applications 5 seconds max. at 240 °C max.

Care should be taken to prevent ingress of soldering flux into the rotor/stator assembly.

MARKING

The capacitors may be marked with capacitance value, followed by the letter ' E' , or by
a colour spot on the cover plate as shown on page 3.

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

Example: A capacitor having a swing from 5 to 60 pF should be ordered by quoting the
type number 809 07011.

Mullard
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FILM DIELECTRIC 809 08
TRIMMERS Series
Small, insulated

QUICK REFERENCE DATA

For general purpose applications and in tuned circuits of electronic equipment.

Maximum capacitance 40 and 60 pF <«
Rated voltage (d.c.) 300 v
Climatic category (IEC 68) 40/125/21

DIELECTRIC

Teflon film. -~

VANE MATERIAL

Brass vanes, rotor and stator,

BODY MATERIAL
Polysulphone housing.

TERMINATIONS

Solder tags suitable for use with 2. 54mm (0. lin) grid printed wiring boards with 1. 3 mm <~
holes,

SPECIAL FEATURES

The dielectric is so arranged that it supports the vanes to give accuracy and robustness
in use; this combined with rigidly controlled production and inspection techniques pro-
duces a reliable and very stable component. The capacitors can be adjusted from both
sides by means of a screwdriver.

Mullard
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DIMENSIONS (millimetres) AND TYPE NUMBERS

1 max

10.5 max

|

A A

. |
1
[ AW 4 | =T
=T |
0.8 min
: ~ Colour dot '
X Rotor
— 3 Holes
Slot for screwdriver 254 @13
adjustment of
capacitor }
— r—- 5.08
3.2 Hole J'_ l
(if bottom ~ T ‘—E}’
adjustment
required) 7.62 ——l
Printed wiring board piercing diagram
he————— 10.9 max

D3833¢

Capacitance swing

Type number

4 to 40 pF
5 to 60 pF

809 08002
809 08003
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FILM DIELECTRIC
TRIMMERS
Small, insulated

809 08

Series

TECHNICAL DATA

Unless otherwise specified, 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 809 08002 809 08003

Capacitance — <4to >40pF | <5 to >60pF
swing
Colour code —_ yellow blue
Temperature (-250 + 150) (-250 + 150)
coefficient - x10-6 per degC | X10-6 per degC
Rated voltage o 300V 300V
d.c.)
Inslflauon Between rotor >10 000 M2 >10 000 MQ
resistance and stator
Tangent of f=1MHz <25 x 10-4 <35 x10-4
loss angle
(tan 6) f = 100 MHz <25 x 10-4 <35 x 10-4
Parallel f=1.5MHz >10 Mo >10 M@
damping
Con-tact —_ <5mf <5mQ
resistance

Set at 70% of
Maximum Cmax
dissipation f=175MHz, Lsw Lsw

temperature

rise of 100°C
Typical self Set at >170 MHz >150 MHz
resonance Chax
Climatic
category — 40/125/21 40/125/21
(IEC 68)

Mullard
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TECHNICAL DATA (Contd. )
Conditions 809 08002 809 08003
Effective
angle of — 1800 180°
rotation
Operating — <25Nmm <25 Nmm
torque
Axial
load — <2N <2N
Test voltage Applifed for 600V 600V
d.c.) 1 minute
Weight (approx.) - 1.6g 1.6g
SOLDERING CONDITIONS
For printed wiring board applications 5 seconds max. at 240 °C max.

—> Care should be tzken to prevent ingress of soldering flux into the rotor/stator assembly.

MARKING

The capacitors are marked with colour code shown in table.

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

Example: A capacitor having a swing from 4 to 40 pF should be ordered by quoting the
type number 809 08002.

Mullard
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FILM DIELECTRIC
TRIMMERS 809 09
Small, insulated Series

QUICK REFERENCE DATA

For use in measuring and telecommunication equipment, especially where
high temperatures occur and a low temperature coefficient is important, for
example, for fine adjustment of h.f. tuned circuits.

Maximum capacitance - 5.5, 9 and 18 pF
Rated voltage (d. c.) 300 A%
Climatic category (IEC 68) 40/125/21

DIELECTRIC
P.T.F.E. film.

VANE MATERIAL

Brass vanes, rotor and stator.

BODY MATERIAL
Polysulphone housing.

TERMINATIONS

Solder tags suitable for use with 2.54mm (0. lin) grid printed wiring boards with
1. 3mm holes.

SPECIAL FEATURES

Thedielectric is so arranged that it supports the vanes to give accuracy and robust-
ness inuse; this combined with rigidly controlled production and inspection techniques
produces a reliable and very stable component. The capacitors canbe adjusted from
both sides by means of a screwdriver.

Mullard
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—> DIMENSIONS (millimetres) AND TYPE NUMBERS

o 25
07
3 0.6
| i i
- !
nt Sprue %
10max 0O I ? 1
L1l |
| B 1 |
l 08 min |,
35min | Colour dot l
Rotor Stator
7 Slot for screwdriver ©3.2hole
adjustment of {if bottom adjustment
capacitor required)

D38320 Printed

3 hotes a ’g
B,

\Egi/m

wiring board piercing diagram

5.08

Capacitance swing

Type number

1.4 to 5.5 pF
9 pF
2to 18 pF

2to

809 09001
809 09002
809 09003
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FILM DIELECTRIC
TRIMMERS
Small, insulated ,

809 09

Series

TECHNICAL 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 809 09001 809 09002 © 809 09003
Capacttance - <lL.4to>5.5pF| <2 to >9pF <2 to >18pF
swing
Colour code —_ green white red
(-250 * 150) (-250 % 150) (-250 * 150)
20 to 70°C -6 6 -6
Temperature x 107%per degC | x 10 °per degC %X 10 7 per degC
coefficient _ o (-100 + 200)* (-100 + 200)* (-100 + 200)*
40 to +20°C X 10'6per degC | x 10'6per degC | x 10'6per degC
Rated voltage _ 300V 300V 300V
(d.c.)
Insulation Between rotor
>10 000M >10 000M: > 00M
resistance and stator 10 8 10 g 10 o &
Tangent of f = IMHz <10 x 1074 <10 x 1074 <10 x 1074
loss angle
(tann ) f = 100MHz <15 x 104 <15 x 10™4 <15 x 1074
Parallel
= >
damping f=1.5MHz >10MQ 10MQ >10MQ
Contact - <5mQ <5m@ <5m@
resistance
Set at 70% of
Maximum Cmax:
dissipation f = 175MHz, 1w w 1w
temperature rise
of 100°C
Typical Set at
self >860MHz >660MHz >420MHz
resonance Cmax
Climatic
category - 40/125/21 40/125/21 40/125/21
(IEC 68)

*Tentative data

Mullard
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TECHNICAL DATA (Contd. )

Conditions 809 09001 809 09002 809 09003
Effective
angle of — 1800 180° 180°
rotation
Operating
torque — <15Nmm <20Nmm <20Nmm
Axial load —_— <2N <2N <2N
Test voltage Applied for 600V 600V 600V
d.c.) 1 minute
Weight

— 0. 8, 0.8 0.9

(approx. ) & g &

SOLDERING CONDITIONS
For printed wiring board applications

5 seconds max. at 240°C max.

Care should be taken to prevent ingress of soldering flux into the rotor/stator

assembly.

MARKING

The capacitors are marked with colour code shown in table.

ORDERING PROCEDURE

The capacitors should be ordered by quoting their type number as shown in the

table.

Example: A capacitor having a swing from 2 to 9 pF should be ordered by quoting

the type number 809 09002.

Mullard
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FIXED ' " BANDOLIERING AND PACKAGING
LINEAR RESISTORS SPECIFICATION

This data sheet should be read in conjunction with the relevant resistor data sheet.

GENERAL

Mullard linear resistors are supplied in bandoliers to facilitate automatic handling by
efther crop-and-form processing or by fully automatic insertion.

The specification covers:

(1) Bandoliexs: -general requirements, -dimensions.
(2) Packaging of bandoliers: -box packing, -drum packing.

BANDOLIERS
General

Resistor leads are held between one 5 mm wide adhesive tape and one 6 mm wide plain
tape in such a manner that the dimensions shown in Fig. 1 are maintained during normal
handling, such as shipping and machine loading. The adhesive tape is positioned within:
the width of the plain tape. No metal staples or clips are used for joining the tapes. No
moxre than 4 layers of tape are used, and joints are in accordance with Fig. 2, Resistor
leads do not protrude beyond the outer edges of the tapes. ‘A maximum of one resistor
per 1000 may be missing, and the leads are free from klnks The bandolier tapes are
marked at intervals of 100 pieces.

Dimensions (millimetres)

_ Displacement between any two adjacent resistors
T T eemex T T T
- -—
e e R s ok S |
R = W .
H i i $%03
1 mchfr' \\\\;;T.-_ = ‘—L'; __':_—_*::_-_’ == 4
' ' T g H IR SO R b i )
S etry tol 12 datt
S e <~ T S D
A!"s D083 7250175,
T for n number of resistors
] Style A - S n<50 .1 = 50 to 100
CR16, CR25, CR37, j e
MR25, MR30, PR37, VR37 | >4 5.0 S-122 | Sh-1)4
PR52, VR68 66. 7 10,0 10(-1)+2 10(n-1)34
Fig. 1
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S
Joining Bandolier offset 0.8

tapes tapes

PACKAGING OF BANDOLIERS

General

Bandoliered resistors may be packed in boxes (Fig. 3), or on drums (Fig. 4). The method
of packing is specified on the individual data sheets.

Box packing

Bandoliers are folded as shown diagrammatically on the sketch below, and packed in
units of 1000 resistors.

D7052
Approximate outside box dimensions (millimetres)
(for guidance only)
Style a b [ Style a b [
CR16 25 75 160 PR37 60 85 or 100 265
CR25 30 85 265 PR52 95 100 265
CR37 60 85 265 VR37 60 ) 85 265
MR25 25 80 or 100 265 VR68 120 90 525
MR30 33 80or 105 | 265
Fig. 3

Mullard
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FIXED BANDOLIERING AND PACKAGING
LINEAR RESISTORS SPECIFICATION

Drum packing

The drums have been specially designed for automatic handling machines, and are packed
in boxes as shown in Fig. 5. Drums are supplied with 5000 resistors only.

All dimensions shown below are in millimetres, approximate, and for guidance only.

4 ¢
30 77 A

+
— L— 225

I |
L_ ® _J D7064a(7268084.)

1 metre leader ’
tape at both ends

S

Dimension 'A': 305 mm for CR25 and MR25
356 mm for CR37 and MR30

Material: Drum flanges: -grey cardboard 2 kg/m2

Drum core: -grey cardboard, spirally wound
Interleaving paper: -Kraft paper 70 g/m

Fig.4

Mullard
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All dimensions shown below are in millimetres, approximate, and for guidance only.

\. 07053

Dimension ' a' : 310 mm for CR25 and MR25
365 mm for CR37 and MR30

Fig. 5

MARKING

Drums and boxes are marked as follows:
Style of resistor, e.g. CR2S

Quantity

Nominal resistance value and tolerance
Date in code form

Mullard 12 digit code number

Muliard
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CR16

CR25
CR37
CARBON FILM RESISTORS
QUICK REFERENCE DATA )
Style CR16 CR25 CR37
Resistance range
5% tolerance 10 2 to 220 k2 10 1t01MQ 12 to 1 M2
+10% tolerance 270 k2 to 1 M2
Preferred value series E12 E24 E24
Maximum power dissipation
at 70 °C 0.2W 0.33wW 05w
Climatic category {IEC 68) 55/165/56 55/155/56 55/155/56

DIMENSIONS {millimetres)

Maximum extent of paint

¥ h 9D

hes

l 7/ _—f
L—ZGmin L1 26 min A——]
L—LZ -——l L2=L1 4+ tmm D5003b

Fig.1
Type @D max. Lq max. @d nom.
CR16 1.6 45 0.5
CR25 25 6.8 0.6
CR37 3.7 10 0.7

The length L1 is measured by inserting the leads into holes in two parallel gauge plates and moving
these plates together until the resistor is held without deformation. The holes in the gauge plates for
the leads are 30.8 mm for CR16 and ®1.0 mm for CR25 and CR37.

GENERAL

These resistors are manufactured by depositing a homogeneous film of pure carbon on to a ceramic

rod (for resistance values < 10 £2 an electroless nicke! film is used. The final resistance value is
obtained by cutting a helical groove in the fiim. Contact caps with tinned copper leads are then pressed
on to the end of the body. Finally, the resistors are coated with several layers of tan coloured insulation
lacquer and colour coded. For values above 1 M2 the VR25 and/or VR37 range is used.

—
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CR16
CR25
CR37

GENERAL (Continued)

Resistors are the most extensively used of electronic components and therefore their reliability is of the
greatest importance. In a given circuit the reliability depends on the quality of the resistors, the operating
conditions and the environmental circumstances. Improper selection for these conditions is a main cause

of resistor failure. In order to assist the circuit designer in selecting the correct resistor, a new method of
specifying the power rating has been evolved linking this with stability and ambient temperature conditions
{See nomogram)

COLOUR CODING

The resistance and tolerance are indicated by four colour bands as follows:—

Band 1 = 1st sig. figure
Band 2 = 2nd sig. figure
Band 3 = Multiplier
Band 4 = Tolerance

The significance of the colours is in accordance with the standard resistor colour coding, as in B.S. 1852:
1967.

LEADS
The leads are manufactured from tinned copper wire.

RESISTANCE RANGE

CR16 resistors * 5% tolerance selection 1082 to 220 k2 E12 series*
CR16 resistors = 10% tolerance selection 270 k2 to 1 MQ E12 series™
CR25 resistors * 5% tolerance selection 1Q to 1MQ E24 series™
CR37 resistors * 5% tolerance selection 10 to TMQ E24 series™

*To B.S. 2488: 1966
TEMPERATURE COEFFICIENT OF RESISTANCE see page 7

LIMITING ELEMENT VOLTAGE

This is the maximum voltage (d.c. or r.m.s.) that may be continuously applied to the resistor provided
that the maximum power dissipation is not exceeded.

CR16 150 \%
CR25 250 v
CR37 350 \%
ISOLATION VOLTAGE

This is the maximum voltage (peak) that may be applied under continuous operating conditions,
between the resistor leads and an external conductor touching the body of the resistor.

CR16 210 \
CR25 350 \'
CR37 500 \

1

e
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CR16

Carbon film resistors CR25
CR37

STABILITY

The stability of a given resistor depends upon the dissipated power and ambient temperature. High powers
may be dissipated at low ambient temperatures, whilst lower dissipation results in improved stability. With
a knowledge of the relationship between ambient temperature, power dissipation and stability, the circuit
designer is able to select the most suitable resistor for his application. MULLARD has developed a nomo-
gram which shows the interdependence of the three variables and was evolved as follows:—

Power dissipation in a resistor causes an increase in the temperature of its body. The temperature rise is
governed by the laws of heat conduction, convection and radiation and will show a maximum in the middie
of the resistor body if it is of symmetrical construction. Theory and experiment have shown that for the
temperature range where radiation plays only a minor part {this is the normal operating temperature range
of film resistors}, the maximum temperature rise AT is proportional to the power dissipated, or

The constant A gives the temperature rise in the middle of the resistor body per watt of power, and can be
interpreted as a heat resistance with the dimensions of degrees C per watt. This heat resistance is a function
of the dimensions of the resistor, the conductivity of the materials used and, to a lesser degree, the method
of mounting it.

The sum of the temperature rise and ambient temperature is the maximum temperature Tmax (hot spot
temperature) of the resistor.

AT + Tamb = Tmax """"""""""""""""" (2)

The stability of a film resistor under load is primarily determined by its hot spot temperature and the
materials used in its construction. The previous common practice has been to characterise a resistor by its
rated power dissipation (watts) at a particular ambient temperature associated with a derating curve show-
ing permissible dissipations at other temperatures.

In the MULLARD system, the relationship for several variables is in the form of a nomogram for a certain
heat resistance. Since the construction is the same for all resistance values, the heat resistance is a function
of body dimensions. The dissipation is expressed as a function of hot spot temperature, with ambient
temperature as a parameter. From equations (1) and (2) it follows that:—

_ Tmax ~ Tamb
A

if P is plotted against Tyy,a for a constant value of A, parallel straight lines are obtained for different
values of Tymp.

The stability AR/R of a resistor can be determined experimentally, after 1000 hours of operation for
instance, as a function of hot spot temperature. Combination of the graphs of P and AR/R plotted
against Trmay produces a nomogram from which the values of several variables may be determined for
a resistor of a given style operating under a range of working conditions.

a
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CR16
CR25
CR37

NOTES ON THE NOMOGRAM (see ooposite page)

1. The nomogram should not be extended beyond the maximum allowable hot-spot temperature of
155 9C
2. The maximum voltage rating of the resistors has not been allowed for in the nomogram.

For periods of continuous operation other than 1000 hours, the stability is proportional to the
square root of the time ratio, e.g., after 2000 hours:—

. ” 2000
Stability = {Stability after 1000 hpurs) X 1000

4. The stability lines gives a maximum value of AR/R. There is a 95% probability that actual values
of AR/R will be less than these.

POWER RATING -
The maximum power which may be dissipated at 70 °C ambient irrespective of stability is:—

CR16 0.2 w
CR25 0.33 w
CR37 0.5 w

IEC Publication 115 {(Recommendations for fixed non-wirewound resistors. Type 1) uses the conven-
tional method of rating a resistor, by a ‘rated dissipation’ at 70 ©C coupled to a fixed maximum
permissible drift. In the MULLARD nomogram system, however, the rated dissipation at 70 °C is no
longer specified. Stability is dependent on working conditions and hot spot temperatures. Figure 2
gives a comparison between the two systems and indicates the permissible dissipation at 70 °C for a
maximum drift of 1.6% after a 1000 hours, within the limits of hot spot temperature (max. 155 ©C}
and limiting voltages for CR16, CR25 and CR37.

M80—-1308,

1 —————

P -

w L ~—__ \\
gy 74 \k\

CR37 —— M
10-1 CR25 -
CR16 *
N
1072
108 10 108 Rpom () 10°
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Carbon film resistors

CR16
CR25
CR37

P(W)
CR16 CR25 CR37
0,35 — —

03} os}l 075}

0.4 (

0.2k I 0.5}
L 0.3}

0.2

0.1 0.26 -

orf

0.05 -

0.3

AR 05
R
after 1000 0.7

hours 1
(%)

10

20
30

M80-1309/3 50

Tamb

(°c)

20

40 60 80

120 140
Tmax(°C)

L <10°

Fig.3

Performance nomogram for CR16, CR25 and CR37 showing the relationship between power dissipation
(P}, ambient temperature (Tamp), hot-spot temperature (Tp,ax) and stability (AR/R) for 1000 hours.

Y
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CR16
CR25
CR37

WORKED EXAMPLES OF THE NOMOGRAM
P{w)
CR16 CR25 CR37
— —

0.35
i L
o3l osp 07sf
0.25
04} I
s
|
0.2} 05
i 0.3}
0.5} - L
r 02t
ot )
o zs(
0.05} o1 -
N Y

3.% -
5|
.
7+ p
R o .
R 10F .
after 1000
hours (%)
20} 410’
30} 4
M80-1309/4 50 C i L i il 1 t ! i 1 [ T ]
Fig.4

A 100 k2 resistor, dissipation 0.275 W, operating in an ambient temperature of 40 OC is required.
Under these conditions CR16 will have a hot spot temperature of 160 2C with a stability of 3.5%
{construction - ), the CR25 will have a hot spot temperature of 107 ©C with a stability of
1.3% (construction - - - - - - ) and the CR37 will have a hot spot temperature of 86 °C with a stability
of 0.72% (construction — — — ).
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Carbon film resistors

CR16
CR25
CR37

a _700 MB80-1309/5
§
u'a‘ -600 y,
2 /
+ =500 >4
8 //
© ~400 90%, confidence =
g l interval___-=~ /,z’
S -300+______._ :___:t:‘r/r d== P
——m——rT
- v e o s o
=
~100
0 A I L L -y e, v} ’] — L
100 * 2otk ? 10k ? * 100k ? 2IM 2 ®
—» Rpom (R)
Fig.5 Temperature coefficient as a function of the resistance value
10N915E20 M0 -1309/6
| I
(uV/Vi] (dB)f95°% higher confidence limits
16
.
. Py
G
12
8 A 5 e
/ 4
4 / L
w4 0 //
-4 / e
-8 / /
A
-12
.
-16 j
01 20 /
0 10? 10° 10¢ 10° 10°
—_— Rnom (.[],)
Fig.6 Noise as a function of the resistance value
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CR16
CR25
CR37

HIGH FREQUENCY PERFORMANCE

The performance of a resistor at high frequencies is influenced both by its construction and by several
external factors, such as length of leads, stray capacitance and the measuring apparatus. These external
factors must be considered when measurements are made.

Z|

The following table gives typical values of , and phase angle, @, when the resistor is mounted as

nom

shown in Fig.1, using a Boonton Radio Corporation RX-meter, type 250 A.

z
—l—l—- is the ratio of resultant reactance, at 250 MHz, to the nominal resistance.
Rnom
Rnom CR16 CR25 CR37 99846
5
o1 | 2] g0l 2 T |LZL| oo {‘@Lr
Rnom Rnom Rnom 7;7 ""I T
10| 347 | 70| 207 | 70| 235 | &1 1 20
| S
22 1.72 52| 1.61 51 1.43 45 ]
56 | 1.11 31| 1.07 28| 1.02 26 : ©
100 | 1.03 23| 1.02 221 1.02 17 n
220 | 0.99 10| 0.99 9] 1 6 J\:-;—é
560 | 0.98 0] 097 | —5} 094 | -6 = s
1000 | 0.96 -9 092 |-15) 0.88 | -5 g
2200 { 0.84 |-32{ 082 [-35] 069 |-47
5600 | 050 (-60| 041 {—66] 035 |—69 Fig.7
Measuring arrangements
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_ CR16
Carbon film resistors ‘CR25
CR37

PACKING

Resistors are supplied on a continuous tape (bandolier} conforming to Fig.8

CR25 and CR37 are packed either in boxes of 1000 pieces or on to drums of 5000 pieces.

CR16 are packed in boxes of 100 pieces only.

The bandoliers and drums are suitable for use on either crop and form or fully automated component
insertion equipment.

The boxes and drums are marked with

Style of resistor

Packing quantity

Resistor values and tolerances
Date in code form

Mullard code of 12 digits

LA A -

A full specification covering bandoliering and packaging is available.

—— T T N\ - -
—=3 . =
c — T\ 3
N —t—_r
| lr—h_-‘_hi_‘ a -T
C . ﬁ‘!_"—l —T X LK 3
[ el 14—7\_‘ ) » o |
emb—— - T N —- ‘
= = T—F—17¥ 5.3
4.7
6.5 52.441.6 De127
—»l 55 “x
Fig.8
For ‘n’ < 50 pieces ' T=5n=1) =2
For ‘n’ between 50 and 100 pieces T=56(n-1) +4

where ‘n’ = the number of resistors
All dimensions in millimetres
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CR16
CR25
CR37

ORDERING PROCEDURE _

CR25 and CR37 resistors are supplied in muitiples of 1000 pieces packed in boxes or in multiples of

5000 pieces packed on to drums. CR 16 resistors are supplied in boxes of 1000 pieces only.

When ordering, the following information is required.

1.  Quantity

2. Style of resistor e.g. CR16, CR25 or CR37

3. Packing. Drum packing {for CR25 or CR37) is indicated by adding DRM to the end of the type
designation, i.e. CR25-XXX-X-DRM.

4. Resistance value and tolerance

For example
(a) 2000 pieces of CR16 resistors 1200 £ * 5% are ordered as 2000 resistors CR16-1K2-5.

{b) 10 000 pieces of CR25 resistors, drum packed, 5.6 §2 + 5% are ordered as 10 000 resistors
CR25-5R6-5-DRM.

TESTS AND REQUIREMENTS

Where applicable these resistors are tested to |EC Publication 115-1 (Recommendations for fixed non-
wirewound resistors. Type 1) category 55/155/66, and IEC Publication 68 (Basic environmental testing
procedures). ‘

These tests are summarised in the table below.

Due to the MULLARD nomogram, to determine power rating and stability, certain deviations from the
IEC Publications are necessary.

The test programme is as follows:—

LEC | |EC68
115-1 test Test
clause | method

Procedure Requirements

18 Robustness of
terminations
Ua a. Tensile ail 0.4 mm:  load 5N (0.5 kg); 10's
samples 0.6 mm .
o7 mm ] 1oad 10N (1 kg); 10 o damage
Ub b. Bendinghalf | 0.4mm  load 2.5 N (0.25 kg); 4 x 90° OARO":"S;- ,°f-5%
number of 0.6 mm ro. !
} , . o
samples 0.7 mm J 0ad 5N (0.5 kg); 4 x 90 greater
Uc c. Torsion other | 2 x 360 © in opposite directions
half number
of samples
19 T Soldering solderability: 25230 °C good tinning,
0.5% activated flux no damage
thermat shock: 3 s 360 °C AR max. 0.5%
6 mm from body or 0.5 Q if
greater

10
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CR16

Carbon film resistors CR25
CR37
1EC 1EC68
1151 test Test . Procedure Requirements

clause | method

20 Na Rapid change 3 hours at —65 °C AR max. 0.5% or 0.5
of temperature 3 hours at +155 ©C
5 cycles
22 Fc Vibration Frequency: 10 to 500 Hz: no damage
displacement 1.5 mm or AR max. 0.5%
acceleration 10 g: three or 0.5 Q

directions: total 6 h

21 Eb Bumping 3 x 1500 bumps in three no damage
directions: 40 g AR max. 0.5%
or 0.5

23 Climatic sequence

23.2 Ba Dry heat 16 hours 155 °C

23.3 D Damp heat 24 hrs: 55 °C: 95 to 100%
(accel} 1st cycle R.H. .

234 Aa Cold 2 hours: 55 °C

23.5 M Low air pressure 1 hour: 85 mbar: 15 to 35 °C

23.6 D Damp heat 5 days: 65 9C: 95 to 100%  {Rjng: min. 1000 MS2
{accel) R.H.
remaining cycles AR max.

1.56% for R <220 k2
3% for R >220 k2

24.2 Ca Damp heat 56 days: 40 °C: 90 to 95%  |Rjng: min. 1000MQ
(Steady state) R.H. 5 V4 c. on half the AR max: 1.56% for
number of specimens R <220k
but the dissipation should max: 3% for
not exceed 1% of the R > 220 kQ2

value indicated by Fig.2

g Mu"ard ) (October 1980
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CR16 J L
IEC IEC 68
115-1 test Test Procedure Requirements
clause | method
26.2 - Endurance 1000 hours: 70°C: AR max: 1.5%
dissipation taken
from Fig. 2
11 - Temperature between -559C and see fig. 5
coefficient +1550C
Volta roof a.c. peak voltage =
->| 10 - omin ::l P u 1. 4 x isolation voltage No breakdown
ation applied for 1 minute )
14 - Noise IEC publication 195 see fig. 6
9 - Insulation min. 104 Me
resistance
15 - Short time room temperature, AR max. 1%
overload dissipation 6. 25 x
value taken from
Fig. 2 (voltage not
more than 2 X
Iimiting voltage)
10 cycles, 4 seconds
on, 45 seconds off
13 - Voltage <&x10°¢/v
coefficient

—
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MR16

METAL FILM RESISTORS

QUICK REFERENCE DATA

Resistance range 10 Q to 100 k2
E24 and E96 series
Resistance tolerance +1, +2%
Temperature coefficient +50, +100 10-5/K*
Absolute max. dissipation at Tymp = 70 °C* 0.25W
Basic specification IEC 115-1
Climatic category {IEC 68) 55/155/56
Stability after:
climatic tests : AR/R max. 0.5% + 0.05 Q
soldering AR/R max. 0.1%
short time overload AR/R max. 0.256% + 0.0552

*This is the dissipation at Tamp = 70 °C which causes the max. permissible hot-spot temperature of
175 OC to occur, irrespective of the resistance drift provoked by this condition.

APPLICATION

These resistors have been developed for applications in which precision, stability, and a low temperature
coefficient are required e.g. in computers, telecommunication equipment, measuring apparatus, etc.

DESCRIPTION

A homogenous film of nickel-chromium is vacuum-deposited on a high grade ceramic body. Contact
caps of special alloy are then pressed on to the ends of the resistor body, and the tinned electrolytic
copper connecting wires are welded to the caps.

As a rule the required resistor value is not obtained directly by deposition of the film; helixing, that
is cutting a helical groove in the metal film, is also needed.

The resistors are protected by four or more layers of a green lacquer that are resistant against the
commonly used cleaning solvents.

* + 50, £ 100 ppm/OC

o Mullard W ( o



MECHANICAL DATA Dimensions in mm
Qutlines

re— 1 —— L —a— | —-»1

o a,]
" }l‘—z-:_—_—::% gd

["]s] M80~1026/1

Fig.1
Table 1
Dmax Lmax aq +ap 1 d
1.6 4.0 <1 28+2 0.5

The length of the body is measured by inserting the leads into the holes of two identical gauge plates

and by moving these plates parallel to each other until the resistor body is clamped without deformation.

({See 1EC publication 294}

Diameter of hole in gauge plate 0.8 mm
Mass (per 100 pieces) 8g
Mounting

The resistors are suitable for processing on automatic insertion equipment and cutting and bending
machines. Furthermore the resistors can be mounted without any problem directly against double-sided
printed circuit boards.

 ——
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Metal film resistors

) e

Marking

The nominal resistance value and the tolerance are marked on these resistors by means of four or five
coloured bands according to 1EC publication 62 ‘Colour code for fixed resistors’ (see also BSi 1852 —

1967).

for E96 series

W80 -1028/4

colour

significant figures

multiplier

tolerance

black
brown
red
orange
yellow
green
blue
violet
grey
white
silver
gold

WOAONOONHLWN O

1x
10x
100 x
1000 x
10 000 x

*2%

for E24 series

M80-1026/5

Mullard W (July 1980



ELECTRICAL DATA
Standard values of rated resistance and tolerance

Standard vaiues of rated resistance {nominal resistance) are taken from the E24 series for resistors
with a tolerance of + 1% and + 2%, and from the E96 series for resistors with a tolerance of * 1%.

Table 2, standard range

style resistance tol. series temperature limiting voltage
range +% coefficient (r.m.s.}
x 10 /K v**
MR16 10 2 — 100 k2 1 E24/E9%6 50* 150
10 © — 100 k2 2 £24 100 150
MR16 10 2 — 100 kQ 1 E24/E96 50* 150
on reel 10 2 — 100 k2 2 E24 100 150

*  100x 10°¢/K below 50

**  Limiting voltage {element and insulation). This is the maximum voltage that may be applied
continuously to the resistor element {see 1EC publication 115-1). This voltage is also the maximum
voltage that may be applied continuously to the insulation of the resistor.

—
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Metal film resistors

TESTS AND REQUIREMENTS

Essentially all tests are carried out according to the schedule of IEC publication 115-1 . This means:
rated temperature range —55 to +155 ©C; damp heat (long term) 56 days (see IEC Publication 115-2
clause 4.1.). The tests are carried out along the lines of 1EC publication 68, ‘Recommended basic
climatic and mechanical robustness testing procedure for electronic components’.

InTable 3 the tests and requirements are listed with reference to the relevant clauses of {EC publications
115-1 and 68: a short description of test procedure is also given. In some instances deviations from the
IEC specifications were necessary for our method of specifying.

Table 3
1EC 1151 IEC 68 test procedure . reguirements
clause test
method
18 Robustness of terminations -
Ua Tensile all samples foad5N, 10s number of failures
< 10 ppm
Ub Bending half number of
samples load 2.5 N, 4 x 90°
Uc Torsion other half number 3 x 3609 in opposite no damage
of samples directions AR max. 0.1%
or0.1 9
19 T Soldering solderability: 2 s good tinning,
230 9C, flux 600" no damage
thermal shock: 3 s
350 °C, 6 mm from AR max. 0.1%
body
20 Na Rapid change of temperature ]| 3h — 55 0C/ AR max. 0.1%
3h+1550C, or0.1Q
5 cycles
22 Fe Vibration frequency 10-500 Hz | no damage
displacement 1.5 mm
or acceleration 10 g,
three directions;
total 6 h AR max. 0.1%
or0.12
21 Eb Bump 3 x 1500 bumps in no damage
thiree directions, 40g | AR max. 0.1%
or0.1 Q2
July 1980
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MR16

IEC 115-1 IEC 68 test procedure requirements
clause test
method
23 Climatic
sequence
23.2 Ba Dry heat 16 h, 155 °C
23.3 D Damp heat
(accel.)
1st cycle 24 h; 55 ©C; 95-100% R.H.
23.4 Aa Cold 2h;-55°C
23.5 M Low air
pressure 1 h; 8.5 kPa; 15-35 °C
23.6 D Damp heat 5 days; Rins Mmin. 1000 MQ
(accel.) 55 0C; 95-100% R.H. AR max, 0.5% + 0.05 Q
remaining
cycles
24.4 Ca Damp heat 56 days; Rins min. 1000 MQ
(long term 40 ©C; 90-95% R.H. AR max, 1.0% + 0.05 Q
exposure) dissipation < 1.25 mW
26.2 - Endurance 1000 h; 70 °C; AR max.: 0.5%
dissipation 0.125 W
1 - Temperature | between —55 °C < 50, < 100 x10°9K
coefficient and + 155 °C see Table 2
13 - Voltage proof | 2 x limiting voltage (a.c.) na breakdown
14 - Noise |EC publication 195 to be established
9 - Insulation
resistance min. 10 MQ
July 1980
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Metal film resistors

MR16

STANDARD PACKAGING

number per box

Dimensions in mm

bandolier bizglzger
1000 5000
Configuration of bandolier
08max displacement between any

VAV, —| |_—

two resistors

| g—. At1,6 —e—" 72501754
Fig.2
Table 4
A B1 - B2 S T
+ max. (spacing) {max. deviation of spacing)
52.4 1.2 5 2 mm for 10 spacings
1.5 mm for 5 spacings

Mullard

July 1980



MR16

Reel or drum

22°30'(16x)

900 mm leader at
beginning and end

r

Fig.3 Ree! dimensions {(mm)
B=305,D=75

ORDERING PROCEDURE

Dimensions in mm

4

7266081.2

MR 16 resistors are supplied in multiples of 1000 pieces packed in boxes or in multiples of 5000 pieces

packed on to drums (reels)
When ordering, the following information is required.

1. Quantity
2. Style of resistor e.g. MR16
3

Packing. Drum packing is indicated by adding DRM to the end of the type designation i.e.

MR16—xxx—x~—DRM.
4. Resistance and tolerance

For example

{a) 2000 pieces of MR 16 resistors 1200 2 + 1% are ordered as 2000 resistors MR16—1K2~—-1.

and

{b) 10 000 pieces of MR 16 resistors, drum packed, 56 §2 * 2% are ordered as 10 000 resistors

MR16-56R—2—DRM

July 1980
( Mullard
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MR25
~ MR30
MR308

 —
L —
METAL FILM RESISTORS, GENERAL PURPOSE
QUICK REFERENCE DATA
Style MR25 MR30 and MR308
Resistance range
% 1% tolerance E96 and E24 series 4.99 Q to 681 kQ2 499 Q to 1 MQ
+ 2% tolerance E24 series 5.1 Q to 680 kQ2 5.1 to 1 MQ
Temperature coefficient
+ 1% tolerance* 50 ppm/°C 50 ppm/oC
+ 2% tolerance 100 ppm/°C 100 ppm/°C
Maximum power dissipation at 70 9C 0.4W 05w
Climatic category 55/155/56 55/155/56
* Below 49.9 Q; temperature coefficient is 100-ppm/9OC
MECHANICAL DATA Dimensions in mm
Muxnmum extent of pmnt
a
—.I I-_ 234 5 _.‘ I.__i
— {[[n:(3=#—+
t—— 26min ——’L— L -—’L—— Zﬁmin‘~'
MB0—1134/1
Style L D a d
MR25 6.5 max. 2.5 max. 1 max. 0.6
MR30 10 max. 3 max. 1 max. 0.6
MR308 10 max. 3 max. 1Tmax. . 0.8

The length (L) is measured by inserting the leads into holes in two parallel gauge plates, and moving
these plates together until the resistor is held without deformation. The holes in the gauge plates are
¢ 1.0 mm for MR25, MR30, and 1.2 mm for MR308.

GENERAL

Mullard metal film resistors are manufactured by depositing a homogeneous film of nickel/chromium
onto a high-grade ceramic body. Contact is made with the metal film by pressed-on metal caps. The
required value of resistance is obtained by cutting a helical track through the metal film. Manufacture
is completed by welding solder coated copper leads to the end caps and applying multiple coats of
protective green lacquer and colour code bands. The lacquer and colour code bands are proof agalnst
all normally used cleaning and defluxing processes.

The MR30 and MR308 are identical in all respects except lead diameter. )
The MR308 with 0.8 mm lead diameter has been introduced specifically to meet the requirements of
BS CECC 40 101-019 styles EZ and EX and British Post Office specification D245C Resistor 91E.

0 Mulla rd W ( September 1980



MR25
MR30
MR308

COLOUR CODING

The resistance and tolerance are indicated by either five colour bands (+ 1% tolerance) or four colour
bands (+ 2% tolerance). The first band is situated on the enlarged end diameter. The last band is wider
than the others.

The significance of the bands is as follows:

5 colour bands ' 4 colour bands
Band 1 = 1st sig. figure . Band 1 = 1st sig. figure
Band 2 = 2nd sig. figure Band 2 = 2nd sig. figure
Band 3 = 3rd sig. figure Band 3 = Multiplier
Band 4 = Multiplier Space
Band 5 = Tolerance; brown (+ 1%) Band 5 = Tolerance; red (+ 2%)
The significance of the colours is in accordance with the standard resistor colour coding, as in BS 1852:
1967
RESISTANCE RANGE
MR25 resistors 1% tolerance selection 499 Q to 681 k2 E96 series™
MR25 resistors 2% tolerance selection 5.1 £ to 680 k2 E24 series*®
MR30 resistors 1% tolerance selection 499 £ to 1 MQ E96 series*
MR308 resistors
MR30 resistors 2% tolerance selection 5.1 2 to 1 M2 E24 series*
MR308 resistors

*To BS 2488: 1966

TEMPERATURE COEFFICIENT OF RESISTANCE

MR25 resistors
MR30 resistors 2% tolerance selection + 100 ppm/°C
MR308 resistors

MR25 resistors

MR30 resistors 1% tolerance selection values below 49.9 + 100 ppm/°C
MR308 resistors

MR25 resistors

MR30 resistors 1% tolerance selection values of 43.9 €2 and above + 50 ppm/9C

MR308 resistors

LIMITING ELEMENT VOLTAGE
This is the maximum voltage (d.c. or r.m.s.) that may be continuously applied to the resistor, provided
that the maximum power dissipation (see nomogram) is not exceeded.

MR25 250 v
MR30 and MR308 350 \Y
ISOLATION VOLTAGE

This is the maximum voltage {(d.c. or peak) that may be applied under continuous operating conditions
between the resistor leads and an external conductor touching the body of the resistor.

MR25 350 v
MR30 and MR308 500 Vv
NOISE

Less than 0.25 uV/V for values less than 100 k2
Less than 0.5 pV/V for values greater than 100 k2

2 September 1980 ( Mu“ard | ‘3




MR25

Metal film resistors, general purpose MR30

MR308

STABILITY

The stability of a film resistor under ioad is primarily determined by its hot-spot temperature and the
materials used in its construction. The previous common practice has been to characterise a resistor by
its power dissipation, or wattage rating at a particuiar ambient temperature, associated with a derating
curve showing permissible dissipations at other temperatures.

Mullard have developed a nomogram which shows the relationship between power dissipation, ambient
temperature, and stability. With this knowledge the circuit engineer is able to assess the performance
of a resistor under working conditions and to select the type most suitable for his application,

This nomogram is given in Fig.2 and its use illustrated in Fig.3. In using the nomogram the following
precautions should be observed.

1. The nomogram should not be extended beyond the maximum allowable hot-spot temperature of
175 oC,

2. The maximum voltage rating of the resistors has not been aliowed for in the nomogram.
3. For periods of continuous operation other than 1000 hours, the stability is proportional to the square
root of the time ratio, e.g. after 2000 hours:

e - 2000
Stability = (Stability after 1000 hours) x 3000

4. The stability lines give a maximum value of AR/R. There is a 95% probability that actual values of
AR/R will be less than these.

APPROVALS

CECC approval has been granted to the MR25, MR30 and MR308 resistors under the CECC harmonized
scheme against the following specifications:

CECC

40 000 Generic specification: Fixed resistors

40 100 Sectional specification: Fixed low power non-wirewound resistors

40 101 - 002 Detailed specification for fixed low power non-wirewound resistors
Stability £ (1% +0.05 2)

40 101 - 008 Detailed specification for fixed low power non-wirewound resistors
Stability + (.6% + 0.05 Q)

40 101 - 009 Detailed specification for fixed low power non-wirewound resistors
Stability £ (2% + 0.1 2}

40 101-019 Detailed specification for fixed low power non-wirewound resistors

Stability + (2% + 0.1 §2) at upper rating; (1% + 0.1 £) at lower rating
Detaifs of the approved ranges, tolerances and temperature coefficients are given in Table 1.

BRITISH POST OFFICE
MR25 are approved to specification D2452 issue C Resistor 91F
MR308 are approved to specification D2452 issue C Resistor 81E

D Mu'lar d W ( September 1980
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MR25
Metal film resistors, general purpose MR3O

MR308

Fig.2 Performance nomogram for MR25, MR30 and MR308 showing the relationship between power
dissipation (P}, ambient temperature (T ymb), hot-spot temperature (Tmay), and stability
AR/R for 1000 hours.

Fig.3 A 10 kS resistor, dissipation 0.4 W, operating in an ambient temperature of 60 OC is required.
Under these conditions MR25 will have a stability of 0.54% (Construction — - ), and the MR30
a stability of 0.38% (Construction - - -).

PACKING

All resistors are supplied bandoliered to the outline dimensions in Fig.4.

Resistors are packed in boxes of 1000 pieces or on drums of 5000. The bandoliers, boxes and drums
are all suitable for crop and form or fully automatic assembly operations. A full packaging specification
is available.

Boxes and drums are marked with:

1. The resistor style MR25, MR30, or MR308 2. Nominal resistance and tolerance

3. Quantity 4. Date code

5. Mullard 12 digit code

Resistors released under CECC quality surveillance are supplied marked and sealed in accordance with
the CECC requirements.

T
B8
LA~ V\—v
— ] gg A > MB0-1134/4
Fig.4
For 'n’ < 50 pieces T=5(n-1) £2 where ‘n’ = the number of
For ‘n’ between 50 and 100 pieces T=5(n-1) =4 resistors

\VJ Mullard w [September 1980
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PR37

PR52

POWER METAL FILM RESISTORS
QUICK REFERENCE DATA
Style PR37 PR52
Resistance range 1021010k 10 Q to 27 kQ
Resistance tolerance + 5% + 5%
Preferred value series E12 E12
Maximum power dissipation at Tamp = 70 °C 16W 25W
Climatic category 55/200/56 55/200/56
MECHANICAL DATA Dimensions in mm

Maximum extent of paint 1mm

&
oD
i ]

H H e g

| — i
[}
F— 36 ——re—— L——» 36
min min D4Sle

Style L max. D max. d
PR37 10 37 | 0.6
PR52 16.7 5.2 0.6

The length {L) is measured by inserting the leads into 1 mm diameter holes in two parallel gauge plates,
and moving these plates together until the resistor is held without deformation.

GENERAL

The resistive element consists of a chromium-nickel film deposited onto a ceramic body. End caps with
solder coated connecting wires are fitted to the ends of the resistor. The final resistance value is obtained
by cutting a helical track through the metal film. The resistor is protected by a high temperature silicone
lacquer.

0 Mu“ard w ( October 1980



PR37
PR52 ‘

PROTECTION

The resistors are coated with a red high temperature silicone based lacquer. This lacquer is for protective
purposes in handling and transit only. It does not provide electrical isolation and it may be removed by
cleaning solvents.

MARKING

Each resistor has its value and tolerance printed on it. The letters R and K sign ify ohms and thousands
respectively. For example:

27R £ 5% means 27 2 + 5%
2K2 + 5% means 2200  + 5%

MOUNTING

At maximum dissipation the hot spot temperature of the resistors may rise to 300 °C. They must,
therefore, be mounted stress free to allow for thermal expansion over this temperature range. Due
clearance must be allowed between the resistor and thermally sensitive components. Fig.1 shows the
rise of resistors hot spot temperature against dissipated power.

ELECTRICAL DATA

Resistance range

PR37 Series 10to 10k Q

PR52 Series 10to 27 k Q
Resistance tolerance 5 %
Preferred number series

(BS2488; 1966) E12
Maximum temperature 6

coefficient of resistance 500 -10".K
Maximum power dissipation at Tamp, = 70 °C

PR37 Series 1.6 w

PR52 Series 25 w
Maximum body temperature at

maximum dissipation and T4mp = 70 °C 300 oC
Stability; typical AR after 1000 hours at

maximum dissipation and T4 = 70 °C 25 %

VOLTAGE PROOF
The resistors are not insulated
FLAMMABILITY

The resistors are made entirely of non-flammable materials. Under overload conditions they will open-
circuit without burning.

2 October 1980 ( Mullard \:' l



PR37

Power metal film resistors PR52

ORDERING PROCEDURE
When ordering these resistors, the following information is required:-
1.  Quantity
2. Style of resistor (PR37 or PR52)
3. Resistance value using the R.K.M. code.
R = units (x 1), K = kilo {x 1000}, M = mega (x 1 000 000)

For example:
25 000 pieces of a PR52 resistor 3300 £2, are ordered as 25 000 resistors PR52-3K3.

GRAPHS
AT = Thody —Tamb
Thody mMax = 300 °C

Fig.1 may be used to determine the maximum permissible dissipation at any ambient temperature
above 40 ©C. Conversely, it may be used to determine AT for any power dissipation.

vazs? D8228
T 1T ! [ 1 1
PrR37 | [ {1 28mm PRS2
300 lead : fecuma 4£0/60 Y h2 300 -
L '
ngt
AT y eng AT 28m‘m\
{*c) / (oC) 10m;
pé ‘s
225 225 %
y. l’/,
7 p./.4
/ ./
150 .4 150
/
75| £ 75
0 0
0 1.0 20 Power (W) 30 o] 1 2 PW) 3

Fig.1

Rise in body temperature {hot spot) as a function of dissipated power for two lead lengths

o Mullard [~



PR37

PR52
D8256
OTT aT=20C] T 25 | 30° 352
PR37
Lead {ength 4 °
{mm) / 40
/ e
20 1 o
/ / . i
/ /' > 50°
l' 1, ,4/'1 ]
0 vV /| 4 o
A
V, LA - |
BNy Ze7=
0 [
0 05 1.0 1.5 Power(W) 20
Fig.2
D8227
30 ; T TTT
RSZT < To%
o oS
o
L. '
(mm) \v)
Vi y oG
°‘Q
20 A
V.8
O
I b
J/ p,
/ / 4
I 17
10 1
0 N
0 1 2 3 P(W) 4
Fig:3

Lead length plotted against dissipation power
with AT as a parameter. (AT = soldering spot °C)
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Provisional data

SFR25

STANDARD FILM RESISTOR

QUICK REFERENCE DATA

Style

Resistance range
Resistance tolerance
Preferred values series

Maximum power dissipation
at Tymp=70°C

Climatic category (IEC 68)

SFR25
1 to 1.0 MQ
+5 %
E24

0.33 w
55/155/56

DIMENSIONS (millimetres)

Maximum extent of paint

[125 3] T

( /£ {III___[’ZD:‘L ¢d
L 26min ! L1 ! 26min ‘J 08430
Type ¢ D max. L1 max. ¢ d nom.
SFR25 25 7.0 0.6

The length L1 is the maximum clean lead to clean lead body length of the resistor. It is measured by
inserting the leads into the holes ¢ 1 mm of two identical gauge plates and by moving these plates
parallel to each other until the resistor body is clamped without deformation (see IEC publication 294).

GENERAL

| These resistors are manufactured by depositing a homogeneous film of nickel-chromium on to a high
: grade ceramic rod. {For values less than 10 £2 an electroless-deposited nickel-phosphor film is used).

Contact caps are pressed on to the rods and a helical groove cut through the film to give the required
resistance value. Connecting wires of lead-tin coated electrolytic copper are welded to the end caps.

| Finally the resistors are coated with multiple layers of light green insulating lacquer for electrical,
\ mechanica! and climatological protection. This lacquer is applied so that the end faces of the end caps
and connecting leads remain clean. By this means a well defined body length and clean lead to clean

lead length are obtained.

9
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SFR25

MOUNTING

These resistors are suitable for automatic insertion and processing in cut and form machines. The
controlled overall length of 7.0 mm is suitable for insertion on a 10.16 mm (0.4"’) pitch. They may be
mounted against double sided print boards. The lacquer is resistant to all commonly used solvents
recommended for cleaning printed wiring boards.

COLOUR CODING

The resistance value and tolerance are indicated by four colour bands as follows:-
Bands 1 and 2 = 1st and 2nd significant figures
Band 3 = Multiplier
Band 4 = Tolerance

The significance of the colours is in accordance with the standard resistor colour code (BS1852: 1967)

LEADS
Lead-tin coated copper wire.

RESISTANCE RANGE
18 to 1 MQ £ 5% tolerance E24 Series*
*To BS2488: 1966

TEMPERATURE COEFFICIENT
The temperature coefficient of resistance is less than 250 ppm/©C

LIMITING ELEMENT VOLTAGE

This is the maximum voltage (d.c. or r.m.s.) that may be applied to the resistor provided that the
maximum dissipation is not exceeded.

SFR25 250 \%

ISOLATION VOLTAGE

This is the maximum voltage {d.c. or peak a.c.) that may be applied under continuous operating
conditions between the resistor leads and an external conductor touching the body of the resistor.

SFR25 350 \%

VOLTAGE PROOF

This is the r.m.s. test voltage applied for 1 minute without breakdown between the resistor leads and an
external conductor touching the body of the resistor.

SFR25 500 \%

NOISE
Less than 0.1 uV/V

January 1980 ( Mullard U



Standard film resistor SFR25

PACKING

Resistors are supplied on a continuous tape (bandolier) conforming to Fig.2. SFR25 résistors are
packed either in boxes of 1000 pieces or on to drums of 5000 pieces.

The bandoliers and drums are suitable for use on either crop and form or fully automated component
insertion equipment.

The boxes and drums are marked with

1. Style of resistor
Packing quantity
Resistor value and tolerance
Date in code form
Mullard code of 12 digits
full specification covering bandoliering and packaging is available.

> oA W

e T T T\ = =
N—— L = \
c A -
CT - X I -
c M) -5
N
C (T T N | T
N ——L_
- @m[ -5
e - DA s g - - i
7 5.3
=== = n‘_"—"ELﬂll =3 47 ¥
—»] T 06127
65 & —s52.041.6
5.5 -
Fig.2
For ‘'n" <5 pieces T=5{n-1} 1.6
For ‘n’ between 5 and 10 pieces T=5(n1) =2

where ‘'n’ = the number of resistors
All dimensions in millimetres

) g M ull ard January 1980



SFR25

ORDERING PROCEDURE

SFR25 resistors are supplied in multiples of 1000 pieces packed in boxes or in multiples of 5000 pieces
packed on to drums.

When ordering, the following information is required.
1. Quantity

2. Style of resistor e.g. SFR25

3. Resistance value and tolerance.
4

Packing. Drum packing is indicated by adding DRM to the end of the type designation, i.e.
SFR25-XXX-X-DRM.

For example
{a) 2000 pieces of SFR25 resistors 1200 £ + 5% are ordered as 2000 resistors SFR25-1K2-5,

{(b) 10 000 pieces of SFR25 resistors, drum packed, 5.6 £ + 5% are ordered as 10 000 resistors
SFR25-5R6-5-DRM.

a

4 January 1980 ( Mull ard



Standard film resistor

SFR25

TESTS AND REQUIREMENTS

Where applicable these resistors are
wirewound resistors, Type 1) catego

procedures).
These tests are summarised in the table below.

tested to IEC Publication 115-1 (Recommendations for fixed non-
ry 55/155/56, and 1EC Publication 68 {Basic environmental testing

IEC IEC 68
115-1 test Test Procedure Requirements
clause | method
18 Robustness of
terminations
Ua a. Tensile all
samples 0.6 mm load 10N {1kg): 10s
Ub b. Bending half
number of 0.6 mm load 5 N (0.5 kg); No. of failures <10 ppm
samples 4 x 90° AR max. 0.25% + 0.05 Q
Uc ¢. Torsion other
half number
of samples 3 x 3600 in opposite directions
19 T Soldering solderability: 2s 230 °C good tinning, no damage
0.5% activated flux AR max. 0.256% + 0.05 Q
thermal shock: 3 s 350 °C
6 mm from body
20 Na Rapid change % hour at —55 °C AR max. 0.25% + 0.05 Q2
of temperature | % hour at +155 °C
5 cycles
22 Fc Vibration Frequency: 10 to 500 Hz: no damage
displacement 1.5 mm or AR max. 0.25% + 0.05
acceleration 10 g: three
directions: total 6 h
21 Eb Bumping 3 x 1500 bumps in three no damage
directions: 40 g AR max. 0.25% + 0.05 &

Mullard
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SFR25

1EC IEC68
115-1 test Test Procedure Requirements
clause | method
23 - Climatic sequence
23.2 Ba Dry heat 16 hours 155 OC
23.3 D Damp heat 24 hrs: 55 °C: 95 to 100%
{accel) 1st cycle R.H.
234 Aa Cold 2 hours: —55 °C
23.5 M Low air pressure 1 hour: 85 mbar: 15 to 35 °C
23.6 D Damp heat (accelY 5 days: 55 OC: 95 to 100% Rins: min. 1000 MQ
remaining cycles R.H. AR max. 1.0% + 0.05 2
24.2 Ca Damp heat 56 days: 40 ©°C: 90 to 95% Rins: min. 1000 MQ
(steady state) R.H. AR max. 1.0% + 0.05 Q
Dissipation 0.01 x P,,om,
26.2 - Endurance 1000 hours: 70 OC: AR max. 1.0% +0.05
Prom ©f Vimax,
11 — Temperature between —55 OC and +155 °C| <250 ppm
coefficient
10 - Voltage proof on 500 Vymg applied for 1 min. No breakdown
insulation
14 - Noise IEC publication 195 <0.1 mV/V
9 - Insulation min. 10* MQ
resistance
15 — Short time room temperature, AR max. 0.25% + 0.05 Q
overload dissipation 6.25 x Pom,
{voltage not more than
2 x limiting voltage)
10 cycles, 5 seconds on,
45 seconds off

January 1980
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METAL GLAZE RESISTORS

VR25, VR37, VR68

high ohmic

QUICK REFERENCE DATA
Style ' VR25 VR37 VR68
Resistance range 1t0 10 11033 1to 68 M
Resistance tolerance + 5% +5 5 %
Preferred value series E12 E12 E12
Maximum power dissipation

at Tamp = 70 °C 0.25 0.5 1 w
Limiting voltage (r.m.s.) 1150 2500 7000 \%
Limiting voltage (d.c.) 1600 3500 10 000 v
Climatic category (IEC 68) 55/155/56 56/155/56 55/155/56

MECHANICAL DATA

Maximum extent of paint

¥
a
l12
Wy
—~ 1

C L
7/

26 min ——.l‘—

—
3 4

y @D

f— a
R _"'L' 1/

—

Dimensions in mm

s

L 26 min +  DS5230b
Fig.1
Style L max. @D max. a max. @d nom.
VR25 6.8 25 1.0 0.6
VR37 10 3.7 1.0 0.7
VR68 18 6.8 1.2 0.8

The length L is measured by inserting the leads into holes in two parallel gauge plates and moving these
plates together until the resistor is held without deformation. The holes in the gauge plates for the leads

are @1 mm for VR25 and VR37, and @ 1.2 mm for VRE8.

™)
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VR25, VR37, VR68

APPLICATION

Developed for applications where high resistance values, high stability and reliability are required. Also
suitable for use at high voltages.

GENERAL

The resistors consist of a metal glaze deposited on a high grade ceramic body. The ends of the resistor
body are fitted with metal end caps to which solder coated electrolytic copper leads are welded. The
final resistance value is obtained by cutting a helical track through the metal glaze. The resistor is
protected by multiple coats of insulating lacquer, the final coat being light blue.

COLOUR CODING
The resistance value and tolerance are indicated by four colour bands as follows:—

Bands 1 and 2 = 1st and 2nd significant figures
Band 3 = Multiplier
Band 4 = Tolerance

The significance of the colours of bands 1 to 3 is in accordance with the standard resistor colour code
(BS1852: 1967).

The fourth tolerance band is yellow and indicates a tolerance of +5%.

The positioning of the bands with respect to the resistor body is shown in Fig.1.

ELECTRICAL DATA

VR25 VR37 VR68

Resistance range 1t010 1to 33 110 68 M
Resistance tolerance +5 5 15 %
Preferred number Series (BS2488: 1966) E12 E12 E12
Temperature coefficient of resistance +200 +200 +200 10°¢/K
Limiting voltage {r.m.s.} see note 1) 1150 2500 7000 Y
Limiting voltage (d.c.) (see note 1) 1600 3500 10 000 \
Voltage proof (see note 2) 700 700 700 \Y
Maximum power dissipation at Tamp = 70 °C 0.25 0.5 1 w
Maximum body temperature at rated

dissipation and T4, = 70 °C 155 155 165 oc
Maximum noise 5 <0.5 <0.5 uv/v
Stability: typical AR after 1000 hours at maximum

dissipation and T,p = 70 °C <0.5 <0.5 <1 %
NOTES

1. Thisis the maximum r.m.s. or d.c. voltage that may be applied to the resistor, provided that the
power dissipation is not exceeded (see also Fig.3).

2. This is the maximum voltage that may be applied for 1 minute between the resistor leads and an
external conductor touching the body of the resistor.

2 October 1980 ( Mu||ard \vv’



Metal glaze resistors VR25, VR37, VR68

PACKING

Resistors are supplied on a continuous tape {bandolier) of 1000 pieces, with dividing marks at intervals
of 100 pieces.

The bandoliers are packed in boxes marked as follows:—
1. Style of resistor VR25 VR37 or VR68

2 Quantity

3. Nominal resistance value

4. Date in code form

5. Mullard code number of 12 digits

The basic dimensions of the bandolier are given below. A full specification covering bandoliering and
drum packing is available.

M ~
—— M T T — =
—&=3 = - [
[t ) | | ) — st |
C — ] ) a— =3
c o - T
\I_L-—‘——JI
[y #lm ) — a0
iy — AN\ _ L
—e = o et = =
e [ S——— B
_F___— - ¢ - P ——— gy | T ‘
L/ V\'\.a
E— g:g —, A > MB0-—1134/4
Fig.2
Style A B
VR25 and VR37 54.0/50.8 5.3/4.7
VRE8 68.3/65.1 10.3/9.7
For ‘n’ < 50 pieces T=1{5{n-1)]* 2 for VR25 and VR37 T=[10(n - 1}] £ 2 for VRE8
For ‘n’ 50 to 100 pieces T =[5{n- 1)] + 4 for VR25 and VR37 T =[10{n- 1}] £ 4 for VR68
where ‘n’ =the number of resistors All dimensions in mm

‘:’ Mullard w Fctober 1980 3



VR25, VR37, VR68

ORDERING PROCEDURE
When ordering resistors, the following information is required: —
1. Quantity
2. Style of resistor (VR25, VR37 or VR68)
3. Resistance value using the R.K.M. code
R = units (x1), K = kilo {x1000), M = mega (x1000 000)

For example:
25 000 pieces of a VR37 resistor, 3.3 MS2 are ordered as 25 000 resistors VR37-3M3.

(7266562.1) D6861d

P
(W)
Gl
1 ’%\0 ==
)
%
% 7
a)e
s,
%, &
& %
N, s
P“ “o
2
0.01
01 1 10 R{MQ) 100

Fig.3

%

The relationship between resistance value and maximum power dissipation or maximum voltage rating

of the VR and CR series of resistors.

4 October 1980 ( Mu"ard

<



ViAW

NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS




1L < AT



NEGATIVE TEMPERATURE INTRODUCTORY
COEFFICIENT THERMISTORS NOTES

*
- ” N -

N.T.C. thermistors are supplied in packages marked with either the Mullard
VA number or a 12 digit number. A data summary and conversion list is
available.

Additionally, both numbers appear on each data sheet.

INTRODUCTION

Negative Temperature Coefficient (N.T.C.) thermistors are resistors which have a high
negative temperature coefficient of resistance. They areprepared from oxides of the iron
group of transition elements such as Cr, Mn, Fe, Co, Ni. These oxides have a high resis-
tivity inthe purestate, butcan be transformed into semiconducting materials by the addition
of small amounts of ions having a different valency. Examples are:

(a) Iron oxide FegO3, where a small partof the Fe3* ions arereplaced by Ti4* ions.
These Ti4* ions are compensated by an equal amount of Fe2t ions in order to
maintain electro-neutrality . At low temperatures the extra electrons of the Fe2*
jons are situated on Fe ions next to the Ti4* ions, but at higher temperatures
they are gradually loosened from these sites and contribute to the conductivity.
In this example, an electron or n-type semiconducting material is obtained.

(b) Nickel oxide NiO, or cobalt oxide CoO, with partial substitution of Ni2* ions or
Co2* ions by Lil* ions. These Lil" ions are compensated by an equal amount of
Ni3t ions or Co3t ions. At low temperatures the electron holes of the trivalent
ions are situated near thelithium ions and are free to move through the crystals
at higher temperatures. In this example, a positively charged particle is the
mobile charge carrier, therefore a p-type semiconducting material is obtained.

Stabilising oxides are sometimes added to obtain better reproducibility and stability of the
characteristics. The choice of compositiondepends entirely onthetemperature coefficient
and required resistance.

The manufacturing process is similar to that used in the ceramic industry. After intensive
mixing and the addition of a plastic binder, the material is shaped into the appropriate
forms by extruding for rods,and pressing for discs. The parts are then sintered at high
temperatures. Electrical contacts are made using silver paste, vacuum deposition or
metal spraying techniques.

Miniature n.t.c. thermistors are made by sintering a bead of the semiconducting oxide
between two parallel platinum alloy wires. This sintering process shrinks the bead on to
the wires, thus forming a reliable contact. For most applications the miniature n.t.c.
thermistors are enclosed in glass envelopes of various forms, to give protection against
corrosive fluids. Where the highest thermal sensitivity is required the unprotected bead
can be used.

Mullard
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ELECTRICAL PROPERTIES
Resistance versus temperature characteristic

The relationship between resistance and temperature for an n.t.c. thermistor can
be approximated to:

B/T

R= Ae 1)

where, R = resistance in ohms

T = absolute temperature in kelvin

e = the base of natural logarithms (e = 2.718)
A and B = constants for a given thermistor

(the letter'B'is sometimes used as an alternative symbol for B)

This equation is illustrated in fig. 1

104 D187
7
R
(n)
10 A
N N .
4 \\ \\ Fig. 1
10° ML N Resistance as a function of temperature
7 ; for three different values of A and B
5
N N
Py
o N~\ ~~~~
Py
N
! 0
50 100 1o 10

For a given n.t.c. thermistor the value of B may be found by measuring R at two
absolute temperatures Tl and Tz, giving:

R, = 4¢®T1ang R, - Ac™/T2
by division

R

_1_ (B/T1 - B/Typ)

R2
taking logarithms

log. R -log , R
1 10 1 10 72
B= . kelvin  (2)
logloe 1/T1 - 1/T2

Mullard
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NEGATIVE TEMPERATURE INTRODUCTORY

COEFFICIENT THERMISTORS NOTES
simplified
T.T R
B = 2.303 T_zl-_z’fI - log, E;' kelvin @

For different material compositions, the constantB has values between 2000 and
5500K. In practiceB is not a true constant, since minor deviations occur at high
temperatures.

Equation (2) may be rearranged to give:

= +
1og10 R1 10g10 R2 B T

1
log, e @)
10 Ty 10

Equation (4) may be used to find the resistance of a thermistor at any temperature
within its working range, given the resistance at a known temperature and its B-
factor.

The graphs figs. 2 and 3, may also be used to find the resistance Rt at a tempera-
ture TOC using the resistance at 25°C (Ra5) and B-factor given in the appropriate
data sheets.

Mullard
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NEGATIVE TEMPERATURE INTRODUCTORY
COEFFICIENT THERMISTORS NOTES
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RT/ R2 5 as a function of B with temperature as a parameter
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From equation (1) the temperature coefficient of resistance o can be derived as
follows:
dR _ B

@ = aT 2

1
3 ®

At 25°C, « lies between -2.4 and -6.8% per deg. It should be noted that a varies as
the inverse square of the absolute temperature.

Voltage versus current characteristic

A typical relationship between current and voltage drop across an n.t.c¢. thermistor
is showninfig. 4.This static characteristic, plotted on alog-log scale, was measured
at a constant ambient temperature and the readings weretaken after thermal equili-
brium was achieved.
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Fig. 4

At low levels, the power input to the thermistor is inadequate to cause a rise in
temperature above ambient. Therefore, its resistance remains constant and the
relationship between voltage and current is linear (fig. 4, A to B). Beyond thislinear
portion the power input is sufficient to heat the thermistor, causing its resistance
to progressively fall. At a certain value of current, the voltage drop across the
thermistor reaches a maximum value (fig. 4, C) and decreases as the current
increases still further.

Assuming:
{a) a constant temperature throughout the body of the thermistor,

(b) the heat transfer to be porportional to the difference between the thermistor and
its surroundings (true for low temperatures only),

(c) the resistance as defined by equation (1),

Mullard
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NEGATIVE TEMPERATURE INTRODUCTORY
COEFFICIENT THERMISTORS NOTES

the following may be written:

B

= 4
logeR logeA T (6)
at thermal equilibrium
V. I=D(T-T, ) )
where Tamb = ambient temperature
D = dissipation constant, i.e. the power needed to raise the temperature
by 1°C.
From equations (7) and (6)
+ = + -
logeV logel logeD loge (T Tamb) (8)
log V - log 1=log A + 2 ©
o8, 9 Ze T )
combining
log V=2log AD+ilog (T-T )+£
e 2 e 2 e amb’ 2T

This expression has a maximum or minimum as a function of T if

d(log V)
=0
daT

then
1 B

—= =0

2T -Toy 212

which is only true for those values of T which satisfy the equation

T2 ~BT + BT =0
amb

The temperature at which the voltage is a maximum, Tv’ is given by

TV = -;-Bt =B _BTa.mb kelvin

(The value with the negative sign gives the temperature corresponding to the maxi-
mum value of the voltage.) For practical values of B, Tv lies between 318K 45°C)
and 358K (85°C).

From the above, which is valid for static conditions, it follows that the temperature
corresponding to the maximum voltage is dependent on the B-value, not on the actual
resistance value.

Mullard -
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Thermal time constant
If the temperature of the thermistor is uniform during cooling, the following equa-
tion is valid for cooling in the time interval dt

-HAT = D(T-T, .)dt (10)

in which H is the heat capacity of the thermistor in joules per degree C.

2 to Tl’

-t/ T

From equation (10), when the thermistor cools from T

(T (T, -

1~ Tamb) - 2 Tamb) e

The value 7= H/D is termed the thermal time constant. Thethermal timeconstant
is defined as the time required for a thermistor to change by 63.2% of the total change
between its initial and final body temperatures, when subjected to a step function
change in temperature under zero power conditions.

Tolerances on R25 and B

In published data the values of Rgs and Bare specified with certain tolerances. The
tolerance on Rps is normally 20% and in most cases, the tolerance onthe B-value
is £5%. Due to thetolerance on B, the deviationfrom a nominal resistance/tempera-
ture curve, at temperatures other than 25°C, can be greater than that specified at
250C. Fig. 5 illustrates this for an n.t.c, thermistor with an Rgs of 1kQ.

10t 1870

+Band +Rps tolerance

\ Fig. 5
K N\ The influence of the B-value
0’ ~Band +Rpg toleranc tolerance
5
o R
NN

+Band -Ryg tolérance

N
) N

] 25 50 B qe) 100

Although the resistance value will always lie between these curves, it can be seen
that they represent 'worst case' conditions which seldom occur in practice.

Mullard
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NEGATIVE TEMPERATURE INTRODUCTORY
COEFFICIENT THERMISTORS NOTES

Choice of type

When an n.t.c. thermistor has to be selected for a certain purpose, the following
questions have to be considered:

1. What is the resistance, temperature range and temperature coefficient required ?
2. What is the power to be dissipated?

3. What is the thermal time constant required?

4. Which slope is best suited for the purpose?

Whenever it is impossible to find an n.t.c. thermistor to fulfil all requirements,
it is often possible to adapt the values of other circuit components, or to use a com-
bination of series and parallel resistors to permit the use of a standard type.

Suppose, for compensation purposes, a thermistor is wanted with a resistance value
of 509 at 30°C and 10Q at 100°C. A standard type having this characteristic is not
available. The problem may, however, be solved by using a standard thermistor
and two linear resistors. If a disc type with an Rgs of 1309 is used in a series and
parallel arrangement withtwo linear resistors of 6.042 and 95.3% (these two resist-
ance values are takenfrom E96 series)as illustrated in fig. 6, the resistance of the
combination at 30°C and 100°C will meet the requirements. Fig. 7 shows the new
resistance versus temperature graph, together with that of the thermistor.

D880

&
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n),|

\ nt Rog= 130 £
4
Rp5=13000 100
NTC Ry =604 M1
;-t' .
© —o° ? N
— 1 0 “m.

Ry=9530 ) o

5|

1

o 25 50 715 100 125 ypq
‘ Fig. 6 Fig. 7
| Use of resistors in series and Resistance as a function of
parallel to modify the n.t.c. temperature in a circuit as in
thermistor characteristics fig. 6
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It should be remembered that the temperature coefficient of the combination will
always be lower than that of the n.t.c. thermistor alone. This is clearly illustrated
infig. 8, wherethe changeinthe resistance/temperature graph is shown for different
values of series or parallel resistor.
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Fig. 8
Resistance as a function of temperature of a thermistor with Rgs = 1309,
in series or parallel with various resistors

APPLICATIONS

The applications of n.t.c. thermistors may be classified into three main groups:-

1. Applications where advantage is taken of the temperature dependency of the
thermistor, i.e. where the resistance is a function of temperature.

This group has two subsections:

(a) where the temperature of the thermistor is determined solely by the ambient
medium

(b) where the temperature of the thermistor is determined partially by the ambient
medium and partially by the dissipation of the thermistor itself.

2. Applications which make use of the thermal inertia of thethermistor; inthis case
the temperature is considered to be a parameter, and resistance is a function of
time.

3. Applications which take advantage of the high negative temperature coefficient of
resistance of these thermistors. This group includes those applications which
use the negative slope of the "voltage equals a function of current' characteristic.

Mullard
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NEGATIVE TEMPERATURE INTRODUCTORY
COEFFICIENT THERMISTORS NOTES

Application examples

1.

Temperature measurement and control in industrial, domestic and medical
thermometers and thermostats. The thermistor is usually used in one arm of a
bridge circuit. The output from the bridge, after amplification if necessary, is
either displayed on a meter, or used to control the heating or refrigerating circuits .

. The measurement of cooling water and oil temperatures in vehicles in which the

thermistor is used in series with an indicating instrument.

. Liquid flow measurement and gas pressure measyrement in low pressure systems.

The rate of heat lossfrom a thermistor operating at a temperature above ambient
is used to determine flow rate or gas pressure.

. Compensation of the positive temperature coefficient of copper wire in televigion

scanning coils, meters and similar windings. Any increase in resistance of the
copper due to temperature increases is offset by a reduction in resistance of the
thermistor.

. The protection of series connected valve heaters, silicon diodes and switches

against switching surges, by using the thermal inertia of n.t.c.thermistors. The
initial high resistance of the cold thermistor limits the current to a safe value.
As the thermistor heats up its resistance falls and the current increases to its
working value.

. Delay circuits to retard the operation of relays, small contactors and motors.

Again, the thermal inertia of the thermistor is used to limit the initial current
and allow a slow build-up to working level.

. Gain compensation in amplifiers. Thermistors may be included in feedback net-

works to compensate for the variation in gain of amplifiers.

Compensation of transistor characteristics against temperature changes. Therm-
istors used as part of the bias network maintain circuit parameters within design
limits.

Notes

In all applications the following precautions must be observed:

(a) Do not usethermistors in parallel to obtainhigher dissipation. Variations within

the published tolerances will resultin unequal current sharing, and hence unequal
heating.

(b) Donotuse unprotected thermistors in conducting, corrosive, oxidisingor reduc-

ing fluids.

(c) For temperature measurement applications, the dissipation level must be kept

very low to avoid self-heating of the thermistor which would give inaccurate
results. The dissipation constant is an indication of the maximum permissible
dissipation for accurate temperature measurement.

Mullard
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DEFINITIONS |
Zero power resisiance \

The resistance value of a thermistor measured at a specified temperature T with a
power input to the thermistor sufficiently low so that any further decrease in power
will result in not more than £0.1% change in resistance.

Rated zero power resistance (R2 5)

This is the nominal value at the standard reference temperature of 25°C, unless
otherwise specified.
B-value

An index of the temperature sensitivity derived from the formula previously given
in equation (3):

T R
1K

B = 2.303 T -1 . log10 i;

where B = a constant in K
R1 = resistance in ohms at ’l‘1
RZ = resistance in ohms at T2
When calculated from measurements made at T1=298K (25°C) and T2=358K (85°C)

the constant is written as B %—g‘ .

Note: The letter '8’ is sometimes used as an alternative symbol for B.

Operating temperature category at zero power

The upper and lower category temperatures at zero power are the maximum and
minimum ambient temperatures at which the thermistor canbe continuously operated .

Maximum power rating

The maximum power which may be continuously dissipated in still air at 25°C ambient,
unless otherwise specified.

Dissipation factor (8)

Theratio (inmilliwatts per degree C) of a change in power dissipation of a thermistor
to the resultant body temperature change, at a specified ambient temperature.
Thermal time constant (7)

The time required for a thermistor to change 63.2% of the total difference between
its initial and final body temperatures, when subjected to a step function change in
temperature under zero power conditions.

Resistance/temperature characteristic

The relationship between the zero power resistance of a thermistor and its body
temperature.

Mullard
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' NEGATIVE TEMPERATURE INTRODUCTORY
COEFFICIENT THERMISTORS NOTES

Voltage/current characteristic

The relationship (in still air at 25°C) between the voltage developed across the
thermistor and the applied steady-state current.

MEASUREMENT OF N.T.C. THERMISTOR CHARACTERISTICS

The following are precautions which must be taken when measuring n.t.c. thermis-
tors:

1.

Do not make measurements in air, this cangive inaccurate results. Measurements
should be made in a suitable non-conductive, non-~corrosive liquid.

. Thethermostat used should have an accuracy of at least 0. 1°C and measurement

should be taken as close to the thermistor as possible. The liquid should be
agitated.

Time should be allowed for equilibrium to be reached, between the thermistor
and its surrounding medium, this can be greater than 1 minute for some types.

. The measuring voltage should be kept as low as possible to avoid self heating

effects, particularly when measuring miniature types. Less than 0.5V is recom-
mended.

. When a mercury thermometer is used for high temperature measurement, it is

recommended that stem correction be applied.

Mullard
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SUMMARY

N.T.C. THERMISTORS

Disc and rod types

Rag B-value | Max. power See composite
Type Code No. rating (W) Shape data sheet
No. 2322... Q) (K} at 25 °C commencing with:
VA1033 610 11408 4 2800 1 Disc VA1033
VA1034 610 11509 50 3300 1 Disc VA1033
VA1038 610 11132 1300 5450 1 Disc VA1033
VA1039 610 11501 500 5200 1 Disc VA1033
VA1040 610 11131 130 4600 1 Disc VA1033
VA1053 610 11808 8 2900 1 Disc VA1033
VA10555 | 63501153 15 000 3600 0.6 Rod VA1055S
VA1056S | 63501473 47 000 3925 0.6 Rod VA 10558
VA1066S | 63501472 4700 3300 0.6 Rod VA1055S
VA10675 | 63501154 150 000 4075 0.6 Rod VA1055S
VA1074 610 11608 6 2825 1 Disc VA1033
VA1086 610 11228 2.2 2675 1 Disc VA1033
VA1096 642 11151 150 3280 0.6 Disc VA1096
VA1097 642 11471 470 3520 0.6 Disc VA1096
VA1098 642 11152 1500 3775 0.6 Disc VA 1096
VA1100 610 11159 15 3125 1 Disc VA1033
VA1104 644 90005 15 3350 See note Disc VA1104
VA1106 642 11222 2200 3915 0.6 Disc VA1096
VA1108 642 12153 15 000 4375 0.6 Disc VA1096
VA1109 642 12472 4700 4200 0.6 Disc VA1096
VA1111 642 12333 33 000 4250 0.6 Disc VA 1096
VA1112 642 12223 22 000 4200 0.6 Disc VA 1096
61011118 1.1 2650 1 Disc 2322-610 Series
610 12109 10 2950 1 Disc 2322-610 Series e
610 11339 33 3250 1 Disc 2322-610 Series
Note:- Maximum current (rms) at 55 °C for VA1104is 2.2 A
Plastic encapsulated
Code No. R B-value
2322, .. k) (K) Shape
640 90004 Rog = 12; R{pp = 0.95 3750
640 90005 Rq00 = 16.7; Rog0 = 1.12 4300 T int’
640 90013 R.30 = 50 k&2; R0 = 15 kQ 4000 wo-point’ type
640 90015 R.10 = 15 k§; Rgg = 2.7 k2 4000 <
‘ October 1978 1
QO Mullard W(



SUMMARY J L

Miniature bead types

Type Code No. Ra5 B-value
No. 2322. . . ) (K) Shape

VA3100 634 11102 1000 2375
VA3102 634 11222 2 200 2600
VA3104 634 11472 4700 3725
VA3106 634 11103 10 000 3875
VA3108 634 11223 22 000 3850 Plain
VA3110 634 11473 47 000 3850 bead
VA3112 634 11104 100 000 3800
VA3114 634 11224 220 000 3920
VA3116 634 11474 470 000 4030
VA3200 634 21102 1000 2375
VA3202 634 21222 2 200 2600
VA3204 634 21472 4 700 3725
VA3206 634 21103 10 000 3875 Gas-filled
VA3208 634 21223 22 000 3850 glass
VA3210 634 21473 47 000 3850 encapsulated
VA3212 634 21104 100 000 3800 bead
VA3214 634 21224 220 000 3920
VA3216 634 21474 470 000 4030
VA3400 627 21102 1000 2375
VA3402 627 21222 2 200 2600
VA3404 627 21472 4700 3725 Glass
VA3406 627 21103 10 000 3875 dipped
VA3410 627 21473 47 000 3850 bead
VA3412 627 21104 100 000 3800
VA3414 627 21224 220 000 3920
VA3700 627 11102 1000 2375
VA3702 627 11222 2 200 2600
VA3704 627 11472 4 700 3725
VA3706 627 11103 10 000 3875
VA3708 627 11223 22 000 3850 Lhe:"”‘“e'
VA3710 627 11473 47 000 3850 P
VA3712 627 11104 100 000 3800
VA3714 627 11224 220 000 3920
VA3716 627 11474 470 000 4030

2 October 1978 ( Munard
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NEGATIVE TEMPERATURE VA1033 VA1053

COEFFICIENT THERMISTORS VA1034 VA1074

(2322 610 Series) VA1038 VA1086
YA1039 VA1100
VA1040 <~

This data sheet should be read in conjunction with
NEGATIVE TEMPERATURE COEFFICIENT THERMISTORS - INTRODUCTORY NOTES

APPLICATION

General purpose applications, including temperature measurement and circuit compen -
sation.
Additional similar thermistors are detailed in the data sheet 2322 610 Series.

DIMENSIONS (millimetres)

3 - r 5 max
#9.4 max

’

| (-—gs—-l-—

$0.6 ~ 03464
ELECTRICAL DATA
Rated zero power | B-value (B%g) Colour bands
resistance (Rgs) Code No. Type No.
+20% 5% 1 2 3
2,20 2675K red red gold 2322 610 112281 VA1086
4 Q 2800K yellow | black | gold 2322 610 11408 VA1033
6 Q 2825K blue black | gold 2322 610 11608 | VA1074
8 @ 2900K grey black | gold 2322 610 11808 | VA1053
15 @ 3125K brown | green | black | 2322 610 11159} VA1100
50 ¢ 3300K green | black | black | 2322 610 11509 | VA1034
130 @ 4600K brown | orange | brown | 2322 610 11131 { VA1040
300 @ 5200K green | black | brown | 2322 610 11501 | VA1039
1300 @ 5450K brown | orange | red 2322 610 11132 | VA1038
Maximum power rating at 1 w
Operating temperature category at zero power -25 to +125 oC
at maximum power 0 to +55 oC
Dissipation factor (6) (approx.) 10 mW/K (mW/°C)
Thermal time constant (1) (approx. ) 60 s

VA1110 has been replaced by 2322 610 12109

Muliard
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COLOUR CODING
Three coloured bands on the body identify the types in this series.
ORDERING PROCEDURE

The thermistors should be ordered by the type or code number quoted in the table.
They may be supplied in packs marked with either the type or code number.
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NEGATIVE TEMPERATURE VA1055S VA1066S
COEFFICIENT THERMISTORS VA1056S VA1067S
(2322 635 Series)

This data should be read in conjunction with
NEGATIVE TEMPERATURE COEFFICIENT THERMISTORS - INTRODUCTORY NOTES

APPLICATION

General purpose applications, including temperature measurement and circuit compen-
sation.

DIMENSIONS (millimetres)

l—‘nqu‘j e r @ 3.7max

O
|

I ||
e

ELECTRICAL DATA
Rated zero power | B-value (B %g)
resistance (Rys) Colour coding Code No. Type No.
+20% +5%
4700 @ 3300K orange 2322 635 01472 VA1066S
15 000 @ 3600K green 2322 635 01153 VA1055S8
47 000 @ 3925K blue 2322 635 01473 VA1056S
150 000 © 4075K white 2322 635 01154 VA1067S
Maximum power rating 0.6 w
Operating temperature category at zero power =25 to +150 oC
at maximum power 0 to +55 oC
Dissipation factor (8) (approx.) 5.0 mW/K (mW/°C)
Thermal time constant (T) (approx.) 30 s

COLOUR CODING
A colour spot on the body identifies the types in this series.

ORDERING PROCEDURE

The thermistors should be ordered by the type or code number quoted in the table above,
They may be supplied in packs marked with either the type or code number.

Mullard
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NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS
(2322 642 Series)

VA1096
VA1097
VA1098
VA1106

This data sheet should be read in conjunction with
NEGATIVE TEMPERATURE COEFFICIENT THERMISTORS - INTRODUCTORY NOTES

VA1108
VA1109
VA1111
VA1112

APPLICATION
General purpose applications, including temperature measurement and circuit
compensation.
DIMENSIONS (millimetres)
4 f——l 5.5max
—L J
3 05.5 _h
2 max |
e
L
min
u J
—it— @ 0.6 03656
ELECTRICAL DATA
Ratei::ro B-;glue Dissipation Colour bands Code No Type
po ®) | factor (8 : No.
resistance 85 mW /degC 1 2 3
®2s)
1500+20%| 3280K 8 brown { green {brown | 2322 642 11151 VA1096
4709+20% | 3520K 8 yellow | violet |brown | 2322 642 11471 | VA1097
15000+20% | 3775K 8 brown { green |red 2322 642 11152 | VA1098
22000+20% | 3915K 8 red red red 2322 642 11222 | VA1106
47000+10% | 4200K 8 yellow | violet (red 2322 642 12472 | VA1109
15 0009+10% | 4375K 8.5 brown | green |orange | 2322 642 12153 VA1108
22 0000+10% | 4200K 8.5 red red |orange| 2322 642 12223 | VAlli2
33 0009+10% | 4250K 8.5 orange| orangelorange | 2322 642 12333 | VAllll
Maximum power rating 0.5 w
Operating temperature category at z€xo power -25 to +125 oC
at maximum power 0 to +55 oC
Dissipation factor (6) (approx.) 8.5 mW/K (mW/°C)
Thermal time constant (v) (approx.) 25 8

ORDERING PROCEDURE

Three coloured bands on the body identify the types in this series. Where applicable,
the £10% tolerance on Rys value is marked with an additional fourth band in silver.
The identification lacquer does not provide electrical insulation.

AUGUST 1980
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ORDERING PROCEDURE

The thermistors should be ordered by the type or code number quoted in the table.
They may be supplied in packs marked with either type or code number.
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NEGATIVE TEMPERATURE VA1096 VA1108
COEFFICIENT THERMISTORS YA1097 VA1109
(2322 642 Series) VA1098 VA1111
VA1106 VA1112
‘02 — 03457
. : Tam25°C still air
v .=
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1 oo Vg v*/ v v
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s ]
# A11500)
2
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-2 2 5 7 -1 2 5 2 5 7 2 s 7 2 5 7 2 5
10 ) 1 10
0 1 10 0 ”mA]w
VOLTAGE/CURRENT CHARACTERISTICS
TESTS AND REQUIREMENTS
According to IEC68 recommendations, unless otherwise specified.
IEC 68 test . Requirements
Tests method only | DV —XR7R@) T AB/BOD)
Storage at +25°C Ha 1000h +3 *]
Dry heat at +125°C B 1000h £5 +2
Thermal shock -25 to +125°C Na 5 cycles *3 £2
Damp heat at +40°C Ca 1000h +5 +3
Max. dissipation
at Tamp = +35°C 1000k +5 +2
Robustness of terminations u
tensile strength 10N Ua 10s Leads should neither
bending 5N Ub 2 times | come loose nor break
Soldering T
solderability at 230 +10°C para 3.2.3 3to 4s | Leads must be solderable
with solder containing
resin flux, initially, and
after six months storage
resistance to heat at 230 £10°C | para 3.2.4 | 3+to 4s +2 +2

Mullard

VA1096-Page 3



NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS VA1 104
(2322 644 90005)

This data sheet should be read in conjunction with
NEGATIVE TEMPERATURE COEFFICIENT THERMISTORS - INTRODUCTORY NOTES

APPLICATION

For diode and switch protection in colour television receivers.

DIMENSIONS (millimetres)

il

@ 16max

42 min

_"l L“ﬁ 0.8 03458

ELECTRICAL DATA <
25
Rated zero power B-value (B 7% )
resistance (st) (approx. )85 Code No. Type No.
min. 152 3350K 2322 644 90005 VA1104
Maximum current (r.m.s.) at Tamb =55% 2.2 A
Maximum resistance at T =25°C,1 = 2.2A max. 1 Q
amb T.Mm.s. o
Operating temperature category at zero power -25 to +155 oC
at maximum power 0 to 455 [}
Dissipation factor (6) approx. 17 mW/degC
Thermal time constant (7) approx. 148 8
Maximum repetitive peak voltage (50 to 60Hz) 380 v

Mullard
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MOUNTING

The thermistor should be mounted to allow free circulation of air around it, and at
least 10mm from a printing-wiring board.

ORDERING PROCEDURE

The thermistor should be ordered by the type or code number quoted in the table.
They may be supplied in packs marked with either type or code number.

TESTS AND REQUIREMENTS

230 10°C

Tests IEC6S test Duration Requirements
method only AR/Ry (%)
Cold at -25°C A 1000h £10
Storage at +25°C Ha 1000h +10
Dry heat +155°C B 1000h 20
Thermal shock -25 to +155°C Na 5 cycles +20
Damp heat at +40°C Ca 1000h +15
Maximum current at
+
Tamb= 4250C 1000h +20
Cycling
. 250 cycles .
quick 5s on/5s off 20
2000 cycles .
slow 1 min on/9 min off *20
Robustness of terminations U Leads should
tensile strength 20N Ua 10s neither come loose
bending 10N Ub 2 times nor break
Soldering o T Leads must be
solderability at 230 £10 C para 3.2.3 3 to 4s solderable with
solder containing
resin flux, initially,
and after six menths
storage
resistance to heat at para 3.2.4 3 to 4 +2

Mullard
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VA1104

COEFFICIENT THERMISTOR
(2322 644 90005)

NEGATIVE TEMPERATURE
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3463

VOLTAGE/CURRENT CHARACTERISTICS
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NEGATIVE TEMPERATURE VYA3100 VA3400

' COEFFICIENT THERMISTORS VA3200 VA3700

(2322 634 and 2322 627 Series)

-

This data sheet should be read in conjunction with

Series

NEGATIVE TEMPERATURE COEFFICIENT THERMISTORS - INTRODUCTORY NOTES

INTRODUCTION

Miniature bead thermistors are available as plain beads, and in three types of glass

encapsulation, as follows: -

Description Code No. Type No.
Plain bead with radial leads 2322 634 11... VA3100 Series
:::p’:&‘:gﬁﬁ inagas flied 2322 634 21... VA3200 Series
Glass dipped bead with radial leads 2322 627 21... VA3400 Series
ﬁgiﬁi‘f&f‘fo f":t;lfs‘: :’f;‘: 2322 627 11... VA3700 Series

ORDERING PROCEDURE

The thermistors should be ordered by the type or code number quoted in the tables over-
leaf. They may be supplied in packs marked with either the type or code number.

Mullard
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NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS

(2322 634 and 2322 627 Series)

VA3100 VA3400
VA3200 VA3700

Series

VA3100 SERIES (2322 634 11.... Series)

APPLICATION

Plain bead for use where very small size and high thermal sensitivity are desired.

DIMENSIONS (millimetres)

$0.06

TC

el

Leads: - Platinum - iridium alloy *

©—l;1mux
_1.

D3469

ELECTRICAL DATA -«
ert:idsé:];(; I:z\::; B-value (B %‘:" Code No. Type No.
+20% +5%
1 0008 2375K 2322 634 11102 VA3100
2 2009 2600K 2322 634 11222 VA3102
4 700Q 3725K 2322 634 11472 VA3104
10 0009 3875K 2322 634 11103 VA3106
22 0009 3850K 2322 634 11223 VA3108
47 0009 3850K 2322 634 11473 VA3110
100 0009 3800K 2322 634 11104 VA3112
220 0009 3920K 2322 634 11224 VA3114
470 0009 40 30K 2322 634 11474 VA3116
Maximum power rating at 60 mwW
Dissipation factor (8) (approx.) 0.1 mW /K (mW /°C)
Operating temperature range, at zero power -25 to +200 oC
at maximum power 0 to +55 oC
Stability , AR25, after 1000 hours at Tmax. <3 %

*NOTE This material cannot be soldered but must be welded or mechanically clamped.

Mullard
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VA3200 SERIES (2322 634 21....Series)
APPLICATION

Double ended glass type used to compensate for small power changes in electronic
circuits.

DIMENSIONS (millimetres)

925
max

1 T ? _l $0.24
__//_@__/ﬁ_%

D3470

~>» ELECTRICAL DATA

ctotanee TRog | Brvalee @ 2 Colour coding Code No. | Type No.
+20% +5% 1 2 3
1 000Q 2375K brown | black | red 2322 634 21102 VA3200
2 2009 2600K red red red 2322 634 21222 VA3202
4 7009 3725K yellow | violet | red 2322 634 21472 VA3204
10 000% 3875K brown | black | orange | 2322 634 21103 VA3206
22 0009 3850K red red orange | 2322 634 21223 VA3208
47 0009 3850K yellow | violet | orange | 2322 634 21473 VA3210
100 0009 3800K brown | black | yellow | 2322 634 21104 VA3212
220 0009 3920K red red yellow | 2322 634 21224 VA3214
470 0009 4030K yellow | violet | yellow | 2322 634 21474 VA3216
Maximum power rating 60 mW
Dissipation factor (6) (approx. ) 0.4 mW /K (mW/°C)
Thermal time constant (7) (approx.) 9 s
Operating temperature range, at zero power =25 to +200 °¢
at max. power 0 to +55 oC
Stability, AR,g, after 1000 hours at Ty,,y, <1 %

COLOUR CODING

The colour code on the body identifies the thermistors in this series,

Mullard
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NEGATIVE TEMPERATURE VA3100 VA3400

COEFFICIENT THERMISTORS
(2322 634 and 2322 627 Series) VA3200 .VA3700
Series
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VA3400 SERIES (2322 627 21.... Series)

APPLICATION

Glass dipped bead type for use where small size is desired in temperature measurement
and control applications.

DIMENSIONS (millimetres)

@1.6 $0.24
max l
= T
m 6.4 19 |
max min
D3473a
—> ELECTRICAL DATA
Rated zero power 25
resistance (Rps) B-value (B g) Code No. Type No.
+20%
1 000Q 2375K + 10% 2322 627 21102 VA 3400
2 200Q 2600K * 10% 2322 627 21222 VA3402
4 7009 3725K + 5% 2322 627 21472 VA 3404
10 000& 3875K + 5% 2322 627 21103 VA3406
47 0009 3850K + 5% 2322 627 21473 VA3410
100 000Q 3800K = 5% 2322 627 21104 VA 3412
220 0008 3920K + 5% 2322 627 21224 VA 3414
Maximum power rating 100 mW
Dissipation factor (8) (approx.) 0.7 mW /K (mW/°C)
Thermal time constant (7) (approx. ) 10 s
Operating temperature range, at Zzero power -25 to +200 oc
at max. power 0 to +55 oC
Stability, AR5, after 1000 hours at T, <3 %

Mullard
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| NEGATIVE TEMPERATURE VA3100 VA3400
' COEFFICIENT THERMISTORS VA3200 VA3700

{2322 634 and 2322 627 Series) Series

VA3700 SERIES (2322 627 11.... Series)
APPLICATION

Thermometer type for use in measurement and control of temperature,

DIMENSIONS (millimetres)

903 123

—= ?ﬁi =3 = y ot
‘._J? aamJ t
o =

a7

ELECTRICAL DATA <
Ii::;i;ig; Iz;‘);:;‘ B-value (B ‘2% Colour coding Code No. Type No.
+20% 5%, 1 2 3
1 000Q 2375K brown | black { red 2322 627 11102 VA3700
2 200Q 2600K red red red 2322 627 11222 VA3702
4 7008 3725K yellow | violet| red 2322 627 11472 VA3704
10 0009 3875K brown | black | orange | 2322 627 11103 | VA3706
22 0009 3850K red red orange | 2322 627 11223 | VA3708
47 0000 3850K yellow | violet | orange | 2322 627 11473 VA3710
100 000 3800K brown | black | yellow ] 2322 627 11104 VA3712
220 0009 3920K red red |[yellow |2322 627 11224 VA3714
470 0009 4030K yellow | violet | yellow | 2322 627 11474 VA3716
Maximum power rating 100 mwW
Dissipation factor (6) (approx.) 0.7 mW/K (mW/oC)
Thermal time constant (7) (approx.) 14 s
Operating temperature range, at zero power -25 to 4200 oC
at max. power 0 to +55 oc
Stability, ARy, after 1000 hours at T\ <3 %

COLOUR CODING
The colour code on the body identifies the thermistors in this series.

Mullard
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2322 610

Series

N.T.C. THERMISTOR
disc

QUICK REFERENCE DATA

Resistance value at + 25 9C (Rgs) 1.1,10and 33 2
2600, 2950 and 3250 + 5% K

Bog/g5-value
Maximum power dissipation {Tamp = 25 °C} 1w
Dissipation factor (8) approx. 10 mW/°C
Thermal time constant {r) approx. 60s
Operating temperature range
at zero power ~2510+125°C
at maximum power Oto+559°C
APPLICATIONS

General purpose applications including temperature measurement and circuit compensation.
Other similar thermistors are detaifed in the VA 1033 etc. data sheets.

COLOUR CODING

Three colour bands on the body identify the resistance at 25 ©C and hence the types in the series.
A toterance of + 10% is indicated by an additional silver band at the top of the component.
The identification lacquer does nat provide electrical insulation.

ORDERING PROCEDURE
The thermistors should be ordered by the type number quoted in the table.

Notes

1. This data sheet should be read in conjunction with NEGATIVE TEMPERATURE COEFFICIENT
THERMISTORS - INTRODUCTORY NOTES.

2. The 2322 610 11118 is electrically equivalent to and replaces the VA1037.
The 2322 610 12109 is electrically equivalent to and replaces the VA1110.
The 2322 610 11339 is electrically equivalent to and replaces the VA1077.

o Mullard )( o



2322 610 SeriesJ L

MECHANICAL DATA

Dimensions in mm

3 Tolerance (When 5
applicable) - = r max
2 #9.4 max ﬁ%
1 H
415
min
¢ 0.6 . 07649
ELECTRICAL DATA
rated zero power B-value (Bg—g ) colour bands type number
resistance (Rog) + 5%
Q K 1 2 3
1.1+ 20% 2600 brown brown gold 232261011118
10 £ 10% 2950 brown black black 2322610 12109
33 +£20% 3250 orange orange black 2322610 11339

10% is indicated by an additional sitver band at the top of the component.

Maximum power rating at
Operating temperature range at zero power

at maximum power

Dissipation factor (3) approx.
Thermal time constant (1) approx.

1w
—251t0+1250C
Oto+55°C

10 mW/K (mW/0C)
60s

2 July 1978 ( Mullard
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N.T.C. thermistor, disc 2322 610 Series
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NEGATIVE TEMPERATURE 2322 640 30004
COEFFICIENT THERMISTORS 98803
90015

This data sheet should be read in conjunction with
NEGATIVE TEMPERATURE COEFFICIENT THERMISTORS - INTRODUCTORY NOTES

QUICK REFERENCE DATA
90013 90015 90004 90005

Temperature range -30to -10°C -10to #25°C  25t0 100°C 100 to 200 °C
Resistance at -30 °C 50 k@ - - -

-200C 27 k@ - - -
-10°cC 15 k@ 15 k@ - -

25 °C - 2.7 kQ 12kQ + 7% -
100 °C - - 0.95 k@ + 5% 16.7kQ = 7%
200 °C - - - 1.12kQ + 7%

APPLICATION

Four types of ' two-point n.t.c. thermistors’ have been developed, each matched to a
range of temperatures and having its resistance value and tolerance specified at least at
two points, one of which is close to the upper and one close to the lower limit of its
temperature range. The temperature ranges are: -10 to -30 °C for temperature control
of deep freezers; ~10 to 425 0C for refrigerators, room temperature and industrial
process control; 25 to 100 ©C for hot water control and 100 to 200 ©C for boilers, hot
air and industrial process control. Their plastic encapsulation ensures that the thermis-
tor element is fully protected from environmental conditions and is electrically isolated.
‘The 64090013 and 90015 replace the 640 90002 and 90003 which were previously available
in this range.

DIMENSIONS (millimetres)

Colour code
spot  body

90004 grey  black
90005 blue  dark grey

<4, 2max—>

4.2max 90013 brown black
90015 red black
i ,l 27
max
20min =
| ]|_o0s
—|, j—
o 25 |,
{0.1 in) 038906

Mullard
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NEGATIVE TEMPERATURE 2322 640
COEFFICIENT THERMISTORS

NOTES

1. The 2322 640 90013 and 90015 are defined in terms of a fixed resistance value and
toleranced temperature. The resistance value given in the electrical data will be
obtained within the tolerance on temperature, e.g. , the 2322 640 90013 will have a
resistance value of 50 kQ between the limits of -31.5 and -28,5 OC,

| 2, The 2322 640 90004 and 90005 are defined in terms of a fixed temperature and toler-
anced resistance value. At the temperature given in the electrical data, the resistance
will be within the tolerance quoted, e.g., the 2322 640 90004 at 25 ©C will have a
‘ resistance value within 12 k9 + 7%.

3. Measurements made in still air.

4. Measurements made in still air when the specimen is mounted on a square heatsink
100 X100 x 1.5 mm,

MOUNTING
By clip for surface mounting or self supporting by its own leads for air temperature
measurement.
D5170a
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5 faé\ .
N
f00
2 ) N 2
104 d %
: A )
{7 0", N
2 25 A
0{; N
103 7R
N,
102
~50 0 50 100 150 200
T(°C)
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NEGATIVE TEMPERATURE 2322 640 90004

COEFFICIENT THERMISTORS 90005
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NEGATIVE TEMPERATURE 2322 640 90004
COEFFICIENT THERMISTORS 90005
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POSITIVE TEMPERATURE INTRODUCTORY
COEFFICIENT THERMISTORS NOTES

P.T.C. thermistors are supplied in packages marked with either the Mullard
E or VA number, or a 12 digit number. A data summary and conversion list
is available.

Additionally, both numbers appear on each data sheet.

INTRODUCTION

Positive Temperature Coefficient (P, T.C.) thermistors are resistors which have a high
positive temperature coefficient of resistance over a specified temperature ra.nge They
differ from n.t.c. thermistors in several aspects, for example: - .

1) The temperature coefficient of a p. t. c. thermistor is onlypositive over alimited
temperature range; outside this range the coefficient is either zero or negative.

(2) The absolute value.of the temperature coefficient of a p.t.c. thermistor is
normally higher than that for an n,t. c. thermistor.

P.T,C. thermistors are prepared from BaTiO3, or solid solutions of BaTiO3 and SrTiO3.

Tons of a different valency are introduced to produce extra electrons on the Ti-ions. The

two methods of achieving this are either the substitution of trivalent ions (such as La
Bi3H) for Ba, or substitution of pentavalent ions (such as Sbo+ or Nb5+H) for Ti.

If carefully prepared in the absence of oxygen, these constituents produce a semiconduct-
ing material with a weak negative temperature coefficient of resistance. The p.t. c. effect,
obtained by firing these constituernts in oxygen, is caused by the penetration of oxygen
along the pores and crystal boundaries during the cooling part of the firing process. The
oxygen atoms thus absorbed attract electrons from a thin zone of the semiconducting
crystals. Electrical potential barriers are formed inthese zones, consisting of a negative
surface charge and, on both sides of this, a positive space charge due to the presence of
the now uncompensated foreign ions. These barriers cause the extra resistance of the
p. t.c. thermistor.

The manufacturing process is similar to thatusedinthe ceramicindustry. After intensive
mixing, and the addition of a plastic binder, the material is shaped into the appropriate
forms. The parts are then sintered at high temperatures. Electrical contacts are made
using silver paste, vacuum deposition or metal spraying techniques.

Mullard
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ELECTRICAL PROPERTIES

Resistance/temperature characteristics

The relationship between resistance and temperature for a p.t.c. thermistor is difficult
to express in a compact form due tothe complex nature of the characteristic. Fig. 1 com-
pares the resistance/temperature curves for p.t.c. and n.t.c. thermistors. It clearly
indicates the three modes of temperature dependency of the resistance of a p. t. c¢. thermis-
tor.

Fig. 1 Resistance/temperature
characteristics of p. t. c.
and n.t. c. thermistors

D3198

P. T.C. thermistors have a zero or negative temperature coefficient of resistance at low
temperatures (ab), a high positive coefficient over mid-range temperatures (bc), and a
zero or negative coefficient at higher temperatures (cd).

Over the mid-range of temperatures the resistance/temperature relationship can be
approximated to:

RT = A+CeBT, where T1 <T <T2 PN (1)

where, RT = resistance at a temperature T,b in ohms
T = temperature in kelvin
Tl = lower temperature limit for formula
T2 = upper temperature limit for formula

A, B and C = constants for the thermistor.
From equation 1 by differentiation, the temperature coefficient (@) can be shown as;

dR BCeBT
ar A+ CeBT

R
i

100B% per deg C, where RT >> A

In practice, however, it seldom occurs that the resistance/temperature characteristic
can be described by the above, or amy other, simple formula. Therefore, calcutations
must be based on graphical methods. The switch temperature Tg has been introduced as
a practical indication of the temperature at which the p.t.c. thermistor starts to have a
usable positive temperature coefficient of resistance. Tg is defined as the higher of two
temperatures at which the resistance of the p. t. c. thermistor is twice its minimum value.

Mullard
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POSITIVE TEMPERATURE INTRODUCTORY
COEFFICIENT THERMISTORS NOTES

Voltage/current characteristic

The voitage/ current characteristic of a p.t.c. thermistor depends on the resistance/
temperature characteristic, onthe ambient temperature, and the dissipation constant. The
voltage/ current characteristic follows a straight line (Ohm's law) when the power dissi-
pated is insufficient to heat the thermistor above ambient temperature. When self heating
causes a rise in body temperature above Tg, there is a corresponding decrease in the
current. Figure 2 illustrates the voltage/current characteristic of a p.t. c. thermistor at
several different ambient temperatures.

1GG D3199

I
(mA}

120,

INENNANRASEENEN

80

] N i
o T
0 20 40 60 80 100 120
vV (V)
Fig. 2

Voltage/current characteristic at different ambient temperatures

In fig.2 the characteristic has been plotted on a linear scale; in practice a logarithmic
scale is more often usedas shown in fig. 3, to which dissipation and resistance parameters
are added.

Mullard
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Fig. 3
Voltage/current characteristic of a typical p.t.c. thermistor with
dissipation and resistance as parameters

Figures 2 and 3 show thatp. t. c. thermistors exhibit a certain degree of voltage dependency
at the higher voltages. It is for this reason that the voltage/current characteristic is
difficult to calculate from the resistance/temperature curve and the dissipation constant.
It is, however, possible to calculate the peak of the voltage/current characteristic to
reasonable accuracy, if the resistance/temperature characteristic and the dissipation
constant are known. ’

In any resistor, power consumption is given by W = I'R or W = DT where D = dissipation
constant and T = temperature rise.

For small changes in power AW = 2IRAI + IzAR ceeees (3)
or AW = DAT e 4)

At the peak of the voltage/current characteristic of a p.t.c. thermistor a small change
in the voltage will not produce a change in the current, therefore Al = 0. If we use the
subscript 'p' to denote values at the peak of the voltage/current characteristic, equations
3 and 4 may be rewritten as:

AW =1 2AR ...... (5)
P P P

AW_ = DAT. . (6)
P p

Mullard
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POSITIVE TEMPERATURE INTRODUCTORY
COEFFICIENT THERMISTORS NOTES

Combining equations 5 and 6,

DAT =1 2AR
P p P
or
ATp Ipz ‘
&’ ~D @
P .
AT
A value for E{E can be simply found by a graphical method, from the resistance/temp-
p

erature characteristic plotted on to a linear scale, as follows: -

D320

Fig. 4
Part of the resistance/temperature characteristic of a p.t.c. thermistor
on a linear scale

In figure 4, the tangent to the curve at point R_ T_ intersects the temperature ordinate at
Tx, therefore: - PP

AT Tp ~ Tx
ZEE == ®)
p p
Combining equations 7 and 8
I 2 . Rp
T, Ty = P 5" e )

Mullard
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I°.R Wp
E _E = —& = - !
D - D Tp Tamb

Therefore,

Thus, the tangent to the curve, of the temperature/resistance characteristic (plotted on a
linear scale) at point Rp Tp’ intersects the temperature ordinate at Tamb' !

Equation 8 may therefore be written as: -

e amb L (10)
p p
Combining equations 7 and 10,
1 2 T -T
p__ P amb
D Rp

or

Summarising, the method of finding the peak value of current, at a known ambient temp-
erature for a given p.t.c. thermistor is as follows: -

(1) Replot the resistance/temperature characteristic curve (given in the data sheet)
on to a linear scale.

(2) Construct a tangent to the resultant curve, such that it passes through Tamh'

(3) Read off the values of Rp and Ty, and substitute, together with the value for D
(given in the data sheet), into equation 11.

Mullard
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POSITIVE TEMPERATURE INTRODUCTORY
COEFFICIENT THERMISTORS NOTES

P.T.C. thermistors in series with a load

Due to the non-linearity of the voltage/current characteristic, it can be shown that three
working points are possible when a load is connected in series with a p.t.c. thermistor

(fig. 5).

Fig. 5
A p.t.c. thermistor in series with a load showing the possible working points

The characteristic of a resistive load (R) is a straight line, which intersects the voltage
axis at VS (the supply voltage) and the current axis at IS (Is = fs). P1 and P2 are stable

working points, P3 is an unstable working point.

When the voltage Vg is applied to the series combination of p. t. ¢. thermistor and resistor
equilibrium will be reached at Py, a point having a relatively high current. P2 can only be
reached when the peak of the voltage/current characteristic of the p.t.c. thermistor lies
below the load line of the resistor. This may occur when: -

(1) Vs increases (figure 6)

(2) the ambient temperature increases (figure 7)

(3) the load resistance decreases (figure 8).

Mullard
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Va1 vV Vs2
D3204 03205
Fig. 6 Fig. 8
The influence of supply voltage on The influence of ambient temperature
a p.t.c, thermistor/resistor on a p.t.c. thermistor/resistor
combination combination

I

Vs

. 3208
Fig. 8
The influence of load resistance
on a p.t. c. thermistor/resistor
combination

Current versus time characteristic

If a p. t. c. thermistor is connected in series with a resistor of such a value that the peak
of the voltage/ current characteristic lies under the resistance load line’ (fig. 8), the p. t.c.
thermistor will heat up until its resistance value causes the stable working point Py to be
reached (fig. 8). The time taken to reach point P2 depends on:

(1) the value of the resistor; the greater the value the longer the time taken (fig. 9)
(2) the applied voltage; the higher the voltage the shorter the time taken (fig. 6)

(3) the ambient temperature; the higher the ambient temperature the less time taken.

Mullard
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POSITIVE TEMPERATURE INTRODUCTORY
COEFFICIENT THERMISTORS NOTES

03207
I
0wy
]
R
R3
1 |
1 ! 1
0 t t2 ta Time
Fig. 9
The influence of resistance value on the current/time characteristic
of a p.t.c. thermistor/resistor combination
Voltage dependency

P, T.C. thermistors exhibit a certain degree of voltage dependency at higher voltages.
The equivalent circuit of a normal p. t. c. thermistor is an ideal p. t. c. thermistor having
no voltage dependency, in parallel with an ideal voltage dependent resistor (v.d.r.) con-
forming to Vec 18, Figure 10 shows the voltage/current characteristic of a normal p.t.c.
thermistor compared with these "ideal” components. These have been plotted on a log

scale and the p.t.c. thermistor curves represent measurements made under pulse con-~
ditions.

Mullard
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Fig. 10
Comparison of a normal p.t.c. thermistor to ideal components

It can be seen that the normal p.t.c. thermistor curve coincides with the ideal p.t.c.
thermistor curve at low voltages where the characteristic follows a linear law, and with

the ideal v.d.r. curve at high voltages where voltage dependency becomes effective. The
two aspects of the voltage dependency of a p. t. ¢. thermistor are:

Balance voltage (Vp,). The voltage at the intersection of the ideal p.t.c. thermistor and
the ideal v.d.r. characteristic curves (see figure 10) is the balance voltage at which point
the current through both ideal components is equal. Where applicable, balance voltage is
given in data at a specified ambient temperature.

Voltage dependency (8). The voltage dependency of a p.t.c. thermistor can be calculated
from:
logV 3" log Vv 2

B = log I; R -Vgy) -log (I, R -V,) veeens (12)

Mullard
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I POSITIVE TEMPERATURE INTRODUCTORY
| COEFFICIENT THERMISTORS v NOTES

where,

v, b

V3 = a pulsé voltage greater than V2

a pulse voltage greater than V.

12 = the current at V2
13 = ;he current at V3
R = —l,measuredatv < 1.5V
I 1 d.c.

1

The voltage dependency () is temperature dependent; when specified it must be related
to a specified temperature.

Thermal time constant

When a p.t.c. thermistor cools from a high to a low body temperature, with a constant
ambient temperature and under zero power conditions, the expression for heat dissipated
over time interval dt is as follows:

-HdT = DT -T, yde ... (13)
where,
H = heat capacity in joules per deg. C
D = dissipation in watts per deg. C
Rearrangement of equation 13 gives:
?—r—'_——H,ljir—) = Ddt Cerees (14)
amb’

In order to obtain the total time taken for a thermistor to cool from T1 to T2 equation 14
must be integrated to give:

T, -T, )
H |log —(1:1—_—,%“—}?7 = Dt
2 “amb
where, -1
T, ~T, )
Thermal time constant % =t loge Elﬁra_m% ...... (15)
2 amb

The thermal time constant quoted in the data is the time taken for a thermistor to change
63. 2% of the difference between an initial body temperature and a final lower body temp-
erature when subjected to an instantaneous temperature change at zero power conditions.

Mullard
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Tolerances

The data and tolerances published for p.t.c. thermistors vary according to the type of
device, and its primary application.

It is usual to define the resistance and tolerance at 25°C, and at a higher temperature.
As a guide the switch temperature (see page 2) is also given. The tolerance on switch
temperature is usually a few degrees centigrade.

When p. t. c. thermistors are usedas protection devices againstover heating; for example
in electric motors, the high temperature characteristics are closely defined, whereas
wider tolerances are allowed on the relatively unimportant characteristics at 25°C. For
current limitating purposes, for example in degaussing colour televisionreceivers, cur-
rent and voltage are specified at the appropriate ambient temperature.

APPLICATIONS

The applications of p. t.c. thermistors may be classified into two main groups:

1. Applications where the temperature of the thermistor is determined by the ambient
medium,

2. Applications where the temperature of the thermistor is determined by the power dis-
sipated in it.

Application examples

(a) Temperature measurement and control. In these applications the p.t.c. thermistors
are operated at a low power level to avoid self heating. Changes in ambient tempera -
ture cause changes in resistance which are monitored by a suitable circuit and used
to regulate the heating or cooling source. P,T.C. thermistors in the windings of
electric motors or transformers will sense over heating and a control circuit is used
either to initiate a warning or to interrupt the supply. Similar applications exist in
washing machines, boilers and fire alarms.

(b

~

Current limitation, over voltage and short circuit protection. A p.t.c. thermistor
may be included in a supply or signal line so that, under normal conditions, it remains
in its low resistance state. Any increase in current will cause the thermistor to heat
up and its resistance to increase, thus limiting the current flowing through it.

(c

~

Delay circuits in conjunction with relays, coils, etc. The p.t.c. thermistor is used
in series with the relay. Its initial low resistance gradually increases so that the
voltage across the relay falls, and it becomes de-energised. Similarly in a colour
television receiver, a p.t.c. thermistor is used in series with the degaussing coils
in conjunction with a voltage dependent resistor.

(d) For spark suppression across switch contacts. When the contacts open, the lowresist-
ance of the p.t.c. thermistor connected across the contacts absorbs the energy of the
spark.

(e) Liquid level indication. A p.t.c. thermistor immersed in a liquid will be subjected to
a greater cooling influence, and therefore have a lower resistance than one in air.

(f) A p.t.c. thermistor may be used in the bias network of a transistor circuit to turn it
off should the temperature exceed a safe limit,

Mullard
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POSITIVE TEMPERATURE INTRODUCTORY
COEFFICIENT TH ERMISTORS NOTES

NOTES )
In all applications the following precautions must be observed:

(a) Do not use thermistors in series to obtain higher dissipations, or to enable the use of
higher working voltages.

(b) Care should be taken that the maximum voltage is not exceeded, especially in the high
resistance condition.

(c) Unprotected thermistors should not be used in conducting, corrosive, oxidising or
reducing fluids.

DEFINITIONS

Zero power resistance (RT)

The resistance value of a thermistor measured at a specified temperature T, with a power
input to the thermistor sufficiently low so that any further decrease in power will result
in not more than +0, 1% change in resistance. Ry is usually measured at a d. c. voltage of
1.5V or less.

Rated zero power resistance (R25)

This is the nominal value at the standard reference temperature of 25°C unless otherwise
specified.

Switch temperature (Ts)

This is the higher of two temperatures at which the resistance of the thermistor is twice
its minimum value.

Operating temperature category at zero power

The upper and lower category temperatures at zeropower are the maximum and minimum
ambient temperatures at which the thermistor can be continuously operated.

Dissipation factor (8) ]

The ratio (in milliwatts per degree C) of a change in power dissipation of a thermistor to
the resultant body temperature change, at a specified ambient temperature.

Thermal time constant (7)

The time required for a thermistor to change 63.2% of the total difference between its
initial and final body temperature, when subjected to a step function change intemperature
under zero power conditions.

Temperature coefficient (&)

The ratio (in % per degree C) ata specified ambient temperature, of the change in the
resistance at zero dissipation with temperature, to the resistance of the thermistor at
zero dissipation.

Mullard
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Resistance/temperature characteristic

The relationship between the zero power resistance of a thermistor, and the body tempera -
ture.

Voltage/current characteristic

The relationship (in still air at a specified ambient temperature) between the voltage
developed across the thermistor, and the steady state current.

MEASUREMENT OF P.T.C. THERMISTOR CHARACTERISTICS
The following are precautions which must be taken when measuring p. t. c. thermistors:

1. Do not make measurements in air; this can give inaccurate results. Measurements
should be made in a suitable non-conductive, non-corrosive liquid such as a silicone
oil.

2. The thermostat used should have an accuracy of at least 0.1°C; the thermometer
should be as close to the thermistor as possible, and the liquid should be agitated.

3. Time should be allowed for equilibrium to be reached between the thermistor and its
surrounding medium; this can be greater than a minute for some types.

4. The measuring voltage should be 1.5V or less to avoid self heating effects.

S. When a mercury thermometer is used for high temperature measurement, it is
necessary to apply stem correction to the indicated temperature.

Mullard
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POSITIVE TEMPERATURE
COEFFICIENT THERMISTORS

SUMMARY

Resistance Switch/
Type No. Code No. at reference Max. Application
250C temperature | voltage
(@) Q0 V)
E220ZZ /01 | 2322 661 91005 S50 +25 40
E220Z7Z /02 | 2322 661 91004 30 +45 50 General p se
E220ZZ 03 | 2322 661 91002 50 +80 50
E220Z7Z /04 | 2322 661 91003 40 +110 50
VA8650  |232266293037] 80 +75 265+ | Degaussing circuits in
television receivers
2322 662 98003 | 30+8 +75 265 |Dual ype for
degaussing
2322 662 98009 [40+ 1k to 6k - 265 |Dval type for
degaussing
2322 663 93004 30 +105 265* | Overload protection

“*These devices must be used with a current limiting resistor.

FEBRUARY 1978
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POSITIVE TEMPERATURE E2207Z /01
(cz::z)zE:::lsi!E)NT THERMISTORS to E2207Z /0 4

This data sheet should be read in conjunction with
POSITIVE TEMPERATURE COEFFICIENT THERMISTORS - INTRODUCTORY NOTES

APPLICATION
General purpose applications

DIMENSIONS (millimetres)

Colour
code

Biuve body

lacquer

205—»fle— ﬂ
o809

Type No. Code No. c;;‘::“ir
E220ZZ 01 2322 661 91005 red
E220ZZ /02 2322 661 91004 orange
E220ZZ /03 2322 661 91002 yellow
E220ZZ /04 2322 661 91003 green
ELECTRICAL DATA
Resistance /temperature characteristics
Switch Resistance at Tyyp
Type temperature ]
No. (TS) 259C 409C | 60°C | 90°C 100°C 130°C
i 3000 to
E220ZZ /01 259C 509 + 15Q - - 20 0002 -
E220Z7/02 459¢ 309 +152 | <902| - - | >10 ooog -
E220ZZ/03 . 80°C 50Q + 150 - ] <1009 - >10000 -
E220ZZ/04 110°C 400 + 15@ - - <8082 - >10 000Q

Mullard
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ELECTRICAL DATA (Contd. )

Operating temperature category
at zero power
at maximum voltage

Temperature coefficient (a)
Dissipation factor (6)
Thermal time constant (T)
Maximum voltage (d.c.)
Balance voltage (Vb)

—> Voltage dependency (8)

— COLOUR CODING

01

40

25
0.35

E220ZZ/

02 03 04
-10 to +125 oC
0 to 455 Lle
16 18 . 75 %/degC
8.5 8.5 8.5 mW/degC
50 50 50 s
50 50 50 V
65 110 25 Vv

0.25 0.48 0.28

The body is coated with blue lacquer, and a colour band on top of the thermistor identifies

the types in this series.

ORDERING PROCEDURE

The thermistors should be ordered by the type or code number quoted in the table.
They may be supplied in packs marked with either the type or code number.

TESTS AND REQUIREMENTS
IEC test
Tests method only Duration Requirements AR /R(%)
Cold at -10°C A 1000h +3
Storage at +25°C Ha 1000h +3
Dry heat +125°C B 1000h +5
Thermal shock -10 to +125°C Na 5 cycles +3
Damp heat at -+40°C Ca 1000h 5
Dissipation at Vp, ‘
and T,y = 455G 1000k 5
Cycle test at Viyax 1000h £10
and Ty} = 00C 1 min on/
' 9 min off
Robustness of terminations 8)
tensile strength 10N Ua 10s Leads should neither
bending 5N Ub 2 times come loose nor break
Soldering T
solderability at 230 + 10°C para.3.2.3 3to 4s Leads must be
solderable with solder
containing resin flux,
initially, and after
six months storage
resistance to heat at 350 = 10°C | para 3.2.4

3to 4s +2

Mullard
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POSITIVE TEMPERATURE
COEFFICIENT THERMISTORS
(2322 661 Series)

E2207Z/01
to E2207Z/04

3874
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POSITIVE TEMPERATURE
COEFFICIENT THERMISTOR VA8650
(2322 662 93037)

This data sheet should be read in conjunction with
POSITIVE TEMPERATURE COEFFICIENT THERMISTORS - INTRODUCTORY NOTES

APPLICATION

For use in degaussing circuits in colour television receivers,

DIMENSIONS (millimetres)

g12.6 l— 13
max 6.4
L7
colour
code
Blue body <
F lacquer
8
max
P ’ 384 L A
J “ min 4 Y4
@ 0.8—w{fe—
_ 1 D3566a
Type No. Code No. Colour code
VA8650 2322 662 93037 yellow
ELECTRICAL DATA
Rated zero power resistance (Rss) 80 +20%
Resistance at T, = 75°C <220
Tamp = 155°C, and 380V pulsed >45 000
Switch temperature (T) approx. +75 o¢c
Operating temperature category at zero power -25 to +155 o°c
at maximum voltage 0 to 60 oc
Dissipation constant () approx. 21 mW /degC
Thermal time constant (1) approx. 105 s
Temperature coefficient (a) approx. +23 %/degC
R.M.S, voltage at Tpax = 60°C
(in series with 82Q 5% resistor) max. 265 v
Minimum series resistance value 82 +5% Q
Balance voltage, d.c., (Vp) approx. 180
Voltage dependency at + 155°C approx. 0.28

Mullard
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MOUNTING

The thermistor should be mounted to allow free cifculation of air around it, and at
least 10mm from the printed-wiring board. - ’

COLOUR CODING

_ The thermistor is coated with a blue protective lacquer and a yellow colour code.

ORDERING PROCEDURE

The thermistor should be ordered by the type or,code number quoted in the table,
They may be supplied in packs marked with either the type or code number,

TESTS AND REQUIREMENTS

Tests ;ishi% t;:lt Duration Requirements AR/R (%)
y at +25°C | at +150°C
Cold at -25°C A 100Ch +7.5 +12
Storage at +25°C Ha 1000h 15 +12
Dry heat at +155°C B 1000h +10 £12
Thermal shock -25 to +155°C Na 5 cycles 7.5 *12
Damp heat at +40°C Ca 1000h +10 +12
Dissipation at r.m. s voltage=265V,
and T__ =+60°C 1000h +10 £12
amb
Cycle test at r.m. s voltage =265V,
= + t
Tomb 0°c (ece note) 100 cycles 10 12
T . =425°C 2000 cycles 7.5 +12
amb
Robustmess of terminations U
tensile strength 20N Ua 10s Leads should neither
bending 10N Ub 2 times | come loose nor break
Soldering T
solderability at 230 +10°C para 3.2.3 3to4s Leads must be
solderable with solder
containing resin flux,
initially, and after
six months storage
resistance to heat at 350 £100C para 3.2.4 3 to 48 +2 +2
Note: Cycle: 1 minute on, 9 minutes off. Series resistor: 82Q +5%.

Mullard
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VA8650

COEFFICIENT THERMISTOR

(2322 662 93037)

POSITIVE TEMPERATURE
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)‘ DUAL POSITIVE TEMPERATURE 2322 662 98003

COEFFICIENT THERMISTOR
for degaussing

This data sheet should be read in conjunction with
POSITIVE TEMPERATURE COEFFICIENT THERMISTORS - INTRODUCTORY NOTES

DIMENSIONS (millimetres)

Type number fe——— #17.7 ——»
max
Blue plastic
165 cap
max
i Blue plastic
— 2 base
! }
10 -
min
X 07
508 | 5.08
B8
A (o
The tags AB and C should be connected
as shown in the application circuit
D3926c
MOUNTING View in direction X

The thermistor can be soldered directly on to a printed-wiring board.
APPLICATION CIRCUIT

D3927a

A

Vrms

L

AB = mains ptc e
BC = coil ptc

Rp must be able to withstand a peak power of 25W for 300ms
Fig, 1

Mullard
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ELECTRICAL DATA

Maximum voltage (rms) (see note 1)

Inrush current (peak) through the
coil (see note 2) min.

Idle current (peak) through the coil
(see note 2)

after 5s max.
after 30s max.
after 3 minutes max.

Resistance at 25°C (see note 3)

of mains p.t.c. approx.
of coil p.t.c. approx.
Resistance at T =175°C and 345V
amb
pulsed of mains p.t.c. min.
Resistance at T =155°C of coil p.t.c. min.
amb
Switch temperature of mains and coil
p.t.c. - approx.

Temperature coefficient of mains and

coil p.t.c. approx.
Dissipation factor (5) (see note 1) approX.
Thermal time constant (7) (see note 1) approx.

Operating temperature range
at zero power

at maximum voltage

NOTES

265 v
5 A
70 mA
5 mA
2 mA
30
8
35 ke
20 kQ
75 °c
25 %/ degC
13.5 mW/degC
200 s
-25 to +155 °c
0 to +60 °c

1. Measurements made with the thermistor soldered on printed-wiring board in

still air.

- 2, Measured at 220V (rms) in circuit of fig, 1 with the coil replaced by an ohmic

resgistor of 25Q,

3. Measured at <1,5V (d. c.) to avoid internal heating.

—>HOUSING

The thermistors are housed in a blue non-flammable plastic moulding.

Mullard
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DUAL POSITIVE TEMPERATURE 2322 662 98003

COEFFICIENT THERMISTOR
for degaussing

Dso17
10
Tok Tamb_=+25°C
(A)
8
-
oy
ot
ot
6 -
~
ot
-
4
200 220 240 260 VipslV) 280

INRUSH PEAK CURRENT THROUGH THE COIL/VOLTAGE CHARACTERISTIC

D5D1B

3
Lok Tamb =+25°C
(mA}

P,
2
ey
-—
1 " After 30s
-
—
After 3 min steady state
0 Ll L1 017

200 220 240 260 Vims{V) 280

IDLE PEAK CURRENT THROUGH THE COIL/VOLTAGE CHARACTERISTIC
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DUAL POSITIVE TEMPERATURE 2322 662 98009

COEFFICIENT THERMISTOR
for degaussing (parallel-series)

This data sheet should be read in conjunction with
POSITIVE TEMPERATURE COEFFICIENT THERMISTORS - INTRODUCTORY NOTES

DIMENSIONS (millimetres)

Type number r—— 177 ——
max

White plastic
cap
%5
max
Blue plastic
— base
4
10
min

!
07
508 | 508
]
c

X
A
The tags A,B and C should be connected
as shown in the application circuit
D3926b

View in direction X

MOUNTING
The thermistor can be soldered directly on to a printed-wiring board.

APPLICATION CIRCUIT

D3927b

B [of
l e
coil (Z=250Q)
Vrms ey
' A
Fig. 1

s
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GENERAL

The dual PTC consists of two disc PTC thermistors clamped between spring con-
tacts. This assembly ensures a good thermal contact between both discs, which is
essential for the function of this device. The thermistor is enclosed in a plastic
housing of which the cap is white and the base blue, The three connecting pins are
arranged to fit a printed-wiring board with an 0.1 inch grid.

The parallel PTC thermistor is connected across the supply, the series PTC therm-
istor is connected in series with the degaussing coil. The series PTC would not by
itself lower the current to 2 mA, but would stabilize the current above this value.
By applying further heat to the series PTC, its resistance will increase to the point
where the coil current is limited to 2 mA. This extra heat is provided by the
parallel PTC.

ELECTRICAL DATA

Maximum voltage (r.m.s.) (note 1) 265 v
Inrush current (peak) through the
coil (note 2) min. 5 A
Idle current (peak) through the coil
(note 2)
after 5 s max., 70 mA
after 30 s max, 5 mA
after 3 minutes max. 2 mA
Resistance at 425 °C, Rg approx. 40 Q
Ry 1000 to 6000 Q
Operating temperature range
at zero power -25 to +125 oc
at maximum voltage 0 to +60 oC
B s c
l +t° Measuring circuit
t° Rp = parallel PTC
Vems T R [] R,=250Q Ry = series PTC
P R. = replaces the degaussing
T coil (Z = 25 Q)
. 172732700
A D7214
Fig. 2

NOTES

1. Measurements made with the thermistor soldered on printed-wiring boards
in still air.

2. Measured at 220 V (r.m.s.) in circuit of Fig. 1l with the coil replaced by an
ohmi¢ resistor of 25 Q.

HOUSING
The thermistors are housed in a non-flammable plastic moulding.

Mullard
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DUAL POSITIVE TEMPERATURE
COEFFICIENT THERMISTOR

|

2322 662 98009

)

-Series

for degaussing (parallel
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B7217 17273271)

~ 8 =
< Tamp=+25°C
-
c
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D
o
g ¥
@
a
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£
]
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v
5
200 220 240 260 280
Vems (V)
Fig. 5. Typical inrush peak current versus voltage characteristic
- 1.5 D718 17273272}
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-
[
2
3 after 30 s
~
g 1
a 1 ”.
L
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1 after 3min (steady state)
-
-
05 =
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Fig. 6. Typical peak current versus voltage characteristics.
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2322 662 98009

)

-Series

DUAL POSITIVE TEMPERATURE
COEFFICIENT THERMISTOR

for degaussing (parallel
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POSITIVE TEMPERATURE 2322 663 93004
COEFFICIENT THERMISTOR
for overload protection

Introduction

P.T.C. thermistors exhibit a large positive temperature coefficient of resistance over a
restricted temperature range. The increase of resistance may be caused by an increase
in ambient temperature or by self heating due to increased power dissipation within the
component.

The P,T.C. thermistor can therefore be used as a current limiting device to protect
transformers and motors against overload or to limit the current that may be taken from
a supply. The type detailed in this data sheet has been specially developed to protect the
isolating transformer in shaver outlet sockets. Under normal operating conditions it
remains in its low resistance state, but, if overloaded, the P, T.C. thermistor *switches’
to its high resistance state, thus limiting the current to a safe value. It may be used in
similar applications when it is desired to limit the current to less than 200 mA.

P.T.C. thermistors are manufactured from a polycrystalline ceramic material in the
form of a disc with metallized flat faces to which connecting leads are attached.

MECHANICAL DATA Dimensions in mm

l 10max

¢1.8+08 (
F

- f

p10
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Specification

Resistance at 25 °C measured at V=< 1.5 Vd.c. approx. 30
Resistance at 105 °C measured at V < 1.5 Vd.c. < 100
Resistance at 200 °C measured at 375 V pulsed > 25 kQ
Maximum working voltage with minimum series

resistance of 470 @ 265 v
Switch temperature 105 oC
In Fig. 1.

(a) with Ry = 1720 2,a current of 140 mA and Tamp = 36 °C, the p.t.c. thermistor
shall not switch.

() with Ry = 12002,a current of 200 mA and Ty = 25 ©C, the p.t.c. thermistor
shall switch and after 5 mins. (max.) the current shall be less than 40 mA.

L’:—Jﬁ—w

Ry PTC
L e 245V,.ns e———— 1 O%E3
Fig.1
s D7474 {7289840)
Measured in still air
I
(mA)
2
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10? amli
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7 N
N
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N
2
\L Tamb =
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=7 .
7
2
1 -1
10 1 10 102 Vems (V) 103

Typical voltage/current characteristics
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POSITIVE TEMPERATURE 2322 663 93004
COEFFICIENT THERMISTOR
for overload protection
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Typical resistance/temperature characteristics
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| VOLTAGE DEPENDENT INTRODUCTORY
' RESISTORS NOTES

Voltage dependent resistors are supplied in packages marked with either
the Mullard E number or a 12 digit number. A data summary and conver-
sion list is available.

Additionally, both numbers appear on each data sheet.

INTRODUCTION

Voltage Dependent Resistors (VDR' s) are resistors which exhibit a high degree of non-
linearity between resistance value and applied voltage. They are prepared from either
silicon carbide or zinc oxide, Their voltage dependency results from the large number
of crystal contacts forming a complicated network of series and parallel resistors.

The manufacturing process is similar to that used in the ceramics industry. The basic
raw materials having the required electrical and physical properties are mixed with a
ceramic binder and the resulting material is pressed into discs, or extruded into rods.
After a period of drying, they are sintered at a high temperature. The firing time and
temperature have an important influence on the electrical characteristics. Electrical
contacts of copper or zinc are metallized onto the contact surfaces. Leads are soldered
on, and the VDR’ s are lacquered and impregnated.

ELECTRICAL PROPERTIES

D.C. conditions

The relationship betwen voltage and current for a VDR can be approximated-to:
v=CP )

where,V = voltage in V
I = currents in A

Cand 8 = constants for a given VDR.

This equation is illustrated in fig. 1.

Fig. 1 Voltage/current characteristic
of a VDR on linear scales

Mullard
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This relationship may also be expressed as:
logV =1ogC +3.logl 2)

which is a straight line for not too small values of current, and where B is the slope of
the line. Fig. 2 illustrates this.

D375¢4

Log V

Log I

Fig. 2
Voltage/current characteristic of a VDR on logarithmic scales

For a given VDR, the values of C and 8 may be determined by measuring three points on
its characteristic; only when these three points, plotted using logarithmic scales, lie on
a straight line, can extrapolation to higher values of voltage and current be permitted.

Equation (1) may also be written as:
I =kv¢ (3)

1
where, a ==
“7s

1

and k =—~—

cL78
VDR' s do not have a polar effect, i.e. , when the voltage polarity is reversed, the current
changes in direction, but not in magnitude. Equations (1) and (2) are only valid for abso-
lute values of voltage and current; this may be of importance in a.c. calculations.
To avoid lengthy calculations, equation (1) has been converted into a nomogram (fig. 3),
which gives the corresponding values of voltage and current for any given silicone carbide
VDR. When a straight line is drawn between the voltage and current points for a VDR,
and produced to intersect the g -line, all other straight lines radiating from that point will
give values of voltage and current that apply to the given VDR, e.g. , for a VDR having

Mullard

VDR Intro. Page 2



VOLTAGE DEPENDENT
RESISTORS

INTRODUCTORY
NOTES

a current of 10mA at 100V, and a 8 =0. 20, it can be seen from the nomogram that values
of 70V and 1, 6mA also apply to this VDR. The power dissipation of 0.11W can also be
found from the nomogram.

8
= cam-din !
QOOL 2NFINAIN

I:_(.lﬁé) W_ %8!())00 1 000—_V v) SS8583338356S
3 F 5000 800
FS [ 700‘
] . 2000 6003
F 5003
2 1000 3

b 4004
3 [ 500 3
E1 H 3
- 200 3003
;0.5 E.100 200 E g%
3 ] L
E_ & 50 ] |11 ‘;’
L0.2 ] 17
] 20 //
E-01 -10 oot/
3 3 L~ 803
E-0.05 703
E 2 / /56':
3 / / 504
[0.02 1 ;
3 ) i /w0
E/ - 0.5 / 3
? 0.01 '- 2 / 301:
£0.005 [ E
3 ﬁi 0.1 20 g
= /7 foos ]
E 0.002 E
1 Eo.oz ]
o001 Loot 10- 11

Fig. 3

Nomogram giving the relation between voltage, current, power

dissipation and § -value of any silicon carbide VDR.
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Although the nomogram is used in most cases, it is sometimes more convenient to use a
graphical method, for example, when the voltage drop across a VDR in series with a
resistor has to be determined. In this case, the load line for the series resistor is
drawn on the VDR voltage /current characteristic. This load line will intersect the VDR
curve at a point which gives the voltage across the VDR. In fig. 4 the characteristics of
a series of VDR' s are drawn on linear scales. The load line intersects each VDR curve
at one point which gives the voltage drop across the VDR in series with the load.

D3755

350
v / |
V) / / |
300 f / /
250 / // ——
25000 L—
yr‘
v 200
= T
250v 150 /
/‘/
100 —— 1 |
50
0
0 50 1006 150 200 250
1 (mA)

Fig. 4
Typical voltage/current characteristics with a load
line for a series load

Practical values

The C- and B-values of a VDR depend on the composition of the material, and on the
methods used in manufacture; furthermore, the C-value depends on the shape and dimen-
sions of the VDR. Practical values of § range belween 0. 14 and 0. 40 for silicon carbide
and approx. 0.030 for zinc oxide. It is inherent to the material properties that the
B-value of a VDR with a low C-value will always be higher than that of 2 VDR with a high
C-value. As the method of manufacture compels a minimum thickness, and the C-value
is almost independent of surface area, the latter has, for practical reasons, a limited
minimum value,

Mullard
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From equation (1) it is possible to specify the electrical characteristics of a VDR by
giving its C- and g -value. The advantage of this is that only two parameters are used.
The disadvantage is, however, that due to the tolerance on the f -values, the spread in
voltages at low currents in the working area, becomes very large.

In published data the C-value, the applied voltage for a current of 1A, the $-value and
the slope of the characteristic, are given as approximate values for information. The
component is defined closer to its working point by means of a current of 1, 10 or
100mA, and a voltage and tolerance.

For zinc oxide VDR' s, the voltage limits at lmA and 1A are given together with maxi-
mum a,c. and d.c. working voltages.

VDR' s in series
For a VDR, we can write equation (1) :
V=CP

When n of these VDR's are connected in series and a voltage n times the original is
applied, the current will remain the same. Consequently for n VDR' s in series we can
write :

nV=C18 )

From equations (1) and (4), it follows that:
C*' =nC 5)

Hence the C-value can be increased, for a particular application, by connecting VDR' s
in series.

VDR' s in parallel
For a VDR, we can again write equation (1):
vV =CPB

When n of these VDR's are connected in parallel, with the same voltage applied, the
current in each VDR will remain the same, The total current will be NI. Thus for n
VDR' s in parallel, we can write:

V=C" @B ©)
From equations (1) and (6), it follows that:

w_C
=2 )

Hence, it can be seen from equation (7) that for VDR's having f -values in the range
0. 14 to 0, 40, the C-value will decrease very little by the parallel connection of several
VDR's, e.g., if 8 =0.20, 32 VDR' s would need to be connected in parallel to achieve a
50% reduction in C-value. In parallel circuits all VDR's should have approximately
equal C- and B -values, otherwise the current sharing will depend on the voltage across
the circuit. VDR's must not be connected in parallel to obtain higher power dissipation.

Mullard
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Resistance value

From Ohm's law, the resistance of a VDR is given by: |

v _cPf c
R=T=-T "7 @
I
orusi.ngI=kVa
kv

From these equations, it is evident that the resistance value of VDR is not constant, but
depends on the values of voltage and current.

Power dissipation

The power dissipated in a VDR is given by:

W o= V.I
but since 1 = k¥
then W= kv v o= ¥t (10)

1
= then the power dissipated is proportional to the

B
6th power of the voltage; hence a voltage increase of only 12% will double the power in the
VDR. Thus it is necessary to ensure that the voltage does not rise above a value such that
the maximum permissible dissipation is exceeded, This is important since VDR' s have a
negative temperature coefficient, which means that at higher dissipation the temperature
will rise, thus causing the resistance to decrease, and the dissipation to increase still
further.

For a S-value of 0.20, a =5, since a =

Temperature coefficient

No account has been taken of temperature effects. The B-value is practically independent
of temperature. The C-value has an appreciable negative temperature coefficient, To a
good approximation we can write:

Ce = C0 (1+a8) (11)

where Ce = C-value of the VDR at 8°C

Cg = C-value of the VDR at 0°C
a = temperature coefficient

For silicon carbide types the value of 'a’ lies between -0.0010 and -0.0018. Thus for
circuits where the current is constant, the temperature coefficient of voltage lies between
-0. 10 and -0. 18% per degree C, and for circuits where the voltage is constant the temp-
erature coefficient of current lies between +0.4 and +0. 8 per degree C, depending on
B -value.

Mullard
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VOLTAGE DEPENDENT INTRODUCTORY
RESISTORS NOTES

A.C. Conditions

When used in a.c. circuits, care must be taken to avoid excessive power dissipation. If
a sinusoidal voltage is applied to a VDR its non-linear voltage/current characteristic
will cause the current to be non-sinusoidal containing odd harminics. Similarly, if the
current is sinusoidal, the voltage across the VDR will be non-sinusoidal. In all cases
the power dissipated will be higher than that calculated for equivalent d.c. conditions.
For silicon carbide VDR' s fig. 9 shows the power to be some 2 to 3 times higher for an
r.m. s. voltage than that for an equivalent d.c. voltage. Calculation of the a.c. current,
voltage and power conditions in silicon carbide VDR's can be carried out using the
following sections. For zinc oxide types, the data gives nominal r. m. s. and crest work-

ing for each type.

Fig. 5 Current as a function of time,
when a sinusoidal voltage is
applied to a VDR

03758

(a) Sinusoidal voltage
R.M.S. valué of current

The value of the r. m.s. current is given by:

T
1 2
Ir.m.s. —/ T/OI de

where, T = the periodic time of the sinusoidal voltage.

Since the instantaneous relationship between voltage and current is given by I =kV®,
and V = v singt in which v =V, . V2, it follows that, by substitution:

T/2
va 2/2 . 2
L.om.s. =¥ m.s. 201/./ T.[ 0 (sinwt) “at

Ad.c. voltage of V=V, ., . would cause a d.c. current in the VDR such that

I=kV®

r.m.s.

If the ratio of I to I equals r, then
r.m,s.

/T2
r = 29/2 _51_ f o (sinwt) 2%t 12)

This relationship between r and «, is illustrated in fig. 6 for various values of o =1/83.
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Fig. 6 Relation between the currents caused
by a d.c. voltage V, and an a.c.

voltage V =V
r.m.s.

13.5 4 5 6

w-

Mean value of the current in a VDR during half a cycle

T/2
o2 e
0

The mean value is defined as:

Substituting I = kW% andV = v sinut, where v = Vr

T/2
kv 2 [T/
r.m.S.

m T 0

V2, it follows that:
m.s.

(sinwt)a de

A/d.c. voltage of V = '\/'r m.s would cause a d. ¢c. current in the VDR such that:

1 =kv®
r.m.s.
If the ratio of Im to I equals m, then:
2(oz +2)/2 rT/2 o
m = —T 0 (sinwt) dt (13)

Mullard
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The relationship between m and «, is illustrated in fig. 7 for various values of @ = 1/8.

D3756

30
m
2.5
Fig.7 Relation between the mean values
of the currents caused by a d.c. 20 7
voltage V and an a. c. voltage
=V
r.m.s.
15
10
3.5 3 5 6

%

When measuring the alternating current in a VDR, erroneous readings will be obtained
if a moving coil instrument, incorporating rectifiers, is used. Normally, these instru-
ments are calibrated to read r.m.s. values, and are correct only for sinusoidal
alternating voltage or current, for whichthey indicatethe magnitude of the mean value.
When a sinusoidal current containing harmonics, as shown in fig. 5, has to be measured
on this kind of instrument, the reading will be proportional to the mean value of the
current. To obtain the r.m.s. value, the reading must be multiplied by the factor f
which is given in fig. 8 as a function of = 1/8.

Mullard
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14 0I%9
f
Fig.8 Factor f by which the mean 13 /

current value must be
multiplied to obtain the
Y.n.s. current

e

1.2
3.5 4 5 6
1
L=
8
Power dissipation
The a.c. power dissipation for a sinusoidal voltage is given by:
T/2
2 / @+ 1
Waee =TS 0 WV &
Substituting V = v sinet, wherev =V_ s V2, we have:
T/2
2ka+ml . 2(a+ 1)/2 el
w = (sinwt) dt
a.c. T
0
The power for a d.c. voltage of V =V is:
T.Mm.s.
w o= kv@t!
r.m.s
The quotient of these two values is given by:
_ Wa.c. _ 2(‘:“L3)/2 T/2 (si tCH'ldt 14
P=— = 1/ ¢ (inwy) (14)

Mullard
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VOLTAGE DEPENDENT INTRODUCTORY
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The value of p as a function of @ = 1/8 is shown in fig.9

35 =
p
3
25 J
Fig.9 Relation between the power
dissipation caused by a d.c.
voltageV andan a. c. voltage
Veomes, =V z \/V
1.5
1
35 4 5 6
x=l
[

(b) Sinusoidal current
R.M.S. value of voltage
The value of the r.m.s. voltage is given by:

T
v = L'/ V2 dt
r.m.s. T 0

The relation between voltage and current is given by:

v =CIB

Mullard
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where I =1i sinwt, in whichi=1__ V2, it follows that by substitution:

T/2
_ ~B B/2/2 o 128
vr.m.s. - CIr.m.s. 2 r\/T/ 0 (sinwe) ™ dt

The voltage drop across a VDR when it carries a currentI = Ir m.s is given by:
v =crf
r.m,s.
The relationn =V /V is given by:

r.m.s.

T/2
n =27 f/z,; / (sinwt)?? at (15)
o

The values of n against B are plotted in fig. 10

0 9 D3752

n

AN

Fig. 10 Relation between the voltage \\

causedbyad. c, current I and
an a.c, current] =1

r.m.s. \K

0.8

014 018 0.22 0.26 0.30 0.34 0.38

B=

8l

Power dissipation

For a sinusoidal current, the power dissipation is given by:

2 T/2
Wa.c. = T/ V.Idt

0
Since V = CIB, and I =i sinwt, where i = Ir ms V2, we have:
2o 2(B+1)/2/r/2 B+1
Wa. e = T 0 (sinwt) dt

For a direct current I = Ir m.s the dissipated power is:
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Then the relation g = Wa c /W is given by:

B +3)/2 T/2
q = 2———-T / (sinwt)ﬂ s (16)
0

Fig. 11 shows values of q as a function of 8.

03753

q
0.92
Fig. 11Relation between the power /
dissipation caused by a d.c.
current I andana. c. current 0.91
Ir.m. s. © !

08
04 018 022 0.26 030 0.34 038
@:

R~

From this graphit is clear that the variation in g-valuehaslittle influence onthe power
dissipation provided the current and peak voltage are constant. In practice, neither a
sinusoidal voltage nor a sinusoidal current will generally occur. A sinusoidal voltage
will, however, occur if an inductance is shunted with a VDR for spark suppression of
contacts. Fig. 9 gives the factor depending on 8-value, by which the d.c. power dissi-
pation must be multiplied to obtain the a.c. value. If a linear resistor is connected in
series with a VDR, the shape of the oscillogram will gradually deviate from that shown
infig. 5. If the resistance value is very large compared to that of the VDR, the current
will take a sinusoidal form.

(c) Harmonics of the alternating current

The curve shown in fig. 5 can be evaluated into a Fourrier series. Inthis way the ratio
of the relative strengths between the first, the third, and the fifth harmonics can be
found. Harmonics of the seventh and higher orders are very small, and of nopractical
importance. Fig. 12 shows the relative strengths of these harmonics as a function of
a=1/p.
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Fig. 12 Relative strengths of the +0.3
harmonics +02

+0. ————
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-03 a____|
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(d) High frequency alternating current

At low frequencies, the small capacitance of the VDR does notaffect the voltage depend -
ency. At high frequencies, however, this parallel capacitance may not be neglected
for, at low voltages and currents, it may even determine the impedance of the VDR.
At high voltages, the influence of the capacitance is less because the resistance across
which the capacitance is shunted has decreased. In h.f. circuits this effect occurs as
an apparent decreasein $, and the voltage/ current characteristic on logarithmic scales
is no longer a straight line, as shown in fig. 13, for silicon carbide types. A nominal
capacitance value is given in the data for zinc oxide types.
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Fig. 13

Voltage /current characteristic for different frequencies

(e) Permissible dissipation

The temperature which a VDR will reach under operating conditions, is determined
by the dissipated power, the thermal conductivity of the material, the nature of the
surrounding medium, and the ambient temperature. As stated previously, the dissi-
pation increases rapidly with increasing voltage.

The cooling per degree C, though increasing slightly with temperature, depends
mainly on the total surface area of the VDR; it can be improved by forced ventila-
tion. The permissible temperature of a VDR is generally limited by secondary
effects, such as contact and insulation problems. For lacquered VDR' s it is about
120°C.

For incidental surges, for which it may be assumed that they occur for such a short
time that no heat is conducted to the surrounding medium, the rise in temperature is
defined by the energy in the surge, the mass of the VDR, and its heat capacity. A
temperature rise of 100°C is caused by a surge of 60Ws/g. Thus for a VDR having
a weight of lg, the load may be 60W for a duration of 1s, or 6W for a duration 10s,
i.e., the shorter the time, the higher the permissible load during that time, but this
is limited by the material properties, which are liable to change at too high current
densities, by voltage breakdown occurring between the silicon carbide crystal inter-
faces. The maximum current density for a VDR should be limited to 10mA/mm2
for high C-values, and 5mA/mm2 for low C-values.

A maximum non-repetitive peak energy rating is given in the data for zinc oxide
VDR s.

Muliard
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Toleranceg (gilicon carbide VDR' &)

In published data, VDR 's are specified with a tolerance on the reference voltage, and
a spread on S-value. From fig. 14 it can be seen that the spread on B-value can cause
the tolerance on the voltage to increase for values of current other than the specified
current at which the VDR is measured; this voltage is usually measured at 1, 10, or
100mA. Where voltage measurements at the specified current result in the rated dis -
sipation of the VDR being exceeded, then pulsed conditions are used.

The C -values quoted are for a current of 1A, although the VDR may not be capable of
conducting such a current, in which casethe C-values are derived from measurements
made at lower currents,

D3759

102
ViVl
5
=018
: 3
=0.) 207 A
10 2 p 753 33 [5 = Q.
)
Fa=018
5
2
10
0.1 1 (VI 102 * 10
1{mA}
Fig. 14
The influence of the spread of 8-value on the
voltage/current characteristic
Cholice of type

The voltage/current characteristic will indicate which type of VDR is suitable for a
particular application, and the power to be dissipated will indicate the dimensions. It
is important that the maximum ratings are not exceeded, since a too high currenmt
density will change the material properties, and excessive power dissipation will cause
the maximum temperature to be exceeded; this will adversely effect the soldering of
the leads.
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APPLICATIONS

The applications of VDR' s may be classified into two main groups:

1. Applications where the voltage limiting property of the VDR is used.

2. Applications where the VDR is used for the rectification of asymmetric pulses.

Application examples

(a) For contact protection and spark suppression for relays. When the contacts open, the
energy stored in the inductance of the relay is dissipated in the VDR, and the voltage
across the contacts is limited to a safe value.

(b) Protection of small battery motors. Sparking brush contacts limit the commutator life
andalso cause interference. A VDR inparallel with each rotor winding prevents spark-
ing, eliminates interference, and increases the commutator life.

(c) Use in television receiver circuits for peak voltage limitation, oscillation damping,
rectification to obtain a negative voltage for stabilising the picture width, and the e. h.t.
against supply voltage variations, and against ageing of tubes.

(d) Stabilization of voltage supplies.

(e) The protection of semiconductors from transient surges on the supply lines.

NOTES

I all applications the following precautions must be observed:

(a) VDR’ s must not be connected in parallel to obtain higher power dissipation.

(b) Care should be taken to ensure that the maximum ratings are not exceeded.

(c) VDR' s should not be used in conducting, corrosive, oxidising or reducing fluids.

DEFINITIONS
C -value

The C-value is equal to the applied voltage for a current of 1A. Where the VDR is not
capable of conducting 1A, the C-value is derived from measurements made at lower
currents,

B-value

This is the index in the voltage/current relationship V = CIB. It is equal to the slope of
the voltage/current characteristic when this is plotted using logarithmic scales; a, the
reciprocal of g is sometimes used in calculations.

Operating temperature category at Zero power

The upper and lower category temperatures at zero power arethe maximum and minimum
ambient temperatures at which the VDR can be continuously operated.

Mullard
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Operating temperature category at maximum power

The upper and lower category temperatures at maximum power are the maximum and
minimum ambient temperatures at which the VDR can be continuously operated.
Reference voltage and reference current

The co-ordinates of a point on the voltage/current characteristic. This point is in the
working range of the VDR and is used to define the properties and for quality control.
Maximum power rating

The maximum power which can be dissipated at a specified temperature in still air.

Temperature coefficient (a)
The ratio (in % per degree C) of the change in voltage with temperature, to the voltage.

Voltage/ current characteristic
The relationship between the voltage and current for a VDR,

MEASUREMENT OF VDR CHARACTERISTICS

The following are precautions which must be taken when measuring VDRs:

1. Use only d. c. voltages.

2. Keep the measuring time as short as possible. This will avoid self-heating effects.

3. When the voltage and current of a VDR are such that the dissipation is exceeded,
measurements must be made using pulses of 10ms duration.

4, The B-value, which is dependent on both voltage and current, is measured between
0. 31 and 3I for discs, and I and 10l for rods, where I is the current at which the VDR
is specified:

then B = log V2/V1

where V2 = voltage at 3I or 10I
and V1 = voltage at 0.3 or 1

Mullard
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Voltage dependent resistors

Summary

Silicon Carbide Types

Voltage Reference
Type No. Code No. v) Current 6 Shape
at | Ref (mA) Value
; | Ref

E299DD/P116 | 2322552 01161 8 100 25t .4
E299DD/P118 2322 552 01181 10 100 25t0 .4
E299DD/P120 2322 552 01201 12 100 25t0 4
E299DD/P216 2322 552 02161 8 10 .25t0 .4
E299DD/P218 2322 552 02181 10 10 25t0 .4
E299DD/P220 2322 552 02201 12 10 .25t0 4
E299DD/P222 2322 552 02221 15 10 25t0 .4
E200DD/P224 2322 552 02241 18 10 .21 t0 .35
E299DD/P226 2322 552 02261 22 10 .21 t0 .35 A
E299DD/P228 | 2322 552 02281 27 10 2110 .35
E299DD/P230 2322 552 02301 33 10 .18 t0 .25
E299DD/P232 2322 552 02321 39 10 .18 t0 .25 Disc
E299DD/P234 2322 552 02341 47 10 .18 t0 .25
E299DD/P236 2322 552 02361 56 10 .18 10 .25
E299DD/P238 2322 552 02381 68 10 .18 t0 .25
E299DD/P336 | 2322 552 03361 56 1 A410.23
E299DD/P338 2322 552 03381 68 1 .14 10 .23
E299DD/P340 2322 552 03401 82 1 .14 to .21
E209DD/P342 | 2322 552 03421 100 1 A4 10 .21
E299DD/P344 2322 552 03441 120 1 .14 to .21
E299DD/P346 2322 552 03461 150 1 .14 to .21
E299DD/P348 2322 552 03481 180 1 .14 to .21
E299DD/P350 | 2322 552 03501 220 1 A410.21
E299DD/P352 | - 2322 552 03521 270 1 A4 10.21
E299DD/P354 2322 552 03541 330 1 .14 to .21

Y
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Code No. Min. Volits Max. Volts Shape
2322 594 at 1 mA at1 A
18202 82 140
11012 100 170
11512 150 255
11912 190 325
12212 220 375
13312 330 560 Disc
13512 350 595
13912 390 665
14712 470 800
16212 620 1055
16812 680 1160
L[]
R.m.s. Clamping voltage
Code No working voltage max. at 100 A Shape
2322 594
(Vims! (\]
76002 60 220
77502 75 260
79502 95 330
71312 130 440
71512 150 510
71712 175 570 .
72312 230 760 Disc
72512 250 820
72712 275 900
73012 300 980
74212 420 1410
74612 460 1550

N

2 January 1981 ( Mu'lard



VOLTAGE DEPENDENT

RESISTORS
(2322 552 Series)

E299DD

Series

This data sheet should be read in conjunction with
VOLTAGE DEPENDENT RESISTORS - INTRODUCTORY NOTES

APPLICATION

For use iii television receivers and other electronic and electrical equipment.

DIMENSIONS (millimetres)

Coated with tan
coloured {acquer b=

ELECTRICAL DATA

o — A 4+ 7
Hr» A max

& 5 max

_*—f {lacquer)
z 35 »

:" - min
o8 _._i 05279

Reference
current (mA)

100
10
1

Tolerance on reference voltage
Maximum dissipation (Tamb = 40°C)
Asymmetry
Temperature range

at zero power

at maximum power
So}deﬂng

APRIL 1973

Mullard

Reference
voltage (V)
8 to 12
8 to 68
56 to 330
+20 %
800 mw
<2 L9
25t0+125  °C
0 to 455 °c

max. 240°C for 4s max.-

E299DD Series Page 1
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VOLTAGE DEPENDENT ; 5299DD

- RESISTORS .
(2322 552 Series) , Series

ORDERING PROCEDURE

The resistors shou{d be ordered by their type or code number. They may be supplied -
in packs marked either with the type or code number.

D5260

V 3 - 1 |
v) L e299p0/P352
mERas T e29900/P348
i e NI E299DD/P344
mEEs . E299DD/P340
102 T Tl /!"rHr Lt E | £2000D/P336
: o\
we: H
—
— |11 o u—- ]
£2900D/P236 el s atl L~ 01,527
-
£2930D /2 " 4 i "] .
10 2390D/7232 ==l =]
1 Ezs900/P22 T -
i £298DD/P22 P | £23900/P220 F=—
1T 1 1T FT10F
E29900/7'218,
| E2990D/P118
1
1072 107 1 10 IimA) 102

VOLTAGE/CURRENT. CHARACTERISTICS

Mullard

E299DD Series Page 3
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This data sheet should be read in conjunction with
VOLTAGE DEPENDENT RESISTORS - INTRODUCTORY NOTES

QUICK REFERENCE DATA . <

Minimum voltage at Ipeak =1mA 82 to 680 v
Maximum voltage at Ipeak =1A 140 to 1160 v
B between 1 mAand 1 A typ. ’ 0.030
Nominal r. m.s. working voltage : 50 to 425 v
Max. non repetitive peak energy 3t0 6 ]
Operating temperature range

at zero power -25 to +115 oC

at max. voltage -25to +85 oC

APPLICATION

For general use in contact protection, spark suppression, and particularly the suppression
of voltage transients occuring on the a.c. mains supply.
DESCRIPTION

This type consists of a disc of low -8 material, which is provided with two solid tinned
copper wires. The {tem ig white base lacquered, but not insulated.

MECHANICAL DATA Dimensions in mm
6
—»{ 10.5max je—rvo '—’(mox lo—
3 —>
Colour bands 2-—u
Lotour_bands ’ [, A
11— M//// 13 max s,

23/ | T

15 min

?0.8—» 254
D7234a max

Mullard
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~> ELECTRICAL DATA .
Unless otherwise specified all electrical values apply at an ambient temperature of +25°C,

B between 1 mA and 10 mA typ. 0.030
Voltage ratio between 1 mA and 10 mA typ. 1.07
Temperature coefficient at 1 mA :

between +25 and +85 ©C typ. : i 0.065 %/PC
Max. average power dissipation* : '

(averaged over 1 s) 100 mW
Max, non-repetitive pulse energy

(see tahle 1) 3to 6 1
Max. pulse current . 500 A
Operating temperature range

at zero power . - =25 to +115 oC

at maximum r.mn.s. working voltage -25to +85 oC

=> PULSE RATING

The maximum pulse energy (in joules) that may be dissipated by the VDR is shown in
table 1 as a function of the permissible number of pulses during life. If, however, the
frequency of the transient pulses exceed 1Hz, the energy contained in the pulses must be
restricted so that, the maximum average power applied to the VDR does not exceed the
specified limits. ’

Table 1.
Type No. max. transient energy {(Joules) i
2322594.. .. 1 pulse 102 pulses 10* pulses 10° pulses
18202 3 1.8 0.30 - 0.0026
11012 3.5 2.1 0.37 0.0042
11512 4 23 0.44 0.0057
11912 4.5 26 0.51 0.0073
12212 5 28 0.58 0.0087
12712 5 28 0.58 0.0087
13312 5.5 3.1 0.65 0.0104
13512 ) 34 ’ 0.72 0.0120
13912 6 3.4 0.72 0.0120
14712 6 3.4 0.72 0.0120
16212 6 34 0.72 0.0120
16812 6 3.4 0.72 0.0120

Mullard

2322 594 1. ... Series Page 2
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‘ 2322 594 7....
: series

VOLTAGE DEPENDENT RESISTORS

zinc oxide disc

QUICK REFERENCE DATA

Maximum a.c. voltage (r.m.s.) 60 to 460 V

Maximum d.c. voltage 8510615V
Maximum non-repetitive transient energy . 3ta24 J
Operating temperature range
at zero power —-40 to + 125 9C
at maximum power ~40 to + 85 °C
APPLICATION

Suppression of voltage transient, contact protection, spark suppression.

DESCRIPTION
The VDRs consist of a disc of low-8 material, which is_provided with two solid tinned copber wires.
They are white lacquered, but not insulated. .

MECHAN!CAL‘ DATA Dimensions in mm
Outlines .

7 max

-
2,54

1271%6.6

Fig.1

. g . Mu“ard November 1980 1



2322 594 7.... -
series

Marking

The resistors are marked with their serial number and the maximum r.m.s. workmg voltage (see Fig.1
and Table 1).

Mass
1 g approx.

Mounting
In any position by soldering

Robustness of terminations
Tensile strength: 10N

Bending 5N

Soldering

Solderability max. 240 °C, max. 4s
Resistance to heat max. 265 °C, max. 11s

Inflammability
Self-extinguishing

ELECTRICAL DATA
Unless otherwise specified all electncal values apply at an ambient temperature of +23 + 1 oC

Thermal resistance, body to air approx. - 65 - K/W
Temperature coefficient at 1 mA, . .
measured between +25 and +85 °C approx.  —0.065 %/K
Maximum average dissipation
{including transients) 300 mwW
Maximum impulse current (8/20 us)* 500 A
Operating temperature range
at zero power ‘ —40 to +125 oC
at maximum power —40 to +85 oC

Climatic category 40/125/56

See further Table 1

* This current is determined by the width T2 (see Fig.4) and the number of impulses expected during
the life of the component. Fig.5 gives the derating for different numbers of impulses.
Resulting energy can be calculated with the equation: E = K.Vp.lp.Tz.

—

2 &ovembér 1980 ( Mu“ard \:'



Voltage dependent resistors, zinc oxide disc " ‘ : 2322 594 7....

series
. max. leakage current : max. clamping voltage _ 7283075
) ] . |
Vpeak 2322594 74612
, —74212
pes ' %
- N
500 74812 : ' 71712
" ===\
200 —— E— = \7502
100 -
50 769
1075 1074 10°3 1072 10~} 1 10 102 103
‘ Ipeak (A} .

Fig.2 V/I characteristics

g | | | Mullard wpovember 1980 E 3 |



2322 594 7.... '
series 1

Table 1 VDRs with catalogue number 2322 594 .....

MAXIMUM RATINGS ) CHARACTERISTICS

suffix of rm.s. d.c. transient energy varistor voltage| ovimum typical

catalogue | working | working : {note 1) clampingvol- | capacitance
number voltage | voltage | 8/20 us | 10/1000 us . tage at 100 A| at 10 kHz

(nate 2} - {note 3} { (note 4) min. max.
v v NI SN v v v | pF

76002 60 | -85 30 23 90 110 220 420
77502 75 100 35 ‘28 108 132 260 -1~ 350
79502 95 125 45 - 35 135 165 330 310
71312 130 170 6,5 48 185 225 440 280
71512 . 150 200 75 55 216 264 510 . 180
71712 175 225 -9 6,2 243 297 570 170
72312 230 300 1 8,0 324 396 - 760 140
72512 250 320 12 8.8 351 429 820 130
72712 275 350 14 9,5 387 473 900 130
73012 300 385 15 10,5 423 517 980 110
74212 420 560 20 15 612 748 1410 920
74612 460 615 24 16 675 825 1550 20

Notes

1. Voltage at a current of 1 mA, impulse time 10 ms.

2. Sinusoidal voltage assumed as normal operating condition. If a non-sinusoidal voltage is present, the
crest voltage x 0,707 should be used for type selection. :

3. A current wave of 8 / 20 us (defined in IEC 60-2 section six} is used as a standard for impulse
current and clamping voltage ratings. The transient energy is given for one impulse applied during the
life of the component.

4. High energy surges are generally of longer duration. The max. energy for 1 impulse 10 / 1000 s is
given as a reference for long duration impulses. This impulse can be characterized by peak current
Ip and impulse width T (virtual time to half Ip value following 1EC 60-2 section six), see Fig. 4
If Vi is the clamping voltage corresponding to I, the energy absorbed in the VDR is determined
by equation E = K.Vp,.15.T2; K depends on Tz when T1 is 8 to 10 us: for T = 20 us K = 1; for
50 us 1,2; for 100 us 1,§; for 1000 us 1,4.

. November 1980 ( Mu“ard U



Voltage dependent resistors, zinc oxide dis¢ 2322 594 7....
series

.. 100%

|
|
|
|
|
t
!
I
0 !
~40 85 125
. Lmh loC)

7Z72175.3

Fig. 3 ‘Derating of max. d.c. and r.m.s. working voltage with temperature.

sl

- T2 > 7283073

g Mullard W F\lovember 1980 5 |
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2322 594 7....

series
A 7283076
1T -
< | impulse 2322 594 series
= N
§ [0 g
5 102 N
2102 NN
] :103
8_ N A
€ ] \\ N —\
E -10
X r_—105\ TN NO N
£ 108N N ‘\\K
~ Y
NI
N R
“‘& \\ N
10 e ’?\
AN
N
AN
\
N
1 N
10 102 103 104 105

impulse duration {us)

Fig. 5 Max. applicable transient current as a function of impulse duration.
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Voltage dependent resistors, zinc oxide disc 2322 594 7....

series
TESTS AND REQUIREMENTS
According to 1EC 68 recommendations unless otherwise specified. ‘
test test duration AV/V (%)
method at Ipgak = 1 MA
Cold at —40 °C A 1000 h +3
Storage at + 26 OC H 1000 h +3
Dry heat at + 125 OC B 1000 h +5
Rapid change of temperature Na 5 cycles +5
Damp heat at + 40 0C Cc 56 days +5
Climatic sequence {note 2) +5
Pulse tests * -
High current transients at + 25 O0C {notes 10 pulses
1,7,9) B/20us +§
Long duration transients {notes 10 pulses
1,8,9) 10 / 1000 ps t5
Electrical endurance at + 85 0C _ :
Maximum r.m.s. voltage {note 6 1000 h +5
Maximum d.c. voltage {notes 1, 6) 1000 h 5
Robustness of terminations 1]
Tensile strength Ua 10s {note 3)
Bending Ub 2 times {note 3)
Soldering T
Solderability par. 3.2.3. 3t04s {note 4)
Resistance to heat Tb 10to 11 +5
Impact E '
Free fall Ed 2 falls {note 5)
Notes

1. For d.c. measurements the measuring current must have the same polarity as the load current.

2, CECC 42000 issue 1 1978, par. 4. 16. Dam,

24 h.

3. Leads should neither come loose nor break.

p heat cycle test replaced by damp heat steady state for

4. Leads must be solderable initially and after 6 months storage with solder containing resin flux.
5. Neither electrical nor visual defects.

6. CECC 42000 par. 4. 20.

7. One impulse/min, all impulses same polarity, 2322 594 series Ip =165 A.

8. One impulse/min, all impulses same polarity, 2322 594 series Ip=6A.

9. Impulse shape acc. to 1EC 60-2 section six *Tests with impulse currents’’.

QUALITY LEVEL

Sampling and data evaluation for quality fevel in accordance with MIL-STD-105D.
A.Q.L. 0,25%, Inoperatives
A.Q.L. 1%, Electrical
A.Q.L. 1,5%, Mechanical

PACKING )

250 pieces per box {cardboard).

v Mullard ) ("“
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INDEX TO BOOK 3 PART 1

CAPACITORS, RESISTORS

Type No. Section | Type No. Section | Type No. . Section
C281 Series A VA1112 G 630 Series [+
CR16, CR25, CR37 F VA3100 Series G 632/642 Series C
E22022Z/01 to 04 H VA3200 Series G 660 Series C
E299DD Series J VA3400 Series G 808 Series E
Mounting clips [} VA3700 Series G 809/05 Series E
MR16 F VA8650 H 809/07 Series E
MR25, MR30, MR308 F VR25, VR37, VR68 F 809/08 Series E
PR37, PR52 F 015/016 Series D 809/09 Series E
SFR25 F 032 Series D 851 to 856 Series C
VA1033 G 033 Series D 23225941.... J
VA1034 G 034 Series D 2322594 7. ... J
VA1038 G 040 Series D 2322610 11118 G
VA1039 G 041/042 Series D 2322610 12109 G
VA1040 G 050 Series D 2322 610 11339 G
VA1053 G 052 Series D 2322 640 90004 G
VA1055S G 071 Series D 2322 640 90005 G
VA1056S G 106/107 Series D 2322 640 90013 G
VA1066S G 108 Series D 2322 640 90015 G
VA1067S G 115 Series D 2322 662 98003 H
VA1074 G 121 Series D 2322 662 98009 H
VA1086 G 122 Series D 2322 663 98004 H
VA1096 G 330 Series B

VA1097 G 344 Series A

VA1098 G 347 Series B

VA1100 G 352 Series A

VA1104 G 357 Series B

VA1106 G 358 Series A

VA1108 G 424,425,426,427 SeriesB

VA1109 G 456, 457 Series B

VA1111 G 629 Series (o4

The following data sheets have been withdrawn:

105 Series
C296 Series
E298 Series
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