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Summary
A p recisio n  re s is ta n c e  welding 

con trol which u ses solid state  d e­
v ice s  in its  en tirety  is  d escrib ed . 
A b rief d iscussion  of the req u ire ­
m ents of high speed re s is ta n ce  weld­
ing equipment as used in the e le c ­
tro n ic  device m anufacturing industry  
is  included a s  a b asis  for the design  
approach adopted.

The p ra c tic a l realizatio n  of the 
design is dem onstrated in te rm s of 
a unit incorporating a number of 
digital in tegrated  c ircu its  which 
achieves the multiple aim s of effec­
tiv e n e ss, reliab ility , and sim p licity . F ig u re  1. B lo c k  d iagram  o f  the w e ld  co n tro l

Introduction
R esistan ce  welding as a m eans  

of m etal fab rication  is  com m only  
encountered in the m anufacturing  
assem bly p ro c e s se s  of e lectro n ic  
d ev ices. Valve s tru ctu re s  and 
cathode ra y  tube e lectron  guns a re  
exam p les w here num erous welding 
operations a re  required  for each  
assem bly , often with m ateria l th ick­
n e sse s  of only a few thousandths of 
an inch. In this type of welding 
operation, con sid erab le c a re  m ust 
be taken to avoid m elting through  
the m ateria l o r damaging adjacent 
a re a s  by e x ce ss iv e  conduction of 
heat.

The fundamental behaviour of the 
re s is ta n c e  welding p ro ce ss  can  be 
e x p ressed  by the em p irical form ula:

H -  I2 R T K w att-secon d s

w here H = total heat generated in 
w att-secon d s

I -  cu rre n t in am p eres

R = re s is ta n c e  of work in ohms

T = duration of cu rre n t flow 
in seconds

K = fa c to r rep resen tin g  total 
radiation and conduction  
lo s s e s .

It can be seen from  this e x p re s ­
sion that any d esired  amount of weld 
energy m ay be obtained by in c re a s ­
ing the weld cu rre n t level for a given 
tim e duration. It has been estab lish ­
ed that b est re su lts  a re  obtained with 
the application of a re la tiv ely  la rg e  
amount of pow er fo r a corresp on d ­
ingly sh o rt period of tim e. Under 
these conditions, little  conduction of 
heat from  the im m ediate weld a re a  
takes p lace , and a fu rth er im portant 
advantage of reduced oxidisation r e ­
su lts.

In p ra c tic e , a  weld tra n sfo rm e r  
cap acity  of 1 KVA is  com m on while 
the required  tim e duration m ay  
ran ge from  a few m illiseconds up. 
As the 50 Hz A .C . pow er m ains has 
a h a lf-cy cle  period of only 10  m illi­
second s, it  is  c le a r  that la rg e  v a r i­
ations in actual heat en ergy will 
re su lt unless the weld period is  
m ade synchronous with the supply 
m ains.

Thus the b asic  req u irem en ts for  
a p recision  welding con trol m ay be 
established . The unit to be d es­
crib ed  fulfills the req u irem en ts of 
adequate pow er handling cap acity , 
synchronous operation, and accu ra cy  
fo r sh o rt duration w elds.

General Description
A block diagram  of the unit is  

shown in figure 1 . A Schm itt T rig g e r
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provides a re fe re n ce  pulse syn­
chronous with the A .C . m ains with a 
phase relationship  determ ined by an 
adjustable p assive  delay network a s ­
sociated  with the pow er supply. This  
network provides a "H E A T " con trol  
fo r varying the average power level 
as required  fo r different welding 
applications.

An R -S  ( s e t - r e s e t )  flip-flop is  
used to enable synchronous startin g  
of the weld cy c le  by a random ly  
actuated sw itch attached to the 
w elder head. P rov isio n  for h alf- o r  
o n e -cy cle  operation is  included with 
the second tr ig g e r  pulse being d e r ­
ived from  a 10  m illisecond delay  
m u ltivib rato r. A tra n s is to r  gate  
am plifier d rives the load switching  
t r ia c  through an isolation pulse 
tra n s fo rm e r thus energising the weld 
tra n sfo rm e r for the required period. 
A c ircu it d iagram  of the unit is  
shown in figure 2 and a detailed  
d escrip tion  of its  operation follows.

Phase Control and Trigger
One of the dual secondary wind­

ings of the power tra n sfo rm e r is  
connected to an adjustable bridge  
type phase shift netw ork. The b asic  
network has been modified by the 
inclusion of a p re s e t  minimum phase 
shift con tro l, the reaso n  fo r which 
will be d iscu ssed  during the d e s­
cription  of the power sw itch section . 
A diode full-w ave bridge network  
p a sse s  positive going h a lf-cy cle s  and 
in verts  the rem ain d er, yielding a 
tra in  of unidirectional pulses which 
is  fed to the Schm itt T rig g e r input. 
F ig u re  3 shows the relationship  
existin g  between the various w ave­
fo rm s encountered through the unit.

The Schm itt T rig g e r  is  made up 
from  an I .C . dual buffer2 type 
C D 230 6 E /8 3 2 , the Integrated c ircu its  
used in this design being m em bers  
of the R .C .A . CD2300 industrial D TL  
fam ily, contained in 14 lead d ual-in ­
line p lastic  pack ages. M em bers of 
this fam ily a re  inexpensive, have 
excellen t noise immunity c h a r a c te r ­
is tic s , and with a lead spacing of 
. 10 0 " a re  convenient fo r use in hand 
w ired printed b oard s.

Start Flip-Flop

One half of a Quad 2 input NAND 
gate I.C . type C D 2302E /846  is  used  
to form  an RS flip-flop by c ro s s  
coupling the inputs and outputs. The 
se t and r e s e t  inputs a re  connected  
to an SPDT m icrosw itch  located  at

the w elder head to in itiate the o p e r­
ating sequence when the pencils a re  
in p rop er con tact with the work.

Since re la tiv ely  long w ires m ay  
be n e ce s sa ry  between the m ic ro ­
sw itch and the F .F .  inputs, 4 .7 K ohm 
pull-up r e s is to rs  a re  provided to 
preven t induced noise in terferin g  
with the flip-flop operation.

The sw itch arm atu re  is  returned  
to a sou rce  of negative-going pulses  
derived from  the Schm itt T rig g e r  
output.

F ig u re  3. T y p ic a l w aveform s fo r fu l l- c y c le  
ope ra tion .

This arrangem ent^ enables the 
sta te  change of the flip-flop which 

. i s  fre e  from  con tact bounce effects  
due to its  self-latch in g  c h a r a c te r ­
is tic  to be synchronized with the 
tr ig g e r  p ulse. Since it is  d esired  
that the c ircu it op erate  only at the 
initial tran sition  of the Schmitt 
T rig g e r , the output is  differentiated  
by the network C2, R3, producing a 
n arrow  positive pulse which is  in­
verted  by a third gate in the I .C . 
The value of R3 has been chosen to 
provide a  cu rre n t sink fo r the gate  
input, settin g it to  low. Inspection of 
the NAND truth  table shows that 
logic req u irem en ts have been thus 
satisfied  fo r this mode of inversion , 
and the required  sharp negative  
pulse appear at the sw itch a rm atu re . 
Follow ing actuation of the m ic ro ­
sw itch , and the resu ltan t F .F .  s ta te -  
change, the positive output is  d iffer­
entiated and fed d ire ctly  to the tr ia c  
gate am plifier, yielding a h a lf-cy cle  
tr ig g e r  pulse.

Monostable Multivibrator

When full cy c le  operation is  
req u ired , the com plem entary neg­
ative F .F .  output is  fed to an I.C . 
m onostable m u ltivib rato r. The input 
sensitivity  to spurious trig g erin g  is  
reduced by ca p a cito r C7 connected  
from  pin 5 to ground. E xtern al tim ­
ing com ponents have been selected  
to provide an output pulse of 10 
m illiseconds duration. A second  
tr ig g e r  pulse is  derived by d iffer­
entiating the m u ltivib rator negative 
output and- p assing only the required  
positive going delayed pulse to the 
gate am plifier, through the "H A LF  
C Y C L E S " s e le c to r  sw itch.

As the second tr ig g e r  pulse 
o c c u rs  e x a ctly  10  m illisecond s after  
the f ir s t  synchronous pulse, and this  
delay tim e is  equal to the 50 Hz 
m ains h a lf-cy cle  period , thus the 
tr ig g e r  pulses a re  sy m m e trica l.  
This prop erty  is  d esirab le , since  
a sy m m etrica l trig g erin g  leads to a 
D .C . cu rre n t component in the load  
which cau se s  tra n sfo rm e r saturation , 
w asteful in cre a se s  in load cu rre n t, 
and e x ce ss iv e  heating.

Power Switch

A single low pow er silicon  tra n s ­
is to r , type AS205, is  used as a gate 
am p lifier, and form s the in terface  
between the low pow er logic stages  
and the t r ia c .  It is  norm ally held in 
the cu t-o ff s ta te  with the b ase r e s i s ­
to r  returned  to ground. The clipping
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diodes asso ciated  with the h alf- and 
o n e -cy cle  differentiating networks 
together with the b ase re s is to r  form  
an OR gate function, so that eith er  
tr ig g e r  pulse can turn the tra n s is to r  
on without mutual in terferen ce .

The duration of the gate pulse is 
se t by the differentiating networks 
which have identical tim e con stan ts. 
An effective pulse width of approxi­
m ately  15 m icro secon d s has been  
selected  fo r reliab le  trig g erin g . 
Heavy conduction in the tra n s is to r  
is  initiated when a tr ig g e r  pulse  
a rr iv e s , and the output is  coupled by 
a pulse tra n sfo rm e r to the load tr ia c  
gate.

R eferen ce w as made e a r lie r  in 
the phase con trol section  to a p re s e t  
minimum phase shift con tro l. The 
need for a minimum value of the 
tr ig g e r  pulse phase delay a ris e s  
when full cy cle  operation is  s e le c t­
ed. Due to the inductive nature of 
the load, the actual cu rre n t lags  
behind the voltage w aveform . A con­
dition m ay then a ris e  w here fo r  
sm all phase delay angles, the second  
tr ig g e r  pulse a rr iv e s  before the f ir s t  
h a lf-cy cle  cu rre n t has decayed to 
z e ro . In this c a s e , the second pulse 
m ay be lo s t, resu ltin g  in m isfiring . 
The w aveform s of figure 4  illu stra te  
this effect.

F ig u re  4. 11 lu s tra t io n  o f loss  o f  second  
tr ig g e r p u ls e  w ith  in s u ff ic ie n t phase d e la y  
ancT inductive  load.

In p ra c tic e , the p re se t potentio­
m eter which is  acce ssib le  through  
the hollow shaft of the main con trol 
is  se t up with the aid of an o s c il­
loscope connected a c ro s s  the welding 
tra n sfo rm e r p rim a ry . With the 
"H EA T ” con trol fully clockw ise  
(maximum pow er), the p re s e t r e s i s ­
tance is  adjusted to the low est value 
con sisten t with reliab le  full cy cle  
firing. In p ra c tic e , a c o rr e c tly  ad­
justed unit will provide a con trol

F ig u re  5. A rear v ie w  o f the u n it show ing the c ir c u i t  board and com ponent layo u t

F ig u re  6. A gene ra l v ie w  o f the  c o n tro l housed in  a 6 "  x 4 "  x 6 " ins trum en t case.

N ovem ber, 1968 . 65.



range of approxim ately 3% to 95% of 
full pow er.

An RC network is  connected  
a c ro s s  the t r ia c  to suppress dv/dt 
effects introduced by the inductive 
nature of the load. The su p p ressor  
network lim its  the maxim um ra te  of 
r is e  of voltage a c ro s s  the device  
during com m utation to a safe value, 
avoiding spurious trig gerin g .

The RCA 40576 tr ia c  used in 
this unit is  contained in a TO 66 
package which can be mounted d ir ­
e ctly  on a printed board elim inating  
the need fo r additional com ponents. 
It is  nominally a 240V  line, 15 
am pere d evice , with a 9 j _ a  in this  
in stan ce of 40 d egrees  C /W .

C onsideration of device d issip a­
tion shows that the 40576 has a larg e  
operating safety  m argin  in this 
application. With an ambient tem p­
e ra tu re  up to 60 d egrees C ., which  
re s u lts  in a m axim um  cu rre n t ratin g  
of 1  am pere continuous, then for the 
nominal 4 am pere load rep resen ted  
by the 1 KVA weld tra n sfo rm e r, the 
maxim um  operating frequency for 
fu ll-cy cle  welding would approxim ate  
12 p er second. C learly  this ra te  is  
fa r  in e x c e s s  of the m axim um p o ss­
ible in an o p erato r-lim ited  applica­
tion such as the p resen t exam ple.

The p ossibility does e x is t, of 
co u rse , of the use of this type of 
equipment in autom atic welding 
applications. In such in stan ces  
sp ecific inform ation on p erm issib le  
maxim um duty cy c le  levels  can be 
read ily  derived by calculation  from  
the published data.

Power Supply

A sim ple half-w ave supply is  
adequate for the p resen t re q u ire ­
m ent. The nominal 5 volt supply 
required  fo r the digital I .C . 's  is  
obtained from  a 5 .1  volt, + 5% zen er  
diode which provides sufficient reg u ­
lation fo r the com p aratively  light 
load. A half am pere fuse is  con­
nected in the pow er tra n sfo rm e r  
p rim a ry  c irc u it , while the load  
supply line in co rp orates  a 5 am pere  
fu se. A standard fuse cannot in te r­
rupt d estru ctive  fault cu rre n ts  
quickly enough to p ro tect the t r ia c ,  
how ever it en su res that in the event 
of an equipment breakdown, the de­
fective unit is  isolated from  the 
supply m ains.

A neon pilot lam p is  fitted to the 
front panel. It is  connected d irectly  
a c ro s s  the tr ia c  so that under stand­
by conditions (tria c  off) it a cts  as a 
m ains in d icator. When the tr ia c  con­
ducts during a welding c y c le , the 
lam p is  m om entarily extinguished, 
and the resu ltan t flick er is  useful as  
an indication of p rop er operation.

A com posite in terferen ce  sup­
p re s s o r  con sisting of th ree  cap ­
a c ito rs  in a delta configuration is  
connected to the m ains input. This  
device p ro te cts  the unit from  false  
trig g erin g  due to line tran sien ts and 
red u ces the level of in terferen ce  fed 
back to the supply m ains when a 
weld operation is  taking p lace .

Physical Construction

The reduction in component count 
due to the exclusive use of I .C .'s  
in the con trol s ta g e s , and the sm all 
physical size  of the 40576 tr ia c  s im ­
plifies con stru ction . The m ajority  of 
the com ponents excep t the power 
tra n s fo rm e r and those mounted on 
the front panel are  w ired on a sm all 
4 "  x  3" c irc u it  board as shown in the 
photograph of figure 5 . It will be 
noted that figure 5 shows the I .C .'s  
mounted in sock ets . This was done 
to enable batch checking of I .C .'s  
in the prototype, and sockets would 
not norm ally be included in addition­
al units. The com plete equipment is  
housed in a sm all instrum ent c a s e , a 
gen eral view of which is  shown in 
figure 6 . The "H E A T " con trol is  
m arked with an a rb itra ry  alphabet­
ica l s e r ie s  enabling p re fe rre d  con­
tro l settin gs to be re co rd e d  fo r  
future use when the equipment is  
required to handle a v arie ty  of work.

Conclusion

A su ccessfu l solid s ta te  re p la ce ­
ment fo r many th yratron  and ca p a c­
ito r d isch arge  welding co n tro ls  has 
been d escrib ed . The econom y and 
sim p licity  obtained from  the use of 
digital integrated c irc u its  in the 
g re a te r  p a rt of the c irc u itry  em ­
p hasise the advantages to be gained 
from  th ese d evices in industrial 
applications. The use of an im proved  
t r ia c  d evice with a la rg e  power 
handling cap acity  in a sm all package 
has perm itted  a considerable red u c­
tion in m echanical com plexity, and 
resu lted  in the construction  of a  unit 
which provides significant savings 
in bench sp ace , and negligible in stal­
lation c o s ts .

Additional inform ation regard ing  
this application and specific data on 
the active d evices used will be made 
available on req u est.
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E.E.V. METHANE DETECTOR

English E le c tr ic  Valve Co. Ltd. 
has produced a pinhead-sized d e te c­
to r  (VQ1) which will continuously 
m onitor the p resen ce  of methane 
in m in es.

This type of d e te cto r, which was 
origin ally  developed by the Safety  
in Mines R e se a rch  Estab lish m en t of 
the M inistry of Pow er in the U.K. 
co n sis ts  of a coil of w ire  inside 
an alumina bead.

The VQ1 co m p rise s  two elem en ts, 
one with the alum ina bead contain­
ing a ch em ical ca ta ly st to cau se  
burning of methane on the device, 
and the other poisoned to prevent 
burning. H eat generated by the 
burning of m ethane on the one con­
taining the ca ta ly st cau ses  a v a r i­
ation in its  re s is ta n c e , w h ereas under 
the sam e conditions the re s is ta n ce  
of the poisoned d evice does not v a ry .

When one of each  type of elem ent 
is  used to form  two a rm s of a bridge  
c ircu it , the p resen ce  of methane 
which cau se s  a variation  of the r e ­
s ista n ce  in only one of the d evices  
gives an unbalanced condition of the 
bridge c ircu it , so providing a m eans  
of indicating the concentration  p re ­
sent.

LINEAR
INTEGRATED CIRCUITS

A fu rth er five types have been 
added to the range of L in ear Inte­
grated  C ircu its  available from  AWV.

B rie f  d etails of the five new types 
a re  given below.

CA3018A

6 -

6
o - >

3-o

SUBSTRATE
0 7  OlO 0 4

S chem atic D iagram  fo r CA3018A

A "T ig h t-s p e c ” versio n  of the 
popular CA 3018 four tra n s is to r  away.

CA3020A

S C H E M A TIC  D IA G R A M  FO R CA3020A  

This type is  an im proved version

of the CA 3020 u niversal am plifier. 
The CA3020A is  capable of d eliv er­
ing one watt (typical) with a power 
gain of 75dB when operated from  a 
1 2  volt supply.

CA3044

S chem atic  d iag ram  CA3044. •

A second generation version  of 
the CA 3034 the c irc u it  has been  
designed fo r use in Automatic Fine  
Tuning applications.

CA3045, CA3046

Schem atic  d iagram  fo r CA3045, CA3046

T h ese two new types a re  general 
purpose tra n s is to rs  alw ays co n sis ­
ting of five m atched silicon  N -P -N  
tra n s is to rs  on a com m on monolithic 
su b stra te .

The a rra y  contains th ree  isolated  
tra n s is to rs  and one differentially  
connected tra n s is to r  p a ir .

N ovem ber, 1968. 67.



The CA 3045 and CA 3046 a re  
e le c tr ica lly  id entical, with the 
CA 3045 being a 14 lead d u al-in -lin e  
ce ra m ic  package and the CA 3046 a 
d ual-in -line p lastic  package.

R.C.A. 40 AMP TRIAGS
F o u r new 40 Amp T ria c s  have 

just been re leased  by R .C .A ., they  
a re  the 2N 5441, 2N 5442, 2N 5444 and 
2N 5445. T h ese d evices a re  designed  
fo r use in resid en tial heating con ­
tro l , e le c tr ic  range co n tro ls , high 
voltage d im m ers for stage lighting 
e tc .,  s ta tic  switching and variab le  
speed con trol for induction m o tors  
in the five to ten horsepow er ran ge.

The t r ia c s  have an o n -sta te  
cu rre n t ratin g  of 40 amps ( r .m .s .)  
and a peak surge (fu ll-cycle) cu rre n t  
ratin g  of 300 amps peak. The 
2N 5441 and 2N 5444 a re  designed for  
240V  lin es.

Two types of packages a re  avail­
able the 2N 5441 and 2N 5442 being 
mounted in a p re s s -f i t  package  
w hilst the 2N 5444 and 2N 5445 a re  
stud mounted.

E.E.V. 2 6 0  KW 
POWER TETRODE

Another r .f .  pow er te tro d e, type 
C Y 1172 has been added to the wide 
ran ge of trio d es and tetro d es avail­
able from  A.W .V.

The C Y 1172 h as c o -a x ia l term inal 
stru ctu re . The anode is  designed  
fo r cooling by vaporisation  of w ater, 
and contains axial p assages  around 
its  c ircu m fe re n ce  fo r the circu lation  
of w ater and steam . It can d issipate  
180 kilow atts.

The new tetrode is  a high p e r -  
vean ce tube, suitable fo r use in 
audio am p lifiers, r .f .  lin ear am pli­
f ie r s ,  and c la s s  C am plifiers o r  
o s c illa to rs . When operated as a  
T y le r  high-efficiency c ircu it with

waveguide mounts at any frequency  
between 2GHz and 12GHz. The hand- 
width and m atching a re  determ ined  
by the design of the mount.

D im ensions of the c e lls  a re  8 in. 
(2 0 3 .2 m m ) long by 0 .5 0 5 in. (12.83  
mm) maxim um  d iam eter.

MULTIPLE-FRAME 
IMAGE CONVERTER TUBE

English  E le c tr ic  V alve Co. Ltd. 
has introduced to th eir range of light 
con version  d evices an e le c tro s ta tic ­
ally focused triode im age co n v erter  
tube, with e le c tro s ta tic  d eflecto rs  for  
both pulse ans sweep operation.

This tube type P 8 5 6 , when in­
stalled  in a  suitable c a m e ra , can  
p re se n t on its  flo u rescen t s cre e n  a  
sequence of fra m e s  showing the 
developm ent of a high-speed event.

The shutter action is  achieved by 
deflection of the electro n  beam over  
a s lit  in an ap eratu re  plate in the 
tube.

To nullify the b lurred  effect 
caused  by the e lectro n  beam m ove­
m ent a c ro s s  the s lit , a second w ave­
form  with an equivalent frequency  
and amplitude but ou t-of-ph ase with 
the f i r s t ,  is  applied a c ro s s  a second  
p air of d e fle cto rs . A third p air of 
d e fle c to rs . A third  p air of d eflec­
to rs  is  used to apply a s ta irc a s e  
voltage, trig g ered  from  the event 
under investigation, so enabling a 
sequence of im ages to be reco rd ed .

Shuttering speeds of 2 0 ,0 0 0 ,0 0 0  
p er second can be obtained and, 
dependent on the im age s ize , the 
num ber of fra m e s  to be record ed  can  
be selected  to be between 8 and 32 . 
In gen eral operation the exposure is  
s e t  at 1 /5  of the fram ing frequency  
and exposure tim es b etter than 10ns 
can  be achieved.

The P 856  tube has an S l l  photo­
cathode with a sensitivity  (to 2854  
d e g rees  K tungsten light) of 15 u A /L  
m in. The flat, c ir c u la r  fa ce -p la te  
of the flourescen t s c re e n  provides a  
useful scre e n  a re a  of 7 .5  cm  by 
4 cm .

anode and s cre e n  modulation and an 
anode voltage of 11 .25  kilovolts, the 
C Y 1172 will give a  c a r r i e r  output of 
260 kilow atts at an efficien cy of 86%. 
Fu ll ratin gs apply at frequencies up 
to 30M Hz.

PLUG-IN P R E -TR  CELL
English  E le c tr ic  V alve Co. Ltd. 

has introduced a new ran ge of broad­
band, low lo s s , plug-in p re -T R  ce lls  
(BS834, BS836 and BS838) fo r high 
pow er p rotection  of ra d a r  re c e iv e rs  
with p a ra m e tric  am p lifiers.

E ssen tia lly  d isch arge tubes, these  
ca lls  ac t as  "p illa rs "  whose im ped­
ance v a rie s  accord ing to the level of 
m icrow ave signal. A com bination of 
gas and quartz wool is  used to p ro ­
vide fa st ionisation and re co v e ry  
tim e.

Maximum peak input pow er is  2 .5  
MW fo r the BS834, 0.25M W  fo r the 
BS836 and 0.5M W  fo r the B S838.

They can  be used in suitable
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TRIAC POWER CONTROL 
APPLICATIONS

In the con trol of ac pow er by 
m eans of sem iconductor d evices, 
em phasis has been placed upon lim it­
ing the com plexity of the c ircu its  
involved, the co s t of the system , and 
the o v e r-a ll  package s iz e . With the 
developm ent of the bidirectional t r i -  
ode th y ris to r , com m only known as 
the t r ia c ,  all of th ese goals can be 
achieved. A tr ia c  can  p erform  the 
functions of two SC R 's fo r full-w ave  
operation and can easily  be trig g ered  
in eith er d irection  to sim plify gate  
c irc u its . B ecau se  they a re  rated  for  
120-v o lt and 2 4 0 -v o lt line operation, 
t r ia c s  a re  read ily  adaptable for the 
con trol of pow er to any equipment 
being operated d ire ctly  from  ac 
pow er lin es. When used for ac pow er 
con tro l, t r ia c s  add new functions to 
many d esigns, im prove p erfo rm an ce, 
and provide m axim um efficiency and 
high reliab ility . This a r tic le  d e s­
c rib e s  tr ia c  operating c h a r a c te r is ­
t ic s  and provides guidance in the use 
of t r ia c s  fo r sp ecific  applications.

Principal Voltage- Current 
Characteristic Diagram

F ig . 1 shows the principal 
v o lta g e -cu rre n t c h a ra c te r is tic  of a 
t r i a c .  This cu rve  shows the cu rre n t  
through the tr ia c  as  a function of 
the voltage applied between main  
te rm in a ls  N os. 1 and 2 . In quadrant 
I, the voltage on m ain term in al No. 2 
is  positive with re sp e ct to main  
term in al No. 1; in quadrant III, the 
voltage on m ain term in al No. 2 is  
negative with re s p e c t to m ain te rm -

F  ig. 1 — T r ia c  p r in c ip a l v o lta g e -cu rre n t 
c h a ra c te r is tic s .

by J.V. YONUSHKA

inal No. 1. When a positive voltage  
is  applied to main term in al No. 2, 
as shown by the cu rve  in quadrant 
I , a point is  reach ed , called  the 
b re a k -o v e r voltage Vgo> at which 
the device sw itches from  a high- 
im pedance s ta te  to a low -im pedance  
s ta te . The cu rre n t can  then be in­
c re a s e d  through the tr ia c  with only 
a  sm all in cre a se  in voltage a c ro s s  
the d evice. The tr ia c  rem ain s in 
the ON state  until the cu rre n t  
through the main term in als  drops  
below a value, called  the holding 
c u rre n t, which cannot m aintain the 
b reak over condition. The tr ia c  then 
r e v e r ts  again to the high-im pedance 
o r  O F F  s ta te . If the voltage a c ro s s  
the m ain term in als  of the tr ia c  is  
re v e rs e d , the sam e sw itching action  
o ccu rs  as shown by the cu rve  in 
quadrant III. Thus, the tr ia c  is  cap ­
able of switching from  the O F F  state  
to the ON state  fo r e ith er p olarity  
of voltage applied to the main te rm ­
in als.

Gate Characteristics
When a trig g e r cu rre n t is  applied 

to the gate term inal of a t r ia c ,  the 
b reak over voltage is  reduced . A fter 
the t r ia c  is  trig g e re d , the cu rre n t  
flow through the m ain term in als  is  
independent of the gate signal and 
the tr ia c  rem ain s in the ON state  
until the principal cu rre n t is  reduced  
below the h old ing-cu rrent lev el. The 
tr ia c  h as the unique capability of 
being trig g ered  by eith er a positive  
o r  a negative gate signal re g a rd le ss  
of the voltage p olarity  a c ro s s  the 
m ain term in als  of the d evice . F ig . 2 
illu s tra te s  the trig g erin g  m echanism  
and cu rre n t flow within a  t r ia c .  The 
gate tr ig g e r  p olarity  is  always 
re feren ced  to main term in al No. 1. 
The potential difference between the 
two term in als  is  such that gate 
cu rre n t flows in the d irectio n  indi­
cated  by the' dotted arro w . The 
p olarity  symbol at m ain term inal 
No. 2 is  also referen ced  to main  
term in al No. 1 . The sem iconductor 
m a te ria ls  between the variou s junc­
tions within the p ellet a re  labeled  
p and n to indicate the type of 
m a jo r i ty -c a r r ie r  con cen tration s  
within the m a te ria l.

F o r  the variou s operating m odes, 
the p olarity  of the voltage on main  
term in al No. 2 with re s p e c t to main  
term in al No. 1 is  given by the quad­
ran t in which the t r ia c  op erates , 
(either I o r III) and the p olarity  of 
the gate signal used to tr ig g e r  the 
d evice is  given by the p rop er symbol 
next to the operating quadrant. F o r  
the I (+) operating m ode, th erefo re , 
m ain term inal No. 2 and the gate are  
both positive with re s p e c t  to main  
term in al N o .l .  Initial gate cu rre n t  
flows into the gate term in al, through  
the p-type la y e r , a c ro s s  the junction  
into the n-type la y e r , and out main  
term in al No. 1, as  shown by the 
dotted arrow . As gate cu rre n t flow s, 
c u rre n t m ultiplication o c c u rs  and the 
re g en erativ e  action within the pellet 
sw itches the tr ia c  to its  ON sta te . 
B ecau se  of the p o larities  indicated  
between the m ain te rm in a ls , the 
p rin cip al cu rre n t flows through the 
pnpn s tru ctu re  as shown by the solid  
a rro w . S im ilarly , fo r the other 
th re e  operating m odes, the initial 
gate cu rre n t flow is  shown by the 
dotted arrow , and principal cu rre n t  
flow through the main term in als  is  
shown by the solid arrow .

B ecau se  the principal cu rre n t  
influences the gate tr ig g e r  cu rre n t,

I  M  1 H

MT 2 MT 2

m (♦) in H

F  ig . 2 — C urrent f lo w  in  a tr ia c .
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the magnitude of the cu rre n t re q u ir­
ed to tr ig g e r  the tr ia c  d iffers for  
each  m ode. The operating m odes in 
which the principal cu rre n t is  in the 
sam e d irection  as the gate cu rre n t  
required  le s s  gate trig g e r cu rre n t, 
while m odes in which the principal 
cu rre n t is  in opposition to the gate  
cu rre n t req u ire  m ore  gate trig g e r  
cu rre n t.

Like many oth er sem iconductor 
p a ra m e te rs , the magnitude of the 
gate trig g e r  cu rre n t and voltage  
v a rie s  with the junction tem p eratu re . 
As the th erm al excitation  of c a r r i e r s  
within the sem iconductor in cre a se s ,  
the in cre a se  in leakage cu rre n t  
m akes it e a s ie r  fo r the device to be 
trig g e re d  by a  gate signal. T h e re ­
fo re , the gate becom es m o re  se n si­
tive  in all operating m odes as the 
junction tem p eratu re  in c re a s e s .  
C onversely, if  the t r ia c  is  to be 
operated  a low te m p e ra tu re s , suffic­
ient gate tr ig g e r  cu rre n t m ust be 
provided to a ssu re  trig g erin g  of all 
d evices at the low est operating  
tem p eratu re  expected in any p a r tic ­
u lar application. V ariation s of gate  
tr ig g e r  req u irem en ts a re  given in 
the data sheets fo r individual t r ia c s .

Light Control

B ecau se  the light output of an 
incandescent lam p depends upon the 
voltage im p ressed  upon the lamp  
filam ent, changes in the lamp voltage  
v a ry  the b rightness of the lam p. 
When ac sou rce  voltages a re  used, 
a t r ia c  can  be used in s e r ie s  with an 
incandescent lam p to v a ry  the volt­
age to the lam p by changing its  con­
duction angle; i .e . ,  the portion of 
e ach  half cy c le  of ac line voltage in 
which the tr ia c  conducts to provide  
voltage to the lam p filam ent. The 
t r ia c ,  th e re fo re , is  very  a ttra ctiv e  
as a switching elem ent in ligh t- 
dimming applications.

To sw itch incandescent lam p  
loads reliab ly , a  tr ia c  m ust be able 
to withstand the inrush cu rre n t of 
the lam p load. The inrush cu rre n t is  
a re s u lt-o f  the difference between  
the cold and hot re s is ta n ce  of the 
tungsten filam ent. The cold r e s i s ­
tan ce of the tungsten filam ent is  
much low er than the hot re s is ta n c e .  
The resu ltin g  inrush cu rre n t is  
approxim ately 1 2  tim es the norm al 
operating cu rre n t of the lam p.

The sim p lest c ircu it that can be 
used for light-dim m ing applications  
is  shown in F ig . 3 and uses a  trig g e r  
diode in s e r ie s  with the gate of 
a  t r ia c  to m inim ize the variation s  
in gate tr ig g e r  c h a r a c te r is t ic s . In

applications w here sp ace is  prem ium  
the 40431  o r  40432 m ay be used  
b ecau se it com bines both functions in 
a  single p ackage. Changes in the 
re s is ta n c e  in s e r ie s  with the ca p a c ­
ito r change the conduction angle of 
the t r ia c .  B ecau se  of its  sim p licity , 
this c irc u it  can be packaged in con­
fined a re a s  w here space is  at a  
prem ium .

100 *H
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F ig . 3 — Sing I e -tim e -co n s t ant lig h t-d im m e r  
c irc u it.

The ca p a c ito r in the c irc u it  of 
F ig . 3 is  charged  through the control 
potentiom eter and the s e r ie s  r e s i s ­
tan ce . The s e r ie s  re s is ta n c e  is  used 
to p ro te ct the p otentiom eter by 
lim iting the ca p a cito r charging  
cu rre n t when the con trol potentio­
m e te r is  at its  minimum re s is ta n c e  
setting. This re s is to r  m ay be elim ­
inated if the potentiom eter can  with­
stand the peak charging cu rre n t until 
the t r ia c  turns on. The tr ig g e r  diode 
conducts when the voltage on the 
ca p a c ito r re a ch e s  the diode b reak ­
over voltage. The ca p a c ito r then 
d isch arg es  through the tr ig g e r  diode 
to produce a cu rre n t pulse of suffic­
ient amplitude and width to trig g e r  
the t r i a c .  B ecau se  the tr ia c  can be 
trig g e re d  with eith er p olarity  of gate  
signal, the sam e operation o ccu rs  on 
the opposite h a lf-cy cle  of the applied 
voltage. The tr ia c ,  th e re fo re , is  
trig g ered  and conducts on each  half­
cy cle  of the input supply voltage.

The in teraction  of the EC network  
and the tr ig g e r  diode re s u lts  in a 
h y ste re s is  effect when the tr ia c  is  
in itially trig g e re d  at sm all conduc­
tion angles. The h y s te re s is  effect 
is  ch a ra cte riz e d  by a d ifference in 
the con trol potentiom eter setting  
when the tr ia c  is  f ir s t  trig g ered  and 
when the c ircu it turns off. F ig . 4  
shows the in teraction  between the 
RC network and the tr ig g e r  diode to 
produce the h y s te re s is  e ffect. The 
ca p a cito r voltage and the ac line

voltage a re  shown as solid lin es. As 
the re s is ta n c e  in the c irc u it  is  de­
c re a s e d  from  its  m axim um  value, 
the ca p a c ito r voltage re a ch e s  a  value 
which f ire s  the tr ig g e r  diode. This  
point is  designated A on the 
ca p a cito r-v o lta g e  w ave-sh ape. When 
the tr ig g e r  diode f i r e s ,  the ca p a cito r  
d isch a rg e s  and tr ig g e rs  the tr ia c  at 
an in itial conduction angle d \ .  D u r­
ing the form ing of the gate trig g e r  
pulse, the ca p a cito r voltage drops  
suddenly. The ch arge  on the ca p a c ­
ito r  is  s m a lle r than when the trig g e r  
diode did not conduct. As a  re su lt of 
the different voltage conditions on 
the c a p a c ito r , the b reak over voltage  
of the tr ig g e r  diode is  reach ed  
e a r l ie r  in the next h a lf-cy cle . This  
point is  labeled point B on the 
cap acito r-v o lta g e  w aveform . The 
conduction angle 8 2 corresponding  
to point B is  g re a te r  than 8 1 . All 
succeeding conduction angles a re  
equal to 82 in magnitude. When the 
c irc u it  re s is ta n c e  is  in creased  by a  
change in the potentiom eter setting  
the t r ia c  is  s till trig g e re d , but at a  
s m a lle r conduction angle. Eventu­
ally , the re s is ta n c e  in s e r ie s  with 
the cap acitan ce  becom es so g re a t  
that the voltage on the ca p a cito r does 
not re a ch  the b reak over voltage of 
the tr ig g e r  diode. The c ircu it then 
tu rn s off and does not turn on until 
the c ircu it re s is ta n ce  is  again r e ­
duced to allow the tr ig g e r  diode to 
be fired . The h y ste re s is  effect 
m akes the voltage load appear much  
g re a te r  than would norm ally be e x ­
pected when the c irc u it  is  initially  
turned on.

The h y s te re s is  effect can  be r e ­
duced by use of a re s is to r  in s e rie s  
with the trig g e r diode and gate , as 
shown in F ig . 5 . The s e r ie s  re s is to r  
slow s down the d isch arge  of the cap ­
a c ito r  through the tr ig g e r  diode. 
Consequently, the ca p a cito r does not 
lose  as much ch arge  while tr ig g e r ­
ing the t r i a c ,  and p roduces a  sm aller  
h y s te re s is  effect. As a re su lt of the 
slow er ca p a cito r d isch arge  through  
the trig g e r diode, how ever, the peak  
magnitude of the gate tr ig g e r  cu rre n t  
pulse is  reduced . The size  of the

F ig . 4 -  Waveforms show ing  in te ra c tio n  o f  
co n tro l ne tw ork and tr ig g e r d iode.

LINE VOLTAGE
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tr ig g e r  ca p a cito r m ay have to be 
in creased  to com pensate fo r the r e ­
duction of the gate trig g e r cu rre n t  
pulse.

120VAC, 60Hz 240V A C , 60Hz

R1 3 .3 k fi,  K2W 4 .7 kQ, Vi'H

R? 2 00 k« , m 2 5 0 k fi, IW
c 0. IjuF, 200V 0. ljuF , 400V
Y 40431 40432

F ig . 5 -  S in g le -tim e -co n s ta n t ligh t-d im m er  
c irc u it  w ith  se rie s  gate  re s is to r .

The d ou b le-tim e-con stan t c ircu it  
in F ig . 6 im p roves on the p e rfo rm ­
ance of the sin g le -tim e-co n stan t  
con trol c irc u it . This c ircu it u ses an 
additional RC network to extend the 
phase angle so that the tr ia c  can be 
trig g e re d  at sm all conduction angles. 
The additional RC network also  
m inim izes the h y ste re s is  effect. 
F ig . 7 shows the voltage w ave-form s  
fo r the ac supply and the trig g e r  
ca p a cito r of the c irc u it  of F ig . 6 . 
B ecau se  of the voltage drop a c ro s s  
R3 , the input ca p a cito r C2 ch arg es  
to a higher voltage than the trig g e r  
ca p a cito r C3 . When the voltage on 
C3 re a ch e s  the b reak over voltage of 
the trig g e r diode, the diode conducts 
and cau ses the ca p a cito r to d is­
ch arge and produce the gate cu rre n t  
pulse to tr ig g e r  the t r ia c .  After the 
trig g e r diode tu rn s off, the ch arge  
on C3  is  p a rtia lly  re s to re d  by the 
ch arg e  from  the input ca p a cito r C2 .

120VAC, 60Hz 240V A C , 60Hz

R 1
r 2

C iC 2
Y l
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2 .2 k n , m
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F ig .  6 — D ou b le -tim e -co ns tan t lig h t-d im m e r  
c irc u it .
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The p a rtia l re sto ra tio n  of ch arge  on 
C3  re s u lts  in b etter c ircu it p e rfo rm ­
ance with a minimum of h y ste re s is .

F ig .  7 — V o lta ge  waveform s o f doub le-tim e- 
co ns ta n t c o n tro l c ir c u it .

Light-Activated Control
F o r  applications req u irin g a 

ligh t-activ ated  c ircu it, such as out­
door lights o r  indoor night lights, 
the c ircu it shown in F ig . 8 can be 
em ployed. Although this c irc u it  func­
tions in the sam e m anner as the 
light-dim m ing c ircu it, the photocell 
co n tro ls  its  operation. When the 
light im pinges on the su rface  of the 
photocell, the re s is ta n ce  of the 
photocell becom es low and prevents  
the voltage on the trig g e r cap acito r  
from  in creasin g  to the b reak over 
voltage of the trig g e r  diode. The 
c irc u it  is  then inoperative. When the 
light so u rce  is rem oved, the photo­
cell becom es a high re s is ta n c e . The 
voltage on the trig g e r  ca p a cito r then 
in cre a se s  to the b reak over voltage 
of the tr ig g e r  diode and cau se s  the 
diode to f ire . The trig g e r pulse 
form ed by the ca p a cito r d isch arges  
through the trig g e r  diode m akes the 
tr ia c  conduct and op erates the c i r ­
cu it. The tr ia c  continues to be 
trig g ered  on each  h a lf-cy cle  and 
supplies power to the load as long as 
the re s is ta n ce  of the photocell is  
high. When light again im pinges on 
the su rface  of the photocell and r e ­
duces its  re s is ta n c e , the voltage on 
the ca p a cito r can no longer re a ch  
the b reak over voltage of the trig g e r  
diode, and the c ircu it turns off.

© I^U VAC.

240  « C  
60 H!

120VAC, 60Hz 240V A C , 60Hz
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F o r  applications requiring o p e r­
ation when light im pinges on the s u r­
face  of the photocell, the c ircu it of 
F ig . 9 is  recom m ended. In this c i r ­
cu it, low re s is ta n ce  of the photocell 
allow s the tr ia c  to be trig g ered  on. 
When light is  rem oved from  the 
photocell the in creased  re s is ta n c e  of 
the photocell p reven ts the tr ia c  from  
being trig g ered  and re n d ers  the c i r ­
cu it inoperative.

L ig h t  C o n tro lle d  T u rn -O ff C irc u it.

Radio Frequency Interference
The fa st switching action of 

t r ia c s  when they turn on into r e s i s ­
tive loads cau se s  the cu rre n t to r is e  
to the instantaneous value d eterm in ­
ed by the load in a v e ry  sh ort period  
of tim e . This fa s t switching action  
produces a cu rre n t step  which is  
larg ely  com posed of h igh er-h arm onic  
frequencies that have an amplitude 
varying in versely  as the frequency. 
In p h ase-co n tro l applications such as 
light dimming, this cu rre n t step is  
produced on each  h a lf-cy cle  of the 
input voltage. B ecau se  the switching  
o c c u rs  many tim es a second, a noise  
pulse is  generated into frequency- 
sen sitive d evices such as AM rad ios  
and cau se s  annoying in terferen ce . 
The amplitude of the higher frequen­
c ie s  in the cu rre n t step  is  of such  
low levels that they do not in terfere  
with television  o r  FM  rad io .

T h e re  a re  two b asic  types of 
rad io-freq u en cy in terferen ce  (RFI) 
asso cia ted  with the switching action  
of t r ia c s .  One form , rad iated  R F I, 
co n sis ts  of the high-frequency energy  
radiated  through the a ir  from  the 
equipment. In m ost c a s e s , this ra d i­
ated R FI is insignificant unless the 
rad io  is  located  v e ry  c lo se  to the 
so u rce  of the radiation .

Of m ore significance is  conduc­
ted R F I which is  c a rr ie d  through  
the pow er lines and affects equip­
m ent attached to the sam e power 
lin es. B ecau se  the com position of 
the cu rre n t w aveshape co n sis ts  of 
higher freq u en cies, a sim ple choke 
placed in s e rie s  with the load slows
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down the cu rre n t r is e  tim e and r e ­
duces the amplitude of the higher 
h arm o n ics. T o be effective, how­
e v e r , such a choke m ust be quite 
la rg e . A m o re  effective f ilte r , and 
one that has been found adequate for  
m ost light-dim m ing applications is  
shown in F ig . 10. The LC filte r  
provides adequate attenuation of the 
high-frequency h arm onics and r e ­
duces the noise in terferen ce  to a low 
level.

100* H

120 VAC 
OR 

240 VAC 
60 H i

2 40  VAC 
60  H i

THYRISTOR
AND

CONTROL CIRCUIT

F ig . 10 — R F I-su p p re ss io n  ne tw o rks : a t 120 
V A C , C  = 0. lu F ,  200  V; at 240 V A C , C =

0. Im F , 400 V.

Motor Control
T ria c s  can be used v e ry  effec­

tively  to apply power to m otors and 
p erfo rm  such functions as speed con­
tro l , re v e rsin g , full pow er switching, 
o r  any oth er d esired  operating con­
dition that can be obtained by a 
sw itching action . B ecau se  m ost 
m o tors a re  lin e-o p erated , the tr ia c  
can  be used as a d ire c t rep lacem en t

120VAC, 60Hz 240V A C , 60Hz

R
Y

lk f l ,  m
RCA 40429

2 k f i,  ftW 
RCA 40430

fo r e le ctro -m e ch a n ica l sw itch es. In 
p ro p er con trol c irc u its , t r ia c s  can  
change the operating c h a ra c te r is tic s  
of m o tors to obtain many different 
speed and torque cu rv e s .

A v e ry  sim ple tr ia c  s ta tic  switch  
for con trol of ac m otors is  shown 
in F ig . 11. The lo w -cu rren t sw itch  
controlling the gate trig g e r cu rre n t  
can be any type of tra n sd u ce r , such  
as a p re s su re  sw itch, a th erm al 
sw itch , a photocell, o r  a m agnetic  
reed  re la y . This sim ple type of c i r ­
cuit allows the m otor to be switched  
d ire ctly  from  the tran sd u cer sw itch  
without any in term ed iate power 
sw itch o r re la y .

F o r  dc con tro l, the c irc u it  of F ig . 
12 can be used. By use of the dc 
trig g erin g  m odes, the t r ia c  can  be 
d ire c tly  trig g ered  from  tra n s is to r  
c irc u its  by eith er a pulse o r con­
tinuous signal.

Induction Motor Controls
F ig . 13 shows a s in g le -tim e -  

constant c irc u it  which can  be used  
as a sa tis fa c to ry  proportional speed  
con trol fo r som e applications and 
with ce rta in  types of induction  
m o to rs , such as shaded pole o r  p e r ­
manent sp lit-ca p a c ito r m o to rs, when 
the load is  fixed. This type of c i r ­
cuit is  b est suited to applications  
which req u ire  speed con trol in the 
medium to full-pow er ran ge. It is  
sp ecifically  useful in applications  
such as fans o r  b low er-m otor con­
tro ls , w here a sm all change in m otor  
speed produces a la rg e  change in 
a ir  velo city . Caution m ust be e x e r ­
cised  if this type of c ircu it is  used 
with induction m otors b ecau se the 
m otor m ay sta ll suddenly if the 
speed of the m otor is reduced below  
the drop-out speed for the specific  
operating condition determ ined by 
the conduction angle of the t r ia c .  
B ecau se  the sin g le -tim e-co n stan t  
c ircu it cannot provide speed control 
of an induction m otor load from

F ig .  77 — S im ple  T r ia c  S ta tic  S w itch .

F ig . 72 — A C  T r ia c  S w itch  C on tro l F rom  DC  
In p u t: a t 720 V A C , Y  = R C A  40429; 

at 240 V A C , Y -- R CA 40430.

120VAC, 60Hz 240V A C , 60Hz

C
Y

0 .2 2 /uF, 200V 
40429

0 .22 /zF , 400V  
40430

13 — InducfTon m otor co n tro l.

m axim um  power 'to  full off, but only 
down to som e fraction  of the fu ll- 
pow er speed, the effects  of h y s te r­
e s is  d escribed  p reviously a re  not 
p re se n t. Speed ra tio s  as high as 3 :1  
can be obtained from  the single­
tim e-co n stan t c ircu it used with c e r ­
tain types of induction m o to rs.

B ecau se  m o tors a re  b asica lly  in­
ductive loads and because the tr ia c  
tu rn s off when the cu rre n t red u ces to 
z e ro , the phase d ifference between  
the applied voltage and the device  
cu rre n t ca u se s  the tr ia c  to turn off 
when the sou rce  voltage is  at a value 
oth er than z e ro . When the tr ia c  
turns off, the instantaneous value of 
input voltage is  applied d irectly  to 
the main term in als  of the t r ia c .  This  
com m utation voltage m ay have a  ra te  
of r is e  which can re tr ig g e r  the t r ia c .  
The com m utating d v/d t can be lim it­
ed to the capability of the tr ia c  by 
use of an RC network a c ro s s  the d e­
v ice , as shown in F ig . 13 . The 
c u rre n t and voltage w aveshapes fo r  
the c irc u it  a re  shown in F ig . .14 to  
illu s tra te  the principal of com m utat­
ing d v /d t.

F ig . 14 -  Waveshapes o f com m utating  d v /d t 
c h a ra c te r is t ic s .

Reversing Motor Control
In many industrial applications, 

it is  n e ce s sa ry  to re v e rs e  the d ire c ­
tion of a m o tor, e ith er m anually or  
by m eans of an au xiliary  c ircu it.  
F ig . 15 shows a c ircu it which uses  
two t r ia c s  to provide this type of 
re v e rsin g  m otor con tro l. The r e ­
versin g  sw itch can  be eith er a 
manual sw itch o r  an electro n ic  
sw itch used with som e type of sen sor
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to re v e rs e  the d irection  of the 
m o to r. A re s is ta n c e  is  added in 
s e r ie s  with the ca p a cito r to lim it  
ca p a cito r d isch arge  cu rre n t to a safe  
value w henever both t r ia c s  a re  con­
ducting sim ultaneously. Simultan­
eous conduction can easily  o ccu r  
because the trig g ered  tr ia c  rem ain s  
in conduction a fter the gate is  d is­
connected until the cu rre n t red u ces  
to ze ro . In the m eantim e, the 
non -con d u ctin g-triac gate c ircu it can  
be energized so that both t r ia c s  a re  
ON and la rg e  loop cu rre n ts  a re  set 
up in the t r ia c s  by the d isch arge  of 
the ca p a c ito r.

120VAC, 60Hz 240V A C , 60Hz

Y 40485 40486
Y 40485 40486

F  ig. 15 — R eve rs ing  m otor co n tro l.

Electronic Garage-Door 
System

The tr ia c  m o to r-re v e rsin g  c i r ­
cu it can be extended to e le ctro n ic  
g a ra g e -d o o r system s which use the 
principle of m otor re v e rsin g  fo r  
g a ra g e -d o o r d irectio n  con tro l. The 
system  contains a tra n s m itte r , a 
r e c e iv e r , and an op erato r to p ro ­

120VAC, 60Hz 240V A C , 60Hz

Y l 40485 40486

Y2 40485 40486

vide rem ote  con trol for door opening 
and closin g . The block d iagram  in 
F ig . 16 shows the functions required  
fo r a  com plete so lid -s ta te  sy stem . 
When the garage door is  closed , the 
gate d rive to the DOWN tr ia c  is  d is­
abled by the lo w er-lim it c lo su re  and 
the gate d rive to the U P tr ia c  is  
inactive b ecau se of the s ta te  of the 
flip-flop. If the tra n sm itte r is  
m om en tarily  keyed, the re c e iv e r  
activ ates the tim e-d elay  m onostable  
m u ltivib rator so that it then changes  
the flip-flop state  and provides con­
tinuous gate drive to the U P tr ia c .  
The door then continues to tra v e l in 
the U P d irectio n  until the upper- 
lim it sw itch clo su re  d isab les gate  
drive to the UP t r ia c .  A second  
keying of the tra n sm itte r provides  
the DOWN tr ia c  with gate d rive  and 
cau ses  the door to tra v e l in the 
DOWN d irection  until the gate drive  
is  disabled by the low er lim it 
c lo su re . The tim e in which the 
m onostable m u ltivib rator is  active  
should ov errid e  norm al tra n sm itte r  
keying fo r  the purpose of elim inating  
erron eou s firin g . A featu re  of this 
system  is  that, during tra v e l, tra n s ­
m itte r keying provides m otor r e v e r ­
sing independent of the u pp er- o r  
lo w e r-lim it c lo su re . Additional fe a ­
tu re s , such as ob stacle ob stru ction s, 
manual con tro l, o r tim e delay for  
overhead garage lights can  be ach­
ieved v e ry  econom ically.

Universal Motor Speed Controls
In applications in which the hy­

s te re s is  effect can be tolerated  o r  
which req u ire  speed con trol p rim ­
a rily  in the medium to full-pow er 
ran ge, a sin g le -tim e-co n stan t c ircu it  
such as that shown in F ig . 13 fo r  
induction m o tors can also  be used  
for u niversal m o to rs. H ow ever, it is  
usually d esirab le  to extend the range  
of speed con trol from  full-pow er ON 
to v e ry  low conduction angles. The 
dou ble-tim e-con stant c irc u it  shown 
in F ig . 17 provides the delay n e c e s -

X C2

F ig . 16 — B lo c k  d iagram  fo r rem ote -con tro l 
s o lid -s ta te  garage-door system .

120VAC, 60Hz 240V A C , 60 Hz

R iookn, m 2 0 0 k fi, 1W

C l 0.1/uF, 200V O .IaiF, 400V

C2 0.22/^F , 200V 0 .2 2 /iF , 400V
Y 40429 40430

s a ry  to tr ig g e r  the tr ia c  at very  low 
conduction angles with a  minimum of 
h y s te re s is , and also  provides p ra c ­
tica lly  full power to the load at the 
m in im u m -resistan ce  position of the 
con tro l p oten tiom eter. When this 
type of con trol c ircu it is  used, an 
infinite ran ge of m otor speeds can  
be obtained from  v e ry  low to fu ll- 
pow er speeds.

Heat Control
T h e re  a re  th ree  gen eral c a te g o r­

ie s  of so lid -s ta te  con trol c ircu its  
fo r e le c tr ic  heating elem en ts: on-off 
con tro l, phase con tro l, and p rop or­
tional con trol using in te g ra l-cy c le  
synchronous sw itching. P h a se -  
con trol c irc u its , such as those used 
fo r light dimming a re  v e ry  effective  
and efficient for' e le c tr ic  heat con­
tro l excep t for the problem  of R FI. 
In higher-pow er applications, the 
R F I is  of such magnitude that sup­
p re ssio n  c ircu its  to m inim ize the 
in terferen ce  becom e quite bulky and 
expensive.

120VAC, 60Hz 240V A C , 60Hz

R 2 .2kO , 5W 3 .9 k ft, 5W
C 0 .5m F, 200V 0.5/uF, 400V
Y 40575 40576

F ig . 17 -  U n iv e rs a l Motor Speed C on tro l.

F ig . 18 — Synchronous s w itc h in g  o n -o ff heat 
c o n tro lle r .

An on-off c ircu it fo r the control 
of re sista n ce -h e a tin g  elem ents is  
F ig . 18. The c ircu it also provides 
synchronous sw itching clo se  to the 
beginning of the z e ro -v o ltag e  c r o s s ­
ing of the input voltage to m inim ize  
R F I. The th e rm isto r con tro ls  the 
operation of the tw o -tra n sisto r r e ­
gen erative sw itch , which, in tu rn , 
con tro ls  the operation of the t r ia c .  
When the tem p eratu re  being con­
tro lled  is  low, the re s is ta n c e  of the 
th e rm isto r is  high and the re g e n e r­
ative sw itch is  O F F . The tr ia c  is  
then trig g ered  d ire ctly  from  the line 
on p ositive h a lf-cy cle s  of the input 
voltage. When the tr ia c  tr ig g e rs  and
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applies voltage to the load, the cap­
acitor is charged to the peak value 
of the input voltage. The capacitor 
discharges through the triac gate to 
trigger the triac on the opposite half­
cycle. The diode-resistor-capacitor 
"slaving" network triggers the triac 
on negative half-cycles of the ac in­
put voltage after it is triggered on 
the positive half-cycle to provide 
integral cycles of ac power to the 
load.

When the temperature being con­
trolled reaches the desired value as 
determined by the thermistor, the 
transistor regenerative switch con­
ducts at the beginning of the positive 
input-voltage cycle to shunt the trig­
ger current away from the triac 
gate. The triac does not conduct as 
long as the resistance of the therm­
istor is  low enough to make the 
transistor regenerative switch turn 
on before the triac can be triggered.

Proportional Integral-Cycle  
Control

On-off controls have only two 
levels of power input to the load. The 
heating coils are either energized to 
full power or are at zero power. Be­
cause of thermal time constants, on- 
off controls produce a cyclic action 
which alternates between thermal 
overshoots and undershoots with poor 
resolution.

This disadvantage is overcome 
and RFI is minimized by use of the 
concept of integral-cycle proportion­
al control with synchronous switch­
ing. In this system, a time base is 
selected and the on-time of the triac 
is varied within the time base. The 
ratio of the on-to-off time of the 
triac within this time interval de­
pends upon the power required to the

heating elements to maintain the 
desired temperature. Fig. 19  shows 
the on-off ratio of the triac. Within 
the time period, the on-time varies 
by an integral number of cycles from 
full ON to a single cycle of input 
voltage.

• ------------- TRIAC ON ---------------* i  u -

\
\

\1

■t' r

- TIME BASE -----

LOW MEAT

F ig . 19 — T r ia c  d u ty  c y c le .

One method of achieving integral 
cycle proportional control is to use 
a fixed-frequency sawtooth generator 
signal which is summed with a dc 
control signal. The sawtooth gener­
ator establishes the period of time 
base of the system. The dc control 
signal is obtained from the output 
of the temperature-sensing network. 
The principal is illustrated in Fig. 
2 0 . As the sawtooth voltage in­
creases, a level is reached which 
turns on power to the heating 
elements. As the temperature at the 
sensor changes, the dc level shifts 
accordingly and changes the length 
of time that the power is applied to 
the heating elements within the 
established time.

When the demand for heat is high, 
the dc control signal is high and little 
power is supplied continuously to the 
heating elements. When the demand 
for heat is completely satisfied, the

dc control signal is low and no power 
is supplied to the heating elements. 
Usually a system using this principle 
operates continuously somewhere 
between full ON and full OFF to sat­
isfy the demand for heat.

TIME-BASE RAMP

F ig . 20  — P ro po rt io n a l-c o n tro lle r  waveshapes.

A proportional integral-cycle heat 
control system is shown in Fig. 2 1 . 
The ramp voltage is generated by 
charging of capacitor C through re s­
istor R for approximately 2 seconds 
for the values shown. The length of 
the ramp is determined by the volt­
age magnitude required to trigger 
the regenerative switch consisting of 
Ql and Q2- The temperature sensor 
consisting of Q3 and Q4, together 
with the controlling thermistor Th, 
establishes a voltage level at the 
base of Q3 which depends upon the 
resistance value of the thermistor. 
Q3 and Q4 form a bistable multi­
vibrator. The state of the multi­
vibrator depends upon the base bias 
of Q3. When Q3 is conducting, Q4 is 
cut off. The pulse generator is 
energized and generates pulses to 
trigger the triac. The output of the 
pulse generator is synchronized to 
the line voltage on the negative half­
cycle by D2 and R3 and on the 
positive half-cycle by Di and R3. 
The pulses are, therefore, generated 
at the zero-voltage crossings and 
trigger the triacs into conduction at 
only these points.

120VAC , 60Hz 240V A C , 60Hz

Ri
r 2

6 0 k f i,  K2W 
3 .3 k f i,  2W 
3 3 k f i,  '/2W 

2N5441 or 2N5444

120kn, m
5 .6 k f i,  2W 
57k£2, </2W 

2N5442 or 2N5445

NOTE: A L L  RESISTORS ‘/2W +  10%
UNLESS OTHERWISE SPECIF. 
THERMISTOR APPROX. 3000 
AT OPERATING TEMP.

F ig . 21 — P ro p o rt io n a l in te g ra l-c y c le  heat 
c o n tro lle r .

•  WITH A C KN O W LE D G EM EN T TO RCA
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VACUUM CAPACITORS
Vacuum ca p a c ito rs , both fixed and 

v ariab le , a re  being used today in 
many types of tran sm ission  and 
industrial equipment. The following 
note from  the English E le c tr ic  Valve 
Co. P ty . Ltd. d e scrib e s  in som e  
d etail the con stru ction , ratin gs and 
application of th eir wide range of 
d ev ices.

INTRODUCTION
The use of a high vacuum as di­

e le c tr ic  in variab le  ca p a c ito rs  r e ­
sults in a component with unique 
c h a r a c te r is t ic s , p articu la rly  suited  
to application in high power o sc illa to r  
and am plifier c ir c u its . The maxim um  
cap acitan ce  that can be provided in a 
single unit is  n orm ally a few thous­
and p ico farad s, but the high di­
e le c tr ic  stren gth  and freedom  from  
dust contam ination, humidity, e tc . 
give the vacuum ca p a cito r a far  
higher voltage capability than a ir  
d ie le ctric  ca p a c ito rs  of s im ila r s ize . 
Vacuum ca p a c ito rs  have frequently  
been used to re p la ce  existin g a ir  di­
e le c tr ic  ca p a c ito rs  many tim es th eir  
size , with the additional benefits of 
g re a te r  reliab ility  and e a s ie r  r e ­
setting. The p resen t range of E EV  
vacuum ca p a cito rs  have maxim um  
working voltage ratin gs between 3 
and 30kV peak, with cu rre n t ratin gs  
from  7 to 150A.

The con struction  of a typical E E V  
vacuum variable ca p a cito r is  shown 
in F ig . 1. Two se ts  of con cen tric  
cylin d ers form  the cap acitan ce , with 
one se t mounted on a sliding shaft. 
This assem bly is  enclosed within a 
vacuum envelope, p a rt of which is  a  
flexible m etal bellows which allows 
axial m ovem ent. The envelope also  
includes an insulating section  and in 
the exam ple shown this is a c e ra m ic  
cylin d er; fo r many types the envelope 
m a teria l is  g la s s .

M ost applications of vacuum  
ca p a cito rs  a re  at rad io frequencies  
w here the 'skin effect' confines 
cu rre n t flow to the su rface  la y e rs  
of the con d u ctors. The cu rre n t path  
th erefo re  runs along the m etal outer 
su rface  of the ca p a cito r to the c e r ­
am ic , back along the inside and then 
along the ou ter su rface  of the bellows 
(See F ig . 1). The proportion of the 
to tal cu rre n t which re a ch e s  the inner 
electro d e  also  has to flow along both 
su rfa ce s  of the outer e le ctro d e s. 
The cu rre n t path to the fixed e le c ­
tro d es is  s im ila r  to that describ ed

above but does not include a bellows 
section . In o rd er to achieve a low 
equivalent s e rie s  re s is ta n ce  it is  
n e ce s sa ry  to use m a te ria ls  of high 
conductivity fo r all p a rts  of this  
cu rre n t path; oxygen fre e , high con­
ductivity copper is  used w herever  
possible but a  m ateria l with b etter  
e la s tic  p ro p erties  such as a  bronze  
with a sm all phosphorous content is 
required  fo r the bellow s. The outer 
m etal su rfaces  of the finished ca p a c ­
ito r a re  usually s ilv e r plated to give 
a high conductivity skin and good 
e le c tr ic a l  con tact.

CHARACTERISTICS OF 
VACUUM VARIABLE 

CAPACITORS 
Electrical

The method of con struction  em ­

ployed gives a lin ear relationship  
between e lectrod e position and 
cap acitan ce  over alm ost the full 
ran ge of the c a p a c ito r , with a non­
lin ear region at low cap acitan ce  
values w here the two se ts  of e le c ­
tro d es se p a ra te .

The ratio  of m axim um to m ini­
mum cap acitan ce is  typically of the 
o rd e r of fifty to one; higher ra tio s  
can  be achieved, p a rticu la rly  in high 
cap acitan ce  types and som e standard  
ca p a c ito rs  have maxim um  to m ini­
mum cap acitan ce ra tio s  of two 
hundred to one. T h ese ca p a cito rs  
can give a very  wide tuning range  
from  a single unit. Both m axim um  
and minimum cap acitan ce  can be se t  
to specified values during m anufac­
tu re  if the full range of a cap acito r  
is  not required fo r a p a rticu lar  
application.

F ig . 1. C ross -se c tio n  o f a ce ram ic enve lope  c a pa c ito r
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T y p ic a l E E V  v a r ia b le  ca p a c ito rs ; a 150A m e ta l-ce ra m ic  type  and a 75A  
g la s s  enve lope  u n it

The com p act con struction  of a 
vacuum ca p a cito r re su lts  in very- 
favourable e le c tr ic a l  p rop erties  for  
high frequency operation, as both 
the equivalent s e r ie s  re s is ta n ce  and 
the se lf inductance can be held to 
v e ry  low valu es. Q fa c to rs  of over  
10,000  a re  typ ical, and the se lf­
reson an t frequencies a re  norm ally  
well above 30M Hz, the m axim um  
frequency fo r full ratin gs of m ost 
typ es. Although a la rg e  ca p a cito r,  
when set to m axim um cap acitan ce , 
m ay have a resonant frequency below  
30M Hz, the c ircu it in which it o p e r­
ates will in that c a s e  be working at 
a  much low er frequency, so that the 
se lf-re so n a n t frequency of the 
ca p a cito r is  alw ays well above the 
operating frequency.

Mechanical

The lin e a r sliding motion of the 
moving electro d e  assem bly is  n orm ­
ally converted  to ro ta ry  tuning v ia  a 
threaded shaft, as an in tegral p a rt of 
the ca p a c ito r, but d ire ct p ull-rod  
tuning is  a possible altern ative on 
m o st typ es. The action of a tm os­
p h eric  p re s su re  on the c r o s s -  
section al a re a  of the bellows gives  
a  con sid erab le 'p reload ' to the 
moving e lectrod e assem bly tow ards  
m axim um  ca p a citan ce , and the

threaded tuning shaft is  provided  
with a ball th ru st bearing to take this  
loading.

The torque needed to ro ta te  the 
tuning shaft is  g re a te st approaching  
minimum cap acitan ce , as the spring  
effect of the bellows is  then added to 
the atm osp h eric p re s su re  load. F o r  
a given set of e le ctro d e s , i .e .  a given  
com bination of cap acitan ce  and volt­
age ratin g , the maxim um  torque r e ­
quired to re a ch  a given value of 
minimum cap acitan ce depends on the 
pitch of the scre w  thread  on the 
tuner shaft. D ecreasin g  the pitch of 
this thread red u ces the torque r e ­
quired, at the co s t of in cre a sin g  the 
num ber of tu rn s. The tuner torque 
values quoted in data sheets give the 
maxim um  torque needed to re a ch  
minimum cap acitan ce ; the torque r e ­
quired to tune away from  minimum  
m ay be le s s  than half this value.

Environmental
T h erm al stability is  typically  

b e tte r than 1 0 0 p .p .m ./°C  for glass  
envelope ca p a c ito rs  and b ette r than 
S O p .p .m ./'C  fo r ce ra m ic  types.

A num ber of types have been 
subjected to extensive vibration te s t ­
ing and have dem onstrated the ability  
of E E V  ca p a c ito rs  to survive this 
tre a tm e n t. In som e applications, it 
is  undesirable for e x ce ss iv e  v a r ia ­

tion in cap acitan ce  to be produced  
by vibration; it has been found that 
in th ese  ca p a c ito rs  such variation s  
m ay be le s s  than 1% at lOg a c c e le r ­
ation. E E V  ca p a c ito rs  a re  tested  
to withstand a  bump te s t of 4000  
bumps of 40g  fo r 3 .5 m s  and also  the 
M il. Std. 202 medium im p act shock  
te s t  of 15g fo r 11m s, with no sub se­
quent change in e le c tr ic a l  o r m echan­
ica l c h a r a c te r is t ic s .

At high altitudes the atm ospheric  
p re s su re  on the bellow s is  reduced, 
and above 3 0 ,0 0 0  feet it is  insuffici­
ent to push the moving electrod e  
assem bly  tow ards the m axim um  
cap acitan ce  position against the 
spring effect of the extended bellow s. 
F o r  sa tis fa c to ry  operation under 
th ese conditions a spring can be 
built into the bellows to provide the 
required  p re s su re ; this has the effect 
of in creasin g  the torque required  to 
tune to minimum cap acitan ce at 
low er altitudes. High altitude op er­
ation also  ra is e s  the possibility of 
voltage breakdown a c ro s s  the out­
side of the in su lator, owing to the 
lo ss  in d ie le ctric  stren gth  of a ir  
at low p re s su re s .

RATINGS
The b asic  ratin g  fo r a  vacuum  

ca p a cito r is  the maxim um  peak volt­
age. This is  determ ined by the sp ac­
ing between the e le ctro d e s  and is  
effectively  independent of frequency. 
The voltage ratin g  given in data  
sheets is  the maxim um  working peak 
voltage which m ust not be exceeded  
in u se ; each  E E V  ca p a c ito r is  tested  
at a voltdge higher than its  rated  
maxim um  to a ssu re  an adequate 
safety  fa c to r in s e rv ic e . When con­
siderin g voltage ratin g  fo r vacuum  
ca p a c ito rs  it is  im portant to be su re  
that the tru e  peak voltage is  used; 
m ean o r r .m .s .  values a re  only r e l ­
evant if the w aveform  is  known. It 
is  also  n e ce s sa ry  to allow for any 
d .c . potential which m ay appear 
a c ro s s  the ca p a cito r during op era­
tion, e ith er by itse lf  o r in addition 
to an r .f .  voltage, when deciding the 
effective peak voltage to which the 
ca p a cito r will be subjected. The d .c . 
o r  d .c . plus r .f .  peak voltage m ust 
not exceed  80% of the rated  peak r .f .  
voltage. D erating under th ese  con­
ditions is  n e ce s sa ry  b ecau se vacuum  
ca p a c ito rs  can withstand con sid er­
ably higher voltages at the peaks of 
an alternating w aveform  than with 
continuous d .c . Since m o st vacuum  
ca p a cito rs  a re  used under r . f .  con­
ditions the voltage ratin g  quoted is  
fo r peak r . f .  and a d eratin g fa cto r  
of 0.8 m ust be used for calculating
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the corresponding d .c . ratin g .
At rad io frequencies the re la tiv e ­

ly low re a c ta n ce  of the ca p a c ito r r e ­
sults in high cu rre n ts  which, coupled  
with the skin effect which in cre a se s  
the effective s e r ie s  re s is ta n c e , can  
cau se e x ce ss iv e  pow er dissipation in 
the c a p a c ito r . F o r  this reaso n  it is  
n e ce s sa ry  to im pose a m axim um  
rated  value on the r .m .s .  cu rre n t, in 
conjunction with a lim it on the f r e ­
quency to which the ca p a cito r m ay be 
operated at this cu rre n t. T h ese r a ­
tings assum e natural cooling, with 
a  local ambient tem p eratu re  not e x ­
ceeding 5 5 °C . If fo rc e d -a ir  cooling  
is  provided it is  possible to in cre a se  
the cu rre n t ratin g , o r con v ersely  if  
an application involves mounting a 
ca p a c ito r w here the airflow  around it 
is  serio u sly  ob stru cted , it m ay be 
n e ce s sa ry  to red u ce the ratin g . 
The m an u facturer of the ca p a cito r  
should be consulted fo r inform ation  
on operation at tem p eratu res  above 
5 5 °C .

Although the ratin gs quoted for  
vacuum ca p a cito rs  a re  all absolute 
lim its , th e re  is  a  sh o rt-te rm  to le r ­
ance to overload . C u rren t ratin gs  
a re  determ ined by the tem p eratu re  
r is e  of the envelope, and the m ass  
of the vulnerable p a rts  allows sh o rt­
te rm  cu rre n t overloads to be ab­
sorbed, p a rticu la rly  if  the cu rre n t is  
well below m axim um ratin gs before  
and a fter the overload . When the 
voltage ratin g  is  exceeded sufficient­
ly to cau se a breakdown between  
the e le ctro d e s , the nature of the 
vacuum d ie le ctric  is  such that i t  is  
self-h ealin g , provided the energy  
dissipated in the a rc  is  not e x c e ss iv e .  
When the ca p a cito r is  operating in a 
tuned c ircu it , such a breakdown will 
norm ally damp the oscillations in the 
c ircu it so that the voltage falls  
quickly and little  o r  no perm anent 
dam age re s u lts .

STORAGE, INSTALLATION 
AND MAINTENANCE

voltage capability at f ir s t ; this can  
cau se  in tern al sparking when the full 
op eratin g voltage is  f ir s t  applied, 
but this effect soon d isap p ears.

M aintenance is  confined to clean ­
ing the insulator if it becom es ex ­
ce ss iv e ly  dusty; c a re  m ust be taken 
to avoid scra tch in g  the envelope 
while cleaning. The lu brican ts used 
in the moving p a rts  of variab le  cap ­
a c ito rs  a re  effective ov er a  wide 
tem p eratu re  ran ge.

MOUNTINGS
Vacuum ca p a cito rs  m ay be moun­

ted in any orientation; it is  however 
n e ce s sa ry  to ob serve p recautions, 
appropriate to the high voltages  
p resen t, in the placing of other co m ­
ponents n ear the ca p a c ito r. The 
c le a ra n ce s  essen tial to prevent volt­
age breakdown between the ca p a cito r  
and nearby components m ay not 
n e ce s sa r ily  be sufficient to en su re  
adequate convection cooling, p a rtic ­
u larly  when a la rg e  ca p a c ito r is  be­
ing operated  n ear its  maxim um  
c u rre n t ratin g  at high frequ en cies.

The mounting fa cilitie s  provided  
on the ca p a cito r m ay be e ith e r a 
flange with scre w -h o le s , for d ire c t  
panel mounting, o r a cylin d rical s u r ­
face  which is  clam ped by a sep arate  
mounting flange. F o r  the sep arate  
flange typ es, a ran ge of mounting 
flanges is  available from  E E V . In 
all c a s e s  it is  m ost im portant that 
only the p a rt of the ca p a cito r  
specified as a mounting a re a  should 
be used and any clam ps used m ust 
not d is to rt the m etal p a rts  of the 
envelope, which would c re a te  a  risk

of seal failu re . In no c a s e  should 
sold er connections be made d irectly  
to the body of the ca p a c ito r . It is  
not p erm issib le  to clam p any ca p a c­
ito r  around the g la ss  o r  ce ra m ic  
in su lator, o r to allow anything to 
make con tact with the insulator dur­
ing operation.

V ariable ca p a c ito rs  a re  norm ally  
mounted by the shaft end, and it is  p re ­
ferab le  to use a  flexible connection to  
the fix ed -electro d e  end. The con nec­
tion should be of substantial section  
so  as to keep its  lo s s e s  low and im ­
prove cooling of the ca p a cito r by con­
duction from  both ends. Only a sm all 
amount of flexibility is  needed and a 
cop per s tra p  is  suitable. In c a se s  
w here it is  required  to mount a cap ­
a c ito r  at both ends, e x ce ss iv e  stra in  
in the envelope m ust be avoided.

VACUUM FIXED CAPACITORS
The advantages of the vacuum  

d ie le ctric  also  apply to fixed cap ­
a c ito rs , with the additional benefit 
that, having no bellow s, the se lf­
inductance and equivalent s e rie s  
re s is ta n c e  a re  so reduced that for 
m o st applications they a re  negli­
gible. The ran ges of cap acitan ce , 
voltage and cu rre n t ratin g  which 
can be made a re  of the sam e o rd er  
as fo r variab le  types and E E V  manu­
fa ctu re s  fixed ca p a cito rs  with both 
glass  and c e ra m ic  envelopes. As 
with the variab le  c a p a c ito rs , many 
applications a re  in high pow er am p­
lifie rs  and o s c illa to rs ; fixed ca p a c­
ito rs  a re  also widely used in filte rs ,  
a e ria l m atching units and s im ila r  
applications.

C ap acitors  m ay be stored  in th eir  
original packing, in which c a s e  no 
special p recautions a re  n e ce s sa ry .  
If sp are  ca p a c ito rs  a re  stored  in 
open ra ck s  the g lass  o r c e ra m ic  
in su lators should be shielded against 
dust, o r  cleaned b efore installation .

Installation of a new ca p a c ito r r e ­
quires reson ab le c a r e  as any dam age 
to the glass o r c e ra m ic  p a rts  m ay  
cau se  failu re  of the ca p a c ito r . Infor­
m ation on clam ping arran gem en ts is  
given in the following section . A 
ca p a c ito r which is  installed after  
long sto rag e  m ay have a  reduced
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TRANSISTOR
DISSIPATION
IN
A.F

AMPLIFIERS

The operation of tra n s is to rs  in 
single ended output stages of audio 
am p lifiers using eith er com plem en­
ta ry  o r s im ila r tra n s is to rs , norm ally  
gen erates  h eat. This m ust be d is­
sipated by the tra n s is to r  c a se  o r  by 
the heat rad iating fins if the junction  
tem p eratu res  a re  to stay  within 
m an u factu rer's  lim its . The ch a rt  
given below will a s s is t  in d eterm in ­
ing the capability of a num ber of 
A.W .V. tra n s is to rs  under various  
conditions of operation.

In determ ining the operating con­
ditions of a  p air of output tra n s is ­
to r s  it is  n e ce s sa ry  to fix  the values  
of ce rta in  c h a r a c te r is t ic s . T hese  
c h a r a c te r is t ic s  a re  usually the 
pow er output and m axim um operating  
ambient tem p eratu re . T h ese two 
fa c to rs  a re  co rre la te d  by the ch a rt  
which is  derived fo r each  output 
tra n s is to r  from  the relationship .

T a m  -  t jm  -  p d  R 0 j - a
W here T a m  = Maximum allowable 

ambient tem p eratu re .

T j m  ” M aximum junction  
tem p eratu re

PD ~ Maximum dissipation of 
output stage p er tra n s ­
is to r

R„ _ = T h erm al re s is ta n ce  
from  junction to fre e  
a ir .

The value of P d  is dependent 
upon the designed power output at 
the onset of clipping. This ch a rt has 
been developed assu m in g: -

1) The dissipation p er tra n s is to r  is  
one q u arter of the maxim um  un­
clipped pow er output.

2) The peak to peak voltage of the 
m axim um  unclipped power output is  
g re a te r  than 90% of the voltage  
applied to the output stage .

3) The operating voltage and cu rren t  
ra tin gs  of the tra n s is to rs  a re  within 
the tra n s is to r 's  ra tin gs.

To s e le c t suitable tra n s is to rs  and 
asso cia ted  heat sinks fo r a  single 
ended output stage the required  
pow er output and maxim um  operating  
tem p eratu re  a re  plotted on the ch a rt. 
The f ir s t  operating line above the 
plotted point is  selected  and by re f ­
e re n ce  to the table shown on the 
c h a r t, the type of tra n s is to r  and heat 
sink required  can be selected .

If the design ca lls  for a com ple­
m en tary  p a ir  they will n orm ally  be 
v e ry  s im ila r  and will be tre a te d  as 
above but in som e c a s e s  this m ay  
not be so and each  tra n s is to r  m ust

be treated  individually. Although 
they m ay have v e ry  different 
th erm al c h a r a c te r is t ic s , the d is­
sipation p er tra n s is to r  in a given 
am plifier is  not m ateria lly  affected  
since this is  p rim a rily  a function of 
the m axim um unclipped pow er output. 
In such a c a se  the tra n s is to rs  to be 
used and th eir asso ciated  heat sink, 
if req u ired , m ust both lie  on the side  
of the above determ ined operating  
point opposite the origin . The 
following two exam ples show how 
the ch a rt can be used.

Required Power Required Maximum 
Output Ambient Temperature

C ase 1 2 W atts 55 d egrees C. 

C ase 2 3 W atts 60 d egrees  C.

Now following plotting the above 
c h a r a c te r is t ic s  on the ch a rt (points 
A & B re s p .)  the selection  would be 
as follow s:

C ase 1 — A com plem entary p air  
— One AS128 with flag and 2 " x 2 "  
h eat sink — One AS204 with flag.

Single ended application — Two 
A S204 with flags.

C ase 2 — A com plem entary p air  
not possible with listed  typ es.

Single ended application — Two 
AS204 with flag s.
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