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NEW
GENERATION

AUDIO
AMPLIFIERS

W.R. EASON, 

A.S.T.C., A.M.I.E.(AUST) M.I.R.E.E. 

A.W.V APPLICATIONS LABORATORY 

RYDALMERE, N.S.W.

In the M ay 1967 edition o f Radio- 
tron ics, a s e r ie s  o f a rtic les  was 
com menced on a number o f high 
quality audio am p lifie rs  and associ­
ated p re -a m p lifie r  c ircu its . The 
current ava ilab ility  o f new types o f 
trans is to rs  has enabled the c ircu its  
o f  the e a r lie r  am p lifie r designs to 
be updated, to g ive  a better p e rfo rm ­
ance at a low er cost, and capable of 
being ta ilo red  to suit individual r e ­
quirem ents.

As the m ost sought a fter am pli­
fie r s  fo r  norm al applications are in 
the 10-25 watt pow er output range, 
the new arrangem ent has been 
designed to provide an output which 
can be va ried  within that range by 
varia tion  o f the output load and 
supply voltages. A  common printed 
c ircu it board has been designed fo r  
use with any o f the designs selected.

The fo llow ing points are given 
to show features which can be ob­
tained by m odifications to the basic 
c ircu it and using the same board.
1. The input impedance can cover 
the range from  a few  thousand ohms 
to seve ra l megohms.
2. The input sensitiv ity  can be from  
a few  m illivo lts  to seve ra l vo lts .
3. C ircu its  can be developed which 
w ill optim ise the cost fo r  a given 
d istortion .

4. The frequency response can be 
ta ilo red  to suit individual req u ire ­
ments within the range o f a few  hertz 
to near 50 k iloh ertz. It can be ex ­
tended above 50 k iloh ertz by appro­
pria te se lection  o f the output trans­
is to rs .
5. N o ise  le v e l, within certa in  p rac­
tica l lim its , can be adjusted to suit 
the expense allowed.
6 . Low  frequency boost can be p ro ­
vided i f  requ ired .

In addition to the above, the 
design has many other inherent qual­
it ie s  and applications, some o f which

F i g u r e  1. F u l l  s i z e  t e m p l a t e  o f  the  c o p p e r  s i d e  o f  b o a rd .

2 February, 1969.
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are lis ted  below:
a) Specia lised am p lifie rs  can be 
produced to suit a particu lar need 
in an industrial application.
b) A ll designs have a high order of 
s tab ility  and w ill accept practica l 
to lerances fo r  component values.
c ) The output source impedance is 
v e ry  low , v irtu a lly  producing a con­
stant voltage signal source and a 
high damping factor fo r  the load. 
In addition this is  useful in public 
address system s using constant v o lt­
age speaker lines.
d) The power output can be extended 
beyond the 25 watts i f  suitable mod­
ifica tion s and precautions are taken.

e ) The power supply voltage and load 
impedance can be selected  within 
certa in  lim its .
f) Each board contains a single 
am p lifie r  unit allow ing g rea ter v e r ­
satility .
g) Interaction between channels can 
be made alm ost ze ro  by taking the 
norm al precautions o f good layout.

Allowance has been made fo r  the 
printed c ircu it board to cover m ost 
o f the abovementioned variations 
w ith the resu lt that in each o f the 
designs som e part o f the printed c i r ­
cuit w irin g  w ill not be used and fo r  
som e c ircu its  w ire  bridges w ill be 
necessary . A  fu ll scale diagram  o f 
the copper side o f the printed w irin g  
is  shown in figu re  1. The power 
supply is  separate and must be con­
nected to the appropriate points. Two 
o f these am p lifie r  units are used fo r  
a s tereo  system  and would be fed 
from  a common power supply. With 
a suitable increase in the power 
supply ratings any number of 
channels can be used in a system 
fo r  specia l applications.

F igu re  2 is  a layout o f the com ­
ponent side o f the board fo r  a series  
o f am p lifie rs  having a 15-16 ohm 
load and output powers o f 10, 15, 20 
a n d '25 watts. The c ircu it o f this 
se r ie s  is  shown in figu re  3 and to 
obtain ch aracter istics  to suit a par­
ticu lar application it can be m odified 
as indicated la ter.

The printed c ircu it its e lf has 
been la id  out in a rectangular form  
on a 0.050" g rid  which enables a 
degree  o f component compactness 
to be used that is  satis factory  fo r  
th is application. The layout has been 
designed to keep a ll sections o f the 
c ircu it in their respec tive  position 
and so reduce interaction  between 
components. The width to length 
relationship o f the copper tracks 
that conduct the higher currents have

R40

P e r fo rm a n c e  S p e c if ic a t io n  o f  th e  A m p l i f ie r s  T A B L E  1

Rated power output 10 15 20 25 Watts

Total harmonic distortion (T .H .D .) 0.2 0.2 0.25 0.25 %

Dynamic output ^ 14 20 24 30 Watts

Power output at onset of c lipping 11 16 21 27 Watts

Power output for 1% T.H.D. 12 17 22 28 Watts

S ens itiv ity  for rated output 350 430 500 550 m Volts

Input impedance 1.0 1.0 1.0 1.0 megohms

Feedback fa c to r ^ 44 44 44 44 dB
(?)Noise below rated output 78 80 80 80 dB

Low frequency ro ll-o ff at -3dB 15 15 15 15 Hertz

High frequency ro ll-o ff at -3 dB 35 35 35 35 K Hertz

Supply voltage at zero output 49 58 64 72 Volts

Supply voltage at rated output 44 53 59 67 Volts

Quiescent current when cold 5 5 1 1 mAmps

N o te s  1 ) S u p p ly  v o lta g e  on lo a d  is  m a in ta in e d  a t  i ts  no  lo ad  v a lu e .
2 )  In p u t s o u rc e  is  1 0 k  o h m s .
3 )  R e fe r e n c e  le v e l  is  5 0%  o f th e  ra te d  o u tp u t a t  a fre q u e n c y  o f  1 K  H e r t z .

E lec tro ly tic  Capacitor Minimum Working Voltages T A B L E  2

UNLOADED SUPPLY 

VOLTAGE

CAPACITOR No.

C l, C3, C8 C2, C7, C9, CIO

Not less than 80 volts 50 85 Volts

* * * 70 * 40 80 Volts
"  "  "  50 * 30 60 Volts

» "  "  4o ' 25 50 Volts

"  "  "  30 " 20 40 Volts
.  .  .  20 „ 15 25 Volts

4 February, 1969.



F i g .  5 .  O p e r a t i n g  C h a r a c t e r i s t i c s
T A B L E  3

O u tp u t

p o w e r

O utput L o a d  Im pedance

4 ohms 8 ohms 16 ohms 32  ohms

in Supply
V o lts

O utpu t Supply
V o lt .

O utput Supply
V o lt .

O utpu t Supply
V o lt .

O utput

W o tts Volts
DC

Volts
RMS

Volts 
AC p-p

Current 
mA. DC.

Volts
OC

Volts
RMS

Volts 
AC p-p

Current 
mA. DC.

Volts
DC

Volts
RMS

Volts 
AC p-p

Current 
mA. DC.

Volts
DC

Volts
RMS

Volts 
AC p-p

Current 
mA. DC.

10 24 20 18 680 30 25 25 500 41 33 3 5 .8 340 56 44 5 0 .5 245

15 28 25 22 850 37 30 31 610 50 40 44 430 68 53 62 305

20 32 29 2 5 .3 990 41 34 3 5 .8 700 56 46 50.6 490

25 36 32 2 8 .2 1100 47 38 40 790 63 50 56.5 550

N o te s  on T a b le  3 .  A l l  m e a s u rm e n ts  a r e  u n d e r lo a d e d  c o n d it io n s .

T h e  D C  s u p p ly  v o lta g e  a s s u m e s  a b r id g e  r e c t i f ie r  fo l lo w e d  by a  lOOOjuF 

r e s e r v o ir  c a p a c ito r .

T h e  A C  v o lta g e  is  th e  tra n s fo rm e d  m a in s  v o lt a g e  s u p p lie d  to  th e  b r id g e  

r e c t i f ie r s .

T h e  o u tp u t v o lt a g e  a n d  c u r re n t a r e  th e  p o w e r c o m p o n e n ts  o f  th e  o u tp u t  

p o w e r.

been proportioned to make the m ax­
imum use o f availab le copper area.

Circuit Considerations
The c ircu it shown in figu re  3 

produces a se r ies  o f am p lifie rs  
whose ch aracter istics  have been tab­
ulated in Tab le  1. R e ference  should 
also be made to the a rtic les  in the 
M ay and August 1967 issues o f 
Radiotron ics as som e o f the deta ils  
given are applicable to the s e r ie s  o f 
am p lifie rs  herein  described .

The ch aracteristics  published in 
Tab le  1 can be m odified in many 
ways and the m ore im portant m od if­
ications have been shown in figu re  4.

F igu re  4a and 4b resp ec tive ly  
show a low er  and a higher input 
impedance c ircu it than contained in 
the main c ircu it, and can be used 
without d ifficu lty  on low  sensitiv ity  
am p lifie rs . T o  in crease  the o vera ll 
sensitiv ity  the m odifications shown 
in figu re 4c can be used, but p re fe r ­
ably only w ith the low  input im ped­
ance c ircu it shown in figu re  4a, 
otherw ise noise m ay becom e ex ­
cess ive .

Certain  applications m ay requ ire  
som e degree  o f low  frequency boost 
and a m odification  to the feedback 
c ircu it to obtain som e 6dB boost at 
100 hertz is  shown in figu re  4d.

A sim ple treb le  cut tone control 
can also be provided and is  shown 
in figu re 4e. Th is  c ircu it can be 
used in conjunction with that shown 
in figu re 4d to p rovide fixed bass 
boost and adjustable treb le  cut. When 
combined with the high input im ped­
ance c ircu it given in figu re  4b, the 
system  can be coupled to a ceram ic  
pickup. In such circum stances a 2 
megohm potentiom eter with a stand­
ard C taper would be used as a 
volume con tro l.

The output stage o f this s e r ie s  
has been designed fo r  a 15-16 ohm 
load and to enable capacitive loads 
to be to lerated  a sm all inductance 
should be placed in s e r ie s  with the 
actual speaker lead. It is  shown in ­
cluded in the c ircu it o f figu re  4d 
but is  applicable to any c ircu it. Th is 
inductance could consist o f about 20  

turns o f 20 AWG w ire  wound on a 
3/8" d iam eter fo rm er , shunted with 
a res is to r  s im ila r  in value to the 
output load res istance.

The voltage ratings o f the e le c ­
tro ly tic  capacitors can be selected  
to suit the am p lifie r  supply voltage. 
T o  ass ist the selection  o f such 
ratings a table o f minimum values

fo r  other supply vo ltages are given 
in Tab le  2. A ll other capacitors in 
the c ircu its  should have a rating o f 
at least 1 0 0  vo lts .

The approxim ate range o f capa­
b ilit ie s  o f the am p lifie r  is given in 
figu re  5 and from  this graph the 
th ree in terrela ted  output param eters 
(voltage, load res istance and power 
output) can be determ ined. Upon 
decid ing on these param eters , Tab le 
3 w ill p rovide som e o f the operating 
conditions enabling the pow er trans­
fo rm er  rating to be determ ined. To  
allow  fo r  regulation o f the power 
supply and som e m argin in power

output, the pow er tra n s fo rm er*  
secondary vo ltage should now be in ­
creased  by up to 1 0% before  being 
specified .

Tab le  4 g ives  the heat sink char­
ac ter is tics  fo r  continuous as w e ll as 
norm al program m e operating con­
d itions. The norm al program m e 
m ateria l is music w here the peaks 
may be equal to the am p lifie rs  m ax­
imum dynamic unclipped power, 
whereas the continuous rating allows 
fo r  operation at maximum d issipa­
tion continuously. In norm al use on 
a typ ica l p rogram m e o f music the 
am p lifie r  w ill operate w e ll below

♦S u itab le  transform ers are a va ilab le  from: E le c tro n ic  
Transform ers P ty . L td . 43 M itch e ll Road, B rookva le , 
2100, N.S.W. 93 4478

February, 1969. 5



Heat S in k  Thermal C haracte rist ics________________________________________ T A B L E  4

P o w . ,  O u tp u t___________________ C o ........... ousP r0 9 m m  T y P e  N o rm a l

Junction ic n  onn lmJunction -.cq 
T emperature 200 150 200 °C

low 22 (12) 38 ( - ) 37 ( - ) 65 ( - ) °C/W
15W 16 (16) 26 (10) 29 (8) 48 ( - ) °c /w
20W 9 (28) 15 (18) 16 (16) 26 (10) °C/W
25W 7 (35) 12 (22) 14 (20) 23 (12) °c /w

B ra c k e te d  v a lu e s  a re  to t a l  h e a t  s in k  s u r fa c e  a re a , in  s q u a re  in c h e s .

this maximum. A  com prom ise can 
th ere fo re  be made in heat sink 
design and this has been taken into 
account in the preparation of the 
table.

The therm al res istan ce values 
tabulated assume the use o f 2N3054 
o r  2N5294 trans is to rs  o r their 
equivalents, having maximum junc­
tion tem peratures at 200 and 150° C 
resp ec tive ly . The values stated are 
fo r  the heat sink only and lis ts  sug­
gested s ize s . The heat sink area is 
the total fo r  both sides o f a ve rtica l 
mounted sheet o f 1/16" bright alu­
minium.

It is  possib le to reduce the heat 
sink areas by approxim ately l/3rd  i f  
radiating surfaces are finished in 
matt black.

The output trans is to rs  have 
em itte r  res is to rs  fo r  tem perature 
s tab ility  up to approxim ately 65° C 
and can be deleted, i f  d esired , when 
the equipment is  to be operated at 
ambient tem peratures o f 45° C or 
low er . Th is w ill p rovide a sm all 
increase in pow er output since the 
total load that must be d riven  by the

output stage does not now contain an 
em itter  res is to r  section.

F or  operation o f the am p lifier 
at ambient tem peratures up to 45 °C 
the compensating diodes D i,  D2 and 
D u  may be mounted on the c ircu it 
board. I f  a higher operating tem ­
perature is  desired , the diodes must 
be mounted on the heat sink adjacent 
to the output transisto rs .

From  the or ig in a l a rtic le  a r e ­
lationship between voltage gain and 
res is to rs  R 7  and R 9 was provided, 
and knowing that the output voltage 
e0  is  re la ted  as fo llow s:

w here P  is  the power output
R l  is  the load res istance.

The peak to peak output voltage 
is  2.8 eQ, as lis ted  in Tab le  3. The 
input sensitiv ity , e i is  given by:

-  r c / P T
R 7  +  R  9

The d istortion  w ill be re la ted  to 
the feedback and provided the feed ­

back is  above 20dB, the d istortion  
w ill be less  than 1%, with further 
reductions as the feedback is  in ­
creased . The frequency response can 
be ta ilo red  to suit, with lim itations 
only determ ined by  s tab ility  and 
noise, by se lecting the values o f the 
capacitors C 3 and C4 . The high 
frequency r o l l - o f f  is  3dB down when 
the reactance o f C4  is  equal to Rg 
and s im ila r ly  fo r  the low  frequency 
lim it, when the reactance o f C3 is 
equal to R 7 . F igu re 6 shows the 
frequency response o f the am p lifie r 
c ircu it o f figu re 3.

Construction
The 2N5294 type o f transistor 

used fo r  the output stage features a 
s im ple type o f insulated mounting 
capable o f being mounted inside the 
main unit and so obviating the p ro ­
b lem s associated with the flange type 
o f mounting. The printed board has 
been designed to accept the output 
tran s is to r term inals d irec tly  into the 
board o r  a lternative ly  leads can be 
extended from  the board to the output 
trans is to rs . Leads w ill be necessary 
i f  a type o f output transisto r such 
as 2N3054 is  used. In this case an 
aluminium chassis should be used 
and the transistors  mounted on the 
outside.

It is  suggested that the printed 
boards fo r  each channel be mounted 
on a suitable p iece o f  1/16" alu­
minium which may be used to mount 
each assem bly v e rt ic a lly  on the main 
chassis with the power transform er 
behind. The same constructional 
comments as given p rev iou sly  are 
relevan t to this unit with the advant­
age that the power tran s form er need 
not be spaced above the chassis i f  
the above mounting deta ils  fo r  the 
printed board are used.

Conclusion
The am p lifie rs  just described  are 

a log ica l step in the design o f modern 
audio am p lifie rs  and they can be 
read ily  adapted to many other appli­
cations w here their unique charac­
te r is t ic s  would be advantageous. 
Some o f the possib le designs that 
can be assembled with the printed 
board shown, have been indicated but 
the range is  too extensive fo r  this 
a rtic le  and other designs can read ily  
be developed to suit specified  appli­
cations.

A ll the s ilicon  p ream p lifie r  tone 
con tro ls etc. that have recen tly  been 
published can be coupled to this 
s e r ie s  and new designs and applica­
tions are proposed fo r  future publi­
cation.

In p u t F re q u en c y

F i g .  6 .  F r e q u e n c y  R e s p o n s e  C u r v e

6 February, 1969.
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F i g u r e  7 . P h o t o g r a p h  o f  c o m p o n e n t  s i d e  o f  b o a r d  
w i r e d  for  th e  b a s i c  c i r c u i t

The output transisto rs  used in the am p lifie r 

described  above are one o f a new se r ie s  o f  RCA 

m oulded-silicone p lastic  hom etaxial-base s ilicon  

pow er transisto rs . These are covered  by type 

numbers 2N5293 -  2N5298 and 2N5490 -  2N5497. 

A  summation o f the general ch aracteristics  is  as 

fo llow s

C ollec tor -  Base V oltage V q b q 60-90 V

C o llec tor -  E m itter Voltage V ^ e o 40-70 V

V CER 50-80 V

C ollec tor Current I q 4 & 7 A

Therm al Resistance Junction to Heat-Sink 5.5 & 4.5°C/W

Junction Tem pera ture Maximum T j 150° C

C o llec tor Current fo r  V c E (sa t )= IV 0.5-3.5 A

Gain Bandwidth Product fx 0.8 M H z

February, 1969. 7



IGNITRON SELECTION CHART
This chart has been designed to help in the selection of suitable 

English Electric Valve Co. Ltd., ignitrons to suit particular welder control applications.

TYPE IN T E R N A T IO N A L  
L E T T E R  SIZE

S IN G L E -P H A S E  S E R V IC E 30  S E R V IC E  (1 5 0 0 V  P E A K )

M AX DEMAND 
K V A

CO RRESPONDING  
A V . A N O D E  1(A)

M A X . A V . ANO DE 
1(A) R E D U C E D  D’ ND

M AX P E A K  
A N O D E  1(A)

C orrespond ing  
A v . Anode 1(A)

M A X  A V .  
A N O D E  1 

R E D .  P E A K
(A)

BK24/5552A C 1200 75.6 140 - - -

BK42/5551A B 600 30.2 56 480 4.0 18

BK66/5550 A 300 12.1 22.4 - - -

BK146/5553B D 2400 192 355 2400 32 112

BK168/5822A C - - - 1200 16 56

BK442/7669 B CO-AXIAL /ERSI0N OF BK42/55 51A

BK444/7671 C CO-AXIAL VERSION OF BK24/5552A

BK446/7673 D CO-AXIAL VERSION OF BK146/5553B

BK468/7672 C CO-AXIAL VERSION OF BK168/5822A 
. ____ _ ■- „ ... .... ...... .-...... ■.. ..... . __  ... __

AT 440V RMS

February, 1969.



LIGHT DIMMERS USING TRIACS
Introduction

A sim ple, inexpensive ligh t- 
d im m er c ircu it contains a d iac, tr iac  
and RC charge-con tro l network. The 
diac is  a tw o-term ina l ac switch 
which is  changed from  the non­
conducting state to the conducting 
state by an appropriate vo ltage of 
e ither po larity . The tr ia c  is  a th ree - 
term inal ac switch which is  changed 
from  the non-conducting state to the 
conducting state when a pos itive  or 
negative voltage is applied to the gate 
term inal. Th is  a rtic le  describes  the 
use o f the d iac to tr ig g e r  the tr ia c  
in ligh t-d im m ing c ircu its. The basic 
ligh t-con tro l c ircu it is  introduced 
and its  operation described . In add­
ition, the various components added 
to im prove  c ircu it perform ance are 
d iscussed. T h ree  com plete c ircu its  
are  shown, with tables showing the 
component values to be used fo r  1 2 0 - 
volt, 60-Hz operation and 240-volt, 
50/60 Hz operation. M echanical de­
ta ils  involved in building the c ircu its  
a re  also discussed and a troub le­
shooting chart is  included.

Circuit Description
The tr ia c  o r  b id irectional triode 

th yris tor is  a th ree-term ina l so lid - 
state switch. The two pow er e le c ­
trodes o r  m ain term inals are r e ­
fe rred  to as T i  and T 2 , and the con­
tro l e lectrode is- re fe r red  to as the 
gate. F ig . 1 shows the vo lta ge- 
current characteristic  observed  be­
tween the power e lectrodes . F o r  
e ither p o la r ity  o f applied vo ltage, 
the d ev ice  is  b istab le: the tr ia c  ex -

*1

F i g .  1. V o l t a g e - c u r r e n t  c h a r a c t e r i s t i c  o f  

a  t r i a c .

by J.M. Neilson
hibits e ither a high impedance (o ff 
state) or a low  impedance (on state). 
The device  norm ally  assumes the o ff 
state when bias is  applied, but can be 
tr igg e red  into the on state by a pulse 
o f current, o f e ither po la rity , applied 
between gate and T i -  The device  then 
rem ains in the on state until current 
is  reduced c lose  to ze ro  by the ex­
ternal c ircu itry .

F i g .  2 .  V o l t a g e - c u r r e n t  c h a r a c t e r i s t i c  o f  

a  d i a c .

The diac o r sym m etrica l tr ig g e r  
diode is  a tw o-term ina l b id irectional 
sw itch with a vo ltage-cu rren t charac­
te r is t ic  as shown in F ig . 2. The de­
v ic e  exhibits a high-im pedance, low - 
leakage-cu rren t ch aracteristic  until 
the applied vo ltage reaches the 
breakover voltage V go>  ° f  the o rder 
o f 35 vo lts . Above this voltage the 
d evice  exhibits a negative res istance, 
so that voltage d ecreases as current 
in creases . In ligh t-d im m er c ircu its  
a diac is  used in conjunction with a 
capacitor to generate current pulses 
which tr ig g e r  the tr iac  into conduc­
tion. The voltage on the diac and 
capacitor in creases  until it  reaches 
V b o > at which point the diac voltage 
breaks back and a pulse o f current 
flow s as the capacitor d ischarges.

F ig . 3 shows the basic tr ia c -d iac  
light control c ircu it with the tr iac  
connected in a s e r ie s  with the load. 
During the beginning o f each half 
cyc le  the tr iac  is  in the o ff-s ta te . 
As a resu lt, the en tire  line voltage 
appears across the tr ia c , and none 
appears across the load. Because 
the tr ia c  is  in p a ra lle l with the po­
tentiom eter and capacitor, the vo lt­
age across the tr ia c  d rives  current 
through the potentiom eter and 
charges the capacitor. When the 
capacitor vo ltage reaches the break­
o ve r  vo ltage V gQ  o f the d iac, the 
capacitor d ischarges through the 
tr ia c  gate, turning on the tr ia c . At 
this point, the line voltage is  trans­
fe rr e d  from  the tr ia c  to the load fo r

the rem ainder o f that half cyc le . 
Th is  sequence o f events is  repeated 
fo r  e v e ry  ha lf cyc le  o f e ither p o la r­
ity . I f  the potentiom eter resistance 
is  reduced, the capacitor charges 
m ore rap id ly  and V b o  is  reached 
e a r lie r  in the c yc le , increasing the 
pow er applied to the load and hence 
the intensity o f  light. I f  the potent­
iom eter res istan ce is  increased , 
tr igge r in g  occurs la te r , load power 
is  reduced, and the light intensity 
is  decreased.

Although the basic ligh t-con tro l 
c ircu it operates with the component 
arrangem ent shown in F ig . 3, add­
itional components and sections are 
usually added to reduce hysteres is  
e ffec ts , extend the e ffe c tiv e  range o f 
the ligh t-con tro l potentiom eter, and 
suppress rad io-frequ en cy  in te r fe r ­
ence.

Hysteresis
As applied to ligh t con tro ls, the 

term  h ysteres is  r e fe r s  to a d if fe r ­
ence in the con tro l potentiom eter 
setting at which the light in it ia lly  
turns-on and the setting at which it 
is  extinguished. With high h ys ter­
es is , the con tro l may have to be 
turned across 35 per cent o f its 
range b e fo re  the ligh t turns on at all, 
a fter which the con tro l must be turn­
ed back to a: much low er setting be­
fo re  the ligh t goes com pletely  out.

Besides poor con tro l, h ysteres is  
is  undesirable because at low  illu m ­
ination le v e ls , the ligh t may be ex ­
tinguished by a m om entary drop in 
line vo ltage. A t low  illum ination 
le v e ls , the potentiom eter is  norm ally  
turned back beyond the setting at 
which it  in it ia lly  turned on. When 
tr igg e r in g  is  m issed on one half 
cyc le  as a resu lt o f a m om entary 
drop in line voltage such as that 
caused by starting a heavy appliance, 
o il burner, e tc ., the light m ay go 
out and stay out until the control is  
again turned up to the starting point.

H ysteres is  it  caused by an abrupt 
decrease in capacitor voltage when 
tr igg e r in g  begins. F ig . 4 shows the 
charging cyc le  o f the capacitor-d iac
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F i g .  4 .  C h a r g i n g  c y c l e  o f  th e  c a p a c i t o r -  
d i a c  n e t w o r k  in the  c i r c u i t  o f  F i g .  3

circu it. The la rge  ac sine wave rep ­
resents the line vo ltage; the sm a ller 
ac sine wave represen ts the norm al 
charging cyc le  o f the capacitor. Gate 
tr igg e r in g  occurs at the f ir s t  point 
o f in tersection  o f the two waves. At 
this point, how ever, there is an 
abrupt decrease  in the capacitor 
voltage (dashed lin e ). As a resu lt, 
the capacitor begins to charge during 
the next half cyc le  at a low er  voltage 
and reaches the tr ig g e r  voltage in 
the opposite d irection  e a r lie r  in the 
cyc le  (2nd [ Actual ] Gate T r ig g e r  
Po in t). H ysteres is  is  reduced by 
maintaining som e voltage on the cap­
acitor during gate tr iggerin g .

F ig .  5. L igh t 'C on t ro l  c i r c u i t  incorporat ing  
a re s is to r  in se r ies w i th  the  d iac.

Some im provem ent is  rea lized  
when a r e s is to r  is  connected in 
s e r ie s  with the diac, as shown in 
F ig . 5. Although this pos itive  r e ­
sistance reduces the net amount of 
negative resistance so the capacitor 
vo ltage does not drop as much, it 
also d ecreases the magnitude of the 
gate current pulse, and th ere fo re , a 
la rge r-va lu e  capacitor may be r e ­
quired. M ore s ign ificant im prove­
ment is  obtained when a second cap­
acitor is  added as shown.in F ig . 6 , 
form ing a "double-tim e-constant" 
c ircu it.

F i g .  6 . " D o u b l e ' t i m e - c o n s t a n t ” l i g h t -  

c o n t r o l  c i r c u i t .

The added capacitor C2 reduces 
h ysteres is  by charging to a higher 
voltage than C i,  and maintaining 
some voltage on C i a fter tr iggerin g . 
The e ffe c t is  illustrated  in F ig . 7.

F i g .  7. C h a r g i n g  c y c l e  o f  th e  d i a c  n e t w o r k  
in  th e  c i r c u i t  o f  F i g .  6.

As gate tr igg e r in g  occurs C l d is ­
charges to form  the gate current 
pulse. H ow ever, because o f the 
lon ger C2 R tim e constant, C2 r e ­
s tores som e o f the charge rem oved 
from  C i by the gate current pulse.

F i g .  8.  D o u b l e - t i m e - c o n s t a n t  c i r c u i t  in
w h i c h  th e  p o t e n t i o m e t e r  i s  c o n n e c t e d  

d i r e c t l y  to  th e  d i a c .

F ig . 8 shows another double-tim e 
constant c ircu it in which a fixed  r e ­
s is to r  is added and the potentiom eter 
is  moved o ve r  to connect d irec tly  to 
the diac. Although the maximum 
attainable conduction angle is in­
creased , the d ifference  in pow er is 
le ss  than one p er cent.

Range Control
Maximum range o f light control 

is  obtained when the lamp begins to 
ligh t as soon as the potentiom eter is 
turned s ligh tly  from  the ze ro -  
intensity end o f the range. A fte r  the 
control c ircu it is  assembled, the 
point of in itia l turn-on may be loca ­
ted at 40 per cent across the control 
range, leaving only 60 per cent 
e ffe c tive  to control the light intensity. 
Th is d ifference  occurs because the 
interaction o f three components 
(potentiom eter, capacitor, and d iac) 
each of. which m ay have values with 
a to lerance o f plus o r minus 20  per 
cent. A  tr im m er res is to r  connected 
across the potentiom eter, as shown 
in F ig . 9, can be used to compensate 
fo r  component variations and move 
the in itia l turn-on point back to the 
end o f the con tro l range. The tr im ­
m er can be a variab le  res is to r  which 
is  set to the requ ired value after 
the c ircu it is assembled, or a fixed 
res is to r  o f the requ ired value as 
determ ined by individually testing 
the assem blies with a res is to r  sub­
stitution box in p lace o f the tr im m er.

The double-tim e-constant c ircu it

F i g .  9. L i g h t - c o n t r o l  c i r c u i t s  i n c o r p o r a t i n g  
a t r i m m e r  r e s i s t o r  a c r o s s  t h e  p o t e n t i o m e t e r .

with tr im m er re s is to r  prov ides con- 
sisen tly  good hysteres is  correction  
as w e ll as good range con tro l. The 
use o f a h igh-resistance potentio­
m eter, possib ly  about tw ice the r e ­
sistance o f the tr im m er, spreads 
out the low -in tensity  range fo r  fin er 
control.

RFI Suppression
Because the tr ia c  switches from  

the high-im pedance state to the low - 
impedance state within 1 o r  2 m ic ro ­
seconds, the current must r is e  from  
essen tia lly  ze ro  to whatever the load 
w ill perm it within this period . Th is 
rapid r is e  in current produces radio 
frequency in terferen ce  (R F I) extend­
ing up into the range o f severa l 
m egahertz. Although the resu lting 
noise does not a ffect the te lev is ion  
and FM  rad io frequencies, it does 
a ffect the short-w ave and A M -rad io  
bands. The le v e l o f R F I produced 
by the tr iacs  is  w e ll below  that p ro ­
duced by m ost AC -D C  brush-type 
e le c tr ic  m otors, but because the light 
d im m er m ay be on fo r  long periods 
o f tim e, som e type o f R F I suppres­
sion network is  usually added. A 
reasonably e ffe c tive  suppresssion 
network is  obtained, as shown in

120 vac 1
OR A  

240 VAC W  
6 0  Hz T

T
1

LIGHT
CONTROL
CIRCUIT

F i g .  JO. R F I - s u p p r e s s i o n  n e t w o r k .

F ig . 10, by connection o f an inductor 
in s e r ie s  with the ligh t-con tro l c ir ­
cuit to lim it  the ra te  o f current r is e . 
The capacitor is  connected across 
the en tire  network to bypass high- 
frequency signals so that they are 
not connected to any external c ircu its  
through the pow er lines.

Overload Considerations
An im portant consideration in the

240 VAC 
6 0  Hz

120 VAC 
OR 

240 V AC 
60  Hz
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choice o f a tr ia c  is  the transient load 
which resu lts  from  the in it ia lly  low er 
res istan ce o f the cold filam ent when 
the lamp is  f ir s t  turned on. The 
transient load resu lts in a surge or 
inrush current which can destroy 
the tr ia c . The w orst case occurs 
when the ligh t is  switched on at the 
peak o f the line vo ltage. The ratio  
o f in itia l peak current to steady- 
state current is  usually about 10  to 1 

and can be as high as 1 5 to l fo rh igh - 
wattage lam ps. The tr ia c  chosen 
fo r  a particu lar lamp, th ere fore , 
should have a subcycle capability 
su fficien t to allow  repeated passage 
o f this peak current without degrada­
tion o f the d evice .

F lashover is  another transient 
condition associated with incandes­
cent loads, and may im pose an even 
g rea te r  s tress  than inrush. F lash- 
ove r  r e fe r s  to the arc developed 
between the broken ends o f the f i la ­
ment when the ligh t bulb burns out. 
Ionization within the bulb allows the 
arc to flow  d irec tly  between the in­
ternal lead -in  w ires , and current is  
then lim ited  only by line impedance. 
Because o f the la rge  currents assoc­
iated with flashover, incandescent 
light bulbs have fuses built into the 
stem to open c ircu it at the bulb w ith­
out opening the line c ircu it breaker. 
On low -w attage bulbs, the arc f r e ­
quently self-extingu ishes as line 
vo ltage goes through ze ro , so the 
surge duration is  le ss  than one half 
c yc le . On higher-wattage bulbs, 
how ever, the arc often continues 
until the bulb fuse opens, and may 
last fo r  somewhat m ore than one 
ha lf cyc le . Damage o r degradation 
o f the tr ia c  can be avoided by s e l­
ecting o f a tr ia c  that has surge cap­
ab ility  in excess o f the flashover 
currents which can occur. A  device 
capable o f handling a on e-cyc le  peak 
current o f 1 0 0  am peres o r  m ore is 
adequate fo r  m ost installations using 
up to 150-watt bulbs. When the tr iac  
has inadequate surge capability  fo r  a 
particu lar application, specia l high­
speed fuses o r c ircu it b reakers, ex­
ternal res is to rs , o r  other current 
lim itin g  dev ices  such as chokes may 
be used.

Light-Dimmer Circuits
F ig . 11 shows a s in g le -tim e- 

constant c ircu it; F ig . 12 shows a 
double-tim e-constant c ircu it. Both 
are com plete c ircu its  suitable for 
operation at 120 o r 240 volts ac, 
50 o r 60 H z. The chart with each 
c ircu it sp ec ifies  the values o f com ­
ponents which change with the line 
vo ltage. The res is to r  in s e r ie s  with

120 V A C , 6 0  H z 2 4 0  V A C , 5 0 / 6 0  H z

Ri 0.25 megohm, 0.25 megohm, 1W
r 2 3300 ohms, m 4700 ohms,
C, 0.05 m F, 100V O .ImF, io o v

C2 0.05 m F, 100V 0 .1 0 /iF , 100V (60 Hz) 
0.12 juF, 100V (50 Hz)

L 100 mH 200 yuH
Y,

40583l o r  40431 « l o r  40432
Y 2 404851 40486/

F i g . 11.  S i n g l e - t i m e - c o n s t a n t  l i g h t - d i m m e r  c i r c u i t .

( J C )  2 4 0 VAC

x o—

120 V A C ,  6 0  H z 2 4 0  V A C , 5 0 /6 0  H z

R, 2200 ohms, HW 3300 ohms, V JN

r 2 0.1 megohm, i^W 0.2 megohm, 1W (60 Hz)
0.25 megohm, lW (60H z)

C i.C2 0.1 aiF, 200 V 0.1 yuF, 400V
L 100 m H 200 m H
Y,

4° 583lo r  40431 4 ° 583l  or 40432
y 2 404 85 / 40486/

F i g .  12 . D o u b l e - t i m e - c o n s t a n t  l i g h t - d i m m e r  c i r c u i t .

the potentiom eter in each c ircu it is  
used to protect the potentiom eter by 
lim itin g  the current when the poten­
tiom eter is  at the low -res is tan ce  
end o f its  range. W here space is  
lim ited , the diac and tr ia c  o f each 
c ircu it may be rep laced  by a single 
in tegra l d ia c -tr ia c  unit: the 40431 
fo r  120-volt operation, o r  the 40432 
fo r  240-volt operation.

It is  im portant to rem em ber that 
a tr ia c  in these c ircu its  d issipates 
pow er at the ra te  o f about one watt 
per am pere. T h e re fo re , som e means 
o f rem oving heat must be provided 
to keep the device  within its  safe 
operating-tem perature range. On a 
sm all ligh t-con tro l c ircu it such as 
one built into a lamp socket, the 
lead -in  w ire  serves  as an e ffec tive  
heat sink. Attachment o f  the tr iac  
case d ire c tly  to one o f the lead-in  
w ires  p rovides sufficien t heat d is s i­
pation fo r  operating currents up to 
2 am peres (rm s). On wall-m ounted 
con tro ls operating up to 6 am peres, 
the combination o f face plate and 
w a ll-box  serves  as a e ffe c tiv e  heat 
sink. F o r  h igher-pow er controls, 
how ever, the ord inary face plate and 
wallbox do not p rovide su fficient

heat-sinking area. In this case, ad­
ditional area  m ay be obtained by use 
o f a finned face p late that has a cove r  
p late which stands out from  the wall 
so a ir can c ircu la te  fr e e ly  o ve r  the 
fins.

On wall-m ounted con tro ls, it is 
a lso im portant that the tr ia c  be e le c ­
tr ic a lly  iso la ted  from  the face plate, 
but at the same tim e be in good 
therm al contact with it. Although the 
therm al conductivity o f m ost e le c ­
tr ica l insulators is  re la t iv e ly  low  
when com pared with m etals, a low - 
th erm al-res is tan ce , e le c tr ic a lly  is o ­
lated bond o f tr ia c  to face plate can 
be obtained i f  the thickness o f the 
insulator is  m in im ized, and the area  
fo r  heat tran sfer  through the insula­
to r  is  m axim ized . Suitable insulat­
ing m ateria ls  are fib reg lass  tape, 
ceram ic  sheet, m ica , and poly im ide 
film . F ig . 13 shows two exam ples 
o f isolated mounting fo r  tr ia cs : in 
F ig . 13(a), a TO -5  package; in F ig . 
13(b), the new p lastic  package. E lec ­
tr ic a l insulating tape is  f ir s t  placed 
o ve r  the inside o f the face p late. The 
tr ia c  is  then mounted to the insulated 
face p late by use o f epoxy-res in  
cement.

ELECTRICAL TAPE 
THERMOSETTING ONE SIDE 

(SCOTCH* BRAND ELECTRICAL 
TAPE No. 27)

(b)

F i g .  13 . E x a m p l e s  o f  i s o l a t e d  m o u n t i n g  o f  t r i a c s .
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Trouble Shooting

Some malfunctions which can occur in light-dimming circuits are listed with their possible 
causes, as follows:

Component P o ss ib le  Cause

Light remains on full 
intensity and will not 
dim.

T  riac Shorted in both directions caused by flashover 
or high current surge.

Wiring Anode-cathode or anode-gate shorted.

Light intensity can be 
varied but fails to reach 
zero.

Triac Breakover voltage reduced in one or both 
directions.

Diac Low breakover voltage.

Triggering
Capacitor

Capacitance too low.

Potentiometer Maximum resistance too low.

Discontinuity in bright­
ness at about half 
intensity.

Triac I q T  too high in one mode.

Diac Breakover not symmetrical.

Flickering exists at 
low intensity.

Triac Low commutating d v/^  capability. Flickering 
stops when the inductor is shorted.

Light out over most of 
the control range; turns 
on full intensity near low 
resistance end of potenti­
ometer.

Triac Iq t  too high.

Diac Voltage breakback too low.

Wiring Diac not included or shorted out.

Same effect as preceding, 
but accompanied by arc­
ing in potentiometer.

Triac Internal short gate to cathode (very unlikely because 
such devices are rejected by 100 per cent electrical 
test).

Capacitor Shorted (this condition destroys the potentiometer, 
but not the triac).

Wiring Open anode contact (this condition destroys both the 
potentiometer and the triac). Cathode to gate short 
(this condition destroys only the potentiometer).

Light fails to turn on 
at all.

Triac Open gate contact (very unlikely due to the 100 per 
cent electrical test by manufacturer).

Diac Open

Potentiometer Open

Wiring Open circuit at potentiometer, diac, triac gate, or 
cathode.

•  WITH ACKNOWLEDGEMENT TO RCA.
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SILICON
DIODE

CONSTRUCTION

R e c e n tly  AW V re c e iv e d  a re q u e s t from  a lec tu re r  
a t a larg e p ro v in c ia l te c h n ic a l c o lle g e  fo r  in fo r­
m ation  on th e  co n s tru c tio n  of s il ic o n  re c t if ie r  
d io d e s .

A s  th is  s u b je c t is one on w h ich  d e ta ile d  inform a­
tio n  is  not re a d ily  a v a ila b le  w e are p u b lis h in g  
th e  re p ly  by M r. J . Z ie g le r  of th e  AW V Sem icon­
duc to r S ec tio n  to  th e re q u e s t and fe e l  i t  w i l l  be 
of g e n e ra l in te re s t to  our re ad ers .

D ear S ir,

In your recent le tte r  you ask fo r  
internal construction details  fo r  
pow er r e c t i f ie r  diodes. As you w ill 
know, such diodes va ry  considerably 
in constructional design.

Design o f these devices is  dom in­
ated by the need, em bracing sem i­
conductor elem ent and the e le c tr ica l 
and therm al paths o f the package, 
to handle the rated forw ard  power 
and rev e rse  voltage. In addition, 
adequate protection  from  the (basic­
a lly  chem ica l) e ffec ts  o f the environ­
ment has to be provided. W ith this 
in mind, we may r e fe r  b r ie fly  to 
design princip les and construction 
p ractices fo r  some typ ica l s ilicon  
pow er r e c t if ie r  diodes.

1. The Rectification Element: 

fabrication

Tw o types are in m ajor use: the 
o lder a lloy  design, s t ill in w ide use, 
and the double d iffused type.

(a) The a lloy type is  usually made 
from  N type s ilicon , with an alum­
inium w ire  alloyed to one side and 
an ohmic contact alloyed to the other. 
F ig . 1 is  a sketch o f the arrangem ent. 
The ch aracteristic  shape o f the butt 
alloyed reg ion  is  shown: the thin r e ­
growth zone around it  fo rm s a 
heav ily  P-doped reg ion . The gold 
alloyed to the other side (S ilicon- 
Gold eutectic contains som e 6% S il­
icon (Si) and form s at about 370°C) 
fo rm s an ohmic contact to the header

which acts as heat sink.

The aluminium (A l) is  simultan­
eously alloyed and partly  diffused in

a hydrogen atmosphere at around 
600°C. Preparation  o f the Si p e llet 
be fo re  alloying would typ ica lly  be 
done by s lic in g  a w a fer from  the
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doped single crys ta l ingot and after 
lapping and etching, using a diamond 
to scrib e  and, typ ica lly , ultrasonic 
agitation to crack.

(b) The double d iffused type is 
sketched in F ig . 2. It is  rather m ore 
usually made from  N than from  P  
type silicon, and N type is  shown 
here. (Choice is  based m ostly on 
m inor considerations invo lving p ro ­
cess in g  methods to achieve minimum 
surface leakage curren t.) Dopants 
are usually boron one side, phos­
phorus other side, simultaneously 
d iffused from  high surface concen­
tration  sources -  usually a paint 
containing a non-vola tile  compound. 
T yp ica l diffusion schedules would be 
10-20 hours at 1200-1300°C., resu lt­
ing in junction depths o f 1 to 2 m ils*  
w ith surface concentrations to the 
solid  solubility lim its  o f each e le ­
ment in Si. P e lle t  production would 
invo lve:

(i) S lic ing  a w a fer from  the single 
c rys ta l ingot; lapping to reasonable 
smoothness (say, a 2 0  m icron finish 
-  junction planarity is  involved).

(ii) Painting and d iffusing in ox id is­
ing o r near neutral atmosphere.

(i i i )  Rem oval o f resu lting 'g la ss ' 
from  surface by soaking and sand 
blasting.

(iv ) E lec tro  or e le c tro les s  plating of 
N i as ohmic contact. P lated  N i is  a 
satis factory  ohmic contact i f  made 
to v e ry  low  res is t iv ity  Si; the surface 
res is t iv ity  would be less  than .0 0 1  

ohm -cm .

(v ) P e lle t  separation is  now effected  
a fter coating pellets with lead solder 
containing a litt le  tin for ' im proved 
flow . F irs t , using a mask, an acid 
resistan t coat is  sprayed on both 
sides in islands corresponding to 
where pe llets w ill be. The nickel 
is  then etched o ff everyw h ere  e lse , 
and the coat rem oved. Solder dipping 
then coats each prospective  pellet 
with an etchant-resistant coverin g  of 
lead. F inally , the w a fer  is  im ­
m ersed , typ ica lly  in 30% H yrdo- 
flu oric  acid 70% N itr ic  acid (these 
a re  volum es o f com m erc ia l, high 
purity 'concentrated ' acids) which 
separates the p e lle ts  out. The rate 
o f Si attack by these would be about 
2-3 m ils/m inute.

*  i .e .:-  thousandths of an inch.

2. Design Consideration: 
rectification element

(a) Forw ard  voltage drop is  governed 
la rg e ly  by the e ffic ien cy  o f hole and 
e lectron  in jection from  the opposite 
sides o f the pe llet, assuming that 
life tim e  is  su ffic ien tly  long in r e la ­
tion to p e lle t thickness. R es is tiv ity  
under these conditions does not in 
its e lf  much influence voltage drop. 
How ever, note that junction area  
must be adequate to avoid either 
overheating o r  too high a current 
density by the intended forw ard  
current (the la tter  w ill increase the 
voltage drop). The double d iffused 
type provides high in jection e f f ic ­
iency from  both s ides. The alloyed 
type su ffers  from  reduced e ffic ien cy  
across the ohmic alloyed contact, 
and as a resu lt, an alloyed 1 amp 
diode would requ ire  one or two tenths 
o f a vo lt m ore than an equivalent 
double d iffused type to pass 1 amp.

(b) R everse  voltage handling is  de­

term ined  by two things: the internal 
capability  o f the p e lle t and the state 
o f the surface (the la tter  is  mention­
ed la te r ).

Both the alloyed and double d if­
fused types have a h ighly asym m et­
r ic ,  abrupt PN  junction. That is , 
dop ing-w ise the structures o f the 
given exam ples are, respective ly :

(1) heavily  doped P , ligh tly  doped N 
(usually nowadays ca lled  p+ -  V -  
m etal) and (2) heavily  doped P , 
ligh tly  doped N , heavily  doped N 
(P + -  V1 -  N +) w here 'V ' (Nu) re fe r s  
to ligh tly  doped N type. See F igs . 3 
and 4.

The depletion la ye r  under re v e rse  
bias thus extends alm ost en tire ly  
into the V1 reg ion  o f e ither type: 
depletion la ye r  penetration into the 
P+  reg ion  is  neg lig ib le  under m ost 
considerations. The standard r e fe r ­
ences describe  the e le c tr ic  fie ld  
and depletion la yer  width as func-
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C a n  p a r t l y  f i l l e d  
w i t h  s i l i c o n e  r e s i n  
to  a i d  th e r m a l  
c o n s t r u c t io n

P e l l e t  s o l d e r e d  to  
y  m e t a l  ' n a i l  h e a d *

'  on h e a d e r

C o n n e c t o r  s o l d e r e d  

to p e l l e t  a n d  
w e l d e d  to  
h e a d e r

C a n  f o r c e  
, f i t t e d  to  
h e a d e r .

N i c k e l - i r o n  a l l o y  to g i v e  
e x p a n s i o n  m a t c h  to  g l a s s ,  
a n d  f u s e d  to ( o p a q u e )  
g l a s s  a n n u l u s .

B o l t  h e a d e d  

h e a d e r

C a n  p r o j e c t i o n  

w e l d e d  to 
h e a d e r

P e l l e t ,  p e r h a p s  

s a n d w i c h e d  

b e t w e e n  m o l y b d e n u m  
e x p a n s i o n  m a t c h  d i s c s ,  
in tu rn  s o l d e r e d  to  
h e a d e r ,  ( m a i n  h e a t  s i n k )  
a n d  h e a v y  l e a d -  

th r o u g h  a s  a d d i t i o n a l  
th e r m a l  P a t h

F i g .  5 A .  T y p i c a l  o f  a  V2 to  1 am p d o u b l e  

d i f f u s e d  d e s i g n ,  r a t e d  up  to  1000V, e . g . : -  1N3194
F i g .  5 B .  T y p i c a l  o f  5  am p .  a n d  u p w a rd s ,  

r a t e d  u p w a r d s  o f  a b o u t  TOO v o l t s .

tions o f voltage and res is tiv ity , the 
e le c tr ic  fie ld , o f course, being at a 
maximum at the junction.

F o r  a given V la ye r  width and r e ­
s is tiv ity , neglecting surface e ffec ts , 
e ither o f two things w ill happen as 
the re v e rse  bias is  increased : e ither 
avalanche occurs be fo re  the deple­
tion la ye r  'punches through’ to the 
opposite boundary (metal o r  V - N + 
junction); o r  punch through occurs 
be fo re  avalanche.

B as ica lly , avalanche voltage sets 
an upper bound to the diode rating: 
but i f  punch through occurs firs t, 
fie ld  crowding e ffec ts  on the surface 
may, in a rather unpredictable way, 
set a voltage lim it considerably 
below  the ’body1 th eoretica l ava­
lanche voltage (see, fo r  exam ple, 
M ille r , Physica l R eview  105, P .1248, 
on ’body’ avalanche).

In this way, the V la y e r  width and 
re s is tiv ity  are a rrived  at. It usually 
turns out that alloyed designs have to 
be made to g ive  th eoretica l body 
avalanche be fo re  o r  near the punch 
through voltage, whereas double d if­
fused types are often designed, and 
w ill frequently operate, near ava­
lanche voltages about tw ice the punch 
through voltage. Th is a r ises  from  
surface fie ld  e ffects  and the influence

on this o f shape.

3. Construction of Device

(a) Chem ical protection  o f the sur­
face needs to be done to keep leakage 
at the rated voltage down to a few  
m icroam ps -  not because this is  
needed in c ircu itry  but because a 
dev ice  much w orse  than this is  
usually considered a l i fe  r isk . It is  
frequently done by coating with an 
organo-silicone varn ish o r  a s ilicone 
rubber, having d ie lec tr ic  strengths 
in the o rd er o f hundreds o f volts per 
m il -  fie ld s  this high are usual at 
the surface. It is  usual to em ploy a 
herm etic  seal -  norm ally  a can fo rce  
fitted , welded o r  soldered (fo rce  
fitted  cans use a soft p lating to e ffec t 
a herm etic  sea l) -  and sealing is 
done in a ir o r  n itrogen held to water 
content below  about twenty parts per 
m illion .

(b) Low  therm al res istance in r e la ­
tion to the rated current is  e ffected  
by having at least one side o f the 
p e lle t soldered to an adequate heat 
sink. In this regard , the therm al 
perform ance o f s ilicon  as m easured 
by therm al d iffu s iv ity  is  considerably 
better than fo r  steel and nearly as 
good as fo r  copper.

(c ) E lec tr ica l insulation through the

package is  stra igh tforw ard  and s e l­
dom a problem .

4. Ratings

Diode testing involves, typ ica lly , 
1 0 0% forw ard  and re v e rs e  testing, 
often 100% high p ressu re w ater tests 
on the herm etic seal, and sam ple 
l i fe  tests at maximum ratings, with 
specia l tests such as im pu lsive fo r ­
ward current, avalanche power, s to r­
age tim e and stored charge, etc ., 
done as requ ired  depending on appli­
cation.

5. Remarks

T h ere  is a good deal m ore to 
power diode design and manufacture 
than mentioned. F o r  exam ple, under­
standing and control o f surface 
clean liness, and e le c tr ic  fie ld  con­
tro l, are in them selves la rg e  topics.

How ever, I hope these few  notes 
w ill assist you.

Yours faith fu lly,
Amalgamated Wireless Valve Co. P ty. Ltd.

J. Z IE G LE R
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1 NEWS & NEW RELEASES §

SLEE AGENCY

S L E E  L a m i n a r  F l o w  B e n c h

AW V w ere  recen tly  appointed 
Australian agents fo r  the South 
London E lec tr ica l Equipment Co. 
Ltd. (SLEE ). SLEE manufacture a 
broad range o f equipment, a b r ie f 
descrip tion  of which is given below,
(i) Clean Apparatus and Rooms, 
including Clean Room s, A ir  F ilt ra ­
tion and Conditioning Equipment, 
Lam inar F low  Benches, Plenum 
and D ry  G love Boxes.

(ii) Tem pera tu re Control Equipment. 
Th is  range o f equipment includes 
C lim atic Sim ulators, R e fr ig era to rs  
(designed to operate at tem peratures 
in excess o f -70 °C ), High Vacuum 
Ovens and Gas R ecricu lating Ovens.

(i i i )  W eld ing Machines and Controls. 
T w o  basic type o f w e lders  are ava il­
able with severa l variations, (a) 
M iniature W elders -  this range o f 
machine w ill weld w ires  o f 0.0007" 
to 3/16" rod. (b) P re c is ion  P ro je c ­
tion W elders -  lead alignment may 
be maintained to better than 0.00075". 
A  s e r ie s  o f Synchronous and Capac- 
ition D ischarge W elding Controls are 
availab le to suit the above w elders.

duplexer d ev ices  manufactured by 
English E le c tr ic  Va lve  Co. Ltd.

A  broad-band single p rim er ce ll 
fo r  m arine radar applications, this 
d evice  uses quartz wool behind the 
input window which elim inates the 
requ irem ent fo r  water vapour as a 
reco ve ry  agent, and so provides a 
reco ve ry  ch aracteristic  which leads 
to an im proved  radar AGC p erfo rm ­
ance. An added benefit o f this c e ll 
is  an im proved p rim er life .

Frequency range o f the BS850 is  
from  9300MHz to 9500MHz and m ax­
imum peak operating pow er is  50kW.

Its dimensions are, height 2.438 
ins. (61.92 m m ), width across the 
waveguide flange 1.625 ins.. (41.28 
mm) and depth 1 in. (25.4m m ).

EEV PULSE MAGNETRON

M a r i n e  R a d a r  M a g n e t r o n  T y p e  M 5 0 3 9

English E le c tr ic  V a lve  Co. Ltd. 
has announced a new fixed  frequency 
pulse magnetron developed p rim arily  
fo r  m arine radar applications.

Designed to have a considerably 
im proved li fe  and better resistance

S L E E  R o t a r y  T a b l e  P r o j e c t i o n  W e ld in g  

M a c h i n e .

(iv ) M ic ro -e lec tron ic  Equipment -  
Amongst the range o f equipment 
made by SLEE fo r  use in the produc­
tion o f m icro -c ircu its  are -  W edge 
and Ball Bonders, D isc Mounting 
M achines, Mask Alignm ent Machines, 
Diamond Scrib ing Equipment, Single 
and Tw in Spot M icrow elders , Spin­
ners and Thick F ilm  Soldering 
Equipment.

(v) In addition to the above item s 
SLEE manufacture various other 
equipments used in e lectron ic  de­
v ices  production and in the m edical 
and dental fie ld .

RADAR PROTECTOR CELL
A new X-band T R  c e ll (BS850) 

has been added to the range o f
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to corros ion  com pared with previous 
20kW to 25kW m arine radar m agne­
trons, this type M5039 is  one o f a 
range o f EEV m agnetrons with a 
m ore rugged ceram ic  construction 
rep lacing the fo rm er glass compon­
ents. Resistance to the co rro s ive  
e ffe c ts  o f salt spray and humidity is  
further im proved by the use o f nickel 
cladded magnet pole p ieces.

The M5039 has a frequency range 
from  9345MHz to 9405MHz, typical 
peak output power o f 25kW and a 
maximum peak anode current rating 
o f 10A. It w ill operate at a high rate 
o f r is e  o f vo ltage pulse (up to 200kV/ 
ms) and o ve r  a w ide range o f pulse 
lengths (0.05/iS -  2/^s). Natural or 
fo rc ed -a ir  coo ling can be employed.

Maximum physical dimensions 
are height 3.312 ins. (84.13 mm ), 
width 5.249 ins. (133.33 mm ) and 
depth 4.468 ins. (113.49 mm ).

Th is new. va lve  uses the latest 
construction techniques: the f i la ­
m ent/grid term inal structure is 
coax ia l; the a ir-coo led  rad iator is  
in tegra l with the anode; ceram ics 
rep lace  g lass.

As a resu lt the BR1183 can oper­
ate at fu ll ratings up to 50MHz, 
g iv in g  an output o f 70kW under class 
C unmodulated conditions. Although 
the maximum continuous anode d is ­
sipation is  20kW, the va lve  can cope 
m ore  eas ily  with overloads, and is 
m ore robust, so g iv in g  lon ger li fe  in 
industrial s e rv ice .

The BR1183 has an ove ra ll 
nominal length o f 15.98 ins. (406 mm ), 
a nominal o ve ra ll d iam eter o f 10 ins. 
(254m m ) and a net weight o f approx­
im ate ly  40 lbs. (18 kg).

Th is va lve  is  the second o f a new 
se r ie s  o f industrial ceram ic  triodes 
being developed at EEV. The BR/ 
BW1181 was announced e a r lie r  this 
yea r; others w ill fo llow  shortly.

C710132B 
PHOTOMULTIPLIER TUBE

Recently  announced by RCA  the 
C710132B is a Developm ental Rug- 
ged ized  1 .1 /2 "  d iam eter, 1 0 -stage, 
head-on type o f photom ultip lier tube 
having a hem ispherical faceplate, 
S - l l  spectra l response and high- 
stab ility , copper-bery llium  d3Tiodes. 
The hem ispherical facep la te en­
hances co llection  o f incident rad ia­
tion ove r  a solid  angle o f g rea ter 
than 2 ir steradians.

The C710132B has an extrem ely  
rugged construction and u tilizes  a

specia l photocathode connection 
which assures continuous contact 
w ith the cathode when the tube is 
subjected to rough usage. The struc­
ture of the tube has been designed to 
m eet the M IL-E -5272C  specification  
and the tubes are 1 0 0% tested to it.

The C710132B is  designed espec­
ia lly  fo r  use in rocket, sa te llite , and 
s im ila r aerospace system s. The 
typ ica l anode dark current is  8 x 
10-IO a at 1250V and 22°C whilst the 
quantum e ffic ien cy  is  typ ica lly  20% 
at 4200Au. Th is tube is  supplied 
with a sm a ll-sh e ll duodecal base 
attached to sem iflex ib le  leads to 
fac ilita te  testing p r io r  to installation . 
A fte r  testing, the attached base 
should be rem oved .

EEV SHUTTER TUBE
The English E lec tr ic  Va lve  Co. 

Ltd. have recen tly  re leased  a High- 
Speed Photography Shutter Tube type 
P856.

When insta lled  in a suitable 
cam era, the P856 tube can present 
on its  fluorescen t screen  a sequence 
o f fram es showing the developm ent 
o f a h igh-speed event. Shuttering 
speeds in excess o f 2 0 ,0 0 0 ,0 0 0  per 
second can be obtained and the num­
ber o f fram es to be recorded  can be 
selected to be from  8 to 32. Expos­
ure tim es better than 1 0  nanoseconds 
can be achieved.

The shutter action is  achieved by 
deflecting the e lectron  beam over  a 
s lit  in an aperture plate in the tube.

E lectrosta tica lly  focused, the 
P856 has an S l l  photocathode with a 
15 n A /L  minimum sensitiv ity  (to 
2854°K tungsten ligh t).

FORCED-AIR COOLED 
POWER TRIODE

T y p e  B R 1 1 8 3  P o w e r  T r i o d e  for R F  H e a t i n g

A new fo rc ed -a ir  tr iode  (type 
BR1183) has been added to the range 
o f pow er va lves manufactured by 
English E le c tr ic  Va lve  Co. Ltd. fo r  
both induction and d ie lec tr ic  indus­
tr ia l rad io frequency heating. Type P856 S h u t te r  T u b e
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R.C.A. SUPERCONDUCTING 
MAGNET

R .C .A . recen tly  announced that 
they had designed and manufactured 
the f ir s t  com m erc ia lly  available 
superconductive magnet in the world  
to have obtained a fie ld  o f 150 K ilo -  
gauss in a 11 inch c lea r  bore.

In o rder to manufacture the m ag­
net R .C .A . perfected  a technique fo r  
cladding selected thicknesses o f high 
purity, h igh -res is t iv ity -ra tio  copper 
to both sides o f vapour-deposited 
niobiumtin ribbons. R .C .A . 'V A P O - 
D E P ' ribbon, clad with an appro­
pria te  thickness o f copper fo r  a 
particu lar co il design, has g rea tly  
increased stab ility . That is , the 
copper surrounding the supercon­
ductor substantially reduces the 
current-degrading e ffects  o f flux 
jumps, those loca l discontinuities in 
superconductors that can accumulate 
to tr ig g e r  a quenching o f the entire 
solenoid.

T o  evaluate the high perform ance 
o f these developm ental m ateria ls  in 
actual devices , seve ra l d ifferen t 
types o f co ils  w ere  designed and 
built. In e very  case, perform ance of 
the copper-c lad  ribbons exceeded 
design expectations.

Success o f the v e ry  high fie ld  
magnet announced today can be con­
sidered  as making the com pletion o f 
a s e r ie s  o f in -c o il perform ance tests 
o f these m ateria ls. Based on an 
evaluation o f resu lts, further re fin e ­
ments and optim isations are now in 
process which are aimed at estab­
lishing a fam ily  o f com patible ribbon 
types. A  new fam ily  o f high p e r­
form ance m ateria ls  w ill be an­
nounced in the v e ry  near future along 
with an extended line o f supercon­
ductive magnets with fie ld  strengths 
ranging to 150 kilogauss. .

The new h igh -fie ld  superconduc­
tive  magnet is a compound solenoid 
consisting o f three d ifferen t co ils  
that w ere  sp ec ifica lly  designed fo r  
optim ized perform ance in a partic ­
u lar fie ld  reg ion  o f the magnet. 
Severa l new term s w ere  coined to 
p rop erly  d escribe the construction 
o f the magnet -  the inner section is  
norm ally  ca lled  the " in s e r t"  and led 
the engineers to ca ll the other two 
la rg e r  magnet sections the "m id se r t" 
and the "ou tsert" sections.

With m odification , the magnet 
could be made to operate in three 
d ifferen t modes o f operation by using

various combinations o f the " in s e r t" ,  
"m id se r t"  and "ou tsert" sections. 
The "ou tsert" section alone should 
produce a fie ld  o f approxim ately 40 
kilogauss with a 9.3/16-inch c lea r  
working bore. I f  the "m id se r t" and 
" in s e r t"  sections w ere  used together 
the combination should produce a 
fie ld  o f 1 0 0  kilogauss with a c lea r  
working bore o f 1 ̂ -inches. W ith all 
th ree sections working in com bina­
tion the fie ld  would be a maximum o f 
150 kilogauss with a l i- in c h  c lea r  
working bore.

Hom ogeneity o f the magnets is 
rated at 0 .02% in a inch d iam eter 
spherical volume.

NEW INTEGRATED CIRCUITS 
CA3047, CA3047A, CA3050, 
CA3051

A further four devices have been 
added to the rap id ly  expanding range 
o f RCA  lin ear integrated c ircu its  
available from  AW V.

The CA3047 and CA3047A are 
e le c tr ic a lly  identical to the CA3033 
and CA3033A respective ly , but are 
packaged in the popular "du a l-in - 
lin e " p lastic  package and designed 
to operate ove r  the tem perature 
range o f 0°C  to +70° C. The c ircu it 
is  a high perform ance operational 
am p lifie r consisting o f two d if fe r ­
ential am p lifie rs  in cascade and a 
s ingle-ended c lass -B  power output 
stage on a single m onolithic s ilicon  
chip. Th is device  features high input 
impedance, high gain, high power 
output, and low  input-offset voltage 
and current.

The CA3047 and CA3047A are

suitable fo r  use in many applications 
amongst these are: Com parator, 
In tegrator, D ifferen tia tor, Audio 
A m p lifie r , Servo D r ive r , DC A m p li­
f ie r ,  M u ltiv ibrator, N arrow  Band and 
Band Pass A m p lifie rs .

10 9 12 4 II 5 6 7 8 3

C i r c u i t  o f  C A 3 0 5 0  a n d  C A 3 0 5 1

The CA3050 and CA3051 each 
consists o f two d ifferen tia l am pli­
f ie r s  with associated constant 
constant current transistors  on a 
common substrate. Each am p lifie r 
is  d riven  by Darlington-connected 
em itte r  fo llo w er  inputs to prov ide 
high input impedance, low  bias 
current, and low  o ffse t current. A 
string o f diodes is  included to p ro ­
vide tem perature-com pensated bias 
to the constant current transisto rs  
and a low  impedance bias point fo r  
the inputs to the d ifferen tia l am pli­
f ie r s  when a single power supply is  
used.

The CA3050 is  supplied in an 
H erm etic  14-lead D u a l-In -L in e  c e r ­
am ic package rated fo r  operation 
over the full m ilita ry  tem perature 
range o f -55° C to +125 °C.

The CA3051 is  supplied in aDual- 
In -L in e  p lastic  package fo r  applica­
tions requ irin g  only a lim ited  tem ­
perature range -25° C to +85° C.
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