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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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Sections A and 8

METALLISED FILM AND FILM/FOIL CAPACITORS

Capacitance 
range

Working 
voltage Terminations Encapsulation Type No. 

Series Section

100 to 39 000 pF 63.160, 250,630 V axial sleeved 424,425,426,427 B
1000 to 36 000 pF 160,250 V axial sleeved 456, 457 B
100 to 34 000 pF 63 V radial resin potted 443 B
2.2 to 680 nF 100, 250, 400, 630 V radial lacquered 347 B
10 to 470 nF ! 250/1 75 V„ axial | moulded

330 B
10 to 330 nF du radial
47 to 680 nF 250 V radial moulded 357 5... . B
1.5 to 330 nF 630,1000,1500, 2000 V radial moulded 357 6 to 9 B
0.0047 to 2.2 pF 250,400 V radial lacquered 352 A
0.01 to 1.0 pF 100, 250, 400 V radial resin dipped 358 A
0.01 to 2.2 pF 250, 400 V axial moulded C281 A
0.0047 to 6.8 pF 100, 250, 400,630 V radial moulded 344 A

Section C

CERAMIC CAPACITORS

Capacitance 
range

Working 
voltage Terminations Encapsulation Type No. 

Series

1.8 to 330 pF 100 V radial lacquered 632, 642
1000 and 2200 pF 250 Vac radial lacquered 660
390 to 4700 pF 100 V radial lacquered 630
1.0 to 22 nF 63 V radial lacquered 629

Tubulars

1 to 22 000 pF 50 V radial coated 561



Section C
MULTILAYER CHIP CERAMIC CAPACITORS

Capacitance 
range

Working 
voltage Terminations Encapsulation Type No. 

Series
10 to 10 000 pF
100 to 470 000 pF

NPO 50 V
X7R 50 V

Solder lands — 851 to
856 Series

Section D

ELECTROLYTIC CAPACITORS

Capacitance 
range

Working 
voltage

Electrodes Electrolyte Terminations Type No. 
Series

0.1 to 47 pF 6.3 to 40 V Aluminium solid radial 122

1 to 22 pF 160 to 385 V Aluminium wet axial and single 
ended 041

1 to 470 nF 4 to 63 V Aluminium wet axial 015/016
2.2 to 330 mF 4 to 63 V Aluminium solid axial 121

10 to 100 mF 160 to 385 V Aluminium wet axial and single 
ended 042/043

47 to 1000 mF 250. 385 V Aluminium wet solder tags or 
p.w. pins 052

0.47 to 3300 mF 6.3 to 100 V Aluminium wet single ended 034
2.2 to 2200 mF 6.3 to 63 V Aluminium wet axial 108
150 to 4700 mF 250, 385 Aluminium wet screws 115
150 to 4700 mF 6.3 to 63 V Aluminium wet axial 032

1000 to 10 000 mF 6.3 to 63 V Aluminium wet axial and single 
ended 033

470 to 68 000 mF 10 to 100 V Aluminium wet solder tags or 
p.w. pins 050

680 to 47 000 6.3 to 63 V Aluminium wet solder tags 071
1150 to 150 000 mF 63 to 100 V Aluminium wet screws 106/107



Section E

VARIABLE CAPACITORS

Capacitance 
swing

Working 
voltage

Dielectric Function Type No. 
Series

1-3.5 to 2-18 pF 300 V film trimmer 809 05

1.4—5.5 to 2-18 pF 300 V film trimmer 809 09

1.4—5.5 to 5.5—65 pF 250 V film trimmer 808

4-40 to 5-60 pF 300 V film trimmer 809 08

4-40 to 7-100 pF 200 V film trimmer 809 07

Section F

LINEAR RESISTORS

Resistance 
range Power dissipation Description Style

1 il to 1 Mil 0.2 to 0.5 W carbon film CR16, 25, 37

4.99 to 1 Mil 0.25 W métal film MR16

4.99 to 1 Mil 0.4 to 0.5 W métal film MR25, 30, 308

10 il to 27 kil 1.6 to 2.5 W métal film PR37, 52

1 il to 1 Mil 0.33 W métal film SFR25

1 Mil to 68 Mil 0.25 to 1 W métal glaze VR25, 37.68



Section G

NEGATIVE TEMPERATURE COEFFICIENT THERMISTORS

Disc and rod types

Resistance 
(n)

B-value 
(K)

Power rating 
(W) Shape Type No.

at 25 °C

1.1 2650 1 disc 2322 610 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 2322 610 12109
15 3000 1 disc VA1100
15 3350 see note 1 disc VA1104
33 3250 1 disc 2322 610 11339
50 3300 1 disc VA1034

130 4600 1 disc VA1040
150 3280 0.6 disc VA1096
470 3520 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

15 000 3600 0.6 rod VA1055S

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 
(°C)

Resistance 
(kn)

8-value 
(K)

Power rating 
(W)

Type No.

-30 to -10 15 to 50 4000 0.25 2322 640 90013
-20 to +25 2.7 to 15 4000 0.25 2322 640 90015
+25 to +100 0.95 to 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 
(n)

B-value 
(K)

Dissipation factor 
(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 
at 25 °C 

(il)

Switch 
temperature 

(°C)

Max. 
voltage 

(V)
Application Type No.

30 45 50 E220ZZ/02
40 110 50 General purpose

E220ZZ/04
50 25 40 E220ZZ/01
50 80 50 E220ZZ/03
80 75 265’ De-gaussing VA8650

30+8 75 265 Dual degaussing 2322 662 98003
40+1 kto 6 k — 265 Dual degaussing 2322 669 98009

30 105 265* Overload 
Protection

2322 662 93004

‘With series current limiting resistor



Section J

VOLTAGE DEPENDENT RESISTORS

Silicon Carbide types

Reference 
voltage 

(V)

Reference 
current 

(mA)
Shape Type No.

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
56 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 
at 0.1 mA 

(V)

Max. voltage 
at 1.0 A 

(V)
Shape

Type 
No.

2322 594

82 140 disc 18202

100 170 disc 11102

150 255 disc 11512

190 326 disc 11912

220 375 disc 12212

270 400 disc 12712

330 565 disc 13312

350 600 disc 13512

390 665 disc 13912

470 805 disc 14712

620 1050 disc 16212

680 1160 disc 16812

R.M.S. 
working voltage 

(V)

Clamping voltage 
max. at 100 A 

(V)
Shape

Type 
No.

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
AND RESISTORS

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

PREFERRED 
NUMBER SERIES

E6: 10 15 22 33 47 68

E12: 10 12 15 18 22 27 33 39 47 56 68 82

E24: 10 11 12 13 15 16 18 20 22 24 27 30

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

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

FEBRUARY 1972 Preferred numbers Page 1
Mullard



METALLISED FILM 
CAPACITORS





INTRODUCTORY
NOTES

METALLISED FILM
CAPACITORS

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 Ikil.
The power dissipated by a capacitor at a 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.l.'

Fig.l

I = current in amps
C = capacitance in farads
r = effective series resistance in ohms s
V = voltage across effective series

resistance
Vr = total applied voltage in volts r.m.s.

From the standard formula :
V2 
R

P = I?R = = V xix tan <5, where P = power in watts r.m.s.
we can derive

2P = I7r = —— = V .1 ---------------sr s s
(i)

This gives

but

where

and

V j = r.m.s.
Z

Z = T^)2 + (Xc)2

MAY 1974 Metallised Film Intro. Page 1
Mullard



V . rr.m.s. s
Z

Thus Vs

this can be written as

'r.m.s. * s
/(r )2 + (X )2 

o V

<r/ + <x/2
= (V )2 (r )2 (r )2 + (X )2 

' r.m.s. ' s ' s C

substituting for X , we have V
2 2 2

= «Vm.s? <rs>

= <Vr.m.S.>2<r/
2 27^) (q>C) 4- I"

(^C)2 -

Since, tan <5 = rg . uC and for polyethyleneterephthalate and polycarbonate metallised film 
capacitors tand is never greater than 0.1; (rs)2(wC)^ is less than 0.01 and can be neglec
ted in the above equation.

Therefore:

(V )2 = (V
s s ' r.m.s

2 2 r M \21 2 2 2
) (r ) ( — 1 = (V ) (r ) (wC)s |_\wC/ J ' r.m.s. s

using equation (1)

Simplified

2 2 2 2
r <rs> <“C>

r rs s

2 2P = (V ) (r ) (wC) ' r.m.s/ ' s' '

2 2
or P = (r C) C . w (V ) ---------------------- (2)'s' ' r.m.s.' ' '

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

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

Mullard
Metallised Film Intro. Page 2



METALLISED FILM
CAPACITORS

INTRODUCTORY
NOTES

Fig. 2

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

<7From Fig.2 the (r . C) product is 5 x 10 S1F, therefore the power dissipated is
2 2P=(rs.C)Ca, (Vrms)

= 5 x 10-7 x 0.33 x 10 6 x (2ir x 1000)2 X 1802

= 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



C281
Series

METALLISED POLYESTER 
FILM CAPACITORS
Axial leads—moulded 
(341 Series)

QUICK REFERENCE DATA
For use where a high component density is required.
Capacitance ranges (E6 Series) 

250 V working 
400 V working

Capacitance tolerance
Climatic category (IEC 68) 

at rated voltage (Ur) 

at 0. 8 Ur

0.01 to 2.2 pF
0.01 to 0.47 pF

±10 %

55/085/56
55/100/56

250 V version
400 V version

DIELECTRIC
polyethylene terephthalate film 

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 (±10% tolerance)
400 V version

C281W/.... (341 05...)
C281CD/.... (341 59...)

SPECIAL FEATURES
The capacitors are manufactured by using 'extended electrode' technique, resultingin 
low inherent inductance. They may be subjected to short term overvoltage.

MARCH 1978 C281 Series Page 1
Milliard



DIMENSIONS (millimetres) AND TYPE NUMBERS

—> 250V version
Capacitance 

(MF)
Dimensions in millimetres Code No.

341 05... 1
Type No.

C281W/... tL H T d 1
0.010 14.6 ‘ 8.8 4. 8 0.8 40 ... 103 ... /A10K
0.015 14.6 8.8 4.8 0. 8 40 ... 153 ... /A15K
0.022 14.6 8.8 4.8 0. 8 40 ... 223 ... /A22K
0.033 14.6 8. 8 4.8 0. 8 40 ... 333 ... /A33K
0.047 14.6 8. 8 4. 8 0.8 40 ... 473 ... /A47K
0.068 14.6 9.5 5.6 0.8 40 ... 683 ... /A68K
0.10 14.6 9.5 5.6 0.8 40 ... 104 ... /A100K
0.15 18.1 10.5 6.6 0.8 40 ... 154 ... /A150K
0.22 18.1 10.5 6.6 0.8 40 ... 224 .. ./A220K
0. 33 23.6 11.6 7.5 0.8 40 ... 334 ... /A330K
0.47 23.6 11.6 7.5 0.8 40 ... 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 ... 105 ... /AIM
1.5 31.1 19.6 12.5 0.8 49 ... 155 ... /A1M5
2.2 31.1 19. 6 12.5 0.8 49 ... 225 ... /A2M2

400V version
Capacitance 

(pF)
Dimensions in millimetres Code No.

341 59...
Type No. 

C281CD/...L H T d 1
0.010 14.6 8.8 4.8 0.8 40 ... 103 ... /A10K
0.015 14.6 8. 8 4.8 0.8 40 ... 153 .../A15K
0.022 14.6 8. 8 4.8 0.8 40 ... 223 ... /A22K
0.033 14.6 9.5 5.6 0.8 40 ... 333 ... /A33K
0.047 14.6 10.5 6.6 0.8 40 ... 473 .../A47K
0.068 18.1 10.5 6.6 0.8 40 ... 683 .../A68K
0.10 18.1 11.6 7.7 0.8 40 ... 104 ... /A100K
0.15 23.6 11.6 7.5 0.8 40 ... 154 .../A1S0K
0.22 23.6 12.9 8.8 0. 8 40 ... 224 ... /A220K
0. 33 23.6 14.5 10.5 0.8 40 ... 334 ... /A330K
0.47 31.1 14.7 10.5 1.0 49 ... 474 ... /A470K

t Post Office type.

Mullard
C281 Series Page 2



C281
Series

Unless otherwise stated, all characteristics apply at an ambient temperature of 20±5°C,
atmospheric pressure of lO^Pa (lOOOmbars) and a relative humidity of 75% maximum.

METALLISED POLYESTER 
FILM CAPACITORS
Axial leads—moulded
(341 Series)
ELECTRICAL DATA

Conditions
C281VV/... 

341 05...

(250V)

C281CD/... 
341 59...

(400V)
Capacitance range (E6 Series) — 0.01 to 2. 2pF 0.01 to 0.47pF
Capacitance tolerance — ±10% ±10%
Rated voltage (d. c.) -55 to +85°C 250V 400V
Rated voltage (r. m. s.) 
(see note)

f = 50Hz, source 
impedance >lkQ 160 V 200V

Rated current (mean) — 400mA 400mA
Tangent of loss angle (tan 6) f = 10kHz <150 x 10-4 <75 x 10-4
Category temperature range — -55 to +85°C -55 to +85°C

Extended temperature range Voltage derating 1. 25% 
per deg C above 85 °C +85 to 100OC +85 to 100° C

Insulation resistance
0.01 to 0. 33pF >30 000MS2 >30 000MÍ2
0.47 to 2.2 pF >10 000MS2. pF >10 000MQ. pF

Maximum rate of change 
of voltage

Capacitor length L (see
= 14. 6mm
= 18.1mm
= 23. 6mm
= 31.1mm

DIMENSIONS)
20V/ps 
lOV/ps
7V/ps
5V/ps

30V/ps 
20V/ps 
10V/ps 
8V/ps

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

Long term stability

1000 hrs at 85OC
1. 5 x rated d. c. voltage 

applied
-3% £3%

1000 hrs at 85°C 
rated a.c. voltage

applied

Capacitor length L
=14.6mm —15%
=18.1mm AC <10%
=23.6mm C > 7%
=31.1mm s 5%

Climatic category 
(IEC Publication 68)

At rated voltage (Ur) 55/085/56 55/085/56
At 0. 8 UR 55/100/56 55/100/56

Milliard
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

Solder 
temperature 

OC

Maximum solder time (seconds)

Distance between solder point and capacitor body

0. 8mm 1. 6mm 2. 5mm 4mm 6mm

250 — 5 6 8 10

260 2.5 3 4 6 8

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 " 8O17B".

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. 33pF ± 10%, 250V working capacitor, should be ordered by quoting the 

type number C281W/A330K, or 34 1 05 334.

Milliard
C281 Series Page 4



C281
Series

METALLISED POLYESTER 
FILM CAPACITORS
Axial leads—moulded 
(341 Series)

TYPICAL CAPACITANCE CHANGE AS A FUNCTION OF FREQUENCY

D4937

Mullard
C281 Series Page 5



06283

TYPICAL CAPACITANCE CHANGE AS A FUNCTION OF AMBIENT 
TEMPERATURE FOR POLYETHYLENE TEREPHTHALATE FILM

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

Mullard
C281 Series Page 6



METALLISED POLYESTER

TYPICAL LOSS FACTOR AS A FUNCTION OF AMBIENT TEMPERATURE 
FOR POLYETHYLENE TEREPHTHALATE FILM

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

-------------------- Mallard---------------------
C281 Series Page 7



06208

TYPICAL INSULATION RESISTANCE AS A FUNCTION OF 
AMBIENT TEMPERATURE

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

Mullard
C281 Series Page 8



C281
Series

METALLISED POLYESTER 
FILM CAPACITORS
Axial leads—moulded 
(341 Series)

ALTERNATING VOLTAGE RATINGS

MAXIMUM PERMISSIBLE POWER DISSIPATION AS A 
FUNCTION OF AMBIENT TEMPERATURE

TABLE OF CASE SIZES

Curve
Dimensions in millimetres

L H T
1 14.6 8.8 4.8
2 14.6 9.5 5.6
3 14.6 10.5 6.6
4 18.1 10.5 6.6
5 18.1 11.6 7.7

Curve
Dimensions in millimetres

L H T
6 23.6 11.6 7.5
7 23.6 12.9 8.8
8 23.6 14.5 10.5
9 31.1 14.7 10.5
10 31.1 19.6 12. 5

Milliard C281 Series Page 9



344
series

METALLISED FILM CAPACITORS

Radial leads-mouldea

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

QUICK REFERENCE DATA

Capacitance range (E6 Series) 0.0047 to 6.8 pF
Capacitance tolerance +10 %
Voltage ranges (d.c.) 63, 100, 250, 400, 630 V
Climatic category (IEC68) 

at rated voltage (Up) 
at 0.8 Up

55/085/56
55/100/56

DIELECTRIC

63 V (344 17.
100 V (344 25.
400 V (344 55.
100 V (344 21.
400 V (344 51.

.,344 15. . .)
250 V (344 41...), 

.) versions etc.
250 V (344 45. .

.) versions etc.

polyethylene terephthalate
(p.e.t.p.) film

polycarbonate film

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.

October 1980 1Mullard



344
series

DIMENSIONS (millimetres) AND TYPE NUMBERS

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

Capacitance 
(pF)

dimensions in millimetres
Type numbers

L H T S d

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 17.5 14.5 8.5 15 0.8 344 15155
2.2 26 15.5 6.5 22.5 344 15225
3.3 26 18 8.5 22.5 344 15335
4.7 26 19 9.5 22.5 344 15475
6.8 30 20.5 11 27.5 344 15685
10 30 23 13.5 27.5 344 15106
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Metallised film capacitors 344
series

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

Capacitance 
(pF)

Dimensions in millimetres
Type numbers

L H T S d

0.047 10.5 10 4.5 7.5 344 27473
0.068 10.5 10 4.5 7.5 0.6 344 27683
0.1 10.5 10 4.5 7.5 344 27104

0.10 13 10 4.5 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 15.5 6.5 22.5 344 3*155
2.2 26 18 8.5 22.5 0.8 344 2*225
3.3 26 19 9.5 22.5 344 2*335

4.7 30 20.5 11 27.5 0.8 344 2*475
6.8 30 23 13.5 27.5 344 2*685

* Polyethylene terephthalate film = 5, e.g. 344 25474
Polycarbonate film = 1, e.g. 344 21474

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

Capacitance 
(pF)

Dimensions in millimetres
Type numbers

L H T S d

0.022 10.5 10 * 4.5 7.5 0.6 344 47223
0.033 10.5 10 4.5 7.5 344 47333

0.047 13 10 4.5 10 0.8 344 41473
0.068 13 11 5 10 344 41683

0.10 17.5 11 5 15 344 41104
0.15 17.5 11 5 15 0.8 344 41154
0.22 17.5 11.5 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 22.5 0.8 344 41684
1.0 26 18 8.5 22.5 344 41105

1.5 30 20.5 11 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
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344
series

250 V version (polycarbonate)

Capacitance 
(mF)

Dimensions in millimetres
Type numbers

L H T S d

0.047 13 10 4.5 10 0.8
344 45473

0.068 13 11 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 22.5 344 45105

1.5 30 20.5 11 27.5 0.8 344 45155
2.2 30 23 13.5 27.5 344 45225

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

Capacitance 
(mF)

Dimensions in millimetres
Type numbers

L H T S d

0.01 10.5 10 4.5 7.5 0.6 344 57103
0.015 10.5 10 4.5 7.5 344 57153

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 11 5 10 344 5*333

0.047 17.5 11 5 15 344 5*473
0.068 17.5 11.5 6 15

0.8
344 5*683

0.10 17.5 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 13.5 27.5 344 5*105

’Polyethylene terephthalate film = 5, e.g. 344 55473
Polycarbonate film = 1, e.g. 344 51473

630 V version (p.e.t.p.)

Capacitance 
(mF)

Dimensions in millimetres
Type numbers

L H T S d

0.0047 10.5 10 4.5 7.5 0.6 344 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
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344
series

Metallised film capacitors

ELECTRICAL DATA
Unless otherwise stated, all characteristics apply at an ambient temperature of 20 ± 5 °C, atmospheric pressure of 10s Pa 
(1000 mbars} and a relative humidity of 75% maximum.

Conditions 63 V types 100 V types 250 V types 400/630 V types

Capacitance range 
(E6 Series) - 0.15 to lO pF 0.1 to 6.8 pF 0.047 to 2.2 pF 0.0047 to 1.0 pF

Capacitance 
tolerance - ±10% ±10% ±10% ±10%

Rated voltage (d.c.) -55 to +85 °C 63 V 100 V 250 V 400 V

Rated voltage 
(r.m.s.) (see note)

f = 50 Hz, source 
impedance > 1 kH 40 V 63 V 160 V 200 V

Rated current (mean) - 400 mA 400 mA 400 mA 400 mA

Tangent of lo& angle 
(tan 6)

p.e.t.p. 
f = 10 kHz

Polycarbonate

< 150 x 10'“ < 150 x IO’4

C 75 x W4

Temperature range - -55 to +85 °C -55 to +85 °C -55 to +85 °C -55 to +85 °C

Extended 
temperature range

Voltage derating 
1,25%/°C above 

85 °C
+85 to +100 °C +85 to+100 °C +85 to+100 °C +85 to+100 °C

Insulation resistance
0.0047 to 0-33 pF > 15 000 Mil >15000 Mil > 30 000 Mil >30 000 Mil

0.47 to 6.8 pF > 5000 Mil.pF >5 000 Mil.pF >10 000 Mil.pF >10 000 Mil.pF

Maximum rate of 
change of voltage

Capacitor length L

- 10.5 mm 6.3 V/ps 10 V/ps 25 V/ps 40/60 V/ps

«13 mm 4.2 V/ps 10 V/ps 20 V/ps 30 V/ps

= 17.5 mm 2.6 V/ps 7 V/ps 10 V/ps 20 V/ps

= 26 mm 1.7 V/ps 3.5 V/ps 6 V/ps 9 V/ps

= 30 mm 1.4 V/ps 3 V/ps 5 V/ps 8 V/ps

Surge voltage (d.c.) 1 min. per hour 85 V 140 V 350 V 500/790 V

Minimum casing 
breakdown voltage 
(d,c.)

Applied for 1 min. 1000 V 1000 V 1000 V 1000 V

Long term stability

1000 hrs at 85 °C 
1.5 x rated d.c. 
voltage applied

— <3% 
c

^£<3% 
c

¿£<3% 
C

△Ç<3% 
C

1000 hrs at 85 °C 
rated a.c. voltage 

applied

Capacitor length L
10.5 mm <20%
13.0 mm △q <15%
17.5 mm "q” <10%
26 mm < 7%
30 mm <5%

Climatic category
Rated voltage (Ur) 55/085/56 55/085/56 55/085/56 55/085/56

0.8 Up 55/100/56 55/100/56 55/100/56 55/100/56
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344
series

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

SOLDERING CONDITIONS
For stress free mounted capacitors

Solder 
temperature 

(°C)

Maximum solder time (seconds)
Distance between solder point and capacitor body
0. 8 mm 1. 6mm 2. 5 mm 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 I Voltage 

0-10 / 10 / 250

34-4- 4-1104-
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 pF ± 10%, polyethylene terephthalate film, 100 V rated capacitor 

should be ordered by quoting the type number 344 25104
A 0.1 pF ± 10%, polycarbonate film, 100 V rated capacitor should be ordered by quoting 
the type number 344 21104.
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344
series

Metallised film capacitors

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

Typical capacitance change as a function of ambient 
temperature for polycarbonate film
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344
series

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

Typical loss factor as a function of ambient temperature 
for polycarbonate film
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344
series

Metallised film capacitors

--- Metallized 
PETP film 
dielectric

— Metallized 
polycarbonate film 
dielectric

Typical capacitance change as a function of frequency

Typical loss factor as a function of frequency
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344
series

--  Metallized PETP film dielectric 
— Metallized polycarbonate film 

dielectric

Typical insulation resistance as a function 
ambient temperature

Self resonance frequency as a function of capacitance 
for a total lead length of 10mm
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344
series

Metallised film capacitors

Curve
Dimensions in millimetres

L H T

1 10.5 10 4.5
2 13 10 4.5
3 13 11 5
4 13 12 6
5 17.5 11 5
6 17.5 11.5 6
7 17.5 13 7

Curve
Dimensions in millimetres

L H T

8 17.5 14.5 8.5
9 26 15.5 6.5

10 26 16.5 7.5
11 26 18 8.5
12 26 19 9.5
13 30 20.5 11
14 30 23 13.5
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352
Series

METALLISED POLYESTER
FILM CAPACITORS
Crimped radial leads - lacquered

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

250 V working 0.0047 to 2. 2 mF
400 V working 

Capacitance tolerances
0.01 to 1.0 mF

0.0047 to 0. 22 gF ±10 and ±20 %
0. 33 to 2. 2 mF ±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
250 V version
400 V version

Long leads 
352 44 and 45 
352 54 and 55

Cropped leads 
352 47 and 48 
352 57 and 58

SPECIAL FEATURES
The capacitors are manufactured by using ' extended electrode' technique, resultingin 
low inherent inductance. They may be subjected to short term over-voltage.
The cropped style of termination facilitates immediate assembly into the boards, with no 
prior wire cutting operation.

MuHard
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DIMENSIONS (millimetres) AND TYPE NUMBERS

250 V version

Capaci
tance 
(mF)

Dimensions in millimetres
Style A Style B
Code No. 

352.44...20% 
352 45... 10%

Code No.
352 47.. . 20%
352 48... 10%L H T d £ S

0.0047 12.5 12.5 4.5 0.6 13 10.2 (0.4 in) . .472 ..472
0.0068 12.5 12.5 4.5 0.6 13 10.2 (0.4 in) ..682 .. 682
0.010 12.5 12.0 4.0 0.6 13 10.2 (0.4 in) .. 103 .. 103
0.015 12.5 12.0 4.0 0.6 13 10.2 (0.4 in) .. 153 . . 153
0.022 12.5 12.0 4.0 0.6 13 10.2 (0.4 in) ..223 . .223
0.033 12.5 12.0 4.0 0.6 13 10.2 (0.4 in) . .333 . .333
0.047 12.5 12.0 4.0 0.6 13 10.2 (0.4 in) . .473 ..473
0.068 12.5 12.5 4.5 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
0.47 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 (1.1 in) 45105 48105
1.5 30.0 21.5 9.5 0.8 19 27.9(1.1 in) 45155 48155
2.2 30.0 23.5 11.5 0.8 19 27.9(1.1 in) 45225 48225

400 V version

Capaci- 
tance 
(mF)

Dimensions in millimetres
Style A Style B
Code No.

352 54.. . 20%
352 55... 10%

Code No.
352 57.. . 20%
352 58... 10%L H T d £ S

0.010 12.5 12.5 4.5 0.6 13 10.2 (0.4 in) .. 103 .. 103
0.015 12.5 12.5 4.5 0.6 13 10.2 (0.4 in) .. 153 .. 153
0.022 12.5 12.5 4.5 0.6 13 10.2 (0.4 in) ..223 ..223
0.033 12.5 13.5 5.5 0.6 13 10.2 (0.4 in) ..333 ..333
0.047 12.5 14.5 6.5 0.6 13 10.2 (0.4 in) . .473 ... 473
0.068 17.5 15.0 6.0 0.8 13 15.3 (0.6 in) ..683 -.683
0.10 17.5 16.0 7.0 0.8 13 15.3 (0.6 in) .. 104 .. 104
0.15 22.5 15.5 6.5 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 22.5 18.5 9;5 0.8 21 20.3 (0.8 in) 55334 58334
0.47 30.0 18.5 9.5 0.8 19 27.9(1.1 in) 55474 58474
0.68 30.0 22.0 10.0 0.8 19 27.9(1.1 in) 55684 58684
1.0 30.0 24.0 12.0 0.8 19 27.9 (1.1 in) 55105 58105

--------------Mullard--------------- 
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352
Series

METALLISED POLYESTER 
FILM CAPACITORS
Crimped radial leads - lacquered

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

Conditions 352 Series
250 V

352 Series 
400 V

Capacitance range (E6 Series) 0.0047 to 2. 2 pF 0.01 to IpF

Capacitance tolerance 0.01 to 0. 22 pF ±10%. ±20% ±10%, ±20%
0. 33 to 2. 2 pF ±10% ± 10%

Rated voltage (d. c.) over the category 
temperature range 250 V 400 V

Rated voltage (r. m. s.) 
(see note)

f=50Hz, 
source impedance > Ika 160 V 200 V

Rated current (mean) —— 400 mA 400 mA
Tangent of loss angle (tan 6) f = 10 kHz <150 x jo-4 <150 x10-4
Temperature range at rated voltage -40 to +85 °C -40 to +85 °C
Extended temperature range Voltage derating 1.25% 

per deg C above 85 °C +85 to +100 °C +85 to +100 °C

Insulation resistance 0.0047 to 0. 33pF >30 000 MS >30 000 Ma
0.47 to 2.2 pF >10 000 MB. pF >10 000 Ma. pF

Maximum rate of change of 
voltage

Capacitor length L 
(see DIMENSIONS)

= 12. 5 mm
= 17. 5 mm
= 22. 5 mm
= 30 mm

20 V/ps
10 V/ps
7 V/ps
5 V/ps

30 V/ps
20 V/ps
10 V/ps
8 V/ps

Surge voltage (d. c.) 1 mln per hour 350 V 500 V

Long term stability

1000 hrs at 85 °C 
1.5 x rated 

d. c. voltage applied
^■£5% ■^-5%

1000 hrs at 85 °C 
rated a. c. voltage 

applied

Capacitor length L
= 12.5 mm ^15%
= 17.5 mm AC ^10%
= 22. 5mm C < 7%
= 30 mm 5%

--------------------------Milliard------- =------ ------------
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NOTE
The maximum r. m. s. voltage at frequencies higher than 50 Hz can be calculated from the
relevant formula in METALLISED FILM CAPACITORS - INTRODUCTORY NOTES and
the graph on the last page of this data sheet.
SOLDERING CONDITIONS 5 seconds max. at 250° C max.

MARKING
The capacitors are coded with: Capacitance

Tolerance 
Rated voltage

The method of marking is shown below: -

1st figure of capacitance value Standard
2nd figure of capacitance value ■ colour

Multiplying factor (power of 10) code
Capacitance tolerance (white = ± 10% 

black = ± 20%)
Rated voltage (red = 250 V, yellow = 400 V)

Standard colour code
Black = 0
Brown = 1
Red = 2
Orange= 3
Yellow = 4

Green = 5
Blue = ' 6
Violet = 7
Grey = 8
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 0.1 pF ± 20%, 250 V rated capacitor with crimped and cropped terminations, 
should be ordered by quoting the code number 352 47104.

352 Series Page 4
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METALLISED POLYESTER 352
FILM CAPACITORS Series
Crimped radial leads - lacquered

Typical capacitance change as a function of 
ambient temperature

Typical capacitance change as a function of frequency

Mullard
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Tÿpical loss factor as a function of ambient temperature

f(Hz)

Typical loss factor as a function of frequency

352 Series Page 6
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METALLISED POLYESTER
FILM CAPACITORS
Crimped radial leads - lacquered

352
Series

Typical insulation resistance as a function of 
ambient temperature

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

Mullard
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07613

Maximum permissible power dissipation as a function of 
ambient temperature

TABLE OF CASE SIZES

Curve
Dimensions in millimetres

L H T

1
Í 12.5
1 12.5

12.0
12.5

4.0
4.5

2 12. 5 13.0 5.0

3 12.5 13.5 5.5

4 12.5 13.5 6.5
5 17.5 15.0 6.0
6 17. 5 16.0 7.0
7 22.5 15.5 6.5
8 22.5 16.5 7.5

Curve
Dimensions in millimetres

L H T

9 22.5 18.0 9.0

10 22.5 18.0 9.5
11 30 18.0 9.0
12 30 18.5 9.5

13 30 21.5 9.5
14 30 22.0 10.0
15 30 23.5 11. 5
16 30 24.0 12.0

352 Series Page 8
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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.

Capacitance ranges (E6 Series)

QUICK REFERENCE DATA

100 V working 0.10 to 2.2 mF
250 V working 0.01 to 2.2 mF
400 V working 0.01 to 1.0 mF

Capacitance tolerance
100 V working ±10 %
250 and 400 V working ±20 %
Climatic category, at rated voltage Up 40/085/21

at 0.8 Up 40/100/21

DIELECTRIC
Polyetheleneterephthalate film

CASING
Hard, flame retardant epoxy

TERMINATIONS

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

TYPE NUMBER DESIGNATION

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

SPECIAL FEATURES
The capacitors are manufactured by using 'extended electrode’ techniques resulting in low inherent 
inductance. They are flame retardant to three cycles of fifteen seconds in a butane gas flame, and self 
extinguishing 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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100 V version

Capacitance 
MF

Tol.
%

Dimensions
Type number

L H T 0d S

0.10 13.5 13.5 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 15.24 (0.6 in.) 358 13474
0.68 24.5 16.5 7.5 0.8 20.32 (0.8 in.) 358 13684
1.0 24.5 17.0 8.5 0.8 20.32 (0.8 in.) 358 13105
1.5 24.5 19.0 10.0 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 13.5 6.5 0.6 10.16 (0.4 in.) 358 16103
0.015 13.5 13.5 6.5 0.6 10.16 (0.4 in.) 358 16153
0.022 13.5 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 7.5 0.6 10.16 (0.4 in.) 358 16104
0.15 ±20 17.5 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 24.5 17.0 8.0 0.8 20.32 (0.8 in.) 358 16334
0.47 24.5 18.0 9.0 0.8 20.32 (0.8 in.) 358 16474
0.68 25.5 19.0 10.0 0.8 20.32 (0.8 in.) 358 16684
1.0 32.5 18.5 12.0 0.8 27.94 (1.1 in.) 358 16105
1.5 32.5 20.5 11.5 0.8 27.94 (1.1 in.) 358 16155
2.2 32.5 20.5 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 13.5 13.5 6.5 0.6 10.16 (0.4 in.) 358 20103
0.015 13.5 13.5 6.5 0.6 10.16 (0.4 in.) 358 20153
0.022 13.5 13.5 6.5 0.6 10.16 (0.4 in.) 358 20223
0.033 13.5 14.5 6.5 0.6 10.16 (0.4 in.) 358 20333
0.047 13.5 15.5 7.5 0.6 10.16 (0.4 in.) 358 20473
0.068 17.5 16.5 7.5 0.8 15.24 (0.6 in.) 358 20683
0.10 ±20 17.5 17.5 8.5 0.8 15.24 (0.6 in.) 358 20104
0.15 24.5 17.5 8.0 0.8 20.32 (0.8 in.) 358 20154
0.22 24.5 18.0 9.0 0.8 20.32 (0.8 in. ) 358 20224
0.33 24.5 19.0 10.0 0.8 20.32 (0.8 in.) 358 20334
0.47 32.5 18.5 12.0 0.8 27.94 (1.1 in.) 358 20474
0.68 32.5 23.5 12.5 0.8 27.94 (1.1 in.) 358 20684
1.0 32.5 23.5 13.5 0.8 27.94 (1.1 in.) 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 105 Pa (1000 mbars) and a relative humidity of 75% maximum.

Parameter Conditions 358 13. . 
(100 V)

358 16. .. 
(250 V)

358 20. . . 
(400 V) Unit

Capacitance range 
(E6 Series)

0.10 to
2.2

0.010 to
2.2

0.010 to
1.0 pF

Capacitance tolerance ±10 ±20 ±20 %

Rated voltage(d.c.) -40 to +85 °C 100 250 400 V

Rated voltage (r.m.s.) 
(see NOTE below)

f = 50 Hz, minimum 
source impedance 

>1 ki2
63 160 200 V

Rated current (mean) 400 mA
Tangent of loss angle 
(tan S) f= 10 kHz <150x IO'4 —

Category temperature 
range —40 to +85 °C

Extended temperature 
range

Voltage derating 
1.25% per °C 
above 85 °C

+85 to +100 °C

Insulation resistance 0.010 to 0.33 pF 
0.47 to 2.2 pF

>15 000
> 5 000

>30 000
>10 000

>30 000
>10 000

MS2 
$

Maximum rate of change 
of voltage

Capacitor length L
13.5 mm
17.5 mm
24.5 mm
32.5 mm

10
7
4
3

20
10

7
5

30
20
10
8

V/ps
V/ps
V/ps
V/ps

Surge voltage 1 min. per hour 140 350 500 V

1000 hrs at 85 °C
1.5 x rated d.c. voltage 

applied
%

Long term stability
1000 hrs at 85 °C 
rated a.c. voltage 

applied

Capacitor length L 
13.5 mm <15
17.5 mm AC <10
24.5 mm C <7
32.5 mm < 5

% 
% 
% 
%

Climatic category 
(IEC publication 68)

at rated voltage (Ur) 
at 0.8 Ur

40/085/21
40/100/21

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

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

MARKING

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 mF, ± 10%, 100 V working capacitor — 358 13104,
0.047 mF, ± 20% 250 V working capacitor — 358 16473.

Mullard October 1979 5



358 Series

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

f(Hz)

Fig.4 Typical loss factor as a function of frequency

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

October 1979 7Milliard



358 Series

Tamb<°C)

Fig.6 Maximum permissible power dissipation as a function of temperature

Curve No.

Maximum case dimensions 
(millimetres) Curve No.

Maximum case dimensions 
(millimetres)

L H T L H T

1 13.5 13.5 6.5 11 24.5 17.5 8.0
2 13.5 14.0 6.5 12 24.5 17.0 8.5
3 13.5 14.5 6.5 13 24.5 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 32.5 17.5 9.5
6 17.5 16.0 7.0 16 32.5 18.5 12.0
7 17.5 16.5 7.5 17 32.5 20.5 11.5
8 17.5 17.0 8.0 18 32.5 23.5 12.5
9 17.5 17.5 8.5 19 32.5 23.5 13.5

10 24.5 16.5 7.5

8 October 1979 Mullard



FILM/FOIL CAPACITORS



330 Series

INTERFERENCE 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 
types with radial leads

Capacitance tolerance 
VDE approved types

Rated voltages
VDE approved types

Climatic category (IEC 68)

0.01 to 0.47 mF
0.01 to 0.33 mF
±20%

250 Vac 
40/085/21

DIELECTRIC
Metallised polyethyleneterephthalate (PETP) film and impregnated paper.

CASING
Yellow flame retardant polypropylene.

TERMINATIONS
Radial or axial leads of solder coated copper wire.

TYPE NUMBER DESIGNATIONS
Radial lead versions 330 40. . .
Axial lead versions 330 00. . .

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 
¡•e. 312.5 Vrms.

Mullard September 1980 1



330 Series

MECHANICAL DATA

Axial lead versions

Dimensions in mm

H max

0dD53S1Q

40mm T max

Fig.1

Table 1

rated 
capacitance 

pF

rated 
voltage 
r.m.s.

L H T d specification type number

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 00153
0.022 250 18 10.4 6.5 0.8 VDE—0560—7 330 00223
0.033 250 18 10.4 6.5 0.8 VDE-0560-7 330 00333
0.047 250 18 10.4 6.5 0.8 VDE-0560-7 330 00473
0.068 250 18 11.5 7.6 0.8 VDE-0560-7 330 00683
0.1 250 23.5 11.5 7.4 0.8 VDE-0560-7 330 00104
0.15 250 23.5 12.8 8.7 0.8 VDE-0560-7 330 00154
0.22 250 23.5 14.4 10.4 0.8 VDE-0560-7 330 00224

September 1980 Milliard



Interference suppression capacitors 330 Series

Radial lead versions

T max

M—0 0.8

Fig.2

Table 2

rated 
capacitance 

mF

rated 
voltage

r.m.s.
L H T S specification type number

0.010 250 17.5 11 5 15 VDE—0560—7 330 40103
0.015 250 17.5 11 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 11 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 22.5 VDE—0560—7 330 40154
0.22 250 26.0 16.5 7.5 22.5 VDE—0560—7 330 40224
0.33 250 26.0 19 9.5 22.5 VDE—0560—7 330 40334

Mullard September 1980 3



330 Series

ELECTRICAL DATA

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

Capacitance

Capacitance range 
types with axial leads 
types with radial leads

Tolerance on capacitance 
VDE approved types

0.01 to 0.47 mF
0.01 to 0.33 mF

±20%

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

Voltage

Rated voltage (Ur) 50 - 60 Hz
Test voltage (d.c.) for 1 min

between terminals
Test voltage (a.c.) for 1 min

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

at 23 °C measured between terminals
at 100 V d.c. after 1 minute

250 Vac

750 Vdc

2000 Vac

>15 000 MÎ2

4 September 1980 Mullard



Interference suppression capacitors 330 Series

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

Tan 8 (tangent of loss angle)

Tan 8 at 10 kHz <130x 10'4 (typ 90 x 10 4)

Fig.5 Typical variation of tan 8 as a function of temperature; measured at 0.3 V

Mullard September 1980 5



330 Series

Pulse steepness
Maximum pulse steepness 100 V/gs

Resonant frequency

Fig.6 Resonant frequency as a function of rated capacitance

Temperature

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

85 °C

-40 to +85 °C
-55 to +85 °C 
40/085/21

MARKING

Each capacitor is marked with the following information. 

Capacitance in pF, 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 Mullard



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)

Capacitance tolerance

Rated voltage (d.c.)

Climatic category (IEC 68) 
at rated voltage (Ur) 
at 0.8 Ur

1.0 to 680 nF

±10 %

100, 250,400,630 V

40/085/21 
40/100/21

DIELECTRIC

Polyethyleneterephthalate film.

CASING

Hard, water repellent lacquer.

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

SPECIAL FEATURES
These capacitors are manufactured using 'extended foil' technique, resulting in low inherent inductance 
and also making them suitable for use in pulse circuits where high peak currents are experienced.
The crimping and cropping of the leads enables the capacitors to be inserted into printed wiring boards 
without preparatory operations and improves the solderability of the component in flow line production 
techniques.

Milliard August 1979 1



DIMENSIONS AND TYPE NUMBERS

Table 1 100 V version

capacitance 
(nF)

dimensions in millimetres marking 
code

type 
numberL H T d S

100 19 15.5 7 0.8 15.24 (0.6 in) WOn 347 21104
150 19 16.5 8 0.8 15.24 (0.6 in) 150n 347 21154

Table 2 250 V version

capacitance 
(nF)

dimensions in millimetres marking 
code

type 
numberL H T d S

40 13.5 12.5 5 0.6 10.16 (0.4 in) 10n 347 41103
15 13.5 13. 5.5 0.6 10.16 (0.4 in) 15n 347 41153
22 13.5 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) lOOn 347 41104
150 27 19.5 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 21.5 10 0.8 27.94 (1.1 in) 330n 347 41334
470 32 23.5 12 0.8 27.94 (1.1 in) 470n 347 41474
680 32 26.5 15 0.8 27.94(1.1 in) 680n 347 41684
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Polyester film/foil capacitors 347 Series

Table 3 400 V version

capacitance 
(nF)

dimensions in millimetres marking 
code

type 
numberL H T d S

4.7 13.5 12 4.5 0.6 10.16 (0.4 in) 4n7 347 51472
6.8 13.5 13 5.5 0.6 10.16 (0.4 in) 6n8 347 51682

10 13.5 13.5 6 0.6 10.46 (0.4 in) 10n 347 51103
15 13.5 14.5 7 0.6 10.16 (0.4 in) 15n 347 51153

22 19 14.5 6 0.8 15.24 (0.6 in) 22n 347 51223
33 19 15.5 7 0.8 15.24 (0.6 in) 33n 347 51333
47 19 16.5 8 0.8 15.24 (0.6 in) 47n 347 51473

68 27 18.5 7 0.8 22.86 (0.9 in) 68n 347 51683
100 27 20 8.5 0.8 22.86 (0.9 in) lOOn 347 51104
150 27 22 10.5 0.8 22.86 (0.9 in) 150n 347 51154

220 32 22.5 11 0.8 27.94 (1.1 in) 220n 347 51224
330 32 25 13.5 0.8 27.94 (1.1 in) 330n 347 51334

Table 4 630 V version

capacitance 
(nF)

dimensions in millimetres marking 
code

type 
number

L H T d S

1.0 13.5 13 5.5 0.6 10.16 (0.4 in) 1n0 347 61102
1.5 13.5 13 5.5 0.6 10.16 (0.4 in) 1n5 347 61152
2.2 13.5 12 4.5 0.6 10.16 (0.4 in) 2n2 347 61222
3.3 13.5 13 5.5 0.6 10.16 (0.4 in) 3n3 347 61332
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ELECTRICAL DATA
Unless otherwise specified, all characteristics apply at an ambient temperature of 20 ± 5 °C, atmospheric pressure of 10s Pa (1000 mbars) and a

A
A

ugust 1979

relative humidity of 75% maximum.

Conditions 347 21. . . 
(100 V)

347 41... 
(250 V)

347 51... 
(400 V)

347 61.. . 
(630 V)

Capacitance 
range (E6 Series) - 100 to 150 nF 10 to 680 nF 4.7 to 330 nF 1.0 to 3.3 nF

M
ullard 

C

Capacitance 
tolerance - ± 10% ± 10% ± 10% ± 10%

Rated voltage (d.c.) -40 to +85 °C 100 V 250 V 400 V 630 V

Rated voltage 
(r.m.s.)

f = 50 Hz 
-40 to +85 °C 50 V 80 V 125 V 200 V

Tangent of 
loss angle 
(tan 5)

f= 1kHz <60 x IO'4 <60 x 10’4 <60 x IO 4 <60 x 10-4

f= 10 kHz <110x 10-4 <110x 10-4 <110x 10-4 <110x 10’4

Temperature range: 
category 
extended

— -40 to +85 °C -40 to +85 °C -40 to +85 °C -40 to +85 °C
voltage derating 1.25%/°C +85 to 100 °C +85 to 100 °C +85 to 100 °C +85 to 100 °C

Insulation 
resistance 
at 20 °C

measu red C >330 n F 
at 100 V d.c.
after 1 minute C <330 nF

>16 500 seconds

>50 000 MÌ2

>16 500 seconds

>50 000MÌ2

>16 5Q0 seconds

>50 000 MS2

*>16 500 seconds

*>50 000 MQ

Long term 
stability

1000 hrs at 85 °C 
1.5 x rated d.c. voltage 

applied
c 5%

AC - <5% — <5% 
C C <5%

1000 hrs at 85 °C 
rated a.c. voltage appi ied — <5% 

C
— <5% 

C
<5% 

C
AC
~c<5%

Climatic category
at rated voltage (Ur) 40/085/21 40/085/21 40/085/21 40/085/21

at 0.8 Ur 40/100/21 40/100/21 40/100/21 40/100/21
*At 500 V d.c.

347 Series



Polyester film/foil capacitors 347 Series

MARKING
The capacitors are marked with:—

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

*Polyethyleneterephthalate (PETP) film

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

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

Typical insulation resistance as a function of- 
ambient temperature

Mullard August 1979 5



347 Series
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Polyester film/foil capacitors 347 Series
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347 Series

Table of case sizes

curve
dimensions in millimetres

L H T
•

1 13.5 12 4.5

2 13.5 12.5 5

3 13.5 13 5.5

4 13.5 13.5 6

5 13.5 14 6.5

6 19 14 5.5
7 19 15 6.5
8 19 15.5 7

9 19 16 7.5
10 19 16.5 8

dimensions in millimetres
curve

L H T

11 27 18 6.5

12 27 19.5 8

13 27 21 9.5

14 32 21.5 10

15 32 23.5 12

16 32 26.5 15

8 August 1979 Mullard



357 5.... Series

POLYPROPYLENE FILM/FOIL CAPACITORS 
radial leads — moulded

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

QUICK REFERENCE DATA

Capacitance range 47 to 680 nF

Capacitance tolerance ±10%
Rated voltage (Ur) (d.c.) 250 V

Rated voltage (a.c.) (50 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.

Milliard September 1978 1



357 5.... Series

MECHANICAL DATA Dimensions in mm

04738

capacitance 
(nF)

Dimensions in millimetres

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 27.5 357 51334

470 34 25 15 27.5 357 51474

560 34 25 15 27.5 357 51564

680 34 28 18 27.5 357 51684

ELECTRICAL DATA

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

conditions value

capacitance range — 47 to 680 nF

capacitance tolerance — ±10%

rated voltage (d.c.) - 40 to + 85 °C 250 V
rated voltage (a.c.) f = 50 Hz 160 V
tangent of loss angle (tan S) f= 10 kHz <5x104

category temperature range — - 40 to + 85 °C

insulation resistance at 20 °C
CCO.IpF > 50 000 Mil
00.1 pF RO 5000 s

minimum casing breakdown voltage (d.c.) applied for 1 minute 1000 V
minimum breakdown voltage between 
terminals applied for 1 minute 500 V

2 September 1978 Mullard



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

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

MARKING
The capacitors are marked on the top face by embossed print, with
1st line: rated capacitance in pF, 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.

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

Mullard September 1978 3



357 5.... Series

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

Fig.4 R—C product as a function of temperature; typical curves.
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Polypropylene film/foil capacitors 357 5.... Series

Fig.5 Tan 6 as a function of frequency; typical curves

c? Milliard September 1978 5



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

P = ^^=12RS (1)

D8260

o-------- It
c

Vr. m.s.

Rs2
VRs2 Rs2 + 1/c;2C2 Vrms2 (2a)

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

Rs2
VRs2 - 1/gj2c2 Vrms2 = Rs2 a? C2 Vrms2. (2b)

Thus P= Rg<u2C2Vcmg2 — (RgC) Ccj2Vrms2. (3)

in which cc = 2rrf; the term (RSC) is 7.96 x 10‘9.

The maximum permissible power dissipation (Pmaxb 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 pF is to be used at 40 kHz and an ambient temperature of 75 °C. The RsC-product 
at 40 kHz is 7.96 x 10"’ S2F. The maximum permissible power dissipation at 75 °C is 780 mW (Fig.6)
The maximum a.c. voltage can be calculated from Eq. (3):

Pmax
(RSC) Cw2

__________________0.78____________
7.96 x 10-’ x 0.47 x 10-* x 4rr2 x 16 x 10’ = 57 V.

6 September 1978 Mullard



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

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

Table of case sizes

curve
Dimensions in millimetres

L H T

1 21.5 15 8

2 29 18.5 8.5

3 34 20 10

4 34 22 12

5 34 25 15

6 34 28 18

Milliard September 1978 7



357 6.... Series
to

357 9.... Series

POLYPROPYLENE CAPACITORS
series construction (KP/MKP)

QUICK REFERENCE DATA

Rated capacitance range (E12 series) 
Tolerance on rated capacitance
Rated voltage Up (d.c.)
Rated voltage Up (a.c.), 50 to 60 Hz 

Rated temperature
Climatic catagory, IEC68

1500 pF to 0,33 pF 

± 5% and ± 10%
630 V, 1000 V, 1500 V, 2000 V
300 V, 400 V, 600 V, 700 V
85 °C 

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
357

code for rated voltage and 
capacitance tolerance 
61 = 630 V; ± 10% 
62= 630 V; ± 5% 
71 = 1000 V; ± 10% 
72 = 1000 V; ± 5% 
81 = 1500 V;± 10% 
82 = 1500 V; ± 5% 
92 = 2000 V;-± 5%

code for capacitance

October 1978 1
Mullard



357 6.... Series
to

357 9.... Series

MECHANICAL DATA Dimensions in mm

•- -«-00,8
7ZS0011 S

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

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

rated 
capacitance *

pF
"Fmax Lmax Fornax P mass 

g

catalogue number
357 

tol. ± 5% tol. ± 10%

0,047 8,5 29 18,5 6 62473 61473
0,056 8,5 29 18,5 6 62563 61563
0,068 10 29 20 22,5 ± 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 14 62184 61184
0,22 15 34 25 20 62224 61224
0,27 18 34 28 28 62274 61274
0,33 18 34 28 28 62334 61334

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

357 9.... Series
Polypropylene capacitors

Table 2 UR (d.c.) = 1000 V; UR (a.c.) = 400 V

rated 
capacitance*  ** 

mF
Tmax *-max Fornax P mass 

g

catalogue number
357 

tol. ± 5% tol. ± 10%

0,018“ 8,5 29 18,5 6 72183
0,022“ 8,5 29 18,5 22,5 ± 0,4 6 72223
0,027*  * 8,5 29 18,5 6 72273
0,033 8,5 29 18,5 22,5 ± 0,4 6 72333 71333
0,039 8,5 29 18,5 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 27,5 ± 0,4 18 72124 71124
0,15 18 34 28 26 72154 71154
0,18 18 34 28 26 72184 71184
0,22 18 34 28 26 72224 71224

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

rated 
capacitance*  

mF
Tmax Lmax Umax P mass 

g

catalogue number
357 

tol. + 5% tol. + 10%

0,0082»* 8,5 29 18,5 6 82822
0,010“ 8,5 29 18,5 22,5 ± 0,4 6 82103
0,012“ 8,5 29 18,5 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 22,5 ± 0,4 6 82273 81273
0,033 10 29 20 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 27,5 ± 0,4 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.

October 1978 3
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357 6.... Series
to

357 9.... Series^

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

rated 
capacitance*  *• 

pF
^max *-max ^max P mass

9-

catalogue number
357 

tol. ± 5% tol. ± 10%

0,0015** 92152
0,0018** 92182
0,0022*  * 92222
0,0027** 92272
0,0033** 8,5 29 18,5 22,5 ± 0,4 6 92332
0,0039** 92392
0,0047** 92472
0,0056** I 92562
0,0068** 92682
0,0075** 92752

Marking
The capacitors are marked on the top face by embossed print, with:
• rated capacitance in pF or pF, 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 IEC62, clause 5);
• manufacturer's identification symbol.
The capacitors which are especially suited for flyback purposes are also marked with peak-to-peak 
voltage and repetition frequency (16 kHz).

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

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

*• Especially suited for flyback purposes.
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357 6.... Series
to

357 9.... Series
Polypropylene capacitors

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

Capacitance
Rated capacitance values (Cr) at 1 kHz
Tolerance on rated capacitance
Temperature coefficient at = 20 °C
Frequency dependence between 100 Hz and 100 kHz

see Tables 1 to 4 
+ 5% or ± 10% 
—400 ± 50 ppm/°C 
negligible

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.)
Rated voltage Ur (a.c.), 50 to 60 Hz

630 V version
1000 V version
1500 V version
2000 V version

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

1000 V version 
1500 V version 
2000 V version

Over-voltage (d.c.) for 1 min/h
Test voltage for 1 min 

between terminals 
between interconnected terminals and case

630 V, 1000 V, 1500 V, 2000 V

300 V
400 V
600 V
700 V

1000 V (p-p)
1500 V (p-p)
2000 V (p-p)
< 20% of Ur (d.c.)

1,6 x Ur (d.c.)
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 2/57
• for other than sinusoidal waveforms, the maximum permissible dissipation must not be exceeded.

Mullard October 1978 5



357 6.... Series
to

357 9.... Series

Fig. 3 Maximum permissible r.m.s. value of sinusoidal voltages as a function of frequency at 
Tamb 7® °C> For 630 V version.

Fig. 4 Maximum permissible r.m.s. value of sinusoidal voltages as a function of frequency at 
Tamb °C, For 1000 V version.

6October 1978 \ a a ■■ ■ twiMilliard O



357 6.... Series
to

357 9.... Series
Polypropylene capacitors

Fig. 5 Maximum permissible r.m.s. value of sinusoidal voltages as a function of frequency at 
Tamb 70 °C. f°r 1500 V version.

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

Mullard October 1978 7



357 6.... Series
to

357 9.... Series
Insulation resistance
The insulation resistance is measured after a voltage of 500 ± 50 V has been applied for 1 min ± 5 s.

ambient temperature

R between terminations, for Cr < 0,1 pF
RC between terminations, for Cr > 0,1 pF

Tan 6 (tangent of the loss angle)
Tan 6 at 100 kHz

for capacitors with pitch P = 22,5 mm
for capacitors with pitch P = 27,5 mm

23 °C 
> 50 000 Mil 
> 5 000 s

85 °C 
> 500 MS2 
> 50 s

<10x 10'4
<15x IO’4

Fig. 7 Tan S 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, IEC68

negligible

see Additional information

limited by network conditions

85 °C
-40 to + 85 °C
-55 to + 85 °C
40/085/56

8 October 1978
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357 6.... Series
to

357 9.... Series
Polypropylene capacitors

ADDITIONAL INFORMATION

The rated a.c. voltage, which has been specified at 50 to 60 Hz must also never be exceeded at other 
frequencies.* Moreover this voltage value may further be limited by the maximum permissible power 
dissipation (Pmax)-
For a capacitor used with a sinusoidal voltage, the power dissipation is expressed by:

P = Vrms lrms cos
As lrms = <jCVrms, and cos tan 5, equation (1) can be rewritten as :

P = V2 rmsa>C tan 8 = V2 rms 2?rfC tan 8.
For capacitors of the 357 series, tan S is about proportional to the frequency, thus:

tan 5 = 10^ tan 6l00kHz'

Substituting equation (3) in equation (2) gives:
P = 2rr.1O'5 V2rmsf2Ctan61OokHz.

For capacitors with a pitch of 22,5 mm the maximum tan 8 at 100 kHz is 10‘3, thus:
P = 27r.10-8V2rmsf2C.

For capacitors with a pitch of 27,5 mm the maximum tan 6 at 100 kHz is 1,5 x 10’3, thus:
P = 37T.108 V2 rmsf2C.

(1)

(2)

(3)

(4)

(5)

(6)

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

curve

dimensions (mm)

Tmax Lmax Umax
1 8,5 29 18,5
2 10 29 20
3 10 34 20
4 12 34 22
5 15 34 25
6 18 34 28

Fig. 8 Maximum permissible 
power dissipation as a function 
of temperature.

* At ^amb 70 °C the maximum permissible sinusoidal voltage can be found in Figs 3 to 6.

October 1978 9
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357 6.... Series
to

357 9.... Series

Example 1
A capacitor of 0,12pF (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 = 3rr.10 e Vrms2f2C
= 3 x3,14 x 108 x 3002 x 20 0002 x 0,12 x 106W

P = 407 mW.
Fig. 8 shows that at 80 °C, 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 pF/1000 V capacitor must be chosen.

Example 2
For a capacitor used with a half sinewave pulse, (Fig. 9), Vrms can be expressed by

Wms2 = j Vp2 =fi2 ' '71

voltage

Fig. 9.

With f = —
2T1

and substitution of equation (7) in equation (5), the maximum power dissipation for

a capacitor with a pitch of 22,5 mm is

p4-10-8vp2tt^c- (8)

A capacitor of 0,0075 pF is to be used with a half sinewave pulse (pulse duration 12 ms, repetition 
time 60 ps), peak value 1500 V at an ambient temperature of 80 °C.
The maximum dissipated power is

w 1
P = x 108 x 15002 x 12^0 x 0,0075 x 10 6 W

P= 184 mW

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

October 1978 ) [ _ _ __ - ,
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424 425
426 427
SERIES

POLYSTYRENE FILM/FOIL 
CAPACITORS
Miniature,axial leads-insulated

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 <«5, 426 and 427 series) 
(424 senes)

± 1 or ± 5
± 1

% 
%

Rated voltage range (d.c.)
Climatic category (IEC 68)

63, 160, 250 and 630 V

424 40/070/21
425, 426 and 427 40/085/21

DIELECTRIC
Polystyrene film.

CASING
Polycarbonate sleeving.

TERMINATIONS
Welded axial leads, 0.6 mm diameter

TYPE NUMBER DESIGNATION
63 V
160 V
250 V
630 V

424...........
425...........
426...........
427...........

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

Mullard November 1980 1



424 425
426 427
SERIES

DIMENSIONS (millimetres) AND TYPE NUMBERS

Table 1 630 V version [427 4. . . .(+ 1% tolerance 'F') or 427 2. ...(± 5% tolerance 'J')l*

Capacitance 
(pF) L D £

Capacitance 
code

Type number 
suffix

100 10.9 3.8 30 100p 1001
110 10.9 3.8 30 110p 1101
120 10.9 3.8 30 120p 1201
130 10.9 3.8 30 130p 1301
150 10.9 3.8 30 150p 1501
160 10.9 3.8 30 160p 1601
180 10.9 3.8 30 180p 1801
200 10.9 3.8 30 200p 2001
220 10.9 3.8 30 220p 2201
240 10.9 3.8 30 240p 2401
270 10.9 3.8 30 270p 2701
300 10.9 3.8 30 300p 3001

330 10.9 4.0 30 330p 3301
360 10.9 4.0 30 360p 3601

390 10.9 4.0 30 390p 3901
430 10.9 4.0 30 430p 4301
470 10.9 4.5 30 470p 4701

510 10.9 4.5 30 510p 5101

560 10.9 4.0 30 560p 5601
620 10.9 4.5 30 620p 6201
680 10.9 4.5 30 680p 6801
750 10.9 5.0 30 750p 7501

*See MARKING
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424 425
426 427
SERIES

Polystyrene film/foil capacitors

Table 2 250 V version [426 4.. . .(± 1% tolerance 'F') or 426 2. . . .(± 5% tolerance 'J')]

Capacitance 
(pF) L D 8 Capacitance 

code
Type number 

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 
(pF) L D £ Capacitance 

code
Type number 

suffix

1100 10.9 3.8 30 1n1 1102
1200 10.9 4.0 30 1n2 1202
1300 10.9 4.0 30 1n3 1302
1500 10.9 4.0 30 1n5 1502

1600 10.9 4.0 30 1n6 1602
1800 10.9 4.5 30 1n8 1802
2000 10.9 4.5 30 2n0 2002

2200 10.9 4.5 30 2n2 2202
2400 10.9 4.5 30 2n4 2402
2700 10.9 4.5 30 2n7 2702

3000 10.9 5.0 30 3n0 3002
3300 10.9 5.0 30 3n3 3302

3600 10.9 5.0 30 3n6 3602
3900 10.9 5.0 30 3n9 3902

4300 15 5.0 28 4n3 4302
4700 15 5.0 28 4n7 4702
5100 15 5.0 28 5n1 5102
5600 15 5.0 28 5n6 5602

6200 15 5.0 28 6n2 6202
6800 15 5.5 28 6n8 6802

7500 15 5.5 28 7n5 7502
8200 15 6.0 28 8n2 8202

•See MARKING
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424 425
426 427
SERIES

Table 4 63 V version [424 4. ... (± 1% tolerance 'F')]

Capacitance 
(pF) L D « Capacitance 

code
Type number 

suffix

9100 15 5.0 28 9n1 9102
10 000 15 5.0 28 10n 1003
11 000 15 5.5 28 11 n 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 105 Pa (1000 mbars) and a relative humidity of 75% maximum.

Characteristic Conditions 427...........
(630 V)

426.........
(250 V)

425...........
(160 V)

424...........
(63 V)

Capacitance 
range 

(E24 Series)
- 100 to 750 pF 820 to 1000 pF 820 to 8200 pF 9100 to 39 000 pF

Capacitance 
tolerance - ± 1 or ± 5% ± 1%or±5% ± 1 or ± 5% ± 1%

Rated voltage 
(d.c.)

category 
temperature 

range

630 V 250 V 160 V 63 V

4 November 1980 Mullard



Polystyrene film/foil capacitors

ELECTRICAL DATA (continued)

Characteristic Conditions 427..........(630 V) 426..........(250 V) 425.......... (160 V) 424........... (63 V)

Rated voltage 
(r.m.s.)

at f = 50 Hz, 
over

temperature 
range

250 V 125 V 63 V 25 V*

Tangent of 
loss angle 
(tan 6)

f = 10 kHz
C >20 000 pF

<10x 10'4

f = 100 kHz 
C <20 000 pF 
>10 000 pF

<15x W4 <15 x 10’4

f = 100 kHz 
C<10000pF
>1000 pF

10 x 10'4 <10 x 10*4

f= 1 MHz
C< 1000 pF

<10 x 10’4 <10 x 10’4

Category 
temperature 
range

- -40 to + 85 °C -40 to + 85 °C -40 to+ 85 C -40 to + 70 °C

Temperature 
coefficient

category 
temperature 

range

(-125 ±60) x 10'6 
°C

(-125 ±60) x W6 
°C

(—125 ± 60 x 10'6 
°C

(—125±60)x IO'6 
°C

Insulation 
resistance

after 1 min. at 
indicated voltage

min. 10s Mil 
at 500 V

min. 10s Mil 
at 100 V

min. 10s Mil 
at 100 V

min. 10s Mil 
at 10 V

Test voltage 
terminals 
to case (d.c.)

applied for
1 minute 1250 V 500 V 400 V 400 V

Voltage 
proof (d.c.)

applied for
1 minute 1250 V 500 V 320 V 125 V

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

Solder temperature Maximum solder time

240 °C 3 seconds
260 °C 2 seconds

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

Voltage
4 = 63 V 
5= 160 V
6 = 250 V
7 = 630 V

Tolerance
4= ± 1%
2 = ± 5%

Type number suffix 
see DIMENSIONS AND 

TYPE NUMBERS

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.
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424 425
426 427
SERIES

Polystyrene film/foil capacitors

Typical change in capacitance as a function of frequency

Typical loss factor as a function of frequency

Mullard November 1980 7



424 425
426 427
SERIES

Typical loss factor as a function of temperature

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

8 November 1980 Milliard



443
Series

POLYSTYRENE FILM/FOIL CAPACITORS 
radial leads — moulded

100 to 34 000 pF 
+ 1%
63 V
25 V
70 °C 
40/070/56 
IEC275

QUICK REFERENCE DATA

Rated capacitance range (E96-series)
Tolerance on rated capacitance
Rated voltage Ur (d.c.)
Rated voltage Ur (a.c.), 50 to 60 Hz
Rated temperature
Climatic category, IEC68
Basic specification

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---------------------------------------------------------------------------
4 = capacitors > 3 920 pF, according to Fig. 1 or 

capacitors >15 000 pF, according to Fig.2
8 = capacitors < 3 920 pF, according to F ig. 1

I-------multiplying factor 

1 = 1x 
2= 10x 
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
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443
Series.

MECHANICAL DATA Dimensions in mm

7^ 

max

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 bevelled comer.
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443
Series.Polystyrene film/foil capacitors

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.

Fig.4 Required space for capacitors 
according to Fig.2

Fig.3 Required space for capacitors 
according to Fig.1

Mullard October 1978 3



443
Seríes.

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

Capacitance
Rated capacitance values (CR)

at 1 kHz, CR > 1000 pF and
at 1 MHz, CR < 1000 pF

Tolerance on rated capacitance
Temperature coefficient

CR < 6000 pF
CR > 6000 pF

Frequency dependence between 100 Hz and 1 MHz

100 to 34 000 pF (E96-series)
± 1%

-( 95 to 155) ppm/°C
-(120 to 185) ppm/°C
none

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

63 V
25 V

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

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

R between terminals
R between interconnected terminals and case

Tan 8 (tangent of the loss angle)

Tan 6
at 1 MHz, CR<500pF
at 1 MHz, 500 pF <CR< 1000 pF
at 1 kHz, CR>1000pF

Temperature

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

October 1978 Mullard

ambient temperature
23 °C 70 °C

> 500 000 MÍ2 > 100 000 MÍ2
> 500 000 MÍ2 > 100 000 MÍ2

< 5x W4 
< 10 x IO 4
< 2x 10-4

70 °C
- 40 to + 70 °C
- 55 to + 70 °C 
40/070/56



443
Series.Polystyrene film/foil capacitors

Fig.6 Tan 6 as a function of temperature; typical curves

Resonant frequency

Resonant frequency, total lead length 2x1 mm
8'5* 1—MHz (CinpF) 
vc
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455, 457
SERIES

DEVELOPMENT SAMPLE DATA
This information is derived from development samples 
made available for evaluation. It does not necessarily 
imply that the device will go into regular production.

POLYPROPYLENE FILM/FOIL CAPACITORS

QUICK REFERENCE DATA

Capacitance range
Tolerance on rated capacitance

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

Climatic category, I EC 68

47 to 56 000 pF 
± 2% (E24-series)*

63 V, 250 V,
25 V, 125 V, 
85 °C 
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

455 = 63 V
457 = 250 V

packed on
7 = ± 2% I bandoliers 

( on reels t

code for capacitance, see
Tables 1 and 2

Mullard September 1980 1

* E48 series can be supplied to special order,
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455, 457
SERIES

MECHANICAL DATA

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

Table 1 Ur (d.c.) = 63 V; Ur (a.c.) = 25 V

Capacitance 
(E24-series, tol. ± 2%)* 

pF
Dmax. *-max. 'min.

approx, 
mass

9

catalogue number 
(packed in boxes)

3 300
3 600
3 900
4 300
4 700
5 100
5 600
6 200
6 800
7 500
8 200
9 100

10 000
11 000
12 000
13 000
15 000
16 000
18 000
20 000
22 000
24 000
27 000
30 000
33 000
36 000
39 000
43 000
47 000
51 000
56 000

4.0

11.0 30

0.3

455 33302 
33602
33902
34302 
34702
35102
35602 
36202
36802 
37502
38202 
39102
31003 
31103
31203 
31303
31503 
31603
31803 
32003
32203 
32403
32703 
33003
33303 
33603
33903
34303 
34703
35103 
35603

4.5

5.0 0.4

4.5

15.0 28

0.5

5.0

5.5

0.6
6.0

6.5 0.7

7.0 0.8

7.5 0.9

8.0 1.0

2 September 1980 Mullard



455, 457
SERIES

Polypropylene film/foil capacitors

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

Capacitance 
(E24-series, tol. ± 2%)* 

pF
^max Lmax 'min

approx, 
mass 

g

catalogue number 
(packed in boxes)

47 457 34709
51 35109
56 35609
62 36209
68 36809
75 37509
82 38209
91 39109

100 31001
110 31101
120 31201
130 31301
150 31501
160 31601
180 31801
200 32001
220 32201
240

4.0
32401

270 32701
300 33001
330 0.3 33301
360

11.0 30
33601

390 33901
430 34301
470 34701
510 35101
560 35601
620 36201
680 36801
750 37501
820 38201
910 39101

1 000 31002
1 100 31102
1 200 31202
1 300 31302
1 500 31502
1 600 31602
1 800 4.5 31802
2 000 32002
2 200 32202
2 400 32402
2 700

5.0
32702

3 000 33002

Mullard September 1980 3



455, 457
SERIES

MARKING

The capacitors are marked as follows: 
1st line: capacitance value in pF or nF
2nd line: tolerance code (G = ± 2%) and rated voltage (d.c.);
3rd line: production date code and code for dielectric material (KP = polypropylene film/foil);
4th line: name of manufacturer.

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

PRODUCTION DATE CODE

2-digit date code year/month in accordance with BS1852/IEC62

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.

September 1980 Milliard



455, 457
SERES

Polypropylene film/foil capacitors

O

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

see Tables 1 to 3

±2%
-125 ±60 ppm/°C

Voltage
Rated voltage Ur (d.c.) 63 V, 250 V,

Rated voltage Ur (a.c., 50 to 60 Hz
63 V version
250 V version

25 V
125 V

Category voltage Uq

Test voltage for 1 min.
between terminals
between interconnected terminals and coating

0.8 x Ur (d.c.)

2 x Ur (d.c.)
2 x Ur (d.c.) (minimum 400 V)

Insulation resistance

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

R between terminals

ambient temperature 
23 °C I 85 °C

> 100 000 Mil I >100 000 Mil

Tan S (tangent of loss angle)

Tan 5 at 1 MHz, for Cr < 1000 pF < 10x io-4
Tan 5 at 100 kHz

for 1000 pF < Cr < 5000 pF < 10x 10'4
for 5000 pF < Cr < 20 000 pF < 15x 10‘4

Tan S at 10 kHz for Cr > 20 000 pF < 10 x 10'4

Induction

Maximum induction

Temperature

Rated temperature
Category temperature range
Storage temperature range
Climatic category, IEC68

10 nH/cm lead and capacitor length

85 °C
—40 to + 100 °C
—40to + 100 °C 
40/100/21
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455, 457
SERIES

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

Packing on bandoliers on reels Dimensions in mm

Fig.2 I B1— B2 | = max. 1.4; for dimension Lmax see Tables 1 to 4

capacitance values (pF) of S

T for number (n) 
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) ± 4
6 800-56 000 2 400-3 000 10 10(n - 1)±2 10(n - 1) ±4

6 September 1980 Mullard



455, 457
SERIES

Polypropylene film/foil capacitors

22°30'(16x)

o capacitance values (pF) of number of capacitorsLU 
> LU 63 V version 250 V version

B on one reel
Q

3 300- 6 200 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 
per box63 V version 250 V version

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

Mullard September 1980 7
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CERAMIC
CAPACITORS

INTRODUCTORY
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 E 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 E > 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 ( E = 6 to 250) 
Low-K types

Class 2 ( E > 250) 
Medium-and high-K types

NPO (0 ppm/°C)|Mg Tio]

N150 (-150 ppm/°C)|Ba2 Ti9 020 +Ti 0^] 

N750 (-750 ppm/°C)[Ti 02 + additions]

Er = 2000(Ba Ti 03]
E r = 4000[ßa0 + CaO + Ti 02 + Z r 0^] 

Er = 12000[Ba0 +Ca0 +Ti 02 +Zr 02]

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 mm^ results In capacitance values up to 
0.1 pF, but with a limiting d. c. working voltage of 6 V. They are also known as barrier 
layer capacitors, and are used for coupling and decoupling purposes in small transistor
ized equipment.

MARCH 1975 Ceramic caps. INTRO. Page I
Milliard



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:

£A x 1Q12
” 4Tit x 9 x loH n

£A x 0.0885 
t

where C = capacitance in pF
E = permittivity of dielectric material
A = surface area of one plate in cm2 
t = thickness of dielectric in cm 
n = number of parallel connected plates

The working voltage is dependent on the dielectric thickness.
Typical constructions are shown in the figures below:

Fig. 1 Cross -section of a 
multilayer chip capacitor

Fig. 2 Single plate 
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



INTRODUCTORY
NOTES

CERAMIC
CAPACITORS

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.
Rs represents the losses in the leads, the electrodes, and the contacts, and is generally 
extremely low.
L represents the inductance of the leads and the inherent internal inductance of the 
capacitor.
Rp represents the combined insulation resistances of the dielectric material and protec
tive lacquer coating.

TANGENT OF THE LOSS ANGLE
The losses of a capacitor are expressed in terms of tan 6 which is the relation between 
the resistive and reactive parts of the impedance, as shown below.

R
X

tan ô =
Rp+Rs [l+C^CRp)2] 

mCR 2 - uL [Ï + (uCR )2"| 
P L P J

At frequencies below resonance, tan ô approximates to 
ponent is insignificant.

(where the inductive com-

Milliard
Ceramic caps. INTRO. Page 3



561 SERIES

TUBULAR CERAMIC CAPACITORS

QUICK REFERENCE DATA

Capacitance range
Rated d.c. voltage

Type 1
Type 2

Temperature coefficient, type 1
Temperature dependence, type 2

1 pF to 22 000 pF

50 V
50, 25,or 16 V
NPO, N220, N750, SL
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.

C Mullard



561 Series

MECHANICAL DATA
Outlines

I
£10,6 = (HUD

D8621 (7275836.1)

Configuration of tape

Fig.1

size L 
max.

D 
max.

W z 
max.

Li - L2 
max.

125 7.1 2.8
52^i 0.8 1

250 9.1 3.0

box packing 
(ammunition box) reel packing (supplied to special order only)

Size 125
Size 250

2000 pieces
1500 pieces

5000 pieces
4000 pieces

2 Mullard



561 SeriesTubular ceramic capacitors

Marking
The capacitors are marked as follows

Fig.3.
D8623 (7Z75837)

capacitan
1st, 2nd digit

ce value 
multiplier

tolerance 
on capacitance

temperature 
coeff char.

Black 0 10° ±20% NPO

Brown 1 10* Y

Red 2 102 SD

Orange 3 103

Yellow 4 104 N220

Green 5

Blue 6

Pu rple 7 N750

Grey 8 ±30% X

White 9 SL

Gold 10'1 ± 5% V

Silver 10-2 ± 10% SB

Mullard July 1980 3



561 SERIES

ELECTRICAL DATA - TYPE 1

Capacitance values

Tolerance on capacitance
Rated d.c. voltage
Test voltage (d.c.) for 1 to 5 s

Insulation resistance
Q at 1 MHz (see Fig.4)

030 pF
COO pF

Category temperature range

See further Table 1

nonpreferred
1 to 180 pF, E12 series
10 to 100 pF, E24 series

± 5, ± 10, or ± 20%, see Table 1
50 V
150 V

min. 10 000 MSI

min. 1000
min. 400
-25 to +85 °C

08624 (7Z75834)

In addition to the temperature coefficients shown in Table 1, enquiries are invited for the following 
coefficients:
N30, N80, N150, N330, N470.

The general-purpose coefficient SL may be between P100 and N750.

4 July 1980 Mullard



Tubular ceramic capacitors 561 SERIES

Table 1, Type 1 - 50 V

capacitance 
pF

Preferred values 
in heavy type

tol.

suffix of catalogue number for box packing

NPO ±60
Preferred range

N220 ± 60 N750+ 120 SL 
Preferred 

range

1
1,2
1,5
1,8

± 20%

18108
18128
18158
18188

2,2
2,7
3.3
3,9
4,7
5,6
6,8
8,2

± 10%
02338
02398
02478
02568
02688
02828

10338
10398
10478
10568
10688
10828 16828

19228 
19278 
19338 
19398 
19478
19568 
19688 
19828

10
11
12
13
15
16
18
20
22
24
27
30
33
36
39
43
47
51
56
62
68
75
82
91 
100 
120 
150 
180

+ 5%

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0
0 
0 
0
0 
0 
0
0 
0 
Q

3109
3119
3129
3139
3159
3169
3189
3209
3229
3249
3279
3309
3339
3369
3399
3439 
3479* 
3519* 
3569* 
3629* 
3689*

1
1 
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1109 
1119
1129 
1139
1159 
1169
1189
1209 
1229
1249 
1279
1309 
1339
1369 
1399
1439* 
1479* 
1519* 
1569*
1629* 
1689* 
1759* 
1829*

1
1 
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

7109
7119
7129
7139
7159
7169
7189
7209
7229
7249
7279
7309
7339
7369
7399
7439
7479
7519
7569
7629
7689
7759
7829 
7919* 
7101* 
7121*

20109
20119
20129
20139
20159
20169
20189
20209
20229
20249
20279
20309
20339
20369
20399
20439
20479
20519
20569
20629
20689
20759
20829
20919
20101
20121
20151*
20181*“T"

r
for reel packing replace 
(Reel packing supplied to 
special order only)

0
0

2 by 31
3 by 32

1
1

9 by 39
1 by 40

1
1
6 by 45
7 by 46

18 by 47
19 by 48
20 by 49

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

Milliard 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 1 to 5 s 
temp, characteristics SB and SD 
temp, characteristics V and X 
temp, characteristics Y

Insulation resistance

50 V types
25 V and 16 V types

Tan 8 at 1 kHz

Category temperature range

See further Table 2 and graphs

150 to 1500 pF, E12 series 
2200 to 33 000 pF, E6 series 
± 10, ± 20 and/or ± 30%

50 V
25 V
16 V

3x UR
2xUr
18 V 

min. 10 000 Mil
min. 1000 MSI
max. 1.5% (1000 pF char. SB,
22 000 pF char. Y max. 3%)

-25 to +85 °C

6 July 1980 Milliard



Tubular ceramic capacitors 561 SERIES

Table 2, Type 2 

Preferred range

CHARACTERISTIC SB
box packing

Capacitance 
pF

size voltage temperature 
characteristics

suffix of catalogue number for 
capacitance tolerance of:

± 10% ± 20% ± 30%

150 
180
220
270
330
390 
470
560
680
820 

1000 
1200 
1500

125 50 V
SB

21151 
21181
21221 
21271
21331 
21391
21471
21561 
21681
21821 
21102
21122
21152

250

CHARACTERISTICS SD,V,X,Y

1000 SD
1200
1500 X
1500 V
2200 X
2200 125 50 V V
3300 X
3300 V
4700 X
4700 V

22152

22222

22332

22472

23102
23122
24152

24222

24332

24472

25682
25103

28153 
28223 
30223
T

6800 125 25 V X
10 000 125 25 V X
15 000 125 25 V X
22 000 250 25 V X
22 000 125 16 V Y

for reel packing replace
(Reel packing supplied to special order only)

1
2
2

y
1 by 50
2 by 51

2
2
2

3 by 52
4 by 53
5 by 54

▼
28 by 57
30 by 59

7Mullard



561 Series

Capacitance change with respect to the capacitance at + 20 °C as a function of temperature for the 
different dielectrics; guaranteed limits.

Fig.5 Characteristic V (2B2, Y5F)

8 July 1980 Mullard
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629
Series

METALLISED CERAMIC
PLATE CAPACITORS
Miniature, high«, radial leads—lacquered

QUICK REFERENCE DATA
For use in coupling and decoupling applications, where capacitance stability is 
not critical.
Capacitance range (E3 series) 1 to 22 nF
Capacitance tolerance -20 to +80 %
Rated voltage (d. c.) 63 V
Climatic category (IEC 68) at rated voltage (Ur) 10/055/21 

at 0.63 UR 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)

* 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 01.3 mm 
holes , or 1 mm thick using 00. 8 mm holes.

Table 1. Long lead version

Capacitance 
(nF)

L 
max.

H 
max.

T 
max.

Capacitance 
code

Type 
number

1 3.5 4.5 2.1 InO 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 lOn 629 02103
22 6.5 7.5 2.1 22n 629 02223

Table 2. Cropped lead version

Capacitance
(nF)

L 
max.

H 
max.'

T 
max.

Capacitance 
code

Type 
number

1 6.5 6 2.1 InO 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

629 Series Page 2
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629
Series

METALLISED CERAMIC
PLATE CAPACITORS
Miniature, highK, radial leads—lacquered

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.

Conditions Value
Capacitance range (E3 series) measured at 1 kHz with <1. 5 V a. c. 

applied 1 to 22 nF
Capacitance tolerance -20 to +80%
Rated voltage (d. c.) 63 V
Tangent of loss angle (tan 6) measured at 1 kHz with <1. 5 V a. c. 

applied <350 x 10-4

Insulation resistance measured at 10 V d. c. after 
1 minqte >1000 M2

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

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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TCC)

Fig. 3
Typical capacitance change versus 
temperature

Fig. 4

Typical capacitance change versus 
d.c. voltage

Fig. 5
Typical tan ô versus temperature

Fig. 6

Typical capacitance change versus 
frequency

-------------------- Mullard---------------------
629 Series Page 4



630
Series

METALLISED CERAMIC
PLATE CAPACITORS
Miniature, mediumK, radial leads—lacquered

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 V
Climatic category (IEC 68) 55/085/21

DIELECTRIC

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

CASING
Hard, water repellant lacquer.

TERMINATIONS

Radial leads of tinned-copper wire. Available with either 0.4 mm diameter long leads 
on a 2.54 mm (0.1 in) pitch, or 0. 6 mm diameter cropped leads on a 5.08 mm (0. 2 in) 
pitch.

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

Mullard
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DIMENSIONS (millimetres)

* 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 01.3 mm 
holes, or 1 mm thick using 00. 8 mm holes. i

Long lead version Fig. 1 Cropped lead version Fig. 2

Capacitance L H Type number L H Type number
(pF) code max. max. max. max.

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 InO 4.5 5.5 630 02102 6.5 7 630 06102

1200 ln2 4.5 5.5 630 02122 6.5 7 630 06122

1500 ln5 4.5 5.5 630 02152 6.5 7 630 06152

1800 ln8 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

630 Series Page 2
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630
Series

METALLISED CERAMIC
PLATE CAPACITORS
Miniature, mediumK, radial leads—lacquered

ELECTRICAL DATA

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

Conditions Value

Capacitance range (E12 series) measured at 1 kHz with 1. S V a. c. 
applied 390 to 4700 pF

Capacitance tolerance — ± 10%

Rated voltage (d.c.) — 100 V

Tangent of loss angle (tan 6) measured at 1 kHz with 1.5 V a.c. 
applied <350 x 10’4

Insulation resistance measured at 100 V d.c. after 
1 minute >1000 Mil

Test voltage to casing (d. c.) applied for 1 minute 300 V

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

ORDERING PROCEDURE

The capacitors should be ordered by their type number, as shown in table.
Example : A 1500 pF capacitor with a lead pitch of 2. 54 mm (0.1 in) should be ordered by 

quoting 630 02152.

A 3900 PF capacitor with a lead pitch of 5. 08 mm (0. 2 in) should be ordered by 
quoting 630 06392.

PACKING
Supplied in multiples of 1000 pieces.

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

Mullard
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Fig. 2
Typical capacitance change versus 
temperature

Fig. 3
Typical capacitance change versus 
d. c. voltage

Fig. 4
Typ’cal tan ô versus temperature

Fig. 5
Typical capacitance change versus 
frequency

630 Series Page 4
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METALLISED CERAMIC
PLATE CAPACITORS
Miniature, low K, radial leads—lacquered

632
642 
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 ±0. 25 pF
10 to 330pF ±2 %

Rated voltage (d. c.) 100 V
Climatic category (IEC 68) 55/085/21

DIELECTRIC

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

CASING
Hard, water repellant lacquer.

TERMINATIONS

Radial leads of tinned-copper wire. Available with either 0.4mm diameter long leads on 
a 2. 54mm (0. 1 in) pitch, or 0. 6mm diameter cropped leads on a 5.08mm (0. 2 in) pitch.

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

Milliard
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—► DIMENSIONS (millimetres)

iO.lin) Fig.l Fig 2 O7S99

* Lacquer on the terminations is controlled, so that it does not impair solderability when 
the capacitors are mounted on printed-wiring boards: - l.S mm thick using 01.3 mm 
holes, or 1 mm thick using 0 0.8 mm holes.

Case size
Long lead version Fig. 1 Cropped lead version Fig. 2
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 lO^Pa (lOOOmbars) and a relative humidity of 75% 
maximum.

Conditions Value
Capacitance range 
(E12 Series)

measured at 1 MHz with
<5Va,c, applied

1.8 to 330 pF

Capacitance tolerance 1. 8 to 8. 2 pF
10 to 330 pF

±0. 25 pF
±2%

Rated voltage (d. c.) — 100 V

Tangent of loss angle 
(tan 6)

measured at 
1 MHz with 
<5 V a.c. 
applied

for C <50 pF =15(-— + 0. 7) x 10'4 °pF a
max. 55 x 10”’

for C >50 pF =15 x 10'4

Insulation resistance measured at 100 V d. c. 
after 1 minute >10 000 M2

Test voltage to casing 
(d.c.) applied for 1 minute 300 V

632 Series Page 2
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632METALLISED CERAMIC
PLATE CAPACITORS
Miniature, low K, radial leads-—lacquered

642
Series

Capaci
tance 
(PF)

Capacitance 
tolerance

Case 
size

Temperature 
coefficient 
(ppm/degC)

Capacitance 
code

Type number 
long lead 
version
Fig. 1

Type number 
cropped lead 

version
Fig. 2

1.8 1 lp8 632 09188 642 09188
2.2 1 2p2 632 09228 642 09228
2.7 1 2p7 632 09278 642 09278
3. 3 1 3p3 632 09338 642 09338
3.9 ±0. 25pF 1 3p9 632 09398 642 09398
4.7 1 4p7 632 09478 642 09478
5.6 1 0 5p6 632 09568 642 09568
6.8 1 (Black) 6p8 632 09688 642 09688
8.2 1 8p2 632 09828 642 09828

10 1 10p 632 10109 642 10109
12 1 12p 632 10129 642 10129
15 1 15p 632 10159 642 10159
18 1 18p 632 10189 642 10189
22 1 22p 632 34229 642 34229
27 2 27p 632 34279 642 34279
33 2 33p 632 34339 642 34339
39 2 39p 632 34399 642 34399
47 ±2% 2 -150 

(Orange) 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 nlO 632 34101 642 34101
120 5 nl2 632 34121 642 34121
150 5 nl5 632 34151 642 34151
180 4 nl8 632 58181 642 58181
220 4 -750 

(Violet) n22 632 58221 642 58221
270 5 n27 632 58271 642 58271
330 5 n33 632 58331 642 58331

Milliard
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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 5 seconds max. at 250°C max.

MARKING
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 x10’6 Orange
-750 x 10-6 Violet

ORDERING PROCEDURE
The capacitors should be ordered by their type number, as shown in the table.
Example: A 6. 8pF ± 0. 25pF capacitor with a lead pitch of 2. 54mm (0.1 in) should be 

ordered by quoting the type number 632 09688. A 220pF ± 2% capacitor with 
a lead pitch of 5. 08mm (0. 2 in) should be ordered by quoting the type number 
642 58221.

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

632 Series Page 4
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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) 

Capacitance tolerance

Rated voltage (a.c.)

Climatic category (IEC 68)

1000 and 2200 pF 

±20%

250 V 

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.

Milliard June 1978



660 Series

ELECTRICAL DATA

capacitance 
pF

rated 
voltage
Vrms

D type number

1000 250 10 660 01102
2200 250 11 660 01222

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

Capacitance values
measured at 1 kHz, 1.5 V max. applied

Tolerance on capacitance
Tangent of loss angle (tan 6) measured at 1 kHz, 1.5 V max. applied
Rated a.c. voltage
Test voltage (a.c.) for 2 s
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 Vac

applied for 1000 hrs at 85 °C)

1000 and 2200 pF 
±20%
±3.5%
250 V
1800 V (100% tested)
1500 V (type test)

>10 000 Mil
-40 to +85 °C

6C
C“ <10%

2 June 1978 Mullard



Interference suppression capacitors 660 Series

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 
K1800 (X7R) dielectric

10 to 33000 pF (E12 series) 
180 to 470000 pF (E12 series)

Rated d.c. voltage 50 V (EIA), 63 V (IEC)

Tolerance on capacitance 
NPO (COG) 
K1800(X7R)

±10% ± 5%
+ 20%, ± 10%

Basic specification IEC 384-10 
(EIA RS198/B)

Climatic category (IEC68) 
NPO(COG) 
K1800(X7R)

55/125/56
55/125/56

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

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

Mullard April 1980 1



851 - 856
Series

MECHANICAL DATA
Outlines

Dimensions in mm

Fig. 1

Table 1

size L W
T A c 

min.min. max. min. max.

0805 2,0 ±0,15 1,25 ±0,15 0,51 1,27 0,25 0,75 0,4
1206 3,2 ±0,15 1,6 ±0,15 0,51 1,60 0,3 1,0
1210 3,2 ± 0,2 ’2,5 ±0,2 0,51 1,90 0,3 1,0
1808 4,5 ± 0,2 2,0 ±0,2 0.51 1,90 0,3 1,0
1812 4,5 ± 0,2 3,2 ±0,2 0,51 1,90 0,3 1,0
2220 5,7 ± 0,2 5,0 ±0,2 0,51 1,90 0,3 1,0

Soldering
Limiting conditions min. 220 °C, 3 s 

max. 250 °C, 60 s

PACKAGING
Multiples of 100 pieces.

*^1" Mullard



851 - 856
SeriesMultilayer ceramic chip capacitors

COMPOSITION OF THE CATALOGUE NUMBER

style code -- 
851 for size 0805 
852 for size 1210 
853 for size 1206 
854 for size 1808 
855 for size 1812 
856 for size 2220

2222...................

__TIT
tolerance

NPO(COG) 5% 12

10% 13

K1800(X7R) 10% 47

20% 48

capacitance'value code, first two 
significant figures of the capacit
ance value according to E12 
series followed by multiplying 
factor:
9 for x 1
1 forx 10
2forx 102
3 for x 10’
4 forx 104

See Tables 2 and 3.

April 1980 3
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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, 1 V

Tolerance on capacitance 
Rated d.c. voltage (Up) 
D.C. test voltage for 1 min 
Dissipation factor, measured at 1 V,

1 MHz, C< 30 pF

1 MHz, 30 pF < C < 1000 pF
1 kHz, C> 1000 pF 

Insulation resistance 
Category temperature range 
Capacitance change as a function of

temoerature. —55 to +125 °C

see Table 2, (E12 series) 
± 10%, ± 5%
50 V (EIA), 63 V (IEC) 
200 V

10 (^ + 0,7) x 10"*

<10x 10'4
<10x 10'4 
> 100000 Mil
-55 to+125 °C

± 30 x 10'6/K

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

4 April 1980 Mullard



851 - 856
SeriesMultilayer ceramic chip capacitors

Table 2: NPO (COG)

size capacitance range capacitance 
tolerance

catalogue number

0805 10 to 1000 pF 5%
10%

2222 851 12...
2222 851 13 ...

1206 33 to 3300 pF 5%
10%

2222 85312...
2222 853 13...

1210 100 to 8 200 pF 5%
10%

2222 85212...
2222 852 13 ...

1808 100 to 10000 pF 5% 
10%

2222 854 12 ...
2222 854 13 . ..

1812 1 000 to 15000 pF 5%
10%

2222 855 12 .. .
2222 855 13...

2220 1O00Q to 33000 pF 5% 
10%

2222 856 12 ...
2222 856 13 ■ ■ .

code for capacitance value: —1 
first two significant figures 
of capacitance value according 
to E12 series followed by: 
9 for 10 to 82 pF
1_ for 100 to 820 pF
2 for 1 000 to 8 200 pF 
3 for 10000to33000pF

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

April 1980 5
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851 - 856
Series

Type 2, K1800 (EIA: 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, 1 V

Insulation resistance
C< 10000 pF
C>10000pF

Category temperature range
Maximum capacitance change as a function 

of temperature

see Table 3 (E12 series) 

±20%

50 V (EIA), 63 V (IEC) 
200 V
< 2,5%

>100000 Mil 
Rjns x C>1000s 

-55 to +125 °C

±15%, see Fig. 4

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

6 April 1980 Mullard



851 - 856
SeriesMultilayer ceramic chip capacitors

Table 3: K1800 (X7R)

size capacitance range capacitance 
tolerance

catalogue number

0805 180 to 22000 pF 10%
20%

2222 851 47 .. .
2222 851 48 . . .

1206 1800 to 56000 pF 10%
20%

2222 853 47 . . .
2222 853 48 . . .

1210 2 700 to 100000 pF 10%
20%

2222 852 47 . . .
2222 852 48 . . .

1808 10000 to 150000 pF 10%
20%

2222 854 47 .. .
2222 854 48 .. .

1812 10 000 to 270 000 pF 10%
20%

2222 855 47 . . .
2222 855 48 . . .

2220 100000 to 470000 pF 10%
20%

2222 856 47 . . .
2222 856 48 . ..

code for capacitance value: —1 
first two significant figures 
of capacitance value according 
to E12 series followed by.

820 pF 
8 200 pF

1 for
2 for

180 to
1000 to

3 for 10000 to 82 000 pF 
4 for 100000 to 470000 pF

e.g.: fill in 683 for 68000 pF.

April 1980 7
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ELECTROLYTIC CAPACITORS





INTRODUCTORY
NOTES

ELECTROLYTIC
CAPACITORS

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 longlife 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.

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

In many cases, the anode (fve) 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.

+ c

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.

Fig. 3
Equivalent circuit of an electrolytic capacitor

where Ca = capacitance at the anode
Rp = parallel resistance or leakage current
Rox = series resistance of the oxide layer
Rel = series resistance of the non-solid electrolyte and paper tissue
Ls = series inductance

The equivalent series resistance Rs of the capacitor is given by

= ^ox + ^el

-------------------- Mullard---------------------
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ELECTROLYTIC
CAPACITORS

INTRODUCTORY
NOTES

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, Ca, measured at 100Hz.
2. Loss factor or tan 6, measured at 100Hz, tan 6 = wC„R_ a a

3. Impedance Z, where Z =

At various frequencies T , the following simplified formula for Z may be used:
at 100Hz Z ~ -i- = 1

wCa 2 rr t Ca

at 100kHz Z ~ Rel » Rs

at 100MHz Z o> Ls = 2 rr f Lg

a 12Ra + (<uLs - )

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

R _ tsmS (measured) _ EgR 
s ~ uC (measured)

The loss angle 6 is the complementary angle to the phase angle 0.
The vector diagram, Fig. 4 shows that the current leads the voltage by slightly less than 
the theoretical 90°.

DS4BB

6= loss angle 
0=phase angle. 
Power in watts is
El cos 0 or 
EI sin 6

Fig. 4
Vector diagram showing the relationship between current and voltage

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

of frequency on the dissipation factor (tan 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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INTRODUCTORY
NOTES

ELECTROLYTIC
CAPACITORS

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

/ 2 12Z = J R +(-;;)V s cvC

Fig. 7 shows a typical relationship of impedance with temperature for a 150mF, 25V 
capacitor. Fig. 8 shows the typical variation of impedance with frequency and temperature

MuHard
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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 Rs 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:

s 1000CV, l£ = 0.01CV or IpA whichever is the greater
> 1000CV, IL = (0.006CV + 4) pA

where CV is the product of capacitance in pF 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.

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 Iis ^0.1CV 
expressed in gA.

-------------------- Mullard---------------------
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INTRODUCTORY
NOTES

ELECTROLYTIC
CAPACITORS

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 I2R, 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/cm2 for - 160V ratings 
llmW/cm2 for > 160V ratings

The ripple current rating is usually 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 adequate 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.

c) 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 6 decreases by approximately 20%.
c) 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 longlife 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 change 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

Long life grade
= 160 < 15%

> 160 < 10%

G.P. Grade
* 160 < 25%

> 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
CAPACITORS

MOUNTING
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________________________ _____________________

Capacitor 
Series

Can 
size

Type number 
(for ordering purposes)

For dimensions (mm) 
and outline drawings 

see page

071

5 Bl 271 21 3
6
7

Bl 271 22
Bl 271 22

4

8 DT2402 2
9
10

Bl 271 24
Bl 271 25

4

105, 106/107

11
12

DT2401
DT2401 2

14
15

DT2254
DT2254

3

16 DT2400 1

26.2 
max

0 L.8 min

max
•------- 79 max------- ►

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

Type number DT2400

JUNE 1978 Mount, clips Page 1
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Material:- 0.9mm(20s.w.g)mild steel 
cadmium plated

Type number DT2401

Material:-!.2mm (18s.w.g.) mild steel, 
cadmium plated 0 2184

Type number DT2402

Mount, clips Page 2
Mullard



ELECTROLYTIC
CAPACITORS

MOUNTING
CLIPS

Type number DT2254

Material 0.8 mm (21 s.w.gJmild steel 
cadmium plated

Type number Bl 271 21

Mullard Mount, clips Page 3



Material:- 1 mm (19s.w.g.) mild steel 
cadmium plated

Dimensions Type 
numbera b c d e

56 41.5 25 11.5 36 Bl 271 22
71 56.5 40 11.5 51 Bl 271 25

Mullard
Mount, clips Page 4





application
category 

temperature 
°C

nominal 
capacitance 

mF
rated 

voltage (Ur)
V

general 
industrial

Supplied
015S

-25 to +85
-40 to +85

radially bandolierec 
eries approved to E

470 to 1

in boxes or drums 
S9078 F003

4 to 63

general, 
industrial

long life grade

—40 to +85 4700 to 68 6.3 to 100

general 
industrial, 

long life grade

—40 to +85 10 000 to 1000 6.3 to 63

W
ET & SO

U
D

 
Survey 

ELEC
TR

O
LYTIC

, 
C

APAC
ITO

R
S





application
category 

temperature 
°C

nominal
capacitance 

mF
rated 

voltage (Ur) 
V

general 
purpose grade

-40 to +85 3300 to 0.47 6.3 to 100

general, 
industrial
general

purpose grade

-40 to +85

Axial lead

22 to 1

ed type supplied ban<

160 to 385

toliered

general, 
industrial

long life grade

—40 to +70 100 to 10 160 to 385

industrial
long life grade

—40 to +85 2200 to 2.2 6.3 to 63

W
ET& SO

U
D

 
ELEC

TR
O

LYTIC
 

C
APAC

ITO
R

S



-----------_____

type series 
number

Large

Lo r

050*

Large

Lrr
052*

Large

0711LU!3B

Large

] 0
 0
 i

P8

-38

115

* Development type 
t Maintenance type

U



application
category 

temperature —
°C

nominal 
___capacitance 

pF

rated
voltage (Up) 

V----

industrial 
long life grade

-40 to +85 68 000 to 470 10 to 100

industrial 
long life grade

—40 to +85 1000 to 47 250 and 385

industrial
long life grade

—40 to +85 47 000 to 680 6.3 to 63

industrial
long life grade

-40 to +85 4700 to 150 250 and 385 W
ET & SO

U
D 

ELEC
TR

O
LYTIC 

C
APAC

ITO
R

S



type series 
number application

Large
1 i ,, j

30
1

-38

106
107

industrial 
military

long life grade

Small
Solid electrolyte

121

s

military 
industrial

long life grade

industrial 
long life grade

Small, resin dipped

Solid electrolyte fi

122

Ct

general 
industrial 

long life grade

<3



category 
temperature

°C

nominal 
capacitance 

mF
rated 

voltage (Up)
V

-40 to +85 
(106)

-25 to +85 
(107)

150 000 to 1500 6.3 to 100

-55 to+125 330 to 2.2 6.3 to 40

-55 to+125 33 to 2.2 50

-55 to+125 68 to 0.1 6.3 to 40

W
ET & SO

LID 
ELEC

TR
O

LYTIC 
C

APAC
ITO

R
S



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 (E 6 Series)
Capacitance tolerance
Rated voltage range (R5 Series)
Climatic category (IEC 68)

015 Series
016 Series

1 to 470 nF 
-10 to+50% 
4 to 63 V

25/085/56 
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.

Mullard June 1979 1



015 Series
016 Series

QUICK SELECTION CHART
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015 Series
016 SeriesAluminium electrolytic capacitors

MECHANICAL DATA Dimensions in mm

can 
size

dimensions in mm
typical 
weight 

(g)
L1 

max.
D1 

max.
d 

nom.

2 10.5 5.0 0.6 0.5

3 10.5 6.3 0.6 0.7

4 18.5 6.9 0.8 1.5

5 18.5 8.5 0.8 2.0

6 18.5 10.5 0.8 2.7

Mullard June 1979 3



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 10$ Pa (1000 mbars) and a relative humidity of 75% maximum.

rated 
voltage

Ur 
(notes 1 
and 2)

(V)

capaci
tance

(-10 to +50%)

(pF)

can 
size

max. 
leakage 
current 
(note3)

(mA)

max.
permissible 

ripple 
current 

(at 85 °C) 
(note 4)

(mA)

max. 
tangent 
of loss 
angle

(tan S)

max.
h.f.

impedance 
(f = 100 kHz)

(«)

type number

com
ponents 

in
boxes

com
ponents

on 
reels

47 2 10 26 0.40 6.8 015 32479 015 22479
100 3 20 44 0.40 3.4 015 32101 015 22101
220 4 9 85 0.38 0.8 016 32221 016 22221
330 5 12 125 0.38 0.55 016 32331 016 22331

33 2 11 26 0.32 6.8 015 33339 015 23339

6.3 68 3 22 44 0.32 3.4 015 33689 015 23689
150 4 10 85 0.30 0.8 016 33151 016 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 6.3 015 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 015 26109
22 3 28 37 0.15 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 0.11 0.55 016 37479 016 27479

100 6 28 155 0.11 0.3 016 37101 016 27101

Mullard4 June 1979



015 Series
016 SeriesAluminium electrolytic capacitors

ELECTRICAL DATA (continued)

rated 
voltage 

Ur 
(notes 1 
and 2)

(V)

capaci
tance

(-10 to +50%)

(pF)

can 
size

max. 
leakage 
current 
(note 3)

(PA)

max. 
permissible 

ripple 
current 

(at 85 °C) 
(note 4)

(mA)

max. max.
h.f.

impedance 
(f = 100 kHz)

(Si)

type number
tangent 
of loss 
angle

(tan 8)

com
ponents 

in 
boxes

com
ponents 

on 
reels

1 3 5 10 0.09 5 015 38108 015 28108
1.5 3 5 12 0.09 4.5 015 90043 015 90041
2.2 3 7 15 0.09 3.5 015 38228 015 28228
3.3 3 11 17 0.09 3.5 015 38338 015 28338

63 4.7 3 15 22 0.09 3.5 015 90044 015 90042
6.8 3 22 25 0.09 3.5 015 38688 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
47 6 22 115 0.09 0.3 016 38479 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 0.4 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

maximum permissible 
voltage at Tamt < 40 °C 5.1

•

7.9 12.7 20.2 31.7 50.6 79.8

maximum permissible 
voltage at Tamb > 40 °C 4.6 7.2 11.5 18.4 28.8 46 72.5

Mullard June 1979 5



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 °C is 1.7 times the figure for 85 °C and 2.2 times for 60 °C.

OPERATIONAL DATA
tan 5

Equivalent series resistance (ESR) =--------)
coC

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

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

Climatic category (IEC Publication 68)
015 Series
016 Series

Soldering conditions

1000 V

25/085/56
40/085/56

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 nu mber (015 or 016)
Polarity indication

-> ORDERING PROCEDURE
The capacitors should be ordered by their type number, as shown in the tables.
Example: A 47 mF, 40 V rated capacitor in a box should be ordered by quoting the type number 

016 37479.
A 100 gF, 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 F003' 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 should the outer case be fractured.

Mullard U



015 Series
016 SeriesAluminium electrolytic capacitors

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

Blue tape 
(indicating negative 
terminal of capacitor)

White tape 
(indicating positive 
terminal of capacitor)

Fig.2

Table (dimensions in mm)

size A S

T for number (n) 
of capacitors

kmax
n<50 50 < n < 100

2 63.5 ± 1.6 5 ±0.4 5 (n-1) ±2 5 (n-1) ±4 10.5
3 63.5 ± 1.6 10 ±0.4 10 (n-1) ±2 10 (n-1) ± 4 10.5
4 73 ± 1.6 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 15 ±0.75 15 (n-1) ±2 15 (n-1) ±4 18.5

Mullard June 1979 7



015 Series
016 Series

REELS

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







015 Series
016 Series

t <H»1
Fig.6 Typical impedance plotted against frequency, Tamb = 20 °C Can sizes 2 end 3

Fig.7 Typical impedance plotted against frequency, Tamb = 20 °C. Can sizes 4,5 and 6

10 July 1978 Mullard



015 Series
016 SeriesAluminium electrolytic capacitor

Fig.8 Typical capacitance as a function of frequency

Fig.9 Typical capacitance as a function of frequency Can sizes 4,5 and 6

Mullard

Can sizes 2 and 3



032 Series

ALUMINIUM ELECTROLYTIC CAPACITORS 
small — axial leads — insulated

Suitable for coupling and decoupling in general purpose applications.

QUICK REFERENCE DATA
Nominal capacitance range 
Tolerance on nominal capacitance 
Rated voltage range (Ur)
Climatic category

68 to 4700 pF 
-10 to+50 %
6.3 to 100 V 
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.

Mullard October 1979



032 Series

O 8281a
SELECTION CHART

Capacitance 

(mF)

Rated voltage (Up) 
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can size Umax *-max d

00 10.5 30.5 0.8

01 13.0 30.5 0.8

02 15.5 30.5 0.8

03 18.5 30.5 0.8

Mullard October 1979 3



032 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 10’ Pa (1000 mbars) and a relative humidity of 75% maximum.

Ur

(V)

nominal 
capaci
tance

(pF)

maximum r.m.s. 
ripple current 

at Tamb = 85 °C

(mA)

maximum leakage 
current at Ur 

after 5 min

(mA)

maximum 
ESR

(H)

can 
size

type 
number

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
40 470 440 117 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 0.900 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 03 032 18681

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 application of the rated voltage for 2000 hours at +85 °C
Capacitance: Within 15% of the initital measured value
Leakage current: Less then the initial specified value.

Tan S (dissipation factor)
Tan 8 = ESR x <oC

*™YMullard



Aluminium electrolytic capacitors 032 Series

T emperature range
Category temperature range -40 to.+85 °C

CAPACITANCE

Fig.5 Typical capacitance as a function of ambient temperature

Fig.6 Typical capacitance as a function of frequency

Mullard



032 Series

Voltage

Rated voltage = maximum permissible voltage
Ripple voltage* = maximum permissible a.c. voltage 

providing the following three conditions are met: 
a) maximum (d.c. + peak a.c.) voltage 
b) maximum peak a.c. voltage with d.c. voltage applied 
c) maximum peak a.c. voltage withoud d.c. voltage supplied

Surge voltage = maximum permissible voltage for short periods
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

<40 °C

1.1 x Ur

< 1.1 x Ur

40 to 85 °C

Ur

<Ur
< applied d.c. voltage + 1 V 

1 V

1.15x Ur

1 V

see page 4

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

* Ripple voltages are notapplicable 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.

6 October 1979 Mullard



Aluminium electrolytic capacitors 032 Series
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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 October 1979 7



032 Series

Leakage current
Maximum leakage current 5 min after application 

of the rated voltage at Tamb = 25 °C
Leakage current during continuous operation at Ur, 

at "Tamb = 25 °C

at Tamb = 85 °C

see page 4 (0.006 CU + 4 pA)

approx. 0.01 of value stated 
on page 4.
< value stated on page 4

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

F ig. 10 Typical leakage current as a function of 
U/Ur; l0 = leakage current during continuous 
operation at 25 °C and Ur.

8 October 1979 Mullard



Aluminium electrolytic capacitors 032 Series

Equivalent series resistance (ESR)

Fig. 11 Typical ESR as a function of ambient 
temperature at 100 Hz
Can size 00:
curve 1 = 150 pF, 63 V;
curve 2 = 220 pF, 40 V;
curve 3 = 470 pF, 25 V;
curve 4 = 680 pF, 16 V;
curve 5 = 1000 pF, 10 V;
curve 6 = 1500 pF, 6.3 V.

Fig. 12 Typical ESR as a function of ambient 
temperature at 100 Hz
Can size 01:
curve 1 = 220 pF. 63 V;
curve 2 = 330 pF, 40 V;
curve 3 = 470 pF, 40 V;
curve 4 = 680 pF, 25 V;
curve 5= 1000 pF, 16 V;
curve 6 = 1500 pF, 10 V and 2200 pF, 6.3 V.

Mullard Yo“-«"



032 Series

Fig. 13 Typical ESR as a function of ambient 
temperature at 100 Hz.
Can size 02:
curve 1 = 330 pF, 63 V;
curve 2 = 470 pF; 63 V;
curve 3 = 680 pF; 40. V;
curve 4 = 1000 pF, 25 V;
curve 5= 1500 pF, 16 V;
curve 6 = 2200 pF, 10 V and 3300 pF, 6.3 V

Fig. 14 Typical ESR as a function of ambient 
temperature at 100 Hz.
Can size 03:
curve 1 = 680 pF, 63 V;
curve 2 = 1000 pF, 40 V;
curve 3 = 1500 pF, 25 V;
curve 4 = 2200 pF, 16 V;
curve 5 = 3300 pF, 10 V and 4700 pF, 6.3 V

* ■“‘YMullard



Aluminium electrolytic capacitors 032 Series

7ambl 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 pF, 100 V, can size 01
curve 3 = 150 pF, 100 V, can size 02
curve 4 = 220 pF, 100 V, can size 03

Mullard October 1979 11
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032 SeriesAluminium electrolytic capacitors
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032 Series

Fig.2O Typical ESR as a function of frequency at 25 °C 100 V versions

14 October 1979 Mullard



032 SeriesAluminium electrolytic capacitors
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032 Series

08527102

z 
(W

'curve 1= 150 pF, 100V;
curve 2= 330 pF, 63V;
curve 3= 470 pF, 63 V;
curve 4= 680 pF, 40V;
curve 5=1000 pF, 25 V;
curve 6=1500 pF, 16V;
.curve 7=2200 pF, 10V;
curve 8=3300 pF, 6.3V.

10

1

10“'

10"2
10 102 103 104 105 106 107

f (Hz)
Fig.23 Typical impedance as a function of frequency at 25 °C Can size 02

Fig.24 Typical impedance as a function of freauency at 25 °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

Selection chart for Cnom-UR and relevant case sizes.

Nominal capacitance range (E6 series) 1000 to 10000 pF
Tolerance on nominal capacitance -10 to+ 50%
Rated voltage range. Up (R5 series) 6,3 to 63 V
Category temperature range -40 to + 85 °C
Endurance test at 85 °C 2000 h
Basis specifications I EC 384-4, long-life grade 

DIN41316
Climatic category

IEC68 40/085/56
DIN 40040 GPF

Gnom 
pF

Ur (V)
6,3 10 16 25 40 63

1000 
1500
2200 
3300
4700
6800

10000
04
05

04
05

04
05

04
05

04
05

05

case 
size

nominal 
dimensions (mm)

04 0 18x40
05 0 21 x 40

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, regulating, timing and delay circuits.

Mullard January 1979 1



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 aYid 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; especially for use in applications 

with severe shocks and vibrations.

MECHANICAL DATA Dimensions in mm

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

Table 1a

case
size

style 1

^nom *-nom ^max Lmax
approx, mass 

g

04 18 40 18,5 41,5 14
05 21 40 21,5 41,5 19

January 1979 Mullard



Aluminium electrolytic capacitors 033 Series

Table 1b

case 
size

_____ style 2
D1 D2max D3

04
05

18 20,5
21 23,5

18,5 I
21,5 I ±0,2

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 I EC 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.

Mullard
January 1979 3



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

Ur

V

nom. 
cap.

mF

max. r.m.s. 
ripple current 

at Tamb = 85 °C 
mA

max. leakage 
current at Ur 

after 5 min 
mA

max. 
ESR

mil

case 
size

catalogue number 
2222 033 followed by

style 1 style 2

6,3 6800 1280 261 91 04 13682 43682
6,3 10000 1570 382 72 05 13103 43103

10 4 700 1220 286 100 04 14472 44472
10 6800 1500 412 79 05 14682 44682
16 3300 1160 321 111 04 15332 45332
16 4 700 1430 455 87 05 15472 45472
25 2 200 1060 334 132 04 16222 46222
25 3300 1340 499 99 05 16332 46332
40 1 500 970 364 159 04 17152 47152
40 2200 1220 532 118 05 17222 47222
63 1 000 1140 382 135 05 18102 48102

Mullard
4 January 1979



Aluminium electrolytic capacitors 033 Series

Capacitance
Nominal capacitance values at 100 Hz and Tamb = 25 °C
Tolerance on nominal capacitance at 100 Hz

see Table 2
-10 to + 50%

Fig. 3 Typical capacitance as a function of ambient temperature; Cq = capacitance at 25 °C, 100 Hz.
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033 Series

Voltage

Rated voltage = max. permissible voltage
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 with d.c. voltage applied
c) 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 Tamb = 85 °C

< applied d.c. voltage + 1 V

<40 °C 40 to 85 °C
1,1xUr Ur

<1,1 xUr <Ur

1 V
1,15x UR

see Table 2

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

1 V

* 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.

6 January 1979 Mullard



Aluminium electrolytic capacitors 033 Series
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Fig. 6 Typical ripple current as a function of frequency; lro = ripple current at 85 °C, 100 Hz.

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

S —<l 2 ¿ - 1 r max
1 rn

lr max ~ maximum ripple current at 100 Hz and applicable ambient temperature;
ln = ripple current at a certain frequency;
rn = k/'ro = 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 January 1979 7



033 Series

Leakage current

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

Leakage current during continuous operation at Ur, 
at Tamb = 25 °C

at Tamb = 85 °C

see table 2 (0,006 CU + 4 mA)
approx. 0,01 of value stated 
in Table 2
< 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 °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.

Fig. 7 Typical leakage current as a function 
of ambient temperature; l0 = leakage current 
during continuous operation at 25 °C and Ur.

Fig. 8 Typical leakage current as a function 
of U/Ur; l0 = leakage current during continu
ous operation at 25 °C and Ur.

8 January 1979 Mullard



Aluminium electrolytic capacitors 033 Series

Equivalent series resistance (ESR)
ESR at 100 Hz and Tamb = 25 °C, measured 
by means of a four-terminal circuit (Thomson circuit) see Table 2

Fig. 9 Typical ESR as a function of 
ambient temperature at 100 Hz 
Case size 04: 
curve 1 = 1500 pF, 40 V and 

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

4700 pF, 10 V and 
6800 pF, 6,3 V.

Fig. 10 Typical ESR as a function of 
ambient temperature at 100 Hz 
Case size 05: 
curve 1= 1 000 pF, 63 V; 
curve 2 = 2 200 pF, 40 V and

3 300 pF, 25 V;
curve 3 = 4 700 pF, 16 V,

6 800 pF, 10 V and
10000 pF, 6,3 V.

Mullard
January 1979 9



033 Series

Fig. 12 Typical ESR as a function of frequency at 25 °C. Case size 05: curve 1 = 1000 pF, 63 V; 
curve 2 = 2200 pF, 40 V and 3300 pF, 25 V; curve 3 = 4700 pF, 16 V, 6800 pF, 10 V and 10 000 pF, 6,3 V.

Mullard
10 January 1979



Aluminium electrolytic capacitors 033 Series

Tan S (dissipation factor)

Tan 5 = ESR x wC

Fig. 13 Typical impedance as a function of frequency at 25 °C. Case size 04:
curve 1 = 1500 pF, 40 V; curve 3 = 3300 pF, 16 V; curve 5 = 6800 pF, 6,3 V.
curve 2 = 2200 pF, 25 V; curve 4 = 4700 pF, 10 V;

Mullard January 1979 11



033 Series

f (Hz)
Fig. 14 Typical impedance as a function of frequency at 25 °C. Case size 05:
curve 1 = 1000 gF, 63 V; curve 3 = 3300 gF, 25 V; curve 5 = 6800 gF, 10 V;
curve 2 = 2200 gF, 40 V; curve 4 = 4700 gF, 16 V; curve 6 = 10000 gF, 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 Mullard



034 Series

ALUMINIUM ELECTROLYTIC CAPACITORS

• Miniature and small types
• Single ended
• General purpose
QUICK REFERENCE DATA

Nominal capacitance range (E6 series) 0,47 to 3300 pF
Tolerance on nominal capacitance -10 to+ 50%
Rated voltage range, Ur (R5 series) 6,3 to 100 V
Category temperature range -40 to + 85 °C
Endurance test 1000 h at 85 °C
Basic specification IEC 384-4, G.P. grade 

DIN 41259/41233
Climatic category

IEC 68 40/085/56
DIN 40040 GPF

Selection chart for Cnom —Ur and relevant case sizes.

Cnom 
(pF)

Ur (V)

6,3 10 16 25 35 40 50 63 100
0,47 11 11
0,68 11
1 11 11
1,5 11
2,2 11 12
3,3 11
4,7 11 12 13
6,8 11 12 13

10 11 12 13 15
15 11 12 13 14 16
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 17 18 19
150 14 15 16 17 18 19 20
220 14 15 16 17 18 19 20
330 15 16 17 18 19 20
470 16 17 19 20
680 16 17 18 19 20

1000 17 18 19 20
1500 18 19 20
2200 19 20
3300 20

case 
size

nominal 
dimensions (mm)

11 0 5 x 11
12 0 6 x 11
13 0 8 x 12
14 010 x 12
15 010 x 16
16 0 10 x 20
17 0 12,5 x 20
18 0 12,5 x 25
19 0 16 x 25
20 016 x 31
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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 electrical 
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

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 
size

dimensions

d Dmax l-max P
11 0,5 5,5 12,0 2,0
12 0,5 6,5 12,0 2,5
13 0,6 8,5 13,0 3,5
14 0,6 10,5 13,0 5,0
15 0,6 10,5 17,0 5,0 ± 0,2
16 0,6 10,5 21,0 5,0
17 0.6 13,0 21,0 5,0
18 0,6 13,0 26,0 5,0
19 0,6 16,5 26,0 7,5
20 0,6 16,5 32,0 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 IEC62.

Mullard ïp”



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

Ur nom. 
cap.

max. r.m.s. 
ripple current 
«Tamb = 85OC

max. leakage 
current at Ur 
after 5 min

max. 
tan 8

max. impedance ratio max. impedance case 
size

catalogue number 
2222 034 
followed by

Z at -25 °C
Z at + 20 °C

Z at -40 °C
Z at + 20 °C

at lamb 
(

= + 20 °C

V pF mA mA at 1 kHz at 10 kHz style 1

6,3 220 115 47 0,22 4 7 0,91 14 53221
330 160 68 0,22 4 7 0,61 15 53331
470 211 94 0,22 4 7 0,43 16 53471
680 237 134 0,22 4 7 0,29 16 53681

1000 314 194 0,22 4 7 0,20 17 53102
1500 420 289 0,22 4 7 0,23 18 53152
2200 526 421 0,22 4 7 0,16 19 53222
3300 670 629 0,22 4 7 0,11 20 53332

10 22 25 12 0,20 3 5 7,27 11 54229
47 40 19 0,20 3 5 3,40 12 54479

100 70 35 0,20 3 5 1,6 13 54101
150 98 50 0,20 3 5 1,07 14 54151
220 140 71 0,20 3 5 0,73 15 54221
330 184 104 0,20 3 5 0,48 16 54331
680 278 209 0,20 3 5 0,24 17 54681

1000 371 305 0,20 3 5 0,16 18 54102
1500 479 455 0,20 3 5 0,20 19 54152
2200 625 665 0,20 3 5 0,14 20 54222



<3 16 10 20 10 0,16 2 5 12,0 11 55109 >
15 23 12 0,16 2 5 8,0 11 55159 C 3
22 31 16 0,16 2 5 5,45 12 55229 □'
33 38 21 0,16 2 5 3,64 12 55339 c 

347 56 28 0,16 2 5 2,55 13 55479 »
68 67 38 0,16 2 5 1,76 13 55689

t
100 91 53 0,16 2 5 1,20 14 55101 3
150 127 77 0,16 2 5 0,80 15 55151 ï
220 168 111 0,16 2 5 0,55 16 55221 «
330 225 164 o;i6 2 5 0,36 17 55331
470 260 231 0,16 2 5 0,26 17 55471 SO
680 345 332 0,16 2 5 0,18 18 55681 S

1000 450 485 0,16 2 5 0,12 19 55102 <A
1500 593 725 0,16 2 5 0,17 20 55152

25 6,8 18 10 0,14 2 4 13,2 11 56688
15 26 16 0,14 2 4 6,00 12 561592 33 50 30 0,14 2 4 2,73 13 56339
68 80 56 0,14 2 4 1,32 14 56689

100 112 80 0,14 2 4 0,90 15 56101
150 153 118 0,14 2 4 0,60 16 56151Û) 220 208 1.70 0,14 2 4 0,41 17 56221

a 330 272 253 0,14 2 4 0,27 18 56331
680 412 515 0,14 2 4 0,13 19 56681

1000 534 755 0,14 2 4 0,09 20 56102
35 47 75 54 0,12 2 4 1,60 14 90003

68 101 77 0,12 2 4 1,10 15 90012
____J 100

470
134
386

110
499

0,12
0,12

2
2

4
4

0,75
0,16
0,11

16
19

90001
90015
90017

_____

680 504 719 0,12 2 4 20



O)

Ur nom. max. r.m.s max. leakage max. max. impedance ratio max. impedance case catalogue number
cap. ripple current current at Ur tan 8 Z at -25 °C Z at -40 °C at Tamb = + 20 °C size 2222 034

3 Tamb = 8b after 5 min Z at + 20 °C Z at + 20 °C (fl) followed by
0)■2 V mF mA .uA at 1 kHz at 10 kHz style 1

<D 40 4,7 17 11 0,12 2 4 14,9 11 57478
10 26 17 0,12 2 4 7,00 12 57109
22 44 31 0,12 2 4 3,18 13 57229
33 61 45 0,12 2 4 2,12 14 57339

150 182 185 0,12 2 4 0,47 17 57151
220 289 269 0,12 2 4 0,32 18 57221
330 388 401 0,12 2 4 0,21 19 57331
470 495 569 0,12 2 4 0,15 20 57471

50 6,8 26 15 0,10 2 4 8,82 12 90004
15 47 28 0,10 2 4 4,00 13 90005
22 64 38 0,10 2 4 2,73 14 90006.
47 101 76 0,10 2 4 1,28 15 900190) 68 138 107 0,10 2 4 0,88 16 90022

100 187 155 0,10 2 4 0,60 17 90024
CL 150 253 230 0,10 2 4 0,40 18 90026

220 325 335 0,10 2 4 0,27 19 90028
330 444 500 0,10 2 4 0,18 20 90031

63 0,47 6,2 6 0,08 2 4 117 11 58477
0,68 7,4 6 0,08 2 4 80,9 11 58687

1,0 9,2 7 0,08 2 4 55,0 11 58108
1,5 10 8 0,08 2 4 36,7 11 58158
2,2 13 9 0,08 2 4 25,0 11 58228
3,3 15 11 0,08 2 4 16,7 11 58338
4,7 20 14 0,08 2 4 11,7 12 58478
6,8 30 18 0,08 2 4 8,09 13 58688
1Q 36 24 0,08 2 4 5,50 13 58109
15 51 33 0,08 2 4 3,67 14 58159
22 75 47 0,08 2 4 2,50 15 58229
33 88 68 0,08 2 4 1,67 15 58339
47 118 94 0,08 2 4 1,17 16 58479<3

034 Series



<3 68 
100 
150 
220

161
211
288
378

100 0,47 6,2
1,0 9,2
2,2 15
4,7 27
10 52
15 70
22 83
33 113
47 132
68 182

100 249
150 326

134 0,08
194 0,08
289 0,08
421 0,08

7 0,07
8 0,07

12 0,07
19 0,07
35 0,07
50 0,07
71 0,07

104 0,07
146 0,07
209 0,07
305 0,07
455 0,07

N)
 NJ

 N)
 NJ



4 0,81 17 58689
4 0,55 18 58101
4 0,37 19 58151
4 0,25 20 58221
4 95,7 11 59477
4 45,0 11 59108
4 20,5 12 59228
4 9,57 13 59478
4 4,50 15 59109
4 3,00 16 59159
4 2,05 16 59229
4 1,36 17 59339
4 0,96 17 59479
4 0,66 18 59689
4 0,45 19 59101
4 0,30 20 59151

U) 
CD “ï cd’ 
(fi

I



034 Series

Capacitance
Nominal capacitance values at 100 Hz and Tamb = 25 °C see Table 2
Tolerance on nominal capacitance at 100 Hz —10 to + 50%

Surge voltage — max. permissible voltage for short periods 
(see also Tests and requirements) 1,15 x Ur

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

Voltage
<40 °C 40 to 85 °C

Rated voltage = max. permissible voltage
Ripple voltage*  = max. permissible a.c. voltage providing 

the following three conditions are met:

1,1 x Ur UR

a) max. (d.c. + peak a.c.) voltage < 1,1 x Ur <Ur
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 1 V

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

100 Hz and Tamb = 85 °C see Table 2

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.

“'"’’Y Mullard



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:

“ _ 'rmaxn rn

lr max = maximum ripple current at 100 Hz and applicable ambient temperature;
ln = ripple current at a certain frequency;
rn = Ir/lro = 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 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 UR at Tamb = 25 °C see Table 2 (0,03 CU + 5 pA)
Leakage current during continuous operation at Ur,

at Lmb = 25 °C approx. 0,2 x value stated in Table 2
at Tamb = 85 °C < value stated in Table 2

If owing to prolonged storage and/or storage at an excessive temperature (> 40 °C) 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 6 (dissipation factor)
Maximum tan 5 at 100 Hz and Tamb = 25 °C, measured by means

of a four-terminal circuit (Thomson circuit) see Table 2

Equivalent series resistance (ESR)
ESR = tan 8/toC
Maximum tan 5 and C at 100 Hz and Tamb = 25 °C see Table 2

Impedance (Z)
Maximum impedance at Tamb = 20 °C and
10 kHz (Cnom < 1000 pF) or 1 kHz (Cnom > 1000 pF), 
measured by means of a four-terminal
circuit (Thomson circuit) see Table 2
z = Z x Cnom see Table 3
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034 Series

Table 3

Tamb
z Z x CpOm (Î2 gF) at Ur

6,3 V 10 V 16 V 25 V 35 V 40 V 50 V 63 V 100 V

Cnom > 1000 pF, + 20 °C 350 300 250 220 — 200 180 175
at 1 kHz -25 °C 1700 1100 800 570 — 430 — 330 300

-40 °C 4500 2800 2000 1400 — 1100 — 800 700

^nom 1000 mF, + 20 °C 200 160 120 90 75 70 60 55 45
at 10 kHz -25 °C 1200 750 560 400 330 300 220 180 130

-40 °C 3200 2000 1500 1100 950 900 700 500 350

Ratio between impedances at Tamb = —25 °C and + 20 °C, 
and at Tamb = —40 °C and + 20 °C, at 100 Hz 
measured by means of a four-terminal 
circuit (Thomson circuit)

OPERATIONAL DATA

Category temperature range
Life expectancy

Tamb - 85 °C 
at Tamb =105 °C

see Table 2

-40 to + 85 °C

2000 h
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.

j“"v,979Y Mullard Ü



041 Series

ALUMINIUM ELECTROLYTIC CAPACITORS

• Miniature type
• Axial leads or single ended
• High voltage
• General and industrial applications

QUICK REFERENCE DATA

Nominal capacitance range (E3 series) 
Tolerance on nominal capacitance 
Rated voltage range Ur
Category temperature range 
Endurance test at 85 °C
Basis specifications

Climatic category 
I EC 68 
DIN 40040

1 to 22 mF
-10 to+50%
160 to 385 V
-40 to +85 °C
1000 h
I EC 384-4, general-purpose grade
DIN 41316

40/085/56
GPF

Selection chart for Cnom-UR and relevant case sizes.

Gnom 
mF

Ur (V)

160 250 350 385

1 4
2,2 4 5
4,7 4 5 6 7

10 5 7
22 7

case 
size

nominal 
dimensions (mm)

4 0 6,5x18
5 0 8 x 18
6 0 10 x 18
7 0 10 x 25

Mullard June 1980 1



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

0d 00

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

Table la

case 
size d

style 1 mass 
approx.

9^nom (■nom Dmax Lmax ^min

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 18,5 25 2,5
7 0,8 10,0 25,0 10,5 25,0 30 3,3
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041 SeriesAluminium electrolytic capacitors

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

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

Table 1b

case 
size d

Styles 2 and 3 mass 
approx, 

gUmax Umax P

4 0,8 6,9 21,5 5 -10 1,2
5 0,8 8,5 21,5 5 -10 1,6
6 0,8 10,5 21,5 7,5-12,5 2,3
7 0,8 10,5 28,0 7,5-12,5 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 IEC 62;
band to identify the negative terminal;
+ signs to identify the positive terminal.

Mounting
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.
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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 °C, a frequency of 100 Hz, an atmospheric pressure of 860 to 1060 mbar and a relative humidity of 
45 to 75%.

Ur

V

nom. 
cap.

mF

max. r.m.s. 
ripple current 

atTamb = 85°C 
mA

max. leakage 
current at Ur 

after 5 min 
mA

max. 
ESR

n

case 
size

catalogue number *

160 4,7 26 38 53,2 4 2222 041 .1478
160 10 41 68 25,0 5 .1109
160 22 77 126 11,4 7 .1229

250 2,2 18 28 132 4 .3228
250 4,7 29 55 61,7 5 .3478
250 10 55 95 29 7 .3109

350 4,7 32 69 68,1 6 .5478

385 1 12 19 335 4 .8108
385 2,2 23 42 152 5 .8228
385 4,7 43 71 71,3 7 .8478

Capacitance
Nominal capacitance values at 100 Hz and Tamb = 20 °C see Table 2

Tolerance on nominal capacitance at 100 Hz —10 to +50%

Fig. 4 Typical capacitance as a function of ambient temperature;
Cq = 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.

Mullard



041 SeriesAluminium electrolytic capacitors

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
c) momentary value of applied voltage

Surge voltage = max. permissible voltage for short periods
for Ur = 160 V or 250 V
for Ur = 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 Tamb = 85 °C

1.1 * Ur
Ur

Ur
1 v
between Ur and —1 V

1,15x Ur 
U x Ur

see Table 2

1 V

Fig. 5 Typical ripple current as a function of ambient temperature; lrQ = 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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041 Series

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

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

'rmax = maximum ripple current at 100 Hz and applicable ambient temperature;
ln = ripple current at a certain frequency;
rn = lr/'rO= multiplying factor at a same frequency.

Leakage current

Maximum leakage current 5 min after application
of the rated voltage at Tarnb = 20 °C see Table 2 (0,05 CU or 5 pA

for CU < 1000 pC; 0,03 CU 
+20 pA for CU>1000 pC)

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 Series

Equivalent series resistance (ESR)
ESR at 100 Hz, measured by means of a four-
terminal circuit (Thomson circuit) see Table 2

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

Curve 1 • case size 4, 385 V;
Curve 2 = case size 5, 385 V;
Curve 3 = case size 4, 160 V;

Curve 4 = case size 7,385 V;
Curve 5 = case size 5, 160 V;
Curve 6 = case size 7, 160 V.

Mullard June 1980 7



041 Series

Fig. 8 Typical ESR as a function of frequency at 20 °C; Ur = 250 V.

Impedance

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

Tamb <°c>

Fig. 9 Typical impedance as a function of ambient 
temperature at 10 kHz; Ur = 250 V.

Mullard June 1980 9



Fig. 10 Typical impedance as a function of frequency at 20 °C.
curve 1 = case size 4, 250 V;
curve 2 = case size 5, 250 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.
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041 Series
Aluminium electrolytic capacitors

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 
size A S

T for number (n) 
of capacitors Lmax

n < 50 50<n< 100

4 73 ± 1,6 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 15 ±0,75 15 (n-1) ±2 15 (n-1) ±4 18,5
7 73 ± 1,6 15 ±0,75 15 (n-1) ±2 15 (n-1) ±4 25,0

Mullard June 1980 11



041 Series

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
2 = bandolier

3 = paper
4 = flange

5 ='cylinder
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042 Series
043 Series

ALUMINIUM ELECTROLYTIC CAPACITORS

• 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, I EC 68

10 to 100 pF
-10 to+ 50%
160 to 385 V
-40 to + 70 °C
2000 h
IEC 384-4, type 1, long-life grade 
40/070/56

Selection chart for Cnom-UR and relevant case sizes.

Gnom 
mF

Ur (V)
160 250 350 385

10
22
47

100
02
03

01
03

01
02
04

01 
03

case 
size

nominal 
dimensions (mm)

01 0 12,5x30
02 0 15 x30
03 0 18 x 30
04 0 18 x 41

APPLICATION
For smoothing, coupling and decoupling purposes in circuits where a high voltage is required.
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042 Series
043 Series

DESCRIPTION

The capacitors are available in 3 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; 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

Fig. 1 Style 1; see Table 1a for dimensions D, L, 8 and P.

Table la

case 
size

style 1
Unom '-nom Umax Lmax i 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 41,5 34+ 1 45,0
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042 Series
043 Series

Aluminium electrolytic capacitors

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

Table 1c

case 
size

style 3
d Umax *-max P

01 0,8 13,0 34,0 7,5-12,5
02 0,8 15,5 34,0 10,0-15,0

Fig. 3 Style 3; see Table 1c for 
dimensions d, D, L and P.
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042 Series
043 Series

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 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 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 °C, a frequency of 100 Hz, an atmospheric pressure of 860 to 1060 mbar and a relative humidity 
of 45 to 75%.

Ur

V

nom. 
cap.

mF

max. r.m.s. 
ripple current 

at Tamb = 20 °C 
mA

max. leakage 
current at Ur 
after 5 min

pA

max. 
ESR

n

case 
size

catalogue 
number *

160 47 173 246 3,2 02 2222 042.1479
160 100 280 500 1,5 03 2222 042.1019
250 22 100 185 8,1 01 2222 042.3229
250 47 176 373 3,8 03 2222 042.3479
350 10 50 125 19 01 2222 042.5109
350 22 81 251 8,8 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.
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Aluminium electrolytic capacitors 043 Series

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

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

Voltage
Rated voltage = max. permissible voltage 

at < 40 °C 
at 40 to 70 °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 
c) momentary value of applied voltage

Surge voltage = max. permissible voltage for short periods 
for Ur = 160 V or 250 V 
for Ur = 350 V or 385 V

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

1,1xUr 
UR

between Ur and —1 V

1,15x Ur
1,10xUR

1 V

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

Mullard June 1980 5



042 Series
043 Series

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

100 Hz and Tamb = 70 °C see Table 2

Fig. 6 Typical ripple current as a function of frequency; lrQ = 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.

6 June 1980 Mullard
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043 SeriesAluminium electrolytic capacitors

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

i 2
y n i 2 kmax
n rn

lr max ~ maximum ripple current at 100 Hz and applicable ambient temperature;

ln = ripple current at a certain frequency;

rn = 'r/'rO = 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)

m
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If the leakage current is too high, owing to prolonged storage and/or storage at an excessive tempera
ture (> 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.

U/UR; lo = leakage current during continuous 
operation at 25 °C and UR.

ambient temperature; lo = leakage current during 
continuous operation at 25 °C and UR.

Mullard June 1980 7
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Equivalent series resistance (ESR)
ESR at 100 Hz, measured by means of a 

four-terminal circuit (Thomson circuit)

Fig. 9 Typical ESR as a function of ambient 
temperature at 100 Hz.
Case size 01:
curve 1 = 10 pF, 350 V/385 V;
curve 2 = 22 pF, 250 V.

see Table 2

Fig. 10 Typical ESR as a function of ambient 
temperature at 100 Hz.
Case size 02:
curve 1 =22 pF, 350 V
curve 2 = 47 pF, 160 V

8 June 1980 Mullard
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043 SeriesAluminium electrolytic capacitors

Fig. 11 Typical ESR as a function of ambient 
temperature at 100 Hz.
Case size 03:
curve 1 = 22 gF, 385 V;
curve 2 = 47 gF, 250 V;
curve 3 = 100 gF, 160 V.

Fig. 12 Typical ESR as a function of ambient 
temperature at 100 Hz.
Case size 04: 47 gF, 350 V.

Mullard June 1980 9
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Fig. 14 Typical ESR as a function of frequency at 20 °C. Case size 02: 
curve 1 = 22 pF, 350 V; curve 2 = 47 pF, 160 V.

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

Fig. 18 Typical impedance as a function of frequency at different temperatures. Case size 01 : 
10 pF, 350 V/385 V.

Mullard
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Fig. 19 Typical impedance as a function of frequency at different temperatures. Case size 02:47 pF, 160 V.

Fig. 20 Typical impedance as a function of frequency at different temperatures. Case size 02:22 pF, 350 V.

Mullard June 1980 13
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Fig. 21 Typical impedance as a function of frequency at different temperatures. Case size 03:100pF, 160 V.

Fig. 22 Typical impedance as a function of frequency at different temperatures. Case size 03:47 pF, 250 V.

14 June 1980 Mullard
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Fig. 23 Typical impedance as a function of frequency at different temperatures. Case size 03:22 mF, 385 V.

Fig. 24 Typical impedance as a function of frequericy at different temperatures. Case size 04:47 pF, 350 V.

Mullard
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Inductance (ESL)

Case size 01
Case size 02
Case size 03 and 04

OPERATIONAL DATA

Category temperature range for rated voltage

PACKING

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

50 nH I
55 nH ! typical values
60 nH J

-40 to + 70 °C

16 June 1980 Mullard



050 SERIES
DEVELOPMENT SAMPLE DATA
This information is derived from development samples made available
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 pF
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 °C, at Ur 2000 h
Basic specification IEC 384-4, long-life grade;

DIN 41240
Dimensional specification DIN41238
Climatic category, IEC68 40/085/56

Selection chart for Cnom-UR and relevant case sizes.

^nom 
pF

Ur (V)
10 16 25 40 63 100

470 1
680 2

1 000 1 3
1 500 1 2 4
2 200 1 2 3 5/6
3 300 1 2 3 4 7
4 700 1 2 3 4 5/6 8
6 800 2 3 4 5/6 7 9

10 000 3 4 5/6 7 8
15 000 4 5/6 7 8 9
22 000 5/6 7 8 9
33 000 7 8 9
47 000 8 9
68 000 9

nominal dimensions (mm)

case 
size

versions with 
solder tags

versions with 
printed-wiring pins

1 0 25 x 35 0 25 x 35
2 0 25 x 45 0 25 x 45
3 0 30 x 45 0 30 x 45
4 0 35 x 45 0 35 x 45
5 0 35 x 55 0 35 x 55
6 0 40 x 45
7 0 40 x 55 0 40 x 55
8 0 40 x 75 0 40 x 75
9 04Ox 105 0 40 x 105

Mullard



050 SERIES

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

Capacitors with solder tags
Dimensions in mm

1 = plus
5 = minus

2 July 1980 Mullard



050 SERIESAluminium electrolytic capacitors

Capacitors with printed-wiring pins

D
EV

EL
O

PM
EN

T 
SA

M
PL

E 
D

A
TA

Piercing diagram viewed 
from component side.

Table 1b

case size L mass approx, 
g

1 35 Ì +1,3 25
2 45 30

Piercing diagram viewed 
from component side.

Table 1c

case size

3 45 + 1,3

mass approx, 
g

40

Zi Mullard



050 SERIES

Piercing diagram viewed 
from component side.

Table 1d

case size L mass approx, 
g

4 45 I . „ 55
5 55 I +1'd 65

□ 2.5

Piercing diagram viewed 
from component side.

Table 1e

case size

6 
7
8 
9

45
55
75

105
+ 1,3

mass approx. 
g

70
85

115
160

4 July 1980 Mullard



050 SERIESAluminium electrolytic capacitors

Marking
The capacitors are marked with: nominal capacitance, tolerance on capacitance, rated voltage, 
temperature range, IEC grade, catalogue number, date code (year, month) according to I EC 62, 
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 should be connected to the negative terminal only.

Minimum atmospheric pressure 8,5 kPa
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050 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 to 75%.

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

Ur

V

nom. 
cap.

mF

max. r.m.s. 
ripple current 

(A) at

max. 
leakage 
current at 
Ur after 
5 min (mA)

typ.
tan S

max. 
ESR

mil

max. 
impedance 
at 10 kHz

mil

case 
size

catalogue 
number*

050 
followed

by
100 Hz, 
85 °C

20 kHz, 
70 °C

10 4 700 2,4 4,6 0,28 0,19 74 40 1 .4472
6 800 3,2 6,1 0,41 0,18 51 28 2 .4682

10 000 3,8 7,2 0,60 0,24 39 25 3 .4103
15 000 4,1 7,8 0,90 0,33 35 24 4 .4153
22 000 5,0 9,5 1,32 0,37 27 21 5 .4223
22 000 4,2 8,0 1,32 0,48 36 25 6 .4223
33 000 5,0 9,5 1,98 0,58 29 21 7 .4333
47 000 6,8 12,9 2,82 0,58 20 17 8 .4473
68 000 9,2 17,5 4,08 0,62 15 14 9 .4683

16 3 300 2,4 4,6 0,32 0,13 75 42 1 . 5332
4 700 3,1 5,9 0,45 0,14 52 30 2 .5472
6 800 3,7 7,0 0,65 0,17 40 27 3 .5682

10 000 4,1 7,8 0,96 0,22 36 26 4 . 5103
15 000 5,0 9,5 1,44 0,25 28 21 5 . 5153
15 000 4,2 8,0 1,44 0,33 36 25 6 .5153
22 000 5,0 9,5 2,12 0,38 29 21 7 .5223
33 000 6,7 12,7 3,17 0,41 20 17 8 .5333
47 000 9,1 17,3 4,51 0,42 15 14 9 . 5473

25 2 200 2,3 4,4 0,33 0,10 78 44 1 . 6222
3 300 3,1 5,9 0,49 0,11 53 32 2 .6332
4 700 3,7 7,0 0,70 0,12 42 27 3 .6472
6 800 4,1 7,8 1,02 0,15 37 26 4 .6682

10 000 5,0 9,5 1,50 0,17 28 21 5 .6103
10 000 4,2 8,0 1,50 0,22 36 25 6 .6103
15 000 5,0 9,5 2,25 0,26 29 21 7 .6153
22 000 6,8 12,9 3,30 0,27 20 17 8 .6223
33 000 9,2 17,5 4,95 0,30 15 14 9 .6333

40 1 500 2,0 3,8 0,36 0,085 102 60 1 . 7152
2 200 2,7 5,1 0,53 0,087 69 42 2 .7222
3 300 3,3 6,3 0,79 0,10 52 35 3 . 7332
4 700 3,8 7,2 1,13 0,12 44 32 4 . 7472
6 800 4,7 8.9 1,64 0,13 33 26 5 . 7682
6 800 4,1 7,8 1,64 0,17 41 30 6 . 7682

10000 4,9 9,3 2,40 0,19 32 25 7 . 7103
15 000 6,6 12,5 3,60 0,21 23 20 8 .7153
22 000 9,0 17,1 5,28 0,22 17 16 9 . 7223

6 July 1980 Mullard
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DE
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Table 2 (continued)

Ur

V

nom. 
cap.

mF

max. r.m.s. 
ripple current 

(A) at

max. 
leakage 
current at 
Up after 
5 min (mA)

typ. 
tan 8

max. 
ESR

mil

max. 
impedance 
at 10 kHz

mil

case 
size

catalogue 
number* 

050 
followed 

by
100 Hz, 
85 °C

20 kHz, 
70 °C

63 1 000 1,8 3,4 0,38 0,064 122 70 1 .8102
1 500 2,5 4,7 0,57 0,065 83 48 2 .8152
2 200 3,1 5,9 0,83 0,076 57 39 3 .8222
3 300 3,6 6,8 1,25 0,094 48 35 4 .8332
4 700 4,4 8,3 1,78 0,10 36 27 5 .8472
4 700 3,8 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 2,3 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 .9102
1 500 2,6 4,9 0,90 0,10 117 120 4 .9152
2 200 3,2 6,1 1,32 0,11 84 90 5 .9222
2 200 3,0 5,7 1,32 0,12 96 110 6 .9222
3 300 3,6 6,8 1,98 0,14 70 75 7 .9332
4 700 5,0 9,5 2,82 0,13 49 55 8 .9472
6 800 6,9 13,1 4,08 0,14 34 40 9 .9682

* 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;

Mullard July 1980 7



050 SERIES

Capacitance
Nominal capacitance values at 100 Hz and Tamb = 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 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 Tamb = 85 °C
at 20 kHz and Tamb = 70 °C
at 100 Hz and other temperatures
at other frequencies and Tarrr = 85 °C

see T able 2
-10 to+ 30%

<50 °C 50 to 85 °C
1,1 x Ur Ur

< 1,1 x Ur <Ur

2 V
1,25 x UR |1,15xUr

2 V

see Table 2
see Table 2
see Table 3
see Table 4

Table 4Table 3

ambient 
temperature 

°C

multiplier of 
max. ripple 
current

frequency

Hz

multiplier of 
max. ripple 
current,-^Xr

85 1,00 50 0,83
80 1,22 100 1,00
75 1,41 200 1,10
70 1,58 400 1,15
65 1,73 1000 1,19
Q0 1,87 >2000 1,20
55 2,00
50 2,12
45 2,24

<40 2,35

* 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.

8 July 1980 Mullard



Aluminium electrolytic capacitors 050 SERIES

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

S — ^'rmax2 
n rn

lr max = maximum ripple current at 100 Hz and applicable ambient temperature
ln = ripple current at a certain frequency
^rn = 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. 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 
g of the rated voltage at Tamb = 20 °C 
w Maximum leakage current 15 min after application 
x of the rated voltage
< at Tamb = 20 °C
“ atTamb = 85°C

see Table 2 (0,006 CU + 4 pA)

0,125 x value stated in Table 2
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 
S 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 6 (dissipation factor)

Tan S at 100 Hz and Tamb = 20 °C, 
measured by means of a four-terminal 
circuit (Thomson circuit) see Table 2

Impedance

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

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

Inductance (ESL)
10V, 16V,25V and 40 V versions
63 V and 100 V versions

max. 30 nH
max. 50 nH

Mullard



050 SERIES

OPERATIONAL DATA

Category temperature range

Life expectancy

Typical life time
« Tamb = 88 °C
«Tamb = 40 °C

Guaranteed life time at maximum ripple 
current and different temperatures

Tables

ambient 
temperature 

oc

guaranteed life time (h) 
at maximum ripple current

66 2 000
80 3100
75 4 800
70 7500
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, Tamb = 40 °C and confidence
level 60%

PACKING

The capacitors are packed in boxes containing 100 pieces.

-40 to + 85 °C

>5000h 
> 200 000 h

see Table 5

<0,5x IO'7

10 July 1980 Mullard



DEVELOPMENT SAMPLE DATA
This information is derived from development samples 
made available for evaluation. It does not necessarily 
imply that the device will go into regular production.

052 SERIES

ALUMINIUM ELECTROLYTIC CAPACITORS

QUICK REFERENCE DATA

• Large type with solder tags or printed wiring pins
• Long life grade

• High voltage for industrial applications

Nominal capacitance range (E6 Series) 47 to 1000 mF
Tolerance on nominal capacitance -10 to+30%
Rated voltage range 250 and 385 V
Category temperature range -40 to +85 °C
Endurance test at Ur 2000 hours at +85 °C
Basic specification IEC384—4, long-life grade 

DIN41240
Dimensional specification DIN41238
Climatic category, IEC68 40/085/56

Selection chart for Cnom — Ur and relevant case sizes

Cnom 
mF

UR (V)

250 385

47 1
68 2

100 1 3
150 2 4
220 3 5/6
330 4 7
470 5/6 8
680 7

1000 8

nominal dimensions (mm)

case 
size

versions with 
solder tags

versions with 
printed-wiring pins

1 025 x 35 025 x 35
2 025 x 45 025 x 45
3 030 x 45 030 x 45
4 035 x 45 035 x 45
5 035 x 55 035 x 55
6 — 040 x 45
7 040 x 55 040 x 55
8 040 x 75 040 x 75

Mullard May 1980 1



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
• 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

Capacitors with solder tags

Dimensions in mm

Table la

case 
size

D L
approx, 

mass
g

1 25 35 25
2 25 45 30
3 30 45 40
4 35 +0.6 45 + 1.3 55
5 35 55 65
7 40 55 85
8 40 75 115

tag 1 = positive
tag 5 = negative

2 May 1980 Mullard



Aluminium electrolytic capacitors 052 SERIES

Capacitors with printed-wiring pins

Piercing diagram viewed 
from component side

Table 1b

case size L approx, mass
9

1 35 i +1.3 25
2 45 I 30

Piercing diagram viewed 
from component side

Table 1c

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

3

case size approx, mass 
g
40

Mullard May 1980 3



052 SERIES

Piercing diagram viewed 
from component side

Table 1d

case size L
approx, mass

9

4 45 + 1.3 55
5 55 65

Piercing diagram viewed 
from component side

Table 1e

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

case size L
approx, mass

9

6 45 I 70
7 55 +1.3 85
8 75 J 115

Mullard



Aluminium electrolytic capacitors 052 SERIES

Marking

The capacitors are marked with;

Nominal capacitance
Tolerance on capacitance
Rated voltage
Temperature range
IEC 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 
I 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.
J If the case has to be at a specified potential, it should be connected to the negative terminal only.
>
J Minimum atmospheric pressure 8.5 kPa

) 

j

j 
)

Mullard May 1980 5



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 to 75%.

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

Ur

V

nom. 
cap.

mF

max. r.m.s. 
ripple current 

(A) at 100 Hz
(1)

max. leakage 
current at 

Ur after 5 min. 
(1)

pA

typ.
tan 8

(1)

max. 
ESR

(1) 
mil

max. 
impedance 
at 10 kHz

(1)

mil

case 
size

catalogue 
number

052
followed by*

85 °C 70 °C

250 100 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 0.4 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 1.3 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 Mullard



Aluminium electrolytic capacitors 052 SERIES

Capacitance
Nominal capacitance values at 100 Hz and Tamb = 20 °C See Table 2
Tolérance on nominal capacitance at 100 Hz —10 to +30%

Voltage
<+50 °C +50 to +85 °C

Rated voltage = maximum permissable voltage 1.1 x Ur

Ripple voltage* = maximum permissable voltage provided
that the following conditions are met:
(a) maximum positive voltage on anode (d.c. + peak a.c.) <1.1 x Ur

(b) maximum positive voltage on cathode (reverse voltage) 2

Surge voltage
<+50 °C

Ur

Ur 
V

+50 to +85 °C

Maximum permissable voltage for short periods 1.25 Ur
1.20 Ur

1.15 Ur (Ur = 250 V)
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 2 V

Ripple current*
Maximum permissible r.m.s. ripple current at 100 Hz

and Tamb = 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:

_ 'r
> n ----- < 'r2 max.
Z-r rn

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

lr = ripple current at a certain frequency

multiplying factor at same frequency =
ESR (100 Hz)

ESR (fn)

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

Mullard
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Table 3 Table 4

ambient 
temperature 

(°C)

multiplying factor 
of maximum 

ripple current
frequency 

(Hz)

multiplying factor 
of maximum

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

<40 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 Tamb = 20 °C

Maximum leakage current after 15 min. at Ur
al Tamb " 20 °C
at Tamb ~ 65

See Table 2 (0.006 CU + 4 pA

0.125 x value stated in Table 2
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 8 (dissipation factor)

Tan 8 at 100 Hz and Tamb = 20 °C 
measured by means of a four-terminal 
circuit (Thomson circuit)

Impedance

Maximum impedance at 10 kHz and Tamb = 20 °C 
measured by means of a four-terminal circuit 
(Thomson circuit)

Equivalent series resistance
Measured at 100 Hz and Tamb= 20 °C

See Table 2

See Table 2

See Table 2

8 May 1980 Mullard



Aluminium electrolytic capacitors 052 SERIES

OPERATIONAL DATA
Category temperature range

For rated voltage

Life expectancy

Typical life time
at Tgmb 85 °C
at Tamb = 40 °C

Guaranteed life time at maximum ripple 
current and different temperatures

-40 to +85 °C

>5000 hours 
>200 000 hours

See Table 5

Table 5

ambient 
temperature 

(°C)

guaranteed life time 
at maximum ripple current 

(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, Tamb = 40 °C and confidence 
level 60%

PACKING

The capacitors are packed in boxes of 100 pieces

<W'

Mullard May 1980



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.

For case sizes 1,2,3,7 and 8 For case sizes 4 and 5.

case size
dimensions (mm)

catalogue number
a b c d e

1, 2 41.5 ± 0.2 25 35 18.5 56 4322 043 03301
3 46.5 ± 0.2 30 40 21 61 4322 043 03311
4, 5 51.5 + 0.2 35 — 23.5 63 4322 043 04272
7,8 56.5 ± 0.2 40 50 26 71 4322 043 03331

10 May 1980 Mullard



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
Capacitance tolerance 
Rated voltage range (Ur)
Climatic category (IEC 68)

680 to 47 000 pF
-10 to +50%
6.3 to 63 V
40/085/56 (IEC 384-4 long life grade).

ELECTROLYTE
Impregnated into high purity grade paper.

CASING

Aluminium 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 (□) for the positive terminal and 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 °C or greater than 80 000 hours at 40 °C.

Mullard June 1978 1



071 Series

D7495(846
QUICK SELECTION CHART

Capacitance 
(juF)

Rated voltage (V)

6.3 10 16 25 40 63

680

1000

1500

2200

3300

4700

6800

10 000

15 000

22 000

33 000

47 000

Zc

Zcry~fi )

Ta__

__Zc

- _____ Zc¿y - ZrT -fn\ / ____

_____ ZclY__ -Zc

y ID y /y f 1 □ J

\___ Znv____Zo\_ / Zim_____

_____ Zc JL /

- 1 U F I ! VUJ V J VI

ZoY fax___ ZiMi ' y Viz Xi/ X

Zov Znv /ini   I UF v □ j— VI

__ ___ZoY___ZiHY____

Can 
size

Dimensions 
(mm)

5 021.6x 51.3

____ Zinv____ 6 025.6x 51.3
7 025.6x 81.3

8 - 030.6x 81.3
9 035.6x 81.3
10 04O.6x 81.3

Mullard



Aluminium electrolytic capacitors 071 Series

MECHANICAL DATA Dimensions in mm

can size L max. D max. S
Typical 
weight 

(g)

5 51.3 21.6 13 20
6 51.3 25.6 13 30
7 81.3 25.6 13 45
8 81.3 30.6 19 70
9 81.3 35.6 19 100

10 81.3 40.6 19 130

Mullard June 1978 3



071 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 10$ Pa (1000 mbars) and a relative humidity of 75% maximum.

rated 
voltage

Ur 
(notes 1 
and 2)

capaci
tance

(-10 to 
+50%)

can 
size

max. 
leakage 
current 
(note 3)

max.
permissible 

ripple
current 
(note 4)

max. 
tangent 
of loss 
angle

max. 
h.f. 

impedance 
(f = 100 kHz)

type 
number

(V) (pF) (mA) (A) (tan 8) («)
50 °C 70 °C 85 °C

10 000 6 0.38 4.0 3.1 1.8 0.50 0.06 071 13103
15 000 7 0.57 6.1 4.8 2.7 0.50 0.05 071 13153

6.3 22 000 8 0.84 8.3 6.4 3.7 0.50 0.05 071 13223
33 000 9 1.25 11.0 8.5 4.9 0.50 0.025 071 13333
47 000 10 1.78 14.2 11.0 6.3 0.50 0.025 071 13473

4 700 5 0.28 2.5 1.9 1.1 0.35 0.08 071 14472
6 800 6 0.41 4.0 3.1 1.8 0.35 0.06 071 14682

10 000 7 0.60 6.0 4.6 2.7 0.35 0.05 071 14103
10 15 000 8 0.90 8.2 6.3 3.7 0.35 0.05 071 14153

22 000 9 1.32 10.6 8.3 4.8 0.35 0.025 071 14223
33 000 10 1.98 13.4 10.4 6.0 0.35 0.025 071 14333

3 300 5 0.32 2.4 1.9 1.1 0.25 0.08 071 15332
4 700 6 0.45 3.9 3.0 1.7 0.25 0.06 071 15472
6 800 7 0.655 5.8 4.5 2.6 0.25 0.05 071 15682

16 10 000 8 0.96 7.9 6.1 3.5 0.25 0.05 071 15103
15 000 9 1.44 10.5 7.6 4.7 0.25 0.025 071 15153
22 000 10 2.12 13.8 10.6 6.1 0.25 0.025 071 15223

2 200 5 0.33 2.2 1.7 1.0 0.20 0.08 071 16222
3 300 6 0.495 3.7 2.8 1.7 0.20 0.06 071 16332
4 700 7 0.705 5.4 4.2 2.4 0.20 0.05 071 16472

25 6 800 8 1.02 7.3 5.6 3.3 0.20 0.05 071 16682
10 000 9 1.5 9.6 7.4 4.3 0.20 0.025 071 16103
15 000 10 2.25 12.6 9.8 5.7 0.20 0.025 071 16153

1 000 5 0.24 2.1 1.6 1.0 0.15 0.125 071 17102
2 200 6 0.53 2.9 2.2 1.3 0.15 0.1 071 17222
3 300 7 0.795 5.2 4.1 2.4 0.15 0.08 071 17332

40 4 700 8 1.13 7.0 5.4 3.1 0.15 0.08 071 17472
6 800 9 1.64 9.1 7.1 4.1 0.15 0.04 071 17682

10 000 10 2.4 12.0 8.7 5.3 0.15 0.04 071 17103

680 5 0.26 2,1 1.4 0.8 0.10 0.125 071 18681
1 000 6 0.38 2.9 2.2 1.3 0.10 0.1 071 18102
1 500 7 0.57 4.3 3.4 2.0 0.10 0.08 071 18152

63 2 200 8 0.835 5.8 4.5 2.6 0.10 0.08 071 18222
3 300 9 1.25 7.8 6.0 3.5 0.10 0.04 071 18332
4 700 10 1.78 10.0 7.8 4.5 0.10 0.04 071 18472

4 June 1978 Mullard



Aluminium electrolytic capacitors 071 Series

ELECTRICAL DATA (continued)

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. 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 Tamb < 80 °C 8.3 13 20.5 31.8 50.5 79.3

maximum permissible 
voltage at Tamb > 80 °C 7.5 11.7 18.5 28.6 45.5 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 Ur

at 20 °C: approx. .125 x value shown in table.
at 85 °C: < value shown 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.

OPERATIONAL DATA

_ . , tan 8
Equivalent series resistance (ESR = —— )

gjC

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 °C max. for 5 seconds max.

Ü Mullard



071 Series

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

can 
size

mounting clip 
type number

5 B1 271 21
6 B1 271 22

7 B1 271 22

8 DT2402
9 B1 271 24

10 B1 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 pF, 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.

Mullard



Aluminium electrolytic capacitors 071 Series

Typical ripple current multiplying factor plotted against frequency

Typical capacitance as a function of ambient temperature

Mullard June 1978
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2

Impedance plotted against temperature 
can sizes 5,6 and 7

Impedance plotted against temperature 
can sizes 8,9 and 10
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Aluminium electrolytic capacitors 071 Series
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Aluminium electrolytic capacitors 071 Series

Typical impedance plotted against frequency. Tamb = 20 °C Can size 9

Mullard June 1978 11



106
107

Series

ALUMINIUM
ELECTROLYTIC CAPACITORS
Large, long life, computer grade
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.

QUICK REFERENCE DATA
Capacitance range (E6 Series) 1500 to 150 000 mF
Capacitance tolerance -10 to +50 %
Rated voltage range 6. 3 to 100 V
Climatic category (IEC 68) 106 Series

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

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. 3 to 63 V versions
100 V version

106 Series
10 7 Series

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

NOVEMBER 1979
Mudarci

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 
operation of the capacitor. The vent will operate when the internal pressure exceeds 
the external pressure by approximately one atmosphere (10^ Pa). Typical life is greater 
than 5000 hours at 85 °C, 80 000 hrs at 40 °C or 15 years at 25 °C.

Mullard
106 Series Page 2



ALUMINIUM
ELECTROLYTIC CAPACITORS
Large, long life, computer grade

106
107

Series

DIMENSIONS (millimetres)

Table 1

Dimensions in millimetres
Can 
size

Typical 
weight 

(g)
L 

max.

D 

max.

S
C

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) 2 4 6

Max. permissible torque (newton metres) 1.5 1 0.5

-------------------- Mullard---------------------
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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.

Rated 
voltage 
(notes 1 

and 2)

Capaci
tance 
(-10 to 
±50%)

Can 
size

Max. 
leakage 
current 
(note 4)

Max. 
permissible 

ripple 
current

Tamb = $5 °C 
(note 6)

ESR tan 6
H.F. 

impedance 
(f= 20 kHz)

Type 
number

(V) (pF) (mA) (A) (m2) (m2)

6.3

22 000
33 000
47 000
68 000

150 000

11
12
14
15
16

0.9
1.3
1.8
2.6
5.7

5
7.9
9.4

13.2
21.3

typ. max. typ. max.
106 33223
106 33333
106 33473
106 33683
106 33154

13.0
8.5
6.5
4.5
2.5

0. 32 
0.32 
0.35 
0.35 
0.45

8.5
7.0
5.5
4.0
3.5

13.0
10.5
8.0
6.0
5.5

10

15000
22 000
33 000
47 000

100 000

11
12
14
15
16

0.9
1.4
2.0
2.9
6.0

5.3
7.5
9.1

12.8
20.5

14.0
9.5
7.0
5.0
2.5

0. 23
0. 23
0. 25
0. 25
0. 27

8.5
7.0
5.5
4.0
3.5

13.0
10.5
8.0
6.0
5.5

106 34153
106 34223
106 34333
106 34473
106 34104

16

10 000 
15 000
22 000 
33 000
68 000

11
12
14
15
16

1.0
1.5
2.2
3.2
6.6

5.0
7.1
8.6

12.4
19.7

16.0
10.5
8.0
5.0
2.5

0.16 
0.16 
0.18 
0.18 
0.19

8.5
7.0
5.5
4.0
3.5

13.0
10.5
8.0
6.0
5.5

106 35103
106 35153
106 35223
106 35333
106 35683

25

6 800 
10 000 
15 000 
22 000 
47 000

11
12
14
15
16

1.1
1.5
2.3
3.3
7.1

4.7
6.7
8.2

11.6
18.7

18.0
12.0
8.5
6.0
3.0

0.12 
0.12 
0.13 
0.13 
0.14

8.5
7.0
5.5
4.0
3.5

13.0
10.5
8.0
6.0
5.5

106 36682
106 36103
106 36153
106 36223
106 36473

40

4 700
6 800

10 000
15 000
33 000

11
12
14
15
16

1.2
1.7
2.4
3.6
8.0

4.3
6.0
7.4

10.6
17.6

21.0
14.5
10.5
7.0
3.5

0.10 
0.10
0.10 
0.10 
0.11

11.5
8.5
6.0
4.5
3.5

17.0
13.0
9.0
7.0
5.5

106 37472
106 37682
106 37103
106 37153
106 37333

63

2 200
3 300
4 700
6 800

15 000

11
12
14
15
16

0.9
1.3
1.8
2.6
5.7

3.6
5.2
6.3
8.8

14.8

30.0
20.0
14.5
10.0
5.0

0.065 
0.065 
0.070 
0.070 
0.075

11.5
8.5
6.0
4.5
3.5

17.0
13.0
9.0
7.0
5.5

106 38222
106 38332
106 38472
106 38682
106 38153

100

1 500
2 200
3 300
4 700

10 000

11
12
14
15
16

0.9
1.4
2.0
2.9
6.0

3.1
4.5
5.4
7.7

12.6

270 
180 
120

80 
40

0.40
0.40
0.40
0.40
0.40

200 
130
90 
60
40

300
200
140
90
60

107 30152
107 30222
107 30332
107 30472
107 30103

Mullard
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106
107

Series

ALUMINIUM
ELECTROLYTIC CAPACITORS
Large, long life, computer grade

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.
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
« Tamb 85 °C (UR) 6.3 10 16 25 40 63 100

Max. permissible voltage 
«Tamb^40°C 6.9 11 17 27 44 69 110

Max. permissible surge' 
voltage at Tamb > 40 °C 7.20 11.5 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 Tamb = 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 = 85 °C 2. 2 x value stated on page 4*

TYPICAL INDUCTANCE

Case size 11 and 12
14 and 15
16

12 nH
15 nH
18 nH

EQUIVALENT SERIES RESISTANCE (ESR) = —rwu
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 longlife 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 33 000 gF 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



106
107

Series

ALUMINIUM
ELECTROLYTIC CAPACITORS
Large, long life, computer grade

Typical impedance as a function of temperature at 20 kHz

-------------------- Mullard---------------------
106 Series Page 7



Typical ESR as a function of temperature at 100 Hz

Mullard
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ALUMINIUM
ELECTROLYTIC CAPACITORS
Large, long life, computer grade

106
107

Series

Typical impedance plotted against frequency at Tamb = 20 °C, can size 11

Mullard
106 Series Page 9



Typical impedance plotted against frequency at Tan^ = 20 °C, can size 14

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

Mullard
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ALUMINIUM
ELECTROLYTIC CAPACITORS
Large, long life, computer grade

106
107

Series

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

Mullard
106 Series Page 11



Typical capacitance as a function of ambient temperature

106 Series Page 12
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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 pF
Capacitance tolerance —10 to+50%
Rated voltage range 6.3 to 63 V
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 D2541 (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 9C, or greater than 160 000 hours at 40 °C. Guaranteed life is 5 000 
hours at 85 °C with rated d.c. voltage applied.

Mullard January 1980 1



108 Series

QUICK SELECTION CHART 06267a(846)

Capacitance 
(pF)

2.2

3.3

4.7

6.8

10

15

22

33

47

68

100

150

220

330

470

680

1000

1500

2200

Rated voltage (V)

6.3 10 16 25 40 63

ZV\lb J

Im» J
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L) J

•n

lf\

J J

I U
Can 
size

Dimensions 
(mm)

juJJ 5 0 8.5 x 22 .5
6 0 10.5 x 22 .5

\u 00 0 10.5 x 32.5
01 0 13 x 32.5
02 0 15.5 x 32.5
03 0 18-5 x 32.5
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L max. D max. S min. can size
typical 
weight 

(g)

22.5 8.5 32 5 1.8
22.5 10.5 32 6 2.5

32.5 10.5 54 00 4.3
32.5 13 54 01 6.6
32.5 15.5 54 02 8.5
32.5 18.5 54 03 11.2

Mullard January 1980 3



108 Series

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 10^ Pa (1000 mbars) and a relative humidity of 75% maximum.

rated 
voltage 

(see
notes 1 
and 2)

(V)

capaci
tance 
(-10 to 
+50%)

(pF)

can 
size

max. 
leakage 
current

(see 
note 3)

(pA)

max. 
permissible 

ripple 
current

(see note 4)

(mA)

max. 
tangent 
of loss 
angle

(tan 6)

max.
h.f.

impedance 
(f = 100 kHz)

(SÎ)

max. 
effective 

series 
resistance

type 
number

150 5 10 130 0.20 1.60 2.12 108 33151
330 6 17 220 0.20 0.84 0.97 108 33331

6.3 470 00 22 325 0.20 0.42 0.68 108 33471
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 6 17 205 0.15 0.84 1.09 108 34221

10 330 00 24 325 0.15 0.42 0.72 108 34331
680 01 45 470 0.15 0.30 0.35 108 34681

1000 02 65 630 0.15 Ô.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

16 220 00 25 270 0.12 0.42 0.87 108 35221
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 03 100 650 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

220 01 37 360 0.10 0.30 0.72 108 36221
470 02 75 500 0.10 0.22 0.34 108 36471
680 03 105 650 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 5.79 108 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 01 28 245 0.08 0.30 1.27 108 37101
150 01 40 280 0.08 0.30 0.85 108 37151
220 02 55 360 0.08 0.22 0.58 108 37221
330 03 85 495 0.08 0.19 0.39 108 37331
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Aluminium electrolytic capacitors 108 Series

ELECTRICAL DATA (continued)

rated 
voltage 

(see 
notes 1 
and 2)

(V)

capaci
tance

(-10 to 
+50%)

(pF)

can 
size

max. 
leakage 
current 

(see 
note 3)

(f*A)

max. 
permissible 

ripple 
current 

(see note 4)

(mA)

max.
tangent 
of loss 
angle

(tan 8)

max.
h.f.

impedance 
(f = 100 kHz)

(«)

max. 
effective 
series 

resistance

(Í2)

type 
number

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

63
15 6 10 75 0.08 0.84 8.49 108 38159
22 6 12 90 0.08 0.84 5.79 108 38229
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. 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 Tamb < 50 °C 7.9 12.7 20.2 31.7 50.6 79.8

maximum permissible 
voltage at Tarnb > 50 °C 7.2 11.5 18.4 28.8- 46 725

V Mullard January 1980 5



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 °C 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 6

Equivalent series resistance (ESR = )

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 pF, 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.

January 1980 Mullard



<3

3
S'

Impedance plotted against temperature with frequency
as a parameter. Can size 00



Impedance plotted against temperature with frequency 
as a parameter. Can size 01

Alum
inium

 electrolytic capacitors 
I I 

108 S6n6S



co

3

2

S'

Impedance plotted against temperature with frequency
as a parameter. Can size 02



8

Impedance plotted against temperature with frequency 
as a parameter. Can size 03



<3

Impedance plotted against temperature with frequency as a 
parameter. Can size 5

Impedance plotted against temperature with frequency as a 
parameter. Can size 6



108 Seríes

Typical ripple current multiplying factor plotted against frequency

10 January 1980



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 pF
Tolerance on nominal capacitance -10 to +30%
Rated voltage range, Ur 250 to 385 V
Category temperature range -40 to +85 °C
Endurance test at 85 °C 2000 h
Basic specification IEC 384—4 long life grade
Climatic category, IEC68 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.

Ur (V) case size nom. dimensions (mm)

(pF) 250 385 10 0 35 x 60

150 10 11 0 3b x 80
12a 0 35 x 105

220 11 14 0 50 x 80330 10 12a 15a 0 50 x 105
470 11 14 16a 0 65 x 105
680 12a 15a 17 0 75 x 1051000 14 16a

1500 15a 16a
2200 16a 17
3300 16a
4700 17

Mullard July 1980 1



115 SERIES

MECHANICAL DATA Dimensions in mm

(7Z83284)
M80-1065/1

Fig. 1 See Table 1 for dimensions D, L, P, A, di, d2, 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+ 1.5 L + 3 P±0.1 di ± 0.2 d2x

10 35 60 13.0 8 M8 x 12
11 35 80 13.0 8 M8 x 12
12a 35 105 13.0 8 M8 x 12
14 50 80 22.0 8 M12x 16
15a 50 105 22.0 8 M12x 16
16a 65 105 28.5 11 M12x 16
17 75 105 32.0 11 M12x 16

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

Mullard



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 20 °C, a 
frequency of 100 Hz, an atmospheric pressure of 860 to 1060 mbar, and a relative humidity of 45 to 75%.

c) maximum ripple current is not exceeded

Capacitance

Nominal capacitance values at 100 Hz and Tamb = 20 °C
Tolerance on nominal capacitance at 100 Hz

see Table 2
-10 to+30%

Voltage
Rated voltage = max. permissible voltage 

at < 50 °C
at 50 °C up to 85 °C

1.1 UR 
Ur

Ripple voltage

Maximum permissible a.c. voltage providing 
the following three conditions are met: < 50 °C I 50 °C up to 85 °C
a) maximum positive voltage on anode (d.c. + peak a.c.) is:
b) maximum positive voltage on cathode (reverse voltage) is:

1.1 UR I UR

1 V

Surge voltage

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

< 50 °C 50 °C up to 85 °C
1.2Ur 1.15 Ur (Ur <250 V)

1.05 Ur (Ur = 375 V)

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

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

at 100 Hz and Tamb = 85 °C 
at 20 kHz and Tamb = 70 °C

see Table 2
see Table 2

Multiplying factor versus frequency and versus 
temperature for calculation of maximum ripple current see Tables 3 and 4

3r? Mullard



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:

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

ln = ripple current at a certain frequency

^/rn = 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

Ur

V

nom. 
cap.

mF

1) 
max. r.m.s. 

ripple current (A)

1) 
max. leakage 
current at

Ur 
after 5 min.

mA

1) 
ESR at 
100 Hz 

typ.

mil

1) 
Tan § 
max.

case 
size

catalogue 
number Ur 

115-Tamb = 85 °C 
100 Hz

Tamb=70°C
20 kHz

250 330 1.2 2.9 0.50 480 0.15 10 13331
470 1.7 4.1 0.71 340 0.15 11 13471
680 2.3 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 15a 13152
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 0.15 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 55 0.10 16a 18162
2200 6.0 14.4 4.95 40 0.10 17 18222

1) See also corresponding paragraph

Mullard



Aluminium electrolytic capacitors 115 SERIES

Table 3

ambient 
temperature 

°C

multiplying factor of 
max. ripple current versus 

temperature

85 1.0
80 1.4
75 1.7
70 2.0
65 2.2
60 2.4
55 2.6
50 2.8
45 3.0

<40 3.2

Table 4

frequency 
Hz

multiplier at 
maximum I r versus 

frequency

50 0.90
100 1.00
200 1.10
400 1.15

1000 1.19
>2000 1.20

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 Tamb = 20 °C

Leakage current after 15 min at Ur at 20 °C
85 °C

see Table 2 (0.006 CU + 4 pA)
0.125 x value stated in Table 2
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 8 (dissipation factor)

Tan 8 at 100 Hz, and Tamb = 20 °C, measured
by means of a four-terminal circuit (Thomson circuit) see Table 2

Impedance

Impedance at 20 kHz and Tamt> = 20 °C measured by
means of a four-terminal circuit (Thomson circuit) see Table 2

Equivalent series resistance (ESR) at 100 Hz and Tamb = 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

Mullard 5



115 SERIES

OPERATIONAL DATA
Category temperature range for rated voltage

Life expectancy
Typical lifetime at Tamb = 85 °C

40 °C

-40 to +85 °C

>5000h 
> 100 000 h

For minimum values see Table 5

Failure rate

at rated voltage, Tarnb = 40 °C and with confidence level 60% 
catastrophic
catastrophic + degradation

< IO’7
<3x W7

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

Table 5

ambient temperature 
°C

guaranteed lifetime 
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 IEC 384-4 for long life grade capacitors.

6 July 1980 Mullard



115 SERIESAluminium electrolytic capacitors

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.

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

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

r? Mullard July 1980 7



115 SERIES

MOUNTING ACCESSORIES (continued)

Fig.3 Clamp for case diameter of 50 mm 
Type No. DT2254

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

Fig.4 Clamp for case diameter of 65 mm 
Type No. DT2400

Mullard



Aluminium electrolytic capacitors 115 SERIES

98±0,5

110 + 1

12,5 
max

Fig.5 Clamp for case diameter of 75 mm 
Catalogue number: 4322 043 12990

rr+0,5 5.5 0
0 4,5+1

i ♦
12 6±_£1[7

I ±0,5 4

4,5
t±0,2

+ 0,5
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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 mF
Capacitance tolerance ±20 %
Rated voltage range (R5 Series) 6. 3 to 40 V
Climatic category (IEC 68) 

at rated voltage (Ur) 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.

Milliard October 1980 1
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Solid aluminium electrolytic capacitors 121 Series

DIMENSIONS (millimetres)

04932

*It is recommended not to bend leads closer to the capacitor body than 1mm

L max. D max. Can size Typical weight 
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 3



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 lO^Pa (lOOOmbars) and a relative 
humidity of 75% maximum.

Rated 
voltage 
(note 1, 
2 and 3)

(V)

Capaci - 
tance 
(±20%)

(mF)

Can 
size

Max. 
leakage 
current 
(note 4)

(mA)

Max. 
permissible 

ripple 
current at 
85 to 125°C 
(note 5) 
(mA)

Max. 
tangent 
of loss 
angle

(tan Ô)

Typ. 
ESR 

(note 6)

(8)

Max. 
h. f. 

impedance 
(f = 100kHz)

(8)

Type 
number

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
330 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 0.5 121 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

1 6 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
22 3 75 70 0.14 5.06 1.5 121 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
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Solid aluminium electrolytic capacitors 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 85°C. 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

^r)
at T < 85°C amb - 6.3 10 16 25 40
at T > 85°C amb 4 6.3 10 16 25

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 (U_)atT . < 85°C K amb — 6.3 10 16 25 40

Maximum permissible 
voltage at T , < 85°C amb _

7.3 11.5 18.5 29 46

Maximum permissible 
voltage at T . > 85°C amb

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)
Rated voltage (U„ ) at T , < 85°C 

R amb 6.3 10 16 25 40
Reverse voltage at T . < 85°C 

amb ~ 0. 95 1.5 2.5 3.75 6
Reverse' voltage at T . > 85°C. 6 amb 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) = -77- . This can be calculated from meas - cuG
urements at any frequency and ambient temperature.

Mullard October 1980 5



121 Series

Minimum insulation resistance 
.measured between insulating sleeve and 
both leads at an applied voltage of 100V

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

Minimum storage temperature
C limatic category (IEC Publication 68) 
full rated voltage (U ) 0.63LL R

K

SOLDERING CONDITIONS

100 MSI

1000 v
-80 °C

55/085/56
55/125/56

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 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 33gF, 16V rated capacitor should be ordered by quoting the type 

number 121 15339.

Mullard
6 October 1980



Solid aluminium electrolytic capacitors 121 Series

CAPACITANCE CHANGE AS A FUNCTION OF TEMPERATURE

DISSIPATION FACTOR CHANGE AS A FUNCTION OF TEMPERATURE

Mullard October 1980 7
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122 SERIES

SOLD ALUMINIUM CAPACITORS

• Miniature type
• Single ended

• Resin dipped

• Longlife

• 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
at 125 °C

Basic specification
Climatic category, I EC 68

0,1 to 68 gF 
-20 to + 40% 
(± 20% on request)
6,3 to 40 V 
-55 to + 125 °C

5000 h 
2000 h
IEC 384—4, long-life grade 
55/125/56

Selection chart for Cnom —Ur and relevant case sizes.

Cnom 
mF

Ur (V>

6,3 10 16 25 40*

0,1 1
0,15 1
0,22 1
0,33 1
0,47 2
0,68 1 2
1 1 3
1,5 1 4
2,2 1 2
3,3 1 2
4,7 1 2 3
6,8 1 2 4

10 1 2 3
15 2 2 4
22 2 3
33 3 4
47 4
68 4

case 
size

maximum 
dimensions (mm)

1 12,5 x 8 x 3,5
2 12,5 x 8 x 4,5
3 12,5x8x5
4 12,5 x 8 x 6

* Up to 85 °C, from 85 to 125 °C this value is 25 V.

Products approved to NEN CECC 30 302-002, available on request.
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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 side.

MECHANICAL DATA Dimensions in mm

Fig. 1 See Table 1 for dimensions T and W.

2 September 1980 Mullard



Solid aluminium capacitors 122 SERIES

Table 1

case 
size Tmax Wmax

1 3,5 8
2 4,5 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 pF, 25 V rated capacitor should be ordered by quoting the number 122 56338

Mullard 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 °C, a frequency of 100 Hz, an atmospheric pressure of 930 to 1060 mbar and a relative humidity 
of 45 to 75%.

Table 2

Ur 
V

nom.

cap.

mF

max r.m.s. 
ripple current 

at 1 kHz, Tamb = 85 °C 
mA *

max leakage 
current at Ur 

after 5 min 
pA *

max

tan 5 *

case 

size catalogue number

6,3 10 60 3 0,15 1 122 53109
15 70 5 0,15 2 53159
22 90 7 0,15 2 53229
33 110 11 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 11 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
3,3 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 57157
0,22 12,5 2 0,10 1 57227
0,33 15 2 0,10 1 57337
0,47 17,5 2 0,10 2 57477
0,68 20 2 0,10 2 57687
1,0 25 2 0,10 3 57108
1.5 30 3 0,10 4 57158

* See also corresponding paragraph.
** Up to 85 °C; from 85 to 125 °C this value is 25 V.
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Solid aluminium capacitors 122 SERIES

Capacitance
Nominal capacitance values at 100 Hz and Tamb = 25 °C

Tolerance on nominal capacitance at 100 Hz

see Table 2

—20 to + 40%; ± 20% on request

Fig.2 Typical capacitance as a function of temperature; Co = capacitance at 25 °C, 100 Hz.

Voltage
Rated voltage = max permissible voltage

at < 85 °C see Table 2, Ur
Derated voltage = max permissible voltage 

at >85 °C up to+125 °C 0,63 x U r for 40 V version.

Surge voltage = max permissible voltage for short periods 
(see also Tests and requirements)

Ur for other versions

1,15xUr
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.) voltage <Ur
• max peak a.c voltage < applied d.c. voltage +0,3 Ur

b) if only a.c. voltage is applied:
• max peak a.c. voltage < 0.8 Up

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.
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122 SERIES

Ripple current *
The maximum permissible r.m.s. ripple current at 1 kHz and 85 °C (lro) 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: lr max = “• lro>' “'s given ¡n 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 lr max can be calculated from the formula: 
lr max = Urrv^lO-3 (UR + 0,3 UR).f.C mA, 
in which: UR is rated voltage in V, f is frequency in Hz, C is minimum capacitance (0,8 Cnom) in pF.

Fig.3 Multiplying factor a 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.

• 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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Solid aluminium capacitors 122 SERIES

Leakage current

Maximum leakage current 5 min. after application 
of the rated voltage, at Tamb = 25 °C see Table 2 (0,05 CU or 2 gA

whichever is greater)

Leakage current during continuous operetion at Ur 
at 25 °C approx. 0,02 x value stated in Table 2
at 85 °C approx. 0,1 x value stated in Table 2

Fig. 4 Multiplier 1/lQI 85 a function of temperature; Iqi = leakage current during continuous operation 
* UR, Tamb = 25 °C.

Tan 6 (dissipation factor)

Tan 6 at 100 Hz and Tamb = 25 °C, measured by 
means of a four-terminal circuit (Thomson circuit) see Table 2

Mullard September 1980 7



122 SERIES

Fig.5 Multiplier of dissipation factor as a function of temperature; tan 8q = dissipation factor at 25 °C 
100 Hz.

Impedance

Impedance at 100 kHz and Tamb = 25 °C, measured by 
means of a four-terminal circuit (Thomson circuit) see Table 2

Fig.6 Multiplier of impedance Z/Zq as a function of frequency at different temperatures; Zg = im
pedance initial value at 25 °C.
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Solid aluminium capacitors 122 SERIES

r?

Fig.7 Typical impedance as a function of frequency at 25 °C, case size 1. Curve 1 =0,15 pF, 40 V; 
curve2 = 0,68 pF, 25 V; curve.3 = 4,7 pF, 10 V; curve 4 = 10 pF, 6,3 V.

Fig.8 Typical impedance as a function of frequency at 25 °C; case size 2. Curve 1 = 0,47 pF, 40 V; 
curve 2 = 2,2 pF, 25 V; curve 3 = 10 pF, 10 V; curve 4 = 22 pF, 6,3 V.
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122 SERIES

Fig.9 Typical impedance as a function of frequency at 25 °C; case size 3. Curve 1 = 1 pF, 40 V; 
curve 2 = 4,7 pF, 25 V; curve 3 = 10 pF, 16 V; curve 4 = 33 pF, 6,3 V.

Fig.10 Typical impedance as a function of frequency at 25 °C; case size 4. Curve 1 = 6,8 pF, 25 V; 
curve 2=15 pF, 16 \Z; curve 3 = 68 pF, 6,3 V.
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Solid aluminium capacitors 122 SERIES

Equivalent series resistance (ESR) et 100 Hz
ESR=^tt

Tan 5 and C at 100 Hz

OPERATIONAL DATA

Category temperature range
for rated voltage 
for derated voltage

see Table 2

-55 to+85 °C
-55 to+125 °C

PACKING
1000 pieces per box: 200 pieces per plastic bag, 5 bags per box.

r? M80—1161 Y Mullard September 1980 11
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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.) 250 V
Climatic category (IEC 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.

Mullard April 1980 1



808 Series

DIMENSIONS (millimetres) 808 23xxx Series (5.0 mm)

D8768 
(7Z7B613)

Fig.1
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Film dielectric trimmers 808 Series

TECHNICAL DATA 808 23xxx Series

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

Conditions 808 23109 808 23159 808 23209

Capacitance 
swing - <3to>10pF <2to> 16 pF < 2 to > 20 pF

Body 
colour - yellow blue green

Temperature 
coefficient

20 to 70 °C (-200 ± 300) 
x 10-‘/°C

(-50 ± 200) 
x 10-6/°C

(-50 ± 200) 
x iœ6/°c

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

Insulation 
resistance - > 10 000 MSÎ > 10 000 MSI > 10 000 Mil

Tangent 
of loss 
angle 
(tan 8)

f = 1 MHz

f= 100 MHz

< 10 x 10'4

<25x 104

< 10 x 10-4

<25x 10-"

< 10 x 104

<25 x 10-4

Contact 
resistance - < 10 mil < 10 mS2 < 10 mS2

Typical 
self 
resonance

Set at Cmax. >500 MHz. >500 MHz > 500 MHz

Effective 
angle of 
rotation

- 180° 180° 180°

Operating 
torque - < 15 Nmm < 15 Nmm < 15 Nmm

Test voltage 
(d.c.)

Applied for 
1 minute

500 V 500 V 500 V

Weight - 0.45 g 0.45 g 0.45 g

Climatic 
category 
(IEC 68)

- 40/070/21 40/070/21 40/070/21
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808 Series

DIMENSIONS (millimetres) 808 11xxx Series (7.5 mm)

4 April 1980

Fig.2

Mullard



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

M
ullard 

|

Conditions 80S 11558 80811109 80811159 80811229 80811279 808 11409

Capacitance 
swing - < 1.4 to > 5.5 pF <2to>10pF <2to>15pF <2to>22pF <2to>27 pF <3 to 40 pF

Body 
colour - grey yellow blue green red violet

Temperature 
coefficient 20to70 °C (-750 ± 300) 

x 10‘/°C
(-200 ± 300) 
x W6/°C

(-200 ± 300) 
x 10'6/°C

(—350 ± 250) 
x 10’6/°C

(-250 ± 300) 
x 10*/°C

(-250 ± 300) 
x 106/°C

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

Insulation 
resistance - > 10 000 MO > 10 000 Mil >10000 MO >10 000 MO > 10 000 MO >10 000 MO

Tangent 
of loss 
angle 
(tan 6)

f = 1 MHz

f= 100 MHz

<10x 10"’

<25 x W4

< 10 x 10’4

<25 x 10'4

< 10 x W4

<25x 10'4

<10x W4

<25 x W4

< 50 x 10"4 <50x W4

Contact 
resistance - < 10 mil < 10 mil <10 miï < 10 mil < 10 mfì < 10.mH

Minimum 
self 
resonance

Set at C max. 850 MHz 400 MHz 450 MHz 350 MHz 350 MHz 300 MHz

Climatic 
category 
(IEC 68)

- 40/085/21 40/070/21 40/070/21 40/070/21 40/085/21 40/085/21

| 
A

pril 1980

Effective 
angle of 
rotation

- 180° 180° 180° 180° 180° 180°

Operating 
torque - <15 Nmm < 15 Nmm <15 Nmm < 15 Nmm < 15 Nmm < 15 Nmm

Test voltage 
(d.c.)

Applied for
1 minute 500 V 500 V 500 V 500 V 500 V 500 V

Weight - 0.8 g 0.8 g 0.8 g 0.8 g 0.8 g 0.8 g

§

Film
 dielectric trim

m
ers 

808 Series



808 Series

DIMENSIONS (millimetres) 808 32xxx Series (10.0 mm)

Fig.3

Mullard



Film dielectric trimmers 808 Series

TECHNICAL DATA 808 32xxx Series

Unless otherwise specified, all characteristics apply at an ambient temperature of 20 ± 5 °C, 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 - < 5.5 to > 40 pF < 5.5 to > 65 pF < 6.0 to > 80 pF < 6.0 to > 100 pF

Body 
colour

- grey yellow red violet

Temperature 
coefficient 20 to 70 °C

(-150 ± 350) 
x 10<7oC

(-200 ± 300) 
x 10-6/°C

(-100 + 300) 
x 10-6/°C '

(-100 + 300) 
x 10-6/°C

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

Insulation 
resistance - >10 000 Mil > 10 000 MSI > 10 000 MSI > 10 000 MSI

Tangent 
of loss 
angle 
(tan 6)

f = 1 MHz

f= 100 MHz

< 10 x 104

< 25 x IO'4

<10x 104

<25 x W4

< 50 x 104 < 50 x IO'4

Contact 
resistance - < 10 Mil < 10 mil < 10 mil < 10 mil

Typical 
self 
resonance

Set at 
C max.

>200 MHz >200 MHz >170 MHz > 150 MHz

Effective 
angle of 
rotation

- 180° 180° 180° 180°

Operating 
torque - < 15 Nmm < 15 Nmm <15 Nmm < 15 Nmm

Test voltage 
(d.c.)

Applied for 
1 minute 500 V 500 V 500 V 500 V

Weight - 1.3 g 1.3 g 1.3 g 1.3 g

Climatic 
category 
(IEC 68)

- 40/070/21 40/070/21 40/085/21 40/085/21
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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 °C, atmospheric 
pressure of 10s Pa (1000 mbars), and a relative humidity of 75% maximum.

Conditions 808 41121

Capacitance 
swing - <11 to> 120 pF

Body 
colour - green

Temperature 
coefficient 20 to 70 °C (0 + 200) 

x 10'6/oC

Rated 
voltage (d.c.) - 150 V

Insulation 
resistance - > 10 000 MQ

Tangent of 
loss angle 
(tan 6)

f = 1 MHz <50x 104

Contact 
resistance - < 10 mil

Typical self 
resonance Set at C max. > 150 MHz

Effective 
angle of 
rotation

- 180°

Operating 
torque — <35 Nmm

Test voltage 
(d.c.)

Applied for 
1 minute 500 V

Weight - 2.0 g

Climatic 
category 
(IEC 68)

- 40/070/21
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809 05
Series

FILM DIELECTRIC
TRIMMERS
Miniature, insulated

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 (IEC 68) 40/125/21

POO2

DIELECTRIC
3. 5 and 10 pF trimmers
18 pF trimmer
VANE MATERIAL
Brass vanes, rotor and stator.

p. t. f. e. film
p. t. f. e. and Kapton ' sandwich" film

BODY MATERIAL
Polysulphone 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 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

Capacitance swing Type number

1 to 3. 5pF 809 05001

1. 8 to lOpF 809 05002

2 to 18pF 809 05003

Mullard
809 05 Series Page 2



809 05
Series

FILM DIELECTRIC
TRIMMERS
Miniature, insulated

TECHNICAL DATA
Unless otherwise specified, all characteristics apply at an ambient temperature of 
20 ± 5°C, atmospheric pressure of lO^Pa (lOOOmbars), and a relative humidity of 
75% maximum.

‘Tentative data

Conditions 809 05001 809 05002 809 05003
Capacitance swing - <1 to >3.5pF <1. 8 to >10pF <2 to >18pF
Colour code - orange white red

Temperature 
coefficient

20 to 70°C (-250 ± 150) 
xlO’^per degC (-300 ± 75) 

xl0‘6per degC
(-350 ± 75) 

xl0“6per degC

-40 to +20°C (-50 ± 200)* 
xlO'^per degC

(-100 ± 200)* 
xW^per degC

(-100 ± 200)* 
xl0"6per degC

Rated voltage (d. c.) - 300V 300V 300V
Insulation 
resistance

Between rotor 
and stator >10 000MŒ >10 000MS >10 OOOMß

Tangent of loss 
angle (tan 6)

f = 1MHz <10 xIO"4 <10 x10-4 <25 x10"4
f = 100MHz <20 x 10 "4 <20 x 10 "4 <40 xIO"4

Parallel damping f = 1.5MHz >10Mß >10Mi2 >10MS2

Contact resistance - <5mS <5mß <5mß

Maximum 
dissipation

Set at 
70% of Cmax, 
f = 175MHz, 
temperature 
rise of 100°C

0.75W 0.75W 0. 75W

Typical 
self resonance

Set at
C max

>850MHz >580MHz >360MHz

Climatic category 
(IEC 68) - 40/125/21 40/125/21 40/125/21

Mullard
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TECHNICAL DATA (Contd. )

Conditions 809 05001 809 05002 809 05003

Effective angle 
of rotation — 180° 180° 180°

Operating torque — <15 Nmm <20 Nmm <20 Nmm

Axial load — <2N <2N <2N

Test voltage (d. c. ) Applied for 
1 minute 600 V 600 V 600 V

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.
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809 07
Series

FILM DIELECTRIC
TRIMMERS
Small, insulated

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. lln) 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.

Mullard
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DIMENSIONS (millimetres) AND TYPE NUMBERS

depth 0.6min

Printed wiring board piercing diagram

D1269

Capacitance swing Type number

4 to 40pF 809 07008
5 to 60pF 809 07011
6 to 80pF 809 07013
7 to lOOpF 809 07015

Mullard
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809 07
Series

FILM DIELECTRIC
TRIMMERS
Small, insulated

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

TECHNICAL DATA

Conditions 809 07008 809 07011 809 07013 809 07015
Capacitance 
swing — <4 to >40pF <5 to >60pF <6 to >80pF <7 to >100pF

Colour 
code Yellow Blue Grey White

Temperature 
coefficient 20 to 70 °C

(0 ± 200) 
xi0“6 per 
degC

(0 ± 200) 
xl0“6 per 
degC

(0 ± 200) 
xlO-6 per 
degC

(0 ± 200) 
xlO '6 per 
degC

Rated voltage 
(d.c.) — 200 V 200 V 200 V 200 V

Insulation 
resistance

Between 
rotor and 
stator

>10 000 M2 >10 000 M2 >10 000M2 >10 000 M2

Tangent of 
loss angle 
(tan 6)

f = 1 MHz <10 x IO'4 <10 x 10"4 <10 x IQ’4 <10 x IO'4

f = 100 MHz <17 x IO'4 <25 x IO’4 <25 xIO’4 <25 x10-4

Parallel 
damping f = 1. 5 MHz >10 M2 >10 Mil >10 M2 >10 M2

Contact 
resistance — <5mfl <5 m2 <5 m2 <5 m2

Maximum 
dissipation

Set at 
70% of Cmax 
f = 175 MHz 
temperature 
rise of 45°C

1W 1W 1W 1W

Climatic 
category 
(IEC 68)

— 40/125/21 40/125/21 40/125/21 40/125/21

Mullard
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TECHNICAL DATA (Contd. )

Conditions 809 07008 809 07011 809 07013 809 07015

Effective 
angle of 
rotation

— 180° 180° 180° 180°

Operating 
torque — < 35 Nmm <35 Nmm <35 Nmm <35 Nmm

Axial load — <2N <2N <2N <2N

Test voltage 
(d.c.)

Applied for 
1 minute 400 V 400 V 400 V 400 V

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.
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809 08
Series

FILM DIELECTRIC
TRIMMERS
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

Capacitance swing Type number

4 to 40 pF
5 to 60 pF

809 08002
809 08003

Mullard
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809 08
Series

FILM DIELECTRIC
TRIMMERS
Small, insulated

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

TECHNICAL DATA

Conditions 809 08002 809 08003

Capacitance 
swing — <4 to >40 pF <5 to >60 pF

Colour code — yellow Hue

Temperature 
coefficient —

(-250 ± 150) 
xl0"6 per degC

(-250 ± 150) 
xlO-6 per degC

Rated voltage 
(d.c.)

— 300 V 300 V

Insulation 
resistance

Between rotor 
and stator >10 000 MSI >10 000 MSI

Tangent of 
loss angle 
(tan 6)

f = 1 MHz <25 xIO’4 <35 x 10-4

f = 100 MHz <25 x 10-4 <35 x 10-4

Parallel 
damping f = 1. 5 MHz >10 MO >10MS2

Contact 
resistance — <5 mS2 <5 m2

Maximum 
dissipation

Set at 70% of 
'-'max > 

f = 175 MHz, 
temperature 
rise of 100 °C

1.5W 1. 5W

Typical self 
resonance

Set at
C ^max

>170 MHz >150 MHz

Climatic 
category 
(IEC 68)

— 40/125/21 40/125/21

Mullard
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TECHNICAL DATA (Contd. )

Conditions 809 08002 809 08003

Effective 
angle of 
rotation

— 180° 180°

Operating 
torque — <25 Nmm <25 Nmm

Axial 
load — <2N <2N

Test voltage 
(d.c.)

Applied for 
1 minute 600 V 600 V

Weight (approx. ) — 1. 6g 1. 6g

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 4 to 40 pF should be ordered by quoting the 

type number 809 08002.
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FILM DIELECTRIC
TRIMMERS
Small, insulated

809 09
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 V
Climatic category (IEC 68) 40/125/21

P004

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
The dielectric is so arranged that it supports the vanes to give accuracy and robust - 
ness in use; this combined with rigidly controlled production and Inspection techniques 
produces a reliable and very stable component. The capacitors can be adjusted from 
both sides by means of a screwdriver.
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-> DIMENSIONS (millimetres) AND TYPE NUMBERS

Capacitance swing Type number

1.4 to 5.5 pF 809 09001
2 to 9 pF 809 09002
2 to 18 pF 809 09003

Mullard
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FILM DIELECTRIC
TRIMMERS
Small, insulated

809 09
Series

Unless otherwise specified, all characteristics apply at an ambient temperature of20 ± 5°C, atmospheric pressure of lO^Pa (lOOOmbars), and a relative humidity of
75% maximum.

TECHNICAL DATA

’Tentative data

Conditions 809 09001 809 09002 809 09003
Capacitance 
swing — <1.4 to >5.5pF <2 to >9pF <2 to >18pF

Colour code — green white red

Temperature 
coefficient

20 to 70°C (-250 ± 150) 
x 10'^per degC

(-250 ± 150) x 10“^per degC (-250 ± 150) 
x 10 per degC

-40 to +20°C (-100 ± 200)* x 10"6per degC
(-100 + 200)* 

x 10"^per degC
(-100 ± 200)* 

x lO^per degC

Rated voltage 
(d.c.) — 300V 300V 300V

Insulation 
resistance

Between rotor 
and stator >10 000Mß >10 000Mß >10 000Mß

Tangent of 
loss angle 
(tan 6)

f = 1MHz <10 xIO"4 <10 x10’4 <10 x10’4
f = 100MHz <15 x 10-4 <15 x10"4 <15 x10'4

Parallel 
damping f = 1.5MHz >10Mß >10Mß >10Mß

Contact 
resistance — <5mß <5m£2 <5mß

Maximum 
dissipation

Set at 70% of 
Cmax> 

f = 175MHz, 
temperature rise 

of 100°C
IW 1W IW

Typical 
self 
resonance

Set at 
^max >860MHz >660MHz >420MHz

Climatic 
category 
(IEC 68)

— 40/125/21 40/125/21 40/125/21

Mullard
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TECHNICAL DATA (Contd. )

Conditions 809 09001 809 09002 809 09003

Effective 
angle of 
rotation

— 180° 180° 180°

Operating 
torque — <15Nmm <20Nmm <20Nmm

Axial load — <2N <2N <2N

Test voltage 
(d. c.)

Applied for 
1 minute 600V 600V 600V

Weight 
(approx.) — 0.8g 0. 8g 0.9g

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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BANDOUERMG AND PACKAGING
SPECIFICATION

FIXED
LINEAR RESISTORS

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 
either crop-and-form processing or by fully automatic insertion.
The specification covers:
(1) Bandoliers: -general requirements, -dimensions.
(2) Packaging of bandoliers: -box packing, -drum packing.

BANDOLIERS
General
Resistor leads are held between one S 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 
more 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 kinks. The bandolier tapes are 
marked at intervals of 100 pieces.
Dimensions (millimetres)

Milliard —----------------------
Bandoliers Page 1JANUARY 1978



Fig. 2
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.

Approximate outside box dimensions (millimetres) 
(for guidance only)

Fig. 3

Style a b c Style a b c
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 35 80 or 105 265

Bandoliers Page 2
-------------------- Mullard



BANDOLIERING AND PACKAGING
SPECIFICATION

FIXED
LINEAR RESISTORS

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.

Dimension 'A* : 305 mm for CR25 and MR25 
356 mm for CR37 and MR30

Material: Drum flanges: -grey cardboard 2 kg/m
Drum core: -grey cardboard, spirally woundInterleaving paper: -Kraft paper 70 g/m2

Fig. 4

Bandoliers Page 3
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All dimensions shown below are in millimetres, approximate, and for guidance only.

Dimension ' a' : 310 mm for CR2S 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

Mullard
Bandoliers Page 4



CR16
CR25
CR37

CARBON FILM RESISTORS

QUICK REFERENCE DATA

Style CR16 CR25 CR37
Resistance range

±5% tolerance 
±10% tolerance

10 il to 220 kil
270 kil to 1 Mil

1 il to 1 Mil 1 SI to 1 Mil

Preferred value series E12 E24 E24
Maximum power dissipation

at 70 °C 0.2W 0.33 W 0.5 W
Climatic category (IEC 68) 55/155/56 55/155/56 55/155/56

DIMENSIONS (millimetres)

Maximum extent of paint

Fig.1

Type 0D max. Li max. 0d nom.

CR16 1.6 4.5 0.5

CR25 2.5 6.8 0.6

CR37 3.7 10 0.7

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 00.8 mm for CR16 and 01.0 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 il an electroless nickel film is used. The final resistance value is 
obtained by cutting a helical groove in the film. 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 Mil the VR25 and/or VR37 range is used.

Mullard October 1980 1



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 10 n to 220 kfl E12 series*
CR16 resistors ± 10% tolerance selection 270 kil to 1 Mil E12 series*
CR25 resistors ± 5% tolerance selection 1 Si to 1 Mil E24 series*
CR37 resistors ± 5% tolerance selection 1 Si to 1 Mil 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.

ISOLATION VOLTAGE

CR16 150 V
CR25 250 V
CR37 350 V

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
CR25
CR37

210 V
350 V
500 V

2 October 1980 MuHard



CR16
CR25
CR37

Carbon film resistors

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 middle 
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

AT = AP................... .............. ............................ .......... (1)

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:—

p_ Tmax Tamb 
A

If P is plotted against Tmax for a constant value of A, parallel straight lines are obtained for different 
values of Tamb.
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 Tmax 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.
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CR16
CR25
CR37

NOTES ON THE NOMOGRAM (see opposite page)

1. The nomogram should not be extended beyond the maximum allowable hot-spot temperature of 
155 °C

2. The maximum voltage rating of the resistors has not been allowed 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:—

Stability = (Stability after 1000 hours) x
2000
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
CR25
CR37

0.2 W
0.33 W

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 1.5% after a 1000 hours, within the limits of hot spot temperature (max. 155 °C) 
and limiting voltages for CR16, CR25 and CR37.
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CR16
CR25
CR37

Carbon film resistors

Performance nomogram for CR16, CR25 and CR37 showing the relationship between power dissipation 
(P), ambient temperature (Tamb), hot-spot temperature (Tmax) and stability (AR/R) for 1000 hours.

c? Mullard October 1980 5



CR16
CR25
CR37

WORKED EXAMPLES OF THE NOMOGRAM 
P(W)

A 100 kil resistor, dissipation 0.275 W, operating in an ambient temperature of 40 °C is required. 
Under these conditions CR16 will have a hotspot temperature of 150 °C 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-------- ).

6 October 1980



CR16
CR25
CR37

Carbon film resistors

M80-1309/5
O> 
« 

«o' -600

0 ---- 1----- 1--- ------ 1----- 1----- -----1----- 1----- -----1 .■ 1----------L
100 2 5 1k 2 5 10k 2 5 100k 2 5 1M 2

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.

Izl
The following table gives typical values of ---------- , and phase angle, 0, when the resistor is mounted as

^nom

shown in Fig. 1, using a Boonton Radio Corporation RX-meter, type 250 A.

------- — is the ratio of resultant reactance, at 250 MHz, to the nominal resistance, 
^nom

^nom CR16 CR25 CR37

W I.Z| I Z| _HL
^nom

00
^nom

0°
^nom

0°

10 3.47 70 2.97 70 2.35 61
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 22 1.02 17
220 0.99 10 0.99 9 1 6
560 0.98 0 0.97 —5 0.94 -16

1000 0.96 -9 0.92 -15 0.88 -15
2200 0.84 -32 0.82 -35 0.69 -47
5600 0.50 -60 0.41 -66 0.35 -69 Fig-7

Measuring arrangements

October 1980 Mullard



CR16
CR25
CR37

Carbon film resistors

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

1. Style of resistor
2. Packing quantity
3. Resistor values and tolerances
4. Date in code form
5. Mullard code of 12 digits

A full specification covering bandoliering and packaging is available.

For 'n' < 50 pieces
For 'n' between 50 and 100 pieces 
where 'n' = the number of resistors 
All dimensions in millimetres

T=5(n=1) ±2
T=5(n-1) ±4

Multarci October 1980 9



CR16
CR25
CR37

ORDERING PROCEDURE
CR25 and CR37 resistors are supplied in multiples of 1000 pieces packed in boxes or in multiples of 
5000 pieces packed on to drums. CR16 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 i2 ± 5% are ordered as 2000 resistors CR16-1K2-5.
(b) 10 000 pieces of CR25 resistors, drum packed, 5.6 i2 ± 5% are ordered as 10 000 resistors 

CR25-5R6-5-DRM.

TESTS AND REQUIREMENTS
Where applicable these resistors are tested to IEC Publication 115-1 (Recommendations for fixed non
wirewound resistors. Type 1) category 55/155/56, 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:—

IEC 
115-1 

clause

IEC68 
test 

method
Test Procedure Requirements

18

Ua

Ub

Uc

Robustness of 
terminations 
a. Tensile all 

samples

b. Bending half 
number of 
samples

c. Torsion other 
half number 
of samples

0.4 mm: load 5N (0.5 kg); 10 s
0.7 mm } load 10 N <1 kS>-'10 s

0.4 mm load 2.5 N (0.25 kg); 4 x 90°
0.6 mm | |03d 5 N (Q 5 kg); 4 x g0 o
0.7 mm J
2 x 360 ° in opposite directions

no damage 
AR max. 0.5% 
or 0.5 S2 if 
greater

19 T Soldering solderability : 2 s 230 °C good tinning.
0.5% activated flux no damage
thermal shock: 3 s 350 °C AR max. 0.5%
6 mm from body or 0.5 S2 if 

greater
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CR16
CR25
CR37

Carbon film resistors

IEC 
115-1 
clause

IEC68 
test 

method
Test Procedure Requirements

20 Na Rapid change 
of temperature

3 hours at —55 °C 
3 hours at +155 °C
5 cycles

AR max. 0.5% or 0.5 il

22 Fc Vibration Frequency: 10 to 500 Hz: 
displacement 1.5 mm or 
acceleration 10 g: three 
directions: total 6 h

no damage 
AR max. 0.5% 
or 0.5 il

21 Eb Bumping 3x 1500 bumps in three 
directions: 40 g

no damage 
AR max. 0.5% 
or 0.511

23 Climatic sequence

23.2 Ba Dry heat 16 hours 155 °C

23.3 D Damp heat 
(accel) 1st cycle

24 hrs: 55 °C: 95 to 100% 
R.H.

23.4 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 
(accel) 
remaining cycles

5 days: 55 °C: 95 to 100% 
R.H.

Rins: min. 1000 Mil

AR max.
1.5% for R <220 kil 
3% for R >220 kil

24.2 Ca Damp heat 
(Steady state)

56 days: 40 °C: 90 to 95% 
R.H. 5 V(j c on half the 
number of specimens 
but the dissipation should 
not exceed 1% of the 
value indicated by Fig.2

R|ns: min. 1000MH
AR max: 1.5% for
R< 220 kil 
max: 3% for 
R > 220 kil
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CR16
CR25
CR37

IEC 
115-1 
clause

IEC 68 
test 

method
Test Procedure Requirements

26.2 - Endurance 1000 hours: 70°C: 
dissipation taken 
from Fig. 2

AR max: 1. 5%

11 - Temperature 
coefficient

between -55°C and 
+155°C

see fig. 5

10 - Voltage proof 
on insulation

a.c. peak voltage = 
1. 4 x Isolation voltage 
applied for 1 minute

No breakdown

14 - Noise IEC publication 195 see fig. 6
9 - Insulation 

resistance
min. IO4 MO

15 Short time 
overload

room temperature, 
dissipation 6. 25 x 
value taken from 
Fig. 2 (voltage not 
more than 2 x 
limiting voltage) 
10 cycles, 4 seconds 
on, 45 seconds off

AR max. 1%

13 - Voltage 
coefficient <5x 10'6/V
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MR16

METAL HLM RESISTORS

QUICK REFERENCE DATA

Resistance range 10 Si to 100 kS2 
E24 and E96 series

Resistance tolerance ±1,±2%
Temperature coefficient
Absolute max. dissipation at Tarnb = 70 °C*
Basic specification
Climatic category (IEC 68)
Stability after:

±50, ±100 10‘6/K* 
0.25 W 
IEC 115-1 
55/155/56

climatic tests 
soldering 
short time overload

AR/R max. 0.5% + 0.05 Si
AR/R max. 0.1%
AR/R max. 0.25% + 0.05SÌ

This is the dissipation at Tamb = 70 °C which causes the max. permissible hot-spot temperature of 
175 °C 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/°C
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MR16

MECHANICAL DATA

Outlines

Dimensions in mm

Table 1

Umax Umax a1 + a2

1.6 <1 28 + 2 0.5

d

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 IEC publication 294)
Diameter of hole in gauge plate 0.8 mm

Mass (per 100 pieces) 8 g

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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MR16Metal film resistor*

Marking
The nominal resistance value and the tolerance are marked on these resistors by means of four or five 
coloured bands according to IEC publication 62 'Colour code for fixed resistors' (see also BSI 1852 — 
1967).

for E96 series

colour significant figures multiplier tolerance

black 0 1 X
brown 1 10 x ± 1%
red 2 100 x ±2%
orange 3 1000x
yellow 4 10 000 x
green 5
blue 6
violet 7
grey 8
white 9
silver
gold

for E24 series

<HrrT>

Milliard July 1980 3



MR16

ELECTRICAL DATA

Standard values of rated resistance and tolerance

Standard values 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 
range

tol.
±%

series temperature 
coefficient 
x10-«/K

limiting voltage 
(r.m.s.)

V**

MR16 io n - ioo kii 1 E24/E96 50’ 150
io n - wo kn 2 E24 100 150

MR16 10 il - 100 kil 1 E24/E96 50* 150
on reel 10 il - 100 kil 2 E24 100 150

* 100x10-«/K below 50 il
" Limiting voltage (element and insulation). This is the maximum voltage that may be applied 

continuously to the resistor element (see IEC 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 MR16

TESTSAND 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 IEC publication 68, ‘Recommended basic 
climatic and mechanical robustness testing procedure for electronic components'.
In Table 3 the tests and requirements are listed with reference to the relevant clauses of IEC 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.

Tables

IEC 115-1 
clause

IEC 68 
test 

method

test procedure requirements

18

Ua

Ub

Uc

Robustness of terminations

Tensile all samples

Bending half number of 
samples
Torsion other half number 
of samples

load 5 N, 10 s

load 2.5 N, 4 x 90° 

3 x 360° in opposite 
directions

number of failures 
< 10 ppm

no damage 
AR max. 0.1% 
or 0.1 n

19 T Soldering solderability: 2 s 
230 °C, flux 600 

thermal shock: 3 s 
350 °C, 6 mm from 
body

good tinning, 
no damage

AR max. 0.1%

20 Na Rapid change of temperature 3 h - 55 °C/ 
3h + 155°C, 
5 cycles

AR max. 0.1% 
or 0.1 si

22 Fc Vibration frequency 10-500 Hz 
displacement 1-5 mm 
or acceleration 10 g, 
three directions;
total 6 h

no damage

AR max. 0.1% 
or 0.1 n

21 Eb Bump 3 x 1500 bumps in 
three directions, 40 g

no damage 
AR max. 0.1% 
or 0.1 SI
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MR16

IEC 115-1 
clause

IEC 68 
test 

method

test procedure requirements

23

23.2
23.3

23.4
23.5

23.6

Ba 
D

Aa 
M

D

Climatic 
sequence 
Dry heat 
Damp heat 
(accel.) 
1st cycle 
Cold
Low air 
pressure 
Damp heat 
(accel.) 
remaining 
cycles

16 h, 155 °C

24h;55 °C; 95-100% R.H.
2 h; -55 °C

1 h; 8.5 kPa; 15-35 °C
5 days;
55 °C; 95-100% R.H.

R jns min. 1000 Mil 
AR max. 0.5% + 0.05 £1

24.4 Ca Damp heat 
(long term 
exposure)

56 days;
40 °C; 90-95% R.H.
dissipation < 1.25 mW

Rjns min. 1000 Mil 
AR max. 1.0% + 0.05 11

26.2 - Endurance 1000 h; 70 °C;
dissipation 0.125 W

AR max.: 0.5%

11 - Temperature 
coefficient

between —55 °C 
and+ 155 °C

< 50, < 100 x10'9K 
see Table 2

13 - Voltage proof 2 x limiting voltage (a.c.) no breakdown

14 - Noise IEC publication 195 to be established

9 - Insulation 
resistance min. 104 Mil
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Metal film resistors MR16

STANDARD PACKAGING

number per box

bandolier
bandolier 

reeled

1000 5000

Dimensions in mmConfiguration of bandolier

A B1 — B2 
± max.

S 
(spacing)

T 
(max. deviation of spacing)

52.4 1.2 5 2 mm for 10 spacings
1.5 mm for 5 spacings

Mullard July 1980 7



MR16

Reel or drum Dimensions in mm

Fig.3 Reel dimensions (mm)
B = 305; D = 75

ORDERING PROCEDURE
MR16 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.

M R16—xxx—x—D R M.
4. Resistance and tolerance
For example

(a) 2000 pieces of MR16 resistors 1200 SI ± 1% are ordered as 2000 resistors MR16—1K2—1.
and
(b) 10 000 pieces of MR 16 resistors, drum packed, 56 SI ± 2% are ordered as 10 000 resistors

MR16—56R—2—DRM ______________________________________________________________________
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MR25
MR30
MR308

METAL HLM RESISTORS, GENERAL PURPOSE

QUICK REFERENCE DATA

Style MR25 MR30andMR308

Resistance range
± 1% tolerance E96 and E24 series 4.99 12 to 681 k!2 4.99 12 to 1 M12
± 2% tolerance E24 series 5.1 12 to 680 k£2 5.1 £2 to 1 M12

Temperature coefficient
± 1% tolerance* 50 ppm/°C 50 ppm/°C
±2% tolerance 100 ppm/°C 100 ppm/°C

Maximum power dissipation at 70 °C 0.4 W 0.5 W
Climatic category 55/155/56 55/155/56

* Below 49.912; temperature coefficient is 100 ppm/°C

MECHANICAL DATA Dimensions in mm
Maximum extent of paint 

00 
. T

----------26min —•+•------------ L ---------- 4----  26min —• 
M80—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. 1 max. 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 
<j> 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 against 
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.
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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 2 = 2nd sig. figure
Band 3 = 3rd sig. figure
Band 4 = Multiplier
Band 5 = Tolerance; brown (± 1%)

Band 1 = 1st sig. figure
Band 2 = 2nd sig. figure
Band 3 = Multiplier

Space
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
MR25 resistors
MR30 resistors
MR308 resistors
MR30 resistors
MR308 resistors

1% tolerance selection
2% tolerance selection
1% tolerance selection

2% tolerance selection

4.99 il to 681 kil
5.1 il to 680 kil
4.99 n to 1 Mil

5.1 il to 1 Mil

E96 series'
E24 series'
E96 series’

E24 series'

To BS 2488: 1966

TEMPERATURE COEFFICIENT OF RESISTANCE

MR25 resistors
MR30 resistors
MR308 resistors

2% tolerance selection + 100 ppm/°C

MR25 resistors
MR30 resistors
MR308 resistors

1 % tolerance selection values below 49.9 il ±100 ppm/°C

MR25 resistors
MR30 resistors
MR308 resistors

1% tolerance selection values of 49.9 il and above ± 50 ppm/°C

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 
MR30 and MR308

250
350

V 
V

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
MR30 and MR308

350
500

V
V

NOISE
Less than 0.25 gV/V for values less than 100 kil
Less than 0.5 gV/V for values greater than 100 kil
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MR25
MR30
MR308

Metal film resistors, general purpose

STABILITY

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 power dissipation, or wattage rating at a particular 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 °C.
2. The maximum voltage rating of the resistors has not been allowed 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:

Stability = (Stability after 1000 hours) x

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 0)
40 101 - 008 Detailed specification for fixed low power non-wirewound resistors

Stability + (.5% + 0.05 £1)
40 101 - 009 Detailed specification for fixed low power non-wirewound resistors 

Stability + (2%+ 0.1 SI}
40 101 - 019 Detailed specification for fixed low power non-wirewound resistors 

Stability ± (2% + 0.1 £1) at upper rating; (1% + 0.1 £1) at lower rating
Details 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 91E
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MR25
MR30
MR308

Metal film resistors, general purpose

Fig.2 Performance nomogram for MR25, MR30 and MR308 showing the relationship between power 
dissipation (P), ambient temperature (Tamb), hot-spot temperature (Tmax), and stability 
AR/R for 1000 hours.

Fig.3 A 10 ki2 resistor, dissipation 0.4 W, operating in an ambient temperature of 60 °C 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.

Fig.4

For 'n' < 50 pieces
For 'n' between 50 and 100 pieces

T = 5(n-1) ±2
T = 5(n-1) ±4

where 'n' = the number of 
resistors

Mullard September 1980 5
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Table 1 CECC APPROVALS OF MULLARD METAL FILM RESISTORS

* In these styles, values of 49.9 11 and higher will be supplied in styles BY and CY (temperature coefficient 50 x 10'6/°C) only

ptem
ber 1980

mullard 
type

approved 
resistance

range

resistance 
tolerance 

%
CECC 

specification
style

specification requirements
power 
rating

(W)

stability
A R -^-%/1000hrs

temperature 
coefficient 
x 10'6/°C

4.99 il to 301 kil 40101 -008 BK* 0.125 0.5 100
49.9 O to 301 kil 1 40101 - 008 BY 0.125 0.5 50
4.99 Í2 to 301 kil 1 40101 -002 BK* 0.125 1.0 100
49.9 il to 301 kil 1 40101 -002 BY 0.125 1.0 50

MR25 5.1 Í1 to 300 kil 2 40101 -009 BB 0.25 2.0 1002 c 4.9911 to 301 kil 1 and 2 40101 -019 FZ 
t

0.063
0.250

1.0
2.0 100

4.99 12 to 301 kil 0 063 1 0ET 1 and 2 40101-019 FX 0.250 2.0 250

EL 4.99 Í2 to 1 Mil 1 40101 -008 CK* 0.25 0.5 100
49.9 il to 1 Mil 1 40101 -008 CY 0.25 0.5 50

MR30 4.99 il to 1 Mil 1 40101 - 002 CK* 0.25 1.0 100
4.99 Î1 to 1 Mil 1 40101 -002 CY 0.25 1.0 50

2 00
5.1 Í2 to 1 Mil 2 40101 -009 CB 0.25 2.0 100

0—
1134 

I

4.99 12 to 1 M12 1 and 2 40101 -019 EZ 0.125
0.500

1.0
2.0 100

MR308
O 4.99 11 to 1 Mil 1 and 2 40101 -019 EXt 0.125

0.500
1.0
2.0 250

t In these styles, resistors are supplied in styles FZ and EZ (temperature 100 x 10'6/°C| only.

M
R

25
M

R
30

M
R

308



PR37
PR52

POWER METAL FILM RESISTORS

QUICK REFERENCE DATA
Style PR37
Resistance range 10 SI to 10 kS2
Resistance tolerance ± 5%
Preferred value series E12
Maximum power dissipation at Tamb = 70 °C 1.6 W
Climatic category 55/200/56

PR 52
10 « to 27 kQ 

± 5%
E12

2.5 W 
55/200/56

MECHANICAL DATA Dimensions in mm

DABUc

Style L max. D max. d

PR37 10 3.7 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.
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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 signify ohms and thousands 
respectively. For example:

27R ± 5% means 27 12 ± 5%
2K2 ± 5% means 2200 12 + 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.

VOLTAGE PROOF

ELECTRICAL DATA

Resistance range 
PR37 Series 10 to 10 k 12
PR52 Series 10 to 27 k 12

Resistance tolerance ± 5 %
Preferred number series 

(BS2488;1966) E12
Maximum temperature 

coefficient of resistance 500 -106.K
Maximum power dissipation at Tamb = 70 °C 

PR37 Series 1.6 w
PR52 Series 2.5 w

Maximum body temperature at
maximum dissipation and Tamb = 70 °C 300 °C

Stability; typical AR after 1000 hours at 
maximum dissipation and Tamb = 70 °C 2.5 %

The resistors are not insulated

FLAMMABILITY

The resistors are made entirely of non-flammable materials. Under overload conditions they will open
circuit without burning.
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PR37
PR52Power metal film resistors

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 SI, are ordered as 25 000 resistors PR52-3K3.

GRAPHS
AT = Tbody —Tamt,
Tbody max = 300 °C

Fig. 1 may be used to determine the maximum permissible dissipation at any ambient temperature

Fig.1

Rise in body temperature (hot spot) as a function of dissipated power for two lead lengths

Mullard October 1980 3



PR37
PR52

Fig.2

Lead length plotted against dissipation power 
with AT as a parameter. (AT = soldering spot °C)

October 1980 Milliard



Provisional data SFR25

STANDARD FILM RESISTOR

QUICK REFERENCE DATA

Style SFR25
Resistance range 1 12 to 1.0 M12
Resistance tolerance ±5 %
Preferred values series E24
Maximum power dissipation

at Tamb = °C 0.33 W
Climatic category (IEC 68) 55/155/56

DIMENSIONS (millimetres)

Maximum extent of paint

1 2 3
0d

0843026min

Type 0 D max. L1 max. <t> d nom.

SFR25 2.5 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 0 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 12 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, 
mechanical 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.
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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

1 SI to 1 Mi2 ± 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 V

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 V

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 V

NOISE

Less than 0.1 gV/V
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Standard film resistor SFR25

PACKING
Resistors are supplied on a continuous tape (bandolier) conforming to Fig.2. SFR25 resistors 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
2. Packing quantity
3. Resistor value and tolerance
4. Date in code form
5. Mullard code of 12 digits
A full specification covering bandoliering and packaging is available.

For 'n' < 5 pieces
For 'n' between 5 and 10 pieces 
where 'n' = the number of resistors 
All dimensions in millimetres

T = 5(n-1) ±1.5
T = 5(n-1) ±2
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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. SF R25
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 12 ± 5% are ordered as 2000 resistors SFR25-1K2-5.

(b) 10 000 pieces of SFR25 resistors, drum packed, 5.6 12 ± 5% are ordered as 10 000 resistors
SFR25-5R6-5-DRM.

4 January 1980 Mullard



Standard film resistor SFR25

TESTS AND REQUIREMENTS
Where applicable these resistors are tested to IEC Publication 115-1 (Recommendations for fixed non
wirewound resistors. Type 1) category 55/155/56, and IEC Publication 68 (Basic environmental testing 
procedures).
These tests are summarised in the table below.

IEC 
115-1 

clause

IEC 68 
test 

method
Test Procedure Requirements

18

Ua

Ub

Uc

Robustness of 
terminations

a. Tensile all 
samples

b. Bending half 
number of 
samples

c. Torsion other 
half number 
of samples

0.6 mm load 10 N (1 kg): 10 s

0.6 mm load 5 N (0.5 kg);
4x90°

3 x 360° in opposite directions

No. of failures <10 ppm 
AR max. 0.25% + 0.05 il

19 T Soldering solderability: 2 s 230 °C 
0.5% activated flux 
thermal shock: 3 s 350 °C 
6 mm from body

good tinning, no damage 
AR max. 0.25%+ 0.05 SI

20 Na Rapid change 
of temperature

% hour at —55 °C 
% hour at+ 155 °C 
5 cycles

AR max. 0.25% + 0.05 SI

22 Fc Vibration Frequency: 10 to 500 Hz: 
displacement 1.5 mm or 
acceleration 10 g : three 
directions: total 6 h

no damage
AR max. 0.25% + 0.05 SI

21 Eb Bumping 3 x 1500 bumps in three 
directions: 40 g

no damage
AR max. 0.25% + 0.05 SI
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SFR25

IEC 
115-1 

clause

IEC 68 
test 

method
Test Procedure Requirements

23 - Climatic sequence

23.2 Ba Dry heat 16 hours 155 °C

23.3 D Damp heat
(accel) 1st cycle

24 hrs: 55 °C: 95 to 100% 
R.H.

23.4 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 (accel/ 
remaining cycles

5 days: 55 °C: 95 to 100% 
R.H.

Rjns: min. W00 Mil
△R max. 1.0% + 0.05

24.2 Ca Damp heat 
(steady state)

56 days: 40 °C: 90 to 95% 
R.H.
Dissipation 0.01 x Pnom

R'ins: m'n- 1000 M12
AR max. 1.0% + 0.05 12

26.2 - Endurance 1000 hours: 70 °C: 
pnom or ^max.

AR max. 1.0% + 0.05 12

11 - Temperature 
coefficient

between —55 °C and +155 °C <250 ppm

10 - Voltage proof on 
insulation

500 Vrms applied for 1 min. No breakdown

14 - Noise IEC publication 195 <0.1 mV/V

9 - Insulation 
resistance

min. 104 M12

15 — Short time 
overload

room temperature, 
dissipation 6.25 x Pnom 
(voltage not more than 
2 x limiting voltage) 
10 cycles, 5 seconds on, 
45 seconds off

AR max. 0.25% + 0.0512
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VR25, VR37, VR68

METAL GLAZE RESISTORS 

high ohmic

QUICK REFERENCE DATA

Style VR25 VR37 VR68

Resistance range 1 to 10 1 to 33 1 to 68 MS2

Resistance tolerance ± 5% ±5 ±5 %

Preferred value series E12 E12 E12
Maximum power dissipation 

Tamb = 70 °C 0.25 0.5 1 W

Limiting voltage (r.m.s.) 1150 2500 7000 V

Limiting voltage (d.c.) 1600 3500 10 000 V

Climatic category (IEC 68) 55/155/56 55/155/56 55/155/56

MECHANICAL DATA Dimensions in mm

Maxirr 
a —-

/ /

turn extent of paint .
* 0D

I
I 1/____ ___ i ■■■ ■ j_______________ri____i in a

—___ _____ »

t

Fig. 1

Style L max. 0D max. a max. 0d nom.

VR25 6.8 2.5 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 01 mm for VR25 and VR37, and 0 1.2 mm for VR68.
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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 1 to 10 1 to 33 1 to 68 Mil

Resistance tolerance ±5 ±5 ±5 %
Preferred number Series (BS2488: 1966) E12 E12 E12
Temperature coefficient of resistance ±200 ±200 ±200 10’6/K
Limiting voltage (r.m.s.) see note 1) 1150 2500 7000 V
Limiting voltage (d.c.) (see note 1) 1600 3500 10 000 V
Voltage proof (see note 2) 700 700 700 V
Maximum power dissipation at Tamb = 70 °C 0.25 0.5 1 W
Maximum body temperature at rated 

dissipation and Tamb = 70 °C 155 155 155 °C
Maximum noise 5 <0.5 <0.5 pV/V
Stability: typical AR after 1000 hours at maximum 

dissipation and Tarnb = 70 °C <0.5 <0.5 < 1 %

NOTES

1. This is 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.
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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.

6.5
5.5 A--------

Fig.2

M80-1134/4

Style A B

VR25and VR37 54.0/50.8 5.3/4.7

VR68 68.3/65.1 10.3/9.7

For 'n' < 50 pieces
For 'n' 50 to 100 pieces

T = [5(n - 1)] ± 2 for VR25and VR37
T = [5(n - 1) ] ± 4 for VR25 and VR37

T = [10(n - 1)J± 2 for VR68
T = [10(n - I)] ± 4forVR68

where 'n' =the number of resistors All dimensions in mm
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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 MSI are ordered as 25 000 resistors VR37-3M3.

Fig.3

The relationship between resistance value and maximum power dissipation or maximum voltage rating 
of the VR and CR series of resistors.
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NEGATIVE TEMPERATURE 
COEFFICIENT THERMISTORS





INTRODUCTORY
NOTES

NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS

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 in the purestate, butcan be transformed into semiconducting materials by the addition 
of small amounts of ions having a different valency. Examples are:

(a) Iron oxide FegOg, where a small part of the Fe3+ ions are replaced by Ti4+ ions. 
These Ti4+ ions are compensated by an equal amount of Fe2+ ions in order to 
maintain electro-neutrality. At low temperatures the extra electrons of the Fe2+ 
ions 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 Ni3+ ions or 
Co2+ ions by Ijl+ ions. These Ll1+ ions are compensated by an equal amount of 
Ni3+ ions or Co3+ ions. At low temperatures the electron holes of the trivalent 
Ions are situated near the lithium 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 composition depends entirely on the temperature 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 sliver 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.
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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:

R = AeB^ (1)
where, R 

T 
e

= resistance in ohms
= absolute temperature in kelvin
= the base of natural logarithms (e = 2.718)

A and B = constants for a given thermistor
(the letter'3'is sometimes used as an alternative symbol forB)

Fig. 1
Resistance as a function of temperature 
for three different values of A and B

For a given n.t.c. thermistor the value of B may be found by measuring R at two 
absolute temperatures T^ and T^, giving:

Rx = AeB/TlandR2 = AeB/T2

by division
R,
R2

e(B/T! - B/T2)

taking logarithms
1 

logfo6
ioglO - log10 *2
—kelvin <2>B =

Milliard
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INTRODUCTORY
NOTES

NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS

simplified

1 2 1B = 2.303 - —T~ • log10 — kelvin (3)

For different material compositions, the constantB has values between 2000 and 
5500K. In practice^ is not a true constant, since minor deviations occur at high 
temperatures.

Equation (2) may be rearranged to give :

I°gl0 = log10 R2 logioe (4)

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 T°C using the resistance at 25°C (R25) and B-factor given in the appropriate 
data sheets.

Mullard
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NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS

INTRODUCTORY
NOTES

RT^R25
Fig- 3

as a function of Bwith temperature as a parameter

Mullard
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From equation (1) the temperature coefficient of resistance« can be derived as
follows :

1 dR = _ B
R ’ dT t2 (5)

At 25°C, a 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 cur rent and voltage drop across an n.t.c. thermistor 
is shown in fig. 4 .This static characteristic, plotted on a log-log scale, was measured 
at a constant ambient temperature and the readings were taken after thermal equili
brium was achieved.

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 this linear 
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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INTRODUCTORY
NOTES

NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS

the following may be written :

logeR = logy+Y (6)
at thermal equilibrium

V.I = D(T-TJ (7)' amb
where T & = ambient temperature 

D = dissipation constant, i. e. the power needed to raise the temperature 
by 1°C.

From equations (7) and (6)
logeV + logeI = logeD + loge (T - (8)

logeV - logeI = logeA + ? (9)
combining 

11 BlogeV = - logeAD + - loge (T - Tamb) + -
This expression has a maximum or minimum as a function of T if

d(logeV)

then
---- 1------ = o 

2T2
which is only true for those values of T which satisfy the equation

oT -BT + BT . = 0 amb
The temperature at which the voltage is a maximum, T , is given by

1 fl 2T = —B ± / 7 B - BT , kelvin v 2 J 4 amb
(The value with the negative sign gives the temperature corresponding to the maxi
mum value of the voltage.) For practical values of B, T lies between 318K (45°C) and 358K (85°C). V
From the above, which is valid for static conditions, it follows that the temperature 
corresponding to the maximum voltage is dependent on theB-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

-HdT = D (T - T . ) dt (10)amb
in which H is the heat capacity of the thermistor in joules per degree C.
From equation (10), when the thermistor cools from T^ to T^,

-t/r(T, - T .) = (T - T Je 1 1 amb' ' 2 amb'
The value t = H/D is termed the thermal time constant. The thermal time constant 
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 R„_ and B45
In published data the values of R25 and B are specified with certain tolerances. The 
tolerance on R25 is normally ±20% and in most cases, the tolerance ontheB-value 
is ±5%. Due to the tolerance on B, the deviation from a nominal resistance/tempera- 
ture curve, at temperatures other than 25°C, can be greater than that specified at 
25°C. Fig. 5 illustrates this for an n. t. c. thermistor with an R25 of IkSi.

Fig. 5
The influence of the B-value 

tolerance

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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INTRODUCTORY
NOTES

NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS

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 502 at 30°C and 102 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 R25 1302 is used in a series and
parallel arrangement with two linear resistors of 6.042 and 95.32 (these two resist
ance values are taken from 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.

Fig. 6
Use of resistors in series and 
parallel to modify the n.t.c. 
thermistor characteristics

Resistance as a function of 
temperature in a circuit as in 

fig. 6

-------------------- Muilard---------------------
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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
in fig. 8, where the change in the resistance/temperature graph is shown for different
values of series or parallel resistor.

Fig. 8 
Resistance as a function of temperature of a thermistor with R25 = 130S1, 

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 the thermistor; in this 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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INTRODUCTORY
NOTES

NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS

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.

2. The measurement of cooling water and oil temperatures in vehicles In which the 
thermistor is used in series with an indicating instrument.

3. Liquid flow measurement and gas pressure measurement in low pres sure systems. 
The rate of heat loss from a thermistor operating at a temperature above ambient 
is used to determine flow rate or gas pressure.

4. Compensation of the positive temperature coefficient of copper wire in television 
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.

5. 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.

6. 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.

7. Gain compensation in amplifiers. Thermistors may be included in feedback net
works to compensate for the variation in gain of amplifiers.

8. 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 use thermistors in parallel to obtainhigher dissipation. Variations within 

the published tolerances will result in 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 resistance
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 (R25>
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):

B = 2.303 • K>g10 - K

where B = a constant in K
R^ = resistance in ohms at

R = resistance in ohms at T„ 2 2
When calculated from measurements made at T = 298K (25°C) and T = 358K (85°C)

_ 25 the constant is written as B —. 00

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 can be 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 (6)
The ratio (In milliwatts per degree C) ofa change in power dissipation of a thermistor 
to the resultant body temperature change, at a specified ambient temperature.

Thermal time constant (r)
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.

Muilard
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INTRODUCTORY
NOTES

NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS

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 can give inaccurate results. Measurements 

should be made in a suitable non-conductive, non-corrosive liquid.
2. The thermostat 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.

3. 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.

4. 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.

5. 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

Type 
No.

Code No.
2322. . .

r25
(Ï2)

B-value

(K)

Max. power 
rating (W) 
at 25 °C

Shape
See composite 

data sheet 
commencing with:

VA1033 610 11408 4 2800 1 Disc VA1033
VA 1034 610 11509 50 3300 1 Disc VA1033
VA 1038 61011132 1300 5450 1 Disc VA1033
VA1039 610 11501 500 5200 1 Disc VA1033
VA 1040 61011131 130 4600 1 Disc VA1033
VA1053 610 11808 8 2900 1 Disc VA1033
VA1055S 635 01153 15 000 3600 0.6 Rod VA1055S
VA1056S 635 01473 47 000 3925 0.6 Rod VA1055S
VA1066S 635 01472 4700 3300 0.6 Rod VA1055S
VA1067S 635 01154 150 000 4075 0.6 Rod VA1055S
VA1074 610 11608 6 2825 1 Disc VA1033
VA 1086 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 VAI 096
VA1100 61011159 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 VA1096
VA1112 642 12223 22 000 4200 0.6 Disc VA1096

610 11118 1.1 2650 1 Disc 2322-610 Series
610 12109 10 2950 1 Disc 2322-610 Series
61011339 33 3250 1 Disc 2322-610 Series

Note:- Maximum current (rms) at 55 °C for VA1104 is 2.2 A

Plastic encapsulated

Code No. 
2322.. .

R 
(kß)

B-value 
(K) Shape

640 90004 R25 = 12; R100 = 0.95 3750
640 90005 R100 = 16.7; R200 = 112 4300

'Two-point' type640 90013 R-30 - 50 R-10 = 15 k£2 4000
640 90015 R-1Q = 15 k£2; R25 = 2.7 k£2 4000

Mullard October 1978 1



SUMMARY

Miniature bead types

Type 
No.

Code No.
2322. . .

r25 
(S2)

B-value 
(K) Shape

VA3100 634 11102 1 000 2375
VA3102 634 11222 2 200 2600
VA3104 634 11472 4 700 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 1 000 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 1 000 2375
VA3402 627 21222 2 200 2600
VA3404 627 21472 4 700 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 1 000 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
VA3710 627 11473 47 000 3850 type

VA3712 627 11104 100 000 3800
VA3714 627 11224 220 000 3920
VA3716 627 11474 470 000 4030
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NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS
(2322 610 Series)

VAI033 VAI053
VAI034 VA1074
VA1038 VA1086
VA1039 VA1100
VAI040

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)

ELECTRICAL DATA
Rated zero power 
resistance (R25) 

±20%

25 B-value (B-^z)OJ
±5%

Colour bands
Code No. Tÿpe No.

1 2 3
2. 2S2 2675K red red gold 2322 610 11228 VA1086
4 Si 2800K yellow Hack gold 2322 610 11408 VA1033
6 SI 2825K blue black gold 2322 610 11608 VA1074
8 SI 2900K grey black gold 2322 610 11808 VA1053

is a 3125K brown green Hack 2322 610 11159 VAI 100
50 2 3300K green black Hack 2322 610 11509 VA1034
130 a 4600K brown orange brown 2322 610 11131 VA1040
500 a 52OOK green black brown 2322 610 11501 VA1039
1300 a 5450K brown orange red 2322 610 11132 VA1038

VAHIO has been replaced by 2322 610 12109

Maximum power rating at 1 W
Operating temperature category at zero power -25 to +125 °C

at maximum power 0 to +55 °C
Dissipation factor (fi) (approx. ) 10 mW/K (mW/°C)
Thermal time constant (r) (approx. ) 60 s

Mullard VA1033-Page 1AUGUST 1980



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.

characteristics

Mullard
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VA1055S VA1066S
VA1056S VA1067S

NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS
(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)

D34S1

ELECTRICAL DATA
Rated zero power 
resistance (R25) 

±20%

25 B-value (B — )OJ
±5%

Colour coding Code No. Type No.

4 700 2 3300K orange 2322 635 01472 VA1066S
15 000 2 3600K green 2322 635 01153 VA1055S
47 000 2 3925K blue 2322 635 01473 VA1056S
150 000 2 4075K white 2322 635 01154 VA1067S

Maximum power rating 0.6 W
Operating temperature category at zero power -25 to +150 °C

at maximum power 0 to +55 °C
Dissipation factor (S) (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.

Muilard
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VOLTAGE/CURRENT CHARACTERISTICS
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VA1096 VAI108
VA1097 VA1109
VA1098 VA1111
VA1106 VA1112

NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS
(2322 642 Series)

This data sheet should be read in conjunction with 
NEGATIVE TEMPERATURE COEFFICIENT THERMISTORS - INTRODUCTORY NOTES
APPLICATION

General purpose applications, including temperature measurement and circuit 
compensation.

DIMENSIONS (millimetres)

ELECTRICAL DATA
Rated zero 
power 

resistance 
^25)

B-value 
(B¡|) Dissipation 

factor (fi) 
mW /degC

Colour bands Code No. Type 
No.

1 2 3

150SH20% 328OK 8 brown green brown 2322 642 11151 VA1096
47()Si±20% 3520K 8 yellow violet brown 2322 642 11471 VA1097
15OOO±2O% 3775K 8 brown green red 2322 642 11152 VA1098
2200ß±20% 3915K 8 red red red 2322 642 11222 VA1106
47OOS2±1O% 4200K 8 yellow violet red 2322 642 12472 VA1109

15 000Sl±10% 4375K 8.5 brown green orange 2322 642 12153 VA1108
22 ooon±io% 4200K 8.5 red red orange 2322 642 12223 VA1112
33 000S2±10% 4250K 8.5 orange orange orange 2322 642 12333 VA1111

Maximum power rating 0.5 W
Operating temperature category at zero power -25 to +125 °C

at maximum power 0 to +55 °C
Dissipation factor (fi) (approx.) 8.5 mW/K (mW/°C)
Thermal time constant (r) (approx.) 25 s

ORDERING PROCEDURE
Three coloured bands on the body identify the types in this series. Where applicable, 
the ±10% tolerance on R25 value is marked with an additional fourth band in silver. 
The identification lacquer does not provide electrical insulation.
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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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VA1096 VAI108
VAI097 VA1109
VA1098 VA1111
VAI106 VA1112

NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS
(2322 642 Series)

VOLTAGE/CURRENT CHARACTERISTICS

TESTS AND REQUIREMENTS
According to IEC68 recommendations, unless otherwise specified.

Tests IEC 68 test 
method only Duration Requirements

AR/R(%) AB/B(%)
Storage at +25°C Ha 1000h +3 ±1
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 ^amb = +55 C 1000h ±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 3 to 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
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VA1104NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS
(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)

ELECTRICAL DATA
Rated zero power 
resistance (R^)

24 B-value (B ) (approx.)8S Code No. Type No.

min. 15S 3350K 2322 644 90005 VA 1104

Maximum current (r.m. s. ) at T . = 55°C 2.2 A' amb
Maximum resistance at T . = 25°C,I = 2.2A max. 1 9amb r.m.s.
Operating temperature category at zero power -25 to +155

at maximum power 0 to +55 o 
o

Dissipation factor (6) approx. 17 mW/degC
Thermal time constant (t) approx. 148 s
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

Tests 1EC68 test 
method only Duration Requirements 

△R/R25(%)

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 1000h ±20Tamb=+25°C

Cycling

quick 250 cycles
5s on/5s off ±20

slow 2000 cycles
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 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 months
storage

resistance to heat at 
230 ±10°C para 3. 2.4 3 to 4s ±2

-------------------- Muilard---------------------
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COOLING CHARACTERISTICS
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VOLTAGE/CURRENT CHARACTERISTICS
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NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS
(2322 634 and 2322 627 Series)

VA3100 VA3400
VA32OO VA3700

Series

This data sheet should be read in conjunction with 
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

Bead mounted in a gas filled 
encapsulation with axial leads 2322 634 21... VA32OO Series

Glass dipped bead with radial leads 2322 627 21... VA3400 Series

Thermometer type, with the bead 
sealed into the tip of a glass tube 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.

AUGUST 1980
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D3468

RESISTANCE/TEMPERATURE CHARACTERISTICS 
FOR VA3100, VA3200, VA3400, VA3700 SERIES
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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 (mUlimetres)

1 
max

00.06

3.5

1
01 max

D3469

Leads : - Platinum - iridium alloy *

ELECTRICAL DATA

60

Rated zero power 
resistance (R25) 

±20%

25 B-value (B^r)

±5%
Gode No. Type No.

1 0000 2375K 2322 634 11102 VA3100
2 2000 2600K 2322 634 11222 VA3102
4 7000 3725K 2322 634 11472 VA3104

10 0000 3875K 2322 634 11103 VA3I06
22 0000 3850K 2322 634 11223 VA31O8
47 0000 3850K 2322 634 11473 VA3110

100 0000 3800K 2322 634 11104 VA3112
220 0000 3920K 2322 634 11224 VA3114
470 0000 4030K 2322 634 11474 VA3116

Maximum power rating at
Dissipation factor (6) (approx. ) 0.1
Operating temperature range, at zero power -25 to +200

at maximum power 0 to +55

Stability, AR25> after 1000 hours at Tmax.

mW
mW/K (mW/°C)
°C 
°C

%

NOTE This material cannot be soldered but must be welded or mechanically clamped.

Muilard
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APPLICATION

VA3200 SERIES (2322 634 21.... Series)

Double ended glass type used to compensate for small power changes in electronic 
circuits.
DIMENSIONS (millimetres)

□ 3470

-> ELECTRICAL DATA
Rated zero power 
resistance (R25) 

±20%

25B-value (B Ö3
±5%

Colour coding Code No. Type No.
1 2 3

1 0000 2375K brown black red 2322 634 21102 VA3200

2 20011 2600K red red red 2322 634 21222 VA3202

4 7002 3725K yellow violet red 2322 634 21472 VA3204

10 0002 3875K brown black orange 2322 634 21103 VA3206

22 0002 3850K red red orange 2322 634 21223 VA3208

47 0002 3850K yellow violet orange 2322 634 21473 VA3210

100 0002 3800K brown black yellow 2322 634 21104 VA3212

220 0002 3920K red red yellow 2322 634 21224 VA3214

470 0002 4030K yellow violet yellow 2322 634 21474 VA3216

Maximum power rating 60 mW

Dissipation factor (d) (approx. ) 0.4 mW/K (mW/«C)
Thermal time constant (t) (approx. ) 9 s
Operating temperature range, at zero power -25 to +200 °C

at max. power 0 to +55 °C

Stability, AR25> 1000 hours at Tmax> <1 %

COLOUR CODING
The colour code on the body identifies the thermistors in this series.

Mullard
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NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS
(2322 634 and 2322 627 Series)

VA3100 VA3400
VA3200 VA3700

Series
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VA3400 SERIES (2322 627 21.... Series)

APPLICATION
Glass clipped bead type for use where small size is desired in temperature measurement 
and control applications.
DIMENSIONS (millimetres)

01.6 
max 00.24.

max min
D3473O

ELECTRICAL DATA

100 mW

Rated zero power 
resistance (R25) 

±20%

25
B-value (B ) OJ Code No. Type No.

1 0000 2375K ± 10% 2322 627 21102 VA3400
2 2OOS2 2600K ± 10% 2322 627 21222 VA3402

4 7000 3725K ± 5% 2322 627 21472 VA3404

10 0000 3875K ± 5% 2322 627 21103 VA3406

47 0000 3850K ± 5% 2322 627 21473 VA3410
100 OOOfl 3800K ± 5% 2322 627 21104 VA3412
220 0000 3920K ± 5% 2322 627 21224 VA3414

Maximum power rating

Dissipation factor (6) (approx.) 0.7 mW/K (mW/°C)
Thermal time constant (t) (approx.) 10 s
Operating temperature range, at zero power -25 to +200 °C

at max. power 0 to +55 °C
Stability, AR25. after 1000 hours at Tmax <3 %

Mullard
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NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS
(2322 634 and 2322 627 Series)

VA3100 VA3400
VA3200 VA3700 

Series
VA3700 SERIES (2322 627 11.... Series) 

APPLICATION

Thermometer type for use in measurement and control of temperature.

DIMENSIONS (millimetres)

ELECTRICAL DATA

Rated zero power 
resistance (R25) 

±20%

25 B-value (B OJ
±5%

Colour coding Code No. Type No.
1 2 3

1 000s?
2 2OOS2

4 70052

10 000S2
22 0002
47 0002

100 0002

220 0002
470 0002

2375K
2600K
3725K
3875K
3850K
3850K
3800K
3920K
4030K

brown 
red 

yellow 
brown
red 
yellow 
brown

red 

yellow

black 
red

violet 
black
red
violet 
black

red

violet

red 
red 

red
orange 
orange 
orange 
yellow 

yellow 
yellow

2322 627 11102
2322 627 11222
2322 627 11472
2322 627 11103
2322 627 11223
2322 627 11473
2322 627 11104
2322 627 11224
2322 627 11474

VA3700
VA3702

VA3704
VA3706
VA3708
VA3710
VA3712

VA3714
VA3716

The colour code on the body identifies the thermistors in this series.

Maximum power rating 100 mW
Dissipation factor (6) (approx.) 0. 7 mW/K (mW/°C)

Thermal time constant (r) (approx.) 14 s

Operating temperature range. at zero power -25 to +200 °C
at max. power 0 to +55 °C

Stability, AR,c, after 1000 hours at Tm 3 * 25 max. <3 %

COLOUR CODING

Mullard
VA3100-Page 7



2322 610 Series

N.T.C. THERMISTOR 
disc

QUICK REFERENCE DATA

Resistance value at + 25 °C (R25) 1.1, 10 and 33 fi

B25/85value 2600, 2950 and 3250 ± 5% K
Maximum power dissipation (Tamb = 25 °C) 1 W
Dissipation factor (8) approx. 10 mW/°C
Thermal time constant (r) approx. 60s
Operating temperature range

at zero power - 25 to + 125 °C
at maximum power 0 to + 55 °C

APPLICATIONS
General purpose applications including temperature measurement and circuit compensation.
Other similar thermistors are detailed in the VA1033 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 tolerance of ± 10% is indicated by an additional silver band at the top of the component.
The identification lacquer does not 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.

U Mullard | August 1980 1



2322 610 Series

MECHANICAL DATA Dimensions in mm

5 max

D?6C9a

ELECTRICAL DATA

rated zero power 
resistance (R25) 

£2

ok
B-value )

±5% 85

K

colour bands type number

1 2 3

1.1 ±20% 2600 brown brown gold 2322 610 11118
10 ± 10% 2950 brown black black 2322 610 12109
33 + 20% 3250 orange orange black 2322 610 11339

10% is indicated by an additional silver band at the top of the component.

Maximum power rating at 1 w
Operating temperature range at zero power — 25 to + 125 °C

at maximum power 0 to + 55 °C
Dissipation factor (8) approx. 10 mW/K (mW/°C)
Thermal time constant (r) approx. 60s

2 July 1978 Mullard



N.T.C. thermistor, disc 2322 610 Series



2322 640 90004
90005

NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS

900 
90015

This data sheet should be read in conjunction with 
NEGATIVE TEMPERATURE COEFFICIENT THERMISTORS - INTRODUCTORY NOTES

APPLICATION

QUICK REFERENCE DATA

90013 90015 90004 90005
Temperature range -30 to -10 °C -10 to+25 °C 25 to 100 °C 100 to 200 °C
Resistance at -30 °C 50 kß - - -

-20 °C 27 kO - - -
-10 °C 15 kS2 15 kß - -
25 °C - 2. 7 kO 12 kO * 7% -
100 °C - - 0.95 kO ± 5% 16.7 kO ± 7%
200 °C - - - 1.12 kO ± 7%

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 +25 °C 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 64090002 and 90003 which were previously available 
in this range.
DIMENSIONS (millimetres)

2322 640 90004-Page 1
MuilardAUGUST 1980



ELECTRICAL DATA

2322 640 90004-Page 2

Temperature range

2322 640 90013 2322 640 90015 2322 640 90004 2322 640 90005

-30 to -10 °C -10 to +25 °C 25 to 100 °C 100 to 200 °C

Resistance at -30 °C ± 1,5 °C 
-20 °C ± I.50C 
-10 °C ± 1.5 °C
25 °C ± 1.5 °C.
25 oc 1

100 °C ? Note 
200 oc J

' Note 1

50 kß
27 kS2
15 kfl 15 kn

2. 7 kß
12 kß + 7% 

0.95 kß ± 5% 16.7 kfi ± 7%
1.12 kfi ± 7%

25 B-value (B )OU 4000 K 4000 K 3750 K 4300 K

Maximum dissipation in air 0.25 W 0.25 W 0.25 W 0.25 W

Dissipation factor (Ô) 
air (Note 3) 
heatsink (Note 4)

6.7 mW/>C
16 mW/>C

6.7 mW/0C
16 mW/bC

7 mW/OC
19 mW/OC

7mWA>C
17.5 mW/oC

Thermal time constant (r) 
air (Note 1) 
heatsink (Note 4)

17 s
6 s

17 s
6 s

19 s
10 s

19 s
12 s

Operating temperature category 
zero power 
maximum power

-55 to +85 °C
-55 to +55 °C

-55 to +85 °C
-55 to+55 °C

-10 to +125 °C 
0 to + 55°C

-25 to +200 °C 
0 to +55 °C

Voltage proof (r. m. s. ) terminals 
to heatsink (Note 3) 350 V 350 V 350 V 350 V

Minimum insulation resistance, 
terminals to heatsink measured 
at d.c. voltage of 100 V

100 MS2 100 MS2 100 Mil 100 MS2



2322 640 90004NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS 90005

90013
90015

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 kil between the limits of -31. 5 and -28.5 °C.

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 
wlU be within the tolerance quoted, e.g. , the 2322 640 90004 at 25 c>C will have a 
resistance value within 12 k£2 ± 7%.

3. Measurements made in still air.
4. Measurements made in still air when the specimen is mounted on a square heatsink 

100 x 100 x 1. 5 mm.

MOUNTING

By clip for surface mounting or self supporting by its own leads for air temperature 
measurement.

Resistance/temperature characteristics of 2322 640 90004/5/13/15

Mullard
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Cooling characteristics of 2322 640 90004

Mullard
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2322 640 90004
90005

NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS

90013
90015
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Cooling characteristics of 2322 640 90005
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2322 640 90004
90005
90013

NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS
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POSITIVE TEMPERATURE
COEFFICIENT THERMISTORS

INTRODUCTORY
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 range. They 
differ from n.t.c. thermistors in several aspects, for example: -

(1) The temperature coefficient of a p. t. c. thermistor is only positive over a limited 
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. 
Ions 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 La34 or 
Bi3+) for Ba, or substitution of pentavalent ions (such as Sb$+ or NbS-f) 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 constituents 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 in these 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 thatused in the ceramic industry. 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.

APRIL 1974 P.T.C. Intro. Page 1
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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 to the 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 die 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

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 (be), and a 
zero or negative coefficient at higher temperatures (cd).

Over the mid-range of temperatures the resistance/temperature relationship can be 
approximated to:

Rr = A + Ce^, where < T < T2 .......... (1)

where, ILj, = resistance at a temperature T, in ohms 

T = temperature in kelvin
Tj = 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 (a) can be shown as;

a
RT1 dR BCe

R ‘ = A + Ce^ .......... (2)

a = 100B% per deg C, where R^, » A

In practice, however, it seldom occurs that the resistance/temperature characteristic 
can be described by the above, or any other, simple formula. Therefore, calculations 
must be based on graphical methods. The switch temperature Ts 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. Ts is defined as the higher of two 
temperatures at which the resistance of the p. t. c. thermistor is twice its minimum value.

MuHard
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INTRODUCTORY
NOTES

POSITIVE TEMPERATURE
COEFFICIENT THERMISTORS

Voltage/current characteristic
The voltage/current characteristic of a p. t. c. thermistor depends on the resistance/ 
temperature characteristic, on the 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 Ts, 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.

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 used as shown in fig. 3, to which dissipation and resistance parameter s 
are added.

------------- Mullard--------------
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03200

Fig- 3
Voltage/current characteristic of a typical p.t. c. thermistor with 

dissipation and resistance as parameters

Figures 2 and 3 show that p. 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.

2In any resistor, power consumption is given byW = I R or W = DT where D = dissipation 
constant and T = temperature rise. 

2 
For small changes in power AW = 2IRAI + I AR .......... (3)

or AW = DAT .......... (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 AI = 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 = I 2AR
PPP

AW = DAT 
P P

.......... (5)

.......... (6)

------------- Muilard--------------
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INTRODUCTORY
NOTES

POSITIVE TEMPERATURE
COEFFICIENT THERMISTORS

Combining equations 5 and 6,

or

AT
A value for AR P

DAT = I 2 AR 
PPP

AT__ P
AR

I2 
P 
D .... (7)

can be simply found by a graphical method, from the resistance/temp-
erature characteristic plotted on to a linear scale, as follows: -

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
T , therefore: - x

Rp Tp Intersects the temperature ordinate at

ATp
AR P

xP__
R P

.... (8)

Combining equations 7 and 8

T - T P x
I 2 . R
_P____P

D .... (9)

P. T. C. Intro. Page 5
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But,

Therefore,

____ iL - _ £ = T - T 
D Dp amb

T - T = T - T . p x p amb

T = T x amb

Thus, the tangent to the curve, of the temperature/resistance characteristic (plotted on a 
linear scale) at point T , intersects the temperature ordinate at T^y

Equation 8 may therefore be written as: -

T - T , p amb .......... (10)

Combining equations 7 and 10,

T -T , p amb
R 

P

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 T

(3) Read off the values of Rp and Tp and substitute, together with the value for D 
(given in the data sheet), into equation 11.

Muilard
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INTRODUCTORY
NOTES

POSITIVE TEMPERATURE
COEFFICIENT THERMISTORS

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 
V

axis at V (the supply voltage) and the current axis at I (I = -^). P, and P are stable S S S lx 1 z
working points, P$ is an unstable working point.

When the voltage Vs is applied to the series combination of p. t. c. thermistor and resistor 
equilibrium will be reached at Pj, 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) V$ increases (figure 6)

(2) the ambient temperature increases (figure 7)

(3) the load resistance decreases (figure 8).

Mullard
P. T. C. Intro. Page 7



The influence of supply voltage on 
a p. t. c. thermistor/resistor

Fig- 8
The influence of ambient temperature 

on a p. t. c. thermistor/resistor

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 P2 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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INTRODUCTORY
NOTES

POSITIVE TEMPERATURE
COEFFICIENT THERMISTORS

Fig. 9
The influence of resistance value on the current/time characteristic 

ofap. 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 Voc 1^. Figure IB 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. c. thermistor are:

Balance voltage (Vjj). 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 (/3). The voltage dependency of a p. t. c. thermistor can be calculated 
from:

log V3 - log V2

log (I3 R - V3) - log (I2 R - V2) .......... (12)

Mullard
P.T.C. Intro. Page 10



INTRODUCTORY
NOTES

POSITIVE TEMPERATURE
| COEFFICIENT THERMISTORS

where,
V2 = a pulse voltage greater than

V» = a pulse voltage greater than V_ d 2
I2 = the current at V2
I, = the current at V,

V1 $
R = 7—, measured at V, < 1.5V.Ij 1 d. c.

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 = D(T - Tamb) dt ...........(13)

where,
H = heat capacity in joules per deg. C

D = dissipation in watts per deg. C

Rearrangement of equation 13 gives:

- HdT
(T - T ) " Mt 

amb
.......... (14)

In order to obtain the total time taken for a thermistor to cool from Tj to T2 equation 14 
must be integrated to give:

H l°ge Dt^2 ’ ^mbt

where,
Thermal time constant 77 l°ge

^l^amb) 
^2 -Tamb>

-1

.......... (15)t

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.

Muilard
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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 used as protection devices against over 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 television receivers, 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 
maybe 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. thermi stor 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
COEFFICIENT THERMISTORS

INTRODUCTORY
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 (mp
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 (R2j)

This is the nominal value at the standard reference temperature of 25°C unless otherwise 
specified.

Switch temperature (Tp
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 zero power are the maximum and minimum 
ambient temperatures at which the thermistor can be continuously operated.

Dissipation factor (6)
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 (r)
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 in temperature 
under zero power conditions.

Temperature coefficient (a)
The ratio (in % per degree C) at a 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.

5. When a mercury thermometer is used for high temperature measurement, it is 
necessary to apply stem correction to the indicated temperature.

Mullard
P. T. C. Intro. Page 14



SUMMARYPOSITIVE TEMPERATURE
COEFFICIENT THERMISTORS

Type No. Code No.
Resistance 

at 
25 °C 
(2)

Switch/ 
reference 

temperature 
(°C)

Max. 
voltage 
(V)

Application

E22OZZ/O1 2322 661 91005 50 +25 40
E220ZZ/32 2322 661 91004 30 +45 50 General purpose
E220ZZ/O3 2322 661 91002 50 +80 50
E220ZZ/04 2322 661 91003 40 +110 50

VA8650 2322 662 93037 80 +75 265* Degaussing circuits in 
television receivers

2322 662 98003 30+8 +75 265 Dual type for 
degaussing

2322 662 98009 40+ lk to 6k - 265 Dual type for 
degaussing

2322 663 93004 30 +105 265* Overload protection

‘These devices must be used with a current limiting resistor.

Mullard
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POSITIVE TEMPERATURE
COEFFICIENT THERMISTORS
(2322 661 Series)

E220ZZ/01
to E220ZZ/04

This data sheet should be read in conjunction with 
POSITIVE TEMPERATURE COEFFICIENT THERMISTORS - INTRODUCTORY NOTES

APPLICATION
General purpose applications

DIMENSIONS (millimetres)

Type No. Code No. Colour 
band

E220ZZ/01 2322 661 91005 red
E220ZZ/02 2322 661 91004 orange
E220ZZ/03 2322 661 91002 yellow
E220ZZ/O4 2322 661 91003 green

ELECTRICAL DATA
Resistance/temperature characteristics

Tÿpe 
No.

Switch 
temperature 

CTS)
Resistance at Tamj,

25°C 40°C 60°C 90°C 100°C 130°C

E220ZZ/01 25°C 502 ± 152 - - - 3000 to 
20 0002 -

E220ZZ/02 45°C 302 ± 152 <902 - - >10 0002 -
E220ZZ/03 80°C 502 ± 152 - <1002 - >10002 -
E220ZZ/04 110°C 402 ± 152 - - <802 - >10 0002

Mullard
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ELECTRICAL DATA (Contd. )
01

E220ZZ/
0402 03

Operating temperature category 
at zero power 
at maximum voltage

-10 to +125 
0 to +55

°C
°C

Temperature coefficient (a) 9 16 18 75 %/degC
Dissipation factor (6) 6 8.5 8.5 8.5 mW/degC
Thermal time constant (t) 40 50 50 50 s
Maximum voltage (d. c. ) 40 50 50 50 V
Balance voltage (V^) 25 65 110 25 V
Voltage dependency (/3 ) 0. 35 0. 25 0.48 0. 28

-+ COLOUR CODING
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

Tests IEC test 
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 V„,„„ 
andTamb = +55°C 1000h ±5
Cycle test at Vmav 1000h ±10and Tamb = °°c 1 min on/ 

9 min off
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 3 to 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 3 to 4 s ±2

MuNard
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E220ZZ/01
to E220ZZ/04

POSITIVE TEMPERATURE
COEFFICIENT THERMISTORS
(2322 661 Series)
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VA8650POSITIVE TEMPERATURE
COEFFICIENT THERMISTOR
(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)

Type No. Code No. Colour code
VA8650 2322 662 93037 yellow

ELECTRICAL DATA
Rated zero power resistance (R25) 80 ±20% 2
Resistance at Tamb = 75° C <220 2

Tamb = 135°C, and 380V pulsed >45 000 2
Switch temperature (Tg) approx. +75 °C
Operating temperature category at zero power -25 to ±155 °C

at maximum voltage 0 to ±60 °C
Dissipation constant (6) approx. 21 mW/degC
Thermal time constant (r) approx. 105 s
Temperature coefficient (a) approx. +23 %/degC
R.M.S. voltage at Tmax = 60°C 

(in series with 822 ±5% resistor) max. 265 V
Minimum series resistance value 82 ±5% 2
Balance voltage, d.c. , (V^ approx. 180 V
Voltage dependency at + 155°C approx. 0. 28

Muilard
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MOUNTING
The thermistor should be mounted to allow free circulation 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 IEC68 test 
method only Duration Requirements AR/R(%)

at +25°C at +150°C
Cold at -25°C A 1000h ±7.5 ±12
Storage at +25°C Ha 1000h ±5 ±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 amb
Cycle test at r. m. s voltage = 265V,
T . =0°C amb , .T =+25°C (see note)
amb

Robustness of terminations
tensile strength 20N

U
Ua

1000h

100 cycles
2000 cycles

10s

±10

±10
±7.5

Leads shou

±12

±12
±12

Id neither
bending ION Ub 2 times come loose nor break

Soldering
solderability at 230 ±10°C

T 
para 3. 2. 3 3 to 4s Leads must be

resistance to heat at 350 ±10°C para 3. 2.4 3 to 4s

solderable with solder 
containing resin flux, 
initially, and after 
six months storage

±2 | ±2

Note: Cycle: 1 minute on, 9 minutes off. Series resistor: 82S2 ±5%,

-------------------- Mullard---------------------
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VA8650POSITIVE TEMPERATURE
COEFFICIENT THERMISTOR
(2322 662 93037)
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VOLTAGE/CURRENT CHARACTERISTICS
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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

The tags A,B and C should be connected 
as shown in the application circuit

D»»c

MOUNTING
The thermistor can be soldered directly on to a printed-wiring board. 

APPLICATION CIRCUIT

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) 265 V

Inrush current (peak) through the 
coil (see note 2) min. 5 A

Idle current (peak) through the coil 
(see note 2)

after 5s max. 70 mA

after 30s max. 5 mA

after 3 minutes max. 2 mA

Resistance at 25°C (see note 3)

of mains p. t. c. approx. 30 12

of coil p. t. c. approx. 8 12

Resistance at T . = 175°C and 345V amb
pulsed of mains p. t. c. min. 35 ,JcS2

Resistance at T , = 155°C of coil p. t. c. 
amb min. 20 kS?

Switch temperature of mains and coil 
p.t.c. approx. 75 °C

Temperature coefficient of mains and 
coil p.t. c. approx. 25 %/degC

Dissipation factor (ô) (see note 1) approx. 13.5 mW/degC

Thermal time constant (r) (see note 1) approx. 200 s

Operating temperature range

at zero power -25 to +155 °C

at maximum voltage 0 to +60 °C

NOTES
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 

resistor of 2512.
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 2112 AA2 98ÛÛ3
COEFFICIENT THERMISTOR
for degaussing

INRUSH PEAK CURRENT THROUGH THE COIL/VOLTAGE CHARACTERISTIC

IDLE PEAK CURRENT THROUGH THE COIL/VOLTAGE CHARACTERISTIC

Mullard
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D5020

STATIC CURRENT THROUGH THE 
COIL/VOLTAGE CHARACTERISTICS



DUAL POSITIVE TEMPERATURE
COEFFICIENT THERMISTOR
for degaussing (parallel-series)

2322 662 98009

This data sheet should be read in conjunction with 
POSITIVE TEMPERATURE COEFFICIENT THERMISTORS - INTRODUCTORY NOTES

DIMENSIONS (millimetres)

View in direction X

MOUNTING
The thermistor can be soldered directly on to a printed-wiring board.

OCTOBER 1975 2322 662 98009 Page 1



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 +25 °C, Rg approx. 40 2

RP 1000 to 6000 2

Operating temperature range 
at zero power -25 to +125 °C
at maximum voltage 0 to +60 °C

Measuring circuit
Rp = parallel PTC
Rg = series PTC
Rc = replaces the degaussing 

coll (Z = 25 2)

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. 1 with the coil replaced by an 
ohmic resistor of 25 2.

HOUSING
The thermistors are housed in a non-flammable plastic moulding.

Mullard
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Fig. 3
Typical resistance versus temperature 
characteristics of the series PTC



Fig. 4
Typical resistance versus temperature 
characteristics of the parallel PTC
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Fig. 5. Typical inrush peak current versus voltage characteristic
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Fig. 6. Typical peak current versus voltage characteristics.
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Fig. 7
Typical resistance versus cooling time 
characteristics of series PTC (cooling 
off after stationary operation at 220 V).



Fig. 8
Typical resistance versus cooling time 
off after stationary operation at 220 V).
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cooling time characteristics (cooling 
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Fig. 10

Typical peak current through the coil versus 
time characteristic. Peak current limits 
are indicated by



POSITIVE TEMPERATURE
COEFFICIENT THERMISTOR
for overload protection

2322 663 93004

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

2322 663 93004 Page 1
Muilard
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Specification
Resistance at 25 °C measured at V s 1. 5 V d.c.
Resistance at 105 °C measured at V< 1,5 Vd.c.
Resistance at 200 °C measured at 375 V pulsed
Maximum working voltage with minimum series 

resistance of 470 0
Switch temperature

approx. 30 a
100 2
25 ka

265 V
105 °C

In Fig. 1.
(a) with Rx = 1720 a,a current of 140 mA and Tamb = 36 °C, the p. t. c. thermistor 

shall not switch.
(b) with Rx = 1200 a ,a current of 200 mA and Tamb = 25 °C, the p. t. c. thermistor 

shall switch and after 5 mins. (max.) the current shall be less than 40 mA.

Mullard
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2322 663 93004POSITIVE TEMPERATURE
COEFFICIENT THERMISTOR
for overload protection
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INTRODUCTORY
NOTES

VOLTAGE DEPENDENT
RESISTORS

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 = CP5 (I)

where,V = voltage in V
I = currents in A
C and ß = 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 = logC +ß. logl (2)
which is a straight line for not too small values of current, and where /3 is the slope of 
the line. Fig. 2 illustrates this.

Fig. 2
Voltage/current characteristic of a VDR on logarithmic scales

For a given VDR, the values of C and 0 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 =kVa
where,

and

1
“ ~ ß
k -J— 

cl/ß

(3)

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 0-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 

Milliard
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VOLTAGE DEPENDENT
RESISTORS

INTRODUCTORY
NOTES

a current of 10mA at 100V, and a /3 = 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.

Fig. 3
Nomogram giving the relation between voltage, current, power 

dissipation and p -value of any silicon carbide VDR.

MuHard
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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.

Fig. 4
Typical voltage/current characteristics with a load 

line for a series load

Practical values

The C- and /3-values of a VDR depend on the composition of the material, and on the 
methods used in manufacture; furthermore, theC-value depends on the shape and dimen
sions of the VDR. Practical values of fl range between 0.14 and 0. 40 for silicon carbide 
and approx. 0.030 for zinc oxide. It is inherent to the material properties that the 
i3-value of a VDR with a low C-value will always be higher than that of a 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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VOLTAGE DEPENDENT
RESISTORS

INTRODUCTORY
NOTES

From equation (1) it is possible to specify the electrical characteristics of a VDR by 
giving its C- and fl -value. The advantage of this is that only two parameters are used. 
The disadvantage is, however, that due to the tolerance on the fl -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 fl-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 1mA 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 = afi

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 = C F3 (4)

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) :
V = CP3

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” (nl)3 (6)

From equations (1) and (6), it follows that:

C" 
aP (7)

Hence, it can be seen from equation (7) that for VDR' s having fl -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 fl = 0.20 , 32 VDR's would need to be connected in parallel to achieve a 
50% reduction in C-value. fa parallel circuits all VDR's should have approximately 
equal C- and fl -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.

Muilard
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Resistance value

From Ohm's law, the resistance of a VDR is given by:

(8)C
I1^

R ■■

exor using I = kV

R =
kV kV

(9)

I I

V V 1

that the resistance value of VDR is not constant, but 
current.

From these equations, it is evident 
depends on the values of voltage and

Power dissipation
The power dissipated in a VDR is given by:

W = V.I

ex but since I = kV

then W = kV® . V = kV®+ 1 (10)

For a /3-value of 0.20, a = 5, since a = then the power dissipated is proportional to the 
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.

Temperature coefficient
No account has been taken of temperature effects. The p-value is practically independent 
of temperature. The C -value has an appreciable negative temperature coefficient. To a 
good approximation we can write:

Ce=C0(l+ae) (11)

where C = C -value of the VDR at ©°C u
CQ = 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 
0 -value.

Mullard
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VOLTAGE DEPENDENT
RESISTORS

INTRODUCTORY
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

(a) Sinusoidal voltage
R.M.S. value of current

The value of the r. m. s. current is given by:

^r. m. s.

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 sinwt in which v = Vr m s V2, it follows that, by substitution:

A d. c. voltage of V = Vr m 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.

(12)

This relationship between r and a, is illustrated in fig. 6 for various values of « = 1/^.

Mullard
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Fig. 6 Relation between the currents caused
by a d. c. voltage V, and an a. c.

voltage V = Vr.m.s.

4 03750

3.51

Mean value of the current in a VDR during half a cycle
The mean value is defined as:

I m

Substituting I = kV^, and V

I m

- v sinwt, where v = V ^2, r. m. s. it follows that:

2kV m. s.
2°/2 rT/2

/ i • .a ,------ / (sinwt) dt
7 0T

A. d. c. voltage of V = V would cause a d. c. current in the VDR such that: r.m.s.

I = kVa
r. m. s.

If the ratio of I to I equals m, then:

m = ----- - ----- / (sinwt) dt (13)

--------------------------Milliard---------------------------
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INTRODUCTORY
NOTES

VOLTAGE DEPENDENT
RESISTORS

The relationship between m and a, is illustrated in fig. 7 for various values of a = 1/3.

Fig. 7 Relation between the mean values 
of the currents caused by a d. c. 

voltage V and an a. c. voltage
V =Vr. m. s.

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 which they indicate the 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 a = 1/3.

-------------------- Mullard---------------------
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Fig. 8 Factor f by which the mean
current value must be
multiplied to obtain the

r.m. s. current

1.4 037.9

Power dissipation
The a. c. power dissipation for a sinusoidal voltage is given by:

Wa. c. kV dt

Substituting V = v sina't, where v = Vr m /2, we have:

2kV“+1 /"I/2
W = --------------/ (Smwt)“+Idt

a. c. 1 J Q

The power for a d. c. voltage of V = V^. is:

W r. m. s

The quotient of these two values is given by:

W o(a+3)/2 /T/2 a.c. 2 " / . . 1 ,P = —------ / 0 (smut) dt (14)

Mullard
VDR Intro. Page 10



I VOLTAGE DEPENDENT
RESISTORS

INTRODUCTORY
NOTES

The value of p as a function of a = 1/(3 is shown in fig. 9

Fig. 9 Relation between the power 
dissipation caused by a d. c. 
voltageV and an a. c. voltage

(b) Sinusoidal current
R. M. S. value of voltage
The value of the r. m. s. voltage is given by:

Vr.m. s. V dt

The relation between voltage and current is given by:

V = CI^

Muilard
VDR Intro. Page 11



where I = i sinwt, in which i = I ■¿2, it follows that by substitution:

V. = CI^
r.m.s.

T/2 2B
(sinwt) p dt 

0
2

The voltage drop across a VDR when It carries a current I = I
V = CIR

r.m.s.

is given by:

The relation n = Vr /V is given by:

(15)

The values of n against p are plotted in fig. 10

Fig. 10 Relation between the voltage 
caused by a d. c. current I and
an a. c. current I r.m.s. = I

Power dissipation
For a sinusoidal current, the power dissipation is given by:

Wa. c.
2 /T/2
-J o V-Wt

Since V = CIR, and 1 = 1 sinwt, where i = I /2, we have: 
r. m. s.

Wa. c.
2Crr. m. s.

2(0+ D/2
/^dt

For a direct current I = I the dissipated power is:

W = CI'

MuNard
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VOLTAGE DEPENDENT
RESISTORS

Then the relation q = Wa /W is given by:
2(0 + 3)/2 

q = T (sinut)^ + 1 dt (16)

Fig. 11 shows values of q as a function of 0.

Fig. 11 Relation between the power 
dissipation caused by a d. c. 
current I and an a. c. current

From this graph it is dear that the variation in 0-value has little influence on the 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 0-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. In this 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 no practical 
importance. Fig. 12 shows the relative strengths of these harmonics as a function of 
« = 1/0.

Mullard
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(d) High frequency alternating current

At low frequencies, the small capacitance of the VDR does not affect 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 decrease in fj, 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.

Mullard
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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 temperattire 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 1g, the load may be 60W for a duration of Is, 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 lOmA/mm^ 
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.

Muilard
VDR Intro. Page 15



Tolerances (silicon carbide VDR* s)
In published data, VDR's are specified with a tolerance on the reference voltage, and 
a spread on /3-value. From fig. 14 it can be seen that the spread on /3-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 case the C-values are derived from measurements 
made at lower currents.

Fig.14
The influence of the spread of 8 -value on the 

voltage/current characteristic

Choice 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 current 
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.

-------------------- Mullard---------------------
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VOLTAGE DEPENDENT
RESISTORS

INTRODUCTORY
NOTES

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
In 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 tor a current of 1A. Where the VDR is not 
capable of conducting 1A, the C-value is derived from measurements made at lower 
currents.
3-value oThis is the index in the voltage/current relationship V = CI . It is equal to the slope of 
the voltage/current characteristic when this is plotted using logarithmic scales; a, the 
reciprocal of 3 Is sometimes used in calculations.
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 VDR can be continuously operated.

Mullard
VDR Intro. Page 17



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 0-value, which is dependent on both voltage and current, is measured between 

0.31 and 31 for discs, and I and 101 for rods, where I is the current at which the VDR 
is specified:

then 0 = log V2/V1
where V2 = voltage at 31 or 101

and V^ = voltage at 0.31 or I

- ------------------------Milliard---------------------------
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Voltage dependent resistors

I---- ;---------- '--------------------

Summary

Silicon Carbide Types

Type No. Code No.
Voltage 

(V) 
at I Ref

Reference 
Current 
(mA) 
1 Ref

ß 
Value

Shape

E299DD/P116 2322 552 01161 8 100 .25 to .4

E299DD/P118 2322 552 01181 10 100 .25 to .4

E299DD/P120 2322 552 01201 12 100 .25 to .4

E299DD/P216 2322 552 02161 8 10 .25 to .4

E299DD/P218 2322 552 02181 10 10 .25 to .4

E299DD/P220 2322 552 02201 12 10 .25 to .4

E299DD/P222 2322 552 02221 15 10 .25 to .4

E299DD/P224 2322 552 02241 18 10 .21 to .35

E299DD/P226 2322 552 02261 22 10 .21 to .35 •
E299DD/P228 2322 552 02281 27 10 .21 to .35

E299DD/P230 2322 552 02301 33 10 .18 to .25

E299DD/P232 2322 552 02321 39 10 .18 to .25 Disc

E299DD/P234 2322 552 02341 47 10 .18 to .25

E299DD/P236 2322 552 02361 56 10 .18 to .25

E299DD/P238 2322 552 02381 68 10 .18 to .25

E299DD/P336 2322 552 03361 56 1 .14 to .23

E299DD/P338 2322 552 03381 68 1 .14 to .23

E299DD/P340 2322 552 03401 82 1 .14 to .21

E299DD/P342 2322 552 03421 100 1 .14 to .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 .14 to .21

E299DD/P352 2322 552 03521 270 1 .14 to .21

E299DD/P354 2322 552 03541 330 1 .14 to .21

Mullard January 1981



Code No. 
2322 594

Min. Volts 
at 1 mA

Max. Volts 
at 1 A

Shape

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

Code No 
2322 594

R.m.s. 
working voltage 

'Vrms*

Clamping voltage 
max. at 100 A 

(V)
Shape

76002 60 220
77502 75 260
79502 95 330
71312 130 440
71512 150 510
71712 175 570

Disc72312 230 760
72512 250 820
72712 275 900
73012 300 980
74212 420 1410
74612 460 1550

2 January 1981 Mullard



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 in television receivers and other electronic and electrical equipment.

DIMENSIONS (millimetres)

ELECTRICAL DATA
Reference 

current (mA)
Reference 
voltage (V)

100 8 to 12
10 8 to 68
1 56 to 330

Tolerance on reference voltage
Maximum dissipation (T . = 40°C) amb .
Asymmetry
Temperature range

at zero power
at maximum power

Soldering

±20 %
800 mW
<2 %

-25 to +125 °C
0 to +55 °C

max. 240°C for 4s max.

Muilard
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E299DD
 Series Page 2

Reference 
current 
(mA)

Reference 
voltage 

(V)
C 

(approx. )
fi

Dimension A 
max. 
(mm)

Colour bands
Code No. 
2322 552 ...

Type No. 
E299DD/...1 2 3

100 8 14 0.25 to 0.40 5 brown brown blue 01161 /Pl 16
100 10 18 0.25 to 0.40 5 brown brown grey 01181 /P118
100 12 21 0.25 to 0.40 5 brown red black 01201 /P120
10 8 25 0.25 to 0.40 5 red brown blue 02161 /P216
10 10 32 0.25 to 0.40 5 red brown grey 02181 /P218
10 12 40 0.25 to 0.40 5 red red black 02201 /P220
10 15 48 0.25 to 0.40 5 red red red 02221 /P222
10 18 57 0.21 to 0.35 5 red red yellow 02241 /P224
10 22 60 0.21 to 0.35 5 red red blue 02261 /P226
10 27 70 0.21 to 0.35 5 red red grey 02281 /P228

G 10 33 85 0.18 to 0.25 5 red orange black 02301 /P23O
10 39 100 0.18 to 0.25 5 red orange red 02321 /P232

» 10 47 130 0.18 to 0.25 5 red orange yellow 02341 /P234
2 10 56 150 0.18 to 0.25 5 red orange blue 02361 /P236

10 68 180 0.18 to 0.25 5 red orange grey 02381 /P238
1 56 190 0.14 to 0.23 5 orange orange blue 03361 /P336
1 68 230 0.14 to 0.23 5 orange orange grey 03381 /P338
1 82 300 0.14 to 0.21 5 orange yellow black 03401 /P340
1 100 350 0.14 to 0.21 5.5 orange yellow red 03421 /P342
1 120 400 0.14 to 0.21 6 orange yellow yellow 03441 /P344
1 150 500 0.14 to 0.21 6.5 orange yellow blue 03461 /P346
1 180 600 0.14 to 0.21 7 orange yellow grey 03481 /P348
1 220 750 0.14 to 0.21 7.5 orange green black 03501 /P35O
1 270 900 0.14 to 0.21 8 orange green red 03521 /P352
1 330 1100 0.14 to 0.21 9 orange green yellow 03541 /P354



E299DD
Series

VOLTAGE DEPENDENT
RESISTORS
(2322 552 Series)

ORDERING PROCEDURE
The resistors should be ordered by their type or code number. They may be supplied 
in packs marked either with the type or code number.

E299DD Series Page 3
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ZINC OXIDE VOLTAGE
DEPENDENT RESISTOR

2322 5941.. .

This data sheet should be read in conjunction with 
VOLTAGE DEPENDENT RESISTORS - INTRODUCTORY NOTES

QUICK REFERENCE DATA
Minimum voltage at Ipeaj; = 1 mA 82 to 680 V
Maximum voltage at Ipe^ = 1 A 140 to 1160 V
fl between 1 mA and 1 A typ. 0.030
Nominal r. m. s. working voltage 50 to 425 V
Max. non repetitive peak energy 3 to 6 J
Operating temperature range

at zero power -25 to +115 °C
at max. voltage -25 to +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 -fl material, which is provided with two solid tinned 
copper wires. The item is white base lacquered, but not insulated.

MECHANICAL DATA Dimensions in mm

MuHard--------------------2322 594 1.... Series Page 1NOVEMBER 1978



-> ELECTRICAL DATA
Unless otherwise specified all electrical values apply at an ambient temperature of+25 °C,

PULSE RATING

3 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. 0.065 %/°c

Max. average power dissipation
(averaged over 1 s) 100 mW

Max. non-repetitlve pulse energy
(see table 1) 3 to 6 J

Max. pulse current 500 A
Operating temperature range

at zero power -25 to +115 °C
at maximum r. m. s. working voltage -25 to +85 °C

The maximum pulse energy On 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 1 Hz, 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. 
2322 594... .

max. transient energy (Joules) 1

1 pulse 102 pulses 104 pulses 106 pulses

18202 3 1.8 0.30 0.0026

11012 3.5 2.1 0.37 0.0042

11512 4 2.3 0.44 0.0057

11912 4.5 2.6 0.51 0.0073

12212 5 2.8 0.58 0.0087

12712 5 2.8 0.58 0.0087

13312 5.5 3.1 0.65 0.0104

13512 6 3.4 0.72 0.0120

13912 6 3,4 0.72 0.0120

14712 6 3.4 0.72 0.0120

16212 6 3.4 0.72 0.0120
16812 6 3.4 0.72 0.0120

Mullard
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Table 2

minimum 
voltage at 

1 mA peak 
1)2)

(V)

maximum 
voltage at

1 A peak 
1)3)

(V)

nominal 
r.m.s.

working 
voltage

4)
(V)

maximum 
d.c. working 

voltage at 
Tamb = *85°C 

5) 
(V)

maximum 
crest 

working 
voltage

4) 
(V)

capacitance 
at 10 kHz

6)

(pF)

colour code 
(see also Fig.1)

type number 
2322 594....

1 2 3

82 140 50 70 75 1325 grey red black 18202
100 170 60 85 95 1065 brown black brown 11012
150 255 95 135 150 800 brown green brown 11512
190 325 120 170 185 575 brown white brown 11912■F 220 375 135 190 210 535 red red brown 12212

* 270 460 165 235 255 395 red violet brown 12712

» 330 560 205 290 320 360 orange orange brown 13312

œ 350 595 220 310 340 340 orange green brown 13512

3 390 665 245 345 380 300 orange white brown 13912
470 800 295 415 455 210 yellow violet brown 14712
620 1055 390 550 605 175 blue red brown 16212
680 1160 425 600 660 160 blue grey brown 16812

2322 594 1....
 Series Page 3

i) Measurement made without internal heating
2) Pulse time 10 ms
2) Rectangular pulse; pulse time between 0.5 and 1 ms. , ,
4) Sinusoidal voltage assumed as normal input condition. The maximum allowed voltage is the nominal voltagd +10%.

If a non-sinusoidal input is present, the peak voltage should be used for type selection.
5) The d. c. working voltage is the average value of the applied working voltage. For ambient temperatures higher than

85 °C the maximum values must be derated as indicated In Fig. 2.
6) Measured without polarization. Test voltage s 250 mV. f



4
07236«

Typical voltage versus current characteristic

2322 594 1....
 Series Page 4 Fig. 2

Maximum d. c. voltage versus ambient temperature characterictic



2322 594 7....
series

VOLTAGE DEPENDENT RESISTORS
zinc oxide disc

QUICK REFERENCE DATA

Maximum a.c. voltage (r.m.s.)

Maximum d.c. voltage

Maximum non-repetitive transient energy

Operating temperature range
at zero power
at maximum power

60 to 460 V

85 to 615 V

3 to 24 J

-40 to + 125 °C
-40 to + 85 °C

APPLICATION
Suppression of voltage transient, contact protection, spark suppression.

DESCRIPTION
The VDRs consist of a disc of low-fi material, which is provided with two solid tinned copper wires. 
They are White lacquered, but not insulated.

MECHANICAL DATA Dimensions in mm
Outlines ,

Fig.1

7 max

7272178.4

Mullard November 1980 1



2322 594 7....
series

Marking
The resistors are marked with their serial number and the maximum r.m.s. working voltage (see Fig. 1 
and Tablei).

Mass
1g approx.

Mounting
In any position by soldering

Robustness of terminations
Tensile strength 10 N
Bending 5 N

Soldering
Solderability max. 240 °C, max. 4 s
Resistance to heat max. 265 °C, max. 11s

Inflammability
Self-extinguishing

ELECTRICAL DATA
Unless otherwise specified all electrical values apply at an ambient temperature of +23 ± 1 °C

Thermal resistance, body to air
Temperature coefficient at 1 mA,

approx. 65 K/W

measured between +25 and +85 °C approx. —0.065 %/K

Maximum average dissipation
(including transients) 300 mW

Maximum impulse current (8/20 ps)* 500 A

Operating temperature range 
at zero power -40 to+125 °C
at maximum power —40 to +85 °C

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.T2-

November 1980 Muilard
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series

Voltage dependent resistors, zinc oxide disc

Fig.2 V/l characteristics
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2322 594 7....
series

Table 1 VDRs with catalogue number 2322 594

suffix of 
catalogue 
number

MAXIMUM RATINGS CHARACTERISTICS

r.m.s. 
working 
voltage 
(note 2)

d.c. 
working 
voltage

transient energy varistor voltage 
(note 1)

maximum 
clamping vol- 
tage at 100 A

typical 
capacitance 
at 10 kHz8/20 jus 

(note 3)
10/1000 jus 

(note 4) min. max.

V V J J V V V pF

76002 60 85 3,0 2,3 90 110 220 420
77502 75 100 3,5 2,8 108 132 260 350
79502 95 125 4,5 3,5 135 165 330 310
71312 130 170 6,5 4,8 185 225 440 280
71512 150 200 7,5 5,5 216 264 510 180
71712 175 225 9 6,2 243 297 570 170
72312 230 300 11 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 90
74612 460 615 24 16 675 825 1550 90

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 jus (defined in I EC 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 ps is 
given as a reference for long duration impulses. This impulse can be characterized by peak current 
Ip and impulse width T2 (virtual time to half Ip value following IEC60-2 section six), see Fig. 4 
lfVp is the clamping voltage corresponding to lp, the energy absorbed in the VDR is determined 
by equation E = K.Vp.lp.T2; K depends on T2 when Tj is 8 to 10 jus: for T2 = 20 jus K = 1; for 
50 jxs 1,2; for 100 ps 1,3; for 1000 ps 1,4.
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I

Fig. 4
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2322 594 7....
series

Fig. 5 Max. applicable transient current as a function of impulse duration.
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Voltage dependent resistors, zinc oxide disc

TESTS AND REQUIREMENTS
According to IEC 68 recommendations unless otherwise specified.

test test 
method

duration AV/V (%) 
at Ipeak “ 1

Cold at -40 °C A 1000 h ±3
Storage at + 25 °C H 1000 h ±3
Dry heat at + 125 °C B 1000 h ±5
Rapid change of temperature Na 5 cycles ±5
Damp heat at + 40 °C C 56 days ±5
Climatic sequence (note 2) ±5
Pulse tests

High current transients at + 25 °C (notes 10 pulses
1, 7,9) 8/20ps ±5

Long duration transients (notes 10 pulses
1,8,9) 10/ 1000 ;rs ±5

Electrical endurance at + 85 °C
Maximum r.m.s. voltage (note 6 1000 h ±5
Maximum d.c. voltage (notes 1, 6) 1000 h ±5

Robustness of terminations U
Tensile strength Ua 10s (note 3)
Bending Ub 2 times (note 3)

Soldering T
Solderability par. 3.2.3. 3 to 4 s (note 4)
Resistance to heat Tb 10to 11 s ±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. Damp heat cycle test replaced by damp heat steady state for 

24 h.
3. Leads should neither come loose nor break.
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 = 6 A.
9. Impulse shape acc. to IEC 60-2 section six "Tests with impulse currents".

QUALITY LEVEL
Sampling and data evaluation for quality level in accordance with MIL-STD-105D.

A.Q.L. 0,25%, Inoperatives
À.Q.L. 1%, Electrical
A.Q.L. 1,5%, Mechanical

PACKING
250 pieces per box (cardboard).
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INDEX TO BOOK 3 PARTI
CAPACITORS, RESISTORS

Type No. Section Type No. Section Type No. Section

C281 Series A VA1112 G 630 Series C
CR16, CR25, CR37 F VA3100 Series G 632/642 Series C
E220ZZ/01 to 04 H VA3200 Series G 660 Series C
E299DD Series J VA3400 Series G 808 Series E
Mounting clips D V A3700 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 2322 594 1.... J

VA1034 G 034 Series D 2322 594 7. . . . J
VA1038 G 040 Series D 2322 61011118 G
VA1039 G 041/042 Series D 2322 610 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 
VA1096 
VA1097
VA1098 
VA1100

VAI104 
VAI106 
VA1108
VAI109 
VA1111

G 
G 
G 
G 
G

G 
G 
G 
G 
G

122 Series D
330 Series B
344 Series A
347 Series B
352 Series A

357 Series B
358 Series A
424,425,426,427 Series B 
456, 457 Series B
629 Series C

2322 663 98004 H

The following data sheets have been withdrawn:

105 Series
C296 Series
E298 Series



CAPACITORS, RESISTORS
CONTENTS

SELECTION GUIDE 
PREFERRED NUMBER SERIES

A METALLISED FILM CAPACITORS

B FILM/FOIL CAPACITORS

C CERAMIC CAPACITORS

D ELECTROLYTIC CAPACITORS

E VARIABLE CAPACITORS

F LINEAR RESISTORS

G NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS

H POSITIVE TEMPERATURE
COEFFICIENT THERMISTORS

J VOLTAGE DEPENDENT RESISTORS

INDEX



Mallard Limited
Mallard House, Torrington Place, London WC1 E 7HD

Printed in England
M81 - 1036


	Mullard technical handbook

	MuHard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	<3

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	r?

	Mullard

	Mullard

	Mullard

	Mullard


	<3

	j“"v,979Y Mullard	Ü

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard


	3

	S'

	Mullard

	Mullard

	Mullard

	Mullard

	r?

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard


	<3

	Mullard

	r?

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	Mullard

	0)




