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FUNCTION DELAY TIMER

W. R. EASON A.S.TC., A.M.I.E., (Aust.), M.I.R.E.E. AWV APPLICATIONS LABORATORY

Output 
to Lood
Mox. 600m amps.

When an application requ ires a tim e 
delay between the operation o f the 
power control switch and the actual 
application o f the power to a device, 
then some form  o f delay system 
must be incorporated. Th is type of 
switching system  has many appli
cations, some o f which are listed 
below:

1) Pow er control o f heater system s 
o f various specia lised  types.

2) The operation o f fans to c ir 
culate a ir o r  gas after other 
functions have been com pleted.

3) Safety device  delay system s in 
e lectron ic  equipment.

4) The delayed control o f gases 
by solenoid va lves after other 
functions have been completed.

5) Incorporation in part o f safety 
system s in dom estic and indu
s tr ia l equipment.

6 ) The coupling o f severa l units 
in cascade fo r  sequence controls.

The c ircu it illustrated produces a 
predeterm ined delay be fo re  applying 
the power to the load. In this case 
the design has been developed to 
control the pow er mains but can 
be read ily  applied to other devices. 
The delay is  determ ined by the actual 
value o f the capacitor C ̂  and the 
components have been adjusted so 
that the delay tim e, measured in 
seconds, is given by the rela tion 
ship.

t d  = 10CT

Where Cy is in microfarads.

T o  compensate fo r  component to l
erances a variab le  res is to r  R-j, has 
been provided but this and the ad
jacent series  res is to r  can be replaced

by a single fixed res is to r  i f  required.

The c ircu it o f the unit can be 
divided into three main sections, 
and a description o f each unit is 
as fo llow s:

t )  TH E TIME DELAY C IR C U IT  C O N TA IN 
ING Q2 AND Q3 WITH THE IN H IB IT IN G  
TRANSISTOR Q l.

The Q2 co lle c to r  is a constant 
current source used to charge the 
tim ing capacitor C™, in a lin ear man
ner. When it  is  charged to the av
ailable voltage, this charging current, 
which also holds on the transistor 
Q3, ceases and Q3 turns o ff. The 
tim ing system  is com pletely  d is
charged at any instant by the turning

on o f Q1 which, in turn, is  controlled 
by the external switch S I. Under 
these conditions the opening o f SI 
at any tim e w ill alm ost instantan
eously rese t the tim e delay to the 
fu ll in terva l selected.

2) A SCHMITT TRIGGER CONTAINING Q4
AND Q5, WHICH CONTROLS TH E THIRD
SECTIO N.

The Schmitt tr ig g e r  is controlled 
by the co llec tor current o f Q3, which 
while it exists during the charging 
o f Crp, holds Q4 on, which in turn 
holds Q5 o ff. As soon as the co lle c 
to r current o f Q3 fa lls  towards a 
low  value near zero , the Schmitt 
t r ig g e r  reve rses  and the co llec tor 
current o f Q5 r ise s  to its maximum 
value.
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3) A CONTROL TRANSISTOR Q6 WHICH 
TURNS THE TR IA C  ON AND APPLIES  
THE POWER MAINS TO THE LOAD.

Q6  turns on as the co llec tor current 
o f  Q5 r ise s  to its maximum value. 
Th is then applies a current to the 
gate o f the tr iac  Q7 v ia  a series  
lim iting  res is to r  and turns on the 
tr ia c  applying the power to the load 
circu it. A sim ple power supply is 
also included with zener control for 
the f ir s t  two sections which assists 
the suppression o f unwanted tran
sients. The small capacitors are 
placed to suppress other transients 
and two diodes are used, one to speed 
up the discharge o f Crp and the other 
to turn on Q4 when SI is  open.

The value o f the capacitor C x  
determ ines the delay in terva l and 
since the charging current in this 
unit is  in the o rder o f 2  m icroam ps 
a low  leakage capacitor must be used. 
Although the re lia b ility  o f the whole 
unit w ill depend upon the quality of 
the components used, the to lerance 
on component values is  not c r it ica l. 
M ost o f  the transistors are e ither 
'on ' o r  'o f f ',  the exception being 
the constant current transistor Q2. 
The saturated operating condition of 
most transistors  w ill make them 
alm ost independent o f tem perature, 
however in the case o f Q2 a diode 
has been placed in the base c ircu it 
to provide tem perature compensation. 
With these features, the operation 
and delay tim es should be stable up 
to about 65° C. Operating under such 
conditions the unit is  independent o f 
the individual transistor charac
te r is t ics  and m ost o f the c ircu it 
components.

Th is unit w ill cover the range of 
delays from  about 0 .1  seconds to 
severa l tens o f seconds. The delay 
tim es can be extended to severa l 
minutes by using a low er constant 
charging current and a darlington 
coupled pa ir  in place o f Q3. The 
value o f C _  can also be increased, 
provided its leakage is  low , to further 
extend the delay tim e.

The maximum delay tim e w ill be 
lim ited  by the transistor and capa
c ito r  leakage currents, but delays 
o f the o rder o f 2 0  minutes should be 
possib le. It should be noted that as 
the charging current is reduced, prob
lem s may a rise  from  RF in terference 
and other spurious signals.

The power supply transform er must 
supply about 1 0 0  m illiam ps when the 
tr iac  Q7 is  on, but under quiescent 
conditions drain is  less  than 2 0  m ill i

amps. The voltage rating o f the main 
f i lte r  capacitor should be conser
vative  and w ill be dependent upon 
the peak voltage o f the secondary 
o f the transform er. The secondary 
voltage o f the transform er is  about 
17 vo lts, but can be varied . Allowance 
should be made fo r  about 5 to 10 
m illiam ps to be bled through the 
zener diode D4 and severa l volts 
to appear across the f i lte r  res is to r. 
The 470 ohm shown can be adjusted 
to suit other transform er voltages or 
any external power supply desired .

The delay control o f the unit des
cribed  is  norm ally adjusted to turn 
on the power fo llow ing the c losing 
o f switch S I. The e ffec t can be r e v 
ersed  by using a switch which is 
norm ally closed when o ff. An instan
taneous inhibit control is also p ro 
vided with either 'on ' o r  'o f f ' action 
and this w ill o v e r -r id e  the condition 
o f the unit at any tim e. When this 
o ve r-r id in g  control is  rem oved the 
unit w ill im m ediately re v e r t  to the 
state determ ined by the orig ina l op
eration  o f S I.

The tr ia c  used in this unit is 
capable o f d e liver in g  up to 600 m il l i
amps at 65° C without a heat sink, 
and can be increased by the use 
o f suitable heat sinks.

The therm al resistance o f a heat 
sink in °C /W  can be derived  from  
the fo llow ing relationship.

R0p _  A = T j -  TA -  (R 9j _  c  + R©c  _  p )

PD

where: R O j _ q  is  the therm al r e s is 
tance from  junction to case.
T j  is  the maximum allowable junction 
tem perature.
P D is the dissipation at the triacs 
operating current.

The above characteristic  values are 
obtainable from  the tr ia cs  datasheet.

T ^  is  the maximum required 
ambient tem perature. R 9 c_p  
is  the therm al resistance 
from  case to fin . The m axi
mum values fo r  R9C -F  are

2.0° C/W fo r  the 40669 p lastic  
assem bly.

1.0° C/W fo r  a T066 assembly.

0 .5° C/W fo r  a T03 assembly.

The table given below  indicates 
the maximum s izes  o f the heat sinks 
needed fo r  higher dissipation and are 
based on the therm al resistance fo r  
the 40669 tr iac , mounted with m ica 
washer and s ilicon  grease.

The fo llow ing explanation covers 
the notations associated with som e o f 
the heat sink values:

A. No heat sink is  requ ired.

B. The thickness has been increased 
to 1 0  gauge (1 /8 " )

C. The values stated are the therm al 
resistance o f the heat sink.

D. It is  not p ractica l to operate 
the tr iac  under these conditions.

The values given in the table are 
the total surface areas in square 
inches, including both sides, _of 16 
gauge (1/16") natural finished v e r t ic 
a lly  mounted aluminium sheet.

Conclusion

The c ircu it described w ill provide 
delay tim es from  about 0 .1  seconds 
to severa l tens o f seconds with p rov
ision  fo r  longer delays. It is  almost 
independent o f c ircu it constants and 
tem perature variations up to 65°C. 
P rov is ion  has been made in the c ircu it 
fo r  o ve r-r id in g  control and many 
other inhibit o r  log ic  functions can 
be applied which w ill all enhance 
its  versa tility .

Operating Current Maximum Ambient Temperature TA  °C

in AMPS 40 45 55 60 65

1 _A _A 2 4 6

2 10 12 15 18 20

3 16 18 22 25 32

4 22 25 35 45 50

6 40 50 8 5 B 2 .5 C 1.5C

8 100B 2.0C i.o c 0 .5 C _D
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An SCR Capacitor-Discharge
Ignition System 
with Regulated,

Single-Ended Inverter by M. S. FISHER

This Note describes a low -cost 
capacitor-d ischarge (CD) ignition 
system  fo r  passenger automobiles 
that uses a s ilicon  controlled  r e c 
t i f ie r  (SCR) in the output circu it. 
This system  provides the advantages 
o f reduced maintenance, low  battery 
current drain, and fu ll output voltage 
at low  battery voltage (down to 4 
vo lts ) fo r  starting under low -battery- 
power conditions. In addition, it p ro 
vides better f ir in g  o f fouled spark 
plugs because the h igh-voltage output 
pulse has a faster  r is e  tim e.

Circuit Features

The c ircu it diagram  fo r  the SCR 
ignition system  is  shown in F ig . 1. 
The system can be considered as a 
combination o f eight basic building 
blocks: (1 ) a single-ended, s e lf-o s 
cilla ting, swinging-choke in verter; (2 ) 
an output c ircu it consisting o f an 
SCR, a storage capacitor, an ignition 
co il ( a standard ignition co il is 
used), and the commutating diode; 
(3) a capacitor-charg ing c ircu it con

Q l : 2N 30 55 C i : 0 .2 5  in F , 200 V R4  : 1000 ohms, 1 /2  W
Q2 : 2N 30 53 C 2 : 1 n F , 400 V R5 : 18000 ohms, 1 /2  W

Q3 : 2N 3241 C3 : 1 n F, 25 V R6 : 15000 ohms, 1 /2  W

Q4 : 2N 3241 C4 : 0 .2 5  11F, 25 V R7 : 8200 ohms, 1 /2  W

Q5 : R C A  40657 F  : 5A Rg : 0 .3 9  megohm, 1 /2  W
D i : 1N 3193 L l : 10 / /H ,  100 T  o f N o .28 w ire  wound on R9  : 220 ohms, 1 W

D 2 : 1N3195 a 2-W resis tor (10 0  ohms or more) RlO : 1000 ohms, 1 /2  W
D3 : 1N 1763A f ? l : 1000 ohms, 1 /2  W R l l : 68 ohms, 1 /2  W

D 4 : 12 V , 1 /4  W f?2 : 35 ohms, 5 W R l 2 : 4700 ohms, 1 /2  W

R : 22000 ohms, 1 /2  W R l3  : 2700 ohms, 1 /2  W

F/g. 7 — An SCR capaci to r-d ischarge ig n i t io n  c i rcu i t .

sisting o f a single rec tify in g  diode 
and a commutating diode; (4) a r e g 
ulator which controls the frequency 
o f the in verter  to provide e ffic ien t 
regulation o f the voltage on the sto
rage capacitor; (5) a protection c ircu it 
consisting o f a lim iting  inductance 
and a resistance that guards against 
an open or shortened ignition co il 
(the c ircu it is  also se lf-p rotectin g  
against h igh-voltage arcing to either 
ign ition -co il p rim ary  term ina l); (6 ) 
an in verter  shutdown which disables 
the in verter  while the points are open;
(7) a tr ig g e r  c ircu it which suppresses 
norm al point bounce and also p re 
vents residual voltage across the 
closed points from  tr igg e r in g  the SCR;
(8 ) a method of cummutating the 
SCR by use o f the in terp lay o f seve 
ra l parts o f the system .

Inverter, Regulator, 
and Charging Circuit

The in verter  uses a 2N3055 transi
stor Q i in the single-ended output 
stage, a 2N3053 transistor Q2  in an 
em itte r- fo llo w er  d r iv e r  stage, and a 
2N3241 transistor Q3  in the control 
stage. Regenerative feedback is  p ro 
vided to the bases o f Q i and Q2  

from  the feedback winding on trans
fo rm er T i  (details concerning trans
fo rm er winding are described  in 
F ig . 2). The high gain o f the Q i 
and Qg combination assures o s c ill
ation and low  d rive-pow er requ ire 
ments. Starting res is to r  R 5 biases 
Q l and Q2  into conduction to start 
oscilla tion . When Q^ is  saturated, 
the battery voltage across the p r i
m ary winding o f T j  increases the 
current in the transform er. The r e 
flected  voltage in the feedback winging 
produces a current flow  in R 4  , R i ,  
and D i to hold Q i in saturation;
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Transform er T j  is  wound as fo llo w s :
A  1 /2 - in .  bobbin and E l  s tack o f g ra in -o rien ted  s ilic o n  stee l are  
used; firs t, 150 turns o f  N o .28  w ire  are wound and la b e le d  S I and 
F I  on the w inding; second, 50 turns o f N o .2 4  and N o .30  w ire  are 
wound b if ila r  and labe led  S2 and F2; th ird , 150 turns o f N o .28  w ire  
are wound and lab e led  S3 and F3. A ll w ind ings are wound in the  
sam e d irec tio n . A  to ta l a ir  gap o f 70 m ils  (3 5 -m il spacer) is  used . 
C onnections are made as shown above.

F ig . 2 -  Transform er w in d in g  d e ta il.

simultaneously, the rectify in g  diode 
D2  in the secondary winding is  r e 
verse-b iased .

When the co llec tor current in 
reaches a le v e l where it cannot further 
increase, the feedback voltage redu
ces, and Q j starts to turn off. R e
generative action o f the c ircu it cuts 
o ff the base d rive  o f transistors 
Q l and Q2  and causes a "flyback " 
pulse o f voltage at the co llec tor 
o f Q~l . Diode D^ blocks the reve rse  
voltage and lim its  the reve rse  base 
d rive . The reve rse  bias current that 
turns o ff Q j and Q2 is  applied 
through res is to rs  R-, and R 3 , r e s 
p ective ly . The flyback pulse is  step
ped up in voltage on the secondary 
o f T i  and diode D2  becom es fo r 
w ard-biased because o f re ve rsa l of 
secondary-voltage polarity . As a 
result, the energy prev iou sly  stored 
in the p rim ary  o f T^ is  transferred  
through the secondary winding to the 
storage capacitor C2 , charging the 
capacitor. Capacitor reduces the 
amplitude o f the leakage inductance 
pulse, and also the rate o f voltage 
r is e  at the co lle c to r  o f Q j . Charging 
current through capacitor C2  is  shun
ted out o f the ignition co il by com 
muting diode D3  so that no energy 
is  transferred  into the ignition co il 
and out into the load.

When the co llec to r voltage of Q i 
fa lls  below the battery voltage, 
turns back on and the cyc le  repeats, 
further charging the capacitor C2  • 
During the tim e that C2  is  below 
a predeterm ined value, the voltage 
applied to zener diode D4  through 
voltage d iv iders  Rg and R g is  not 
su fficient to cause the zener diode 
to conduct. I f  the ignition points 
are also closed, res is to r  Ry is  r e 
turned to ground and transistor Qq 
is  held off.

When the capacitor voltage reaches 
a le v e l that causes zener diode D4  

to conduct, transistor Q3  turns on 
and shunts the base d rive  current 
from  Q2 . Th is e ffec t reduces the 
base d rive  at and causes it to 
pull out o f saturation at a low er 
co llec tor-cu rren t le v e l which, in turn

increases the frequency o f oscillation . 
The cutback in peak p rim ary  current 
reduces the charging ra te  o f C2  

to the le v e l requ ired  to supply the 
losses (SCR leakage, e tc .) and holds 
the output voltage from  further r ise .

T ran s is tor Q3  also shuts down the 
in verter  when the ignition points are 
open. When these points open, cu r
rent is  fed from  the voltage at the 
points through res is to r  R ,̂ to turn 
Q3  on hard. Th is e ffe c t shorts the 
base o f Q2  and stops the oscillation .

F ig . 3 shows the co llec to r v o l
tage at Q j alternately saturating 
and then going through a "flyback " 
pulse o f increasing amplitude. The
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F ig . 3 -  C o lle c to r vo ltage  (to p ) and ig n itio n -  

c o il p rim ary  vo ltage  (bottom ) o f  Qj as a 

fu n c tio n  o f  tim e. (2000 rpm; ^ ££ =72  V)

2 0  30  

T I M E -  s

F ig . 4 — Expanded c o lle c to r vo ltag e  (top ) 

as a func tion  o f  tim e, and c o lle c to r  curren t 

(bottom ) as a func tion  o f tim e during  tu rn -o ff 

Qj as the capac ito r C2 is  being charged.

fV c c =72 V)

change in frequency as a resu lt o f 
regu lator action can be seen. The 
co lle c to r  voltage then drops to the 
supply voltage when the ignition points 
open and shut down the in verter. F ig . 
4 shows an expanded v iew  o f the turn
o ff and flyback characteristic  o f 
at a point when the capacitor is 
being charged.

Output Circuit
When a h igh-voltage pulse is  requ i

red, the SCR (Q5 ) is  gated on. As 
a resu lt, the anode vo ltage o f the 
SCR drops to zero , and the voltage 
across the capacitor C2  is  applied 
to the p rim ary  o f the ignition co il. 
(The inductance o f L j  is  negligib le 
when compared to the ign ition -co il 
inductance in this analysis). The hot 
side o f the ign ition -co il p rim ary  (te r 
minal 3 on the connecting plug) is 
driven negative to the capacitor po
tential. Diode D3  , in para lle l with 
the co il, is reverse -b ia sed  at this 
tim e. The d ischarge o f the capacitor 
into the p rim ary  o f the co il generates 
a h igh-voltage pulse on the secondary.

The capacitor d ischarges sinu
soidally  into the p rim ary  inductance 
o f the ignition co il, building up the 
p rim ary  current in the co il. When 
the capacitor (and co il p rim ary) v o lt
age reaches ze ro  and starts to r e 
v e rse , the commutating diode D3 

becom es forw ard-b iased  and begins 
to conduct. P r im a ry -c o il current is  
at a peak at the tim e the diode 
begins to conduct. The current then 
suddenly switches out o f the SCR and 
into the diode. The p rim ary -co il 
voltage stays clamped at zero , and 
the p rim ary  current decays at a rate 
determ ined by the L/R  ra tio  o f the 
co il. Because o f the clam ping action 
o f the commutating diode D3 , the 
duration o f the spark in the spark 
plug is  lengthened.

When the SCR is on, it is  shorting 
across the secondary o f the inverter 
transform er. H ow ever, the in verter 
is  o ff when the SCR is  on (because 
o f the shut-down c irc u itry ); th ere fore, 
the in verter  is  not working into the 
short.

F igs . 5 and 6  show the SCR v o l
tage and current as a function of 
tim e. In F ig . 5, the osc illoscope is 
tr igge red  at the tim e the ignition 
points open. The anode voltage o f 
the SCR drops to ze ro  and its anode 
current builds up to the peak in a 
quarter-cyc le . The current is  then 
switched out o f the SCR, and SCR 
current drops suddenly almost to 
ze ro . The sm all residual current 
is  a resu lt o f the energy stored
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F ig . 5 — SCR vo ltag e  (to p ) and cu rren t 
(bottom ) as a fu n c tio n  o f tim e . (2000 rpm;

v c c =  12 V)

in the in verte r  tran sform er when the 
in ve rte r  shuts down. Th is stored 
energy causes a current to c ircu la te 
from  the secondary o f the transform er 
through the SCR. When the ignition 
points c lose  and capacitor C 2  r e 
charges, the SCR blocks the voltage 
on the capacitor.

In F ig . 6 , the osc illoscope is  t r ig 
gered at the tim e the ignition points 
c lose . The tim e between the c losing 
o f the points and the in itia l r is e  
o f the voltage is  the tim e fo r  the 
co llec to r current o f Q j to build up 
to the switching le v e l. The s ign if
icance o f this tim e w ill be explained 
when commutation o f the SCR is 
discussed.
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F ig . 6 — SCR vo ltage  (to p ) and cu rren t (b o t
tom) as a fu n c tio n  o f  tim e. (Sweep trigge red  
at ig n itio n  p o in t c los in g ; 4000 rpm;

Vc c  =  12 V)

F ig . 7 shows the w aveform s fo r  
p r im a ry -co il voltage and current that 
resu lt when a 7-m illih enry  inductor 
is  used to simulate the p rim ary  
o f the ignition co il. In F ig . 7, the 
p rim ary  voltage m oves rap idly to a 
peak negative value, then decays 
sinusoidally to ze ro  as the current 
builds to a peak. The p rim ary  voltage 
is  then clamped at ze ro  and the current 
decays exponentially.

It should be noted that an actual 
ignition co il, operated with the sec 
ondary open, w ill r e fle c t a tuned c ir 
cuit into the p rim ary. Th is operation

causes a ringing on top o f the w ave
form s shown in F ig . 7. The anode 
voltage o f the SCR m ay actually 
re v e rse  fo r  a short tim e as a resu lt 
o f this ringing. The SCR w ill essen
tia lly  block this re v e rse  voltage 
except fo r  a sm all current that w ill 
flow  because o f the p resence o f a 
positive  gate signal. T h ere  w ill be 
som e instantaneous dissipation in the 
reverse -b lock in g  junction o f the SCR 
fo r  this short period o f tim e which 
the device is  capable o f handling. 
The gate signal is  kept positive  th
rough the ringing cyc le  so the SCR 
w ill continue to conduct when the 
anode voltage rings back positive. 
Th is ringing does not occur when 
the secondary voltage f ir e s  a plug 
because the ionized plug shorts the 
secondary winding.

1  2  3 
T IM E - m s

F ig . 7 — P rim ary  vo ltage  (top ) and curren t 
(bottom ) as a fu n c tio n  o f tim e. (7-mH dummy 

c o il,  2000 rpm; Vq q  ~  12 V)

Protective Circuits
Inductance L| is  provided to p ro 

tect the ignition against a shorted 
p rim ary  co il. The lim iting inductance 
controls the di/dt and peak current 
that occur when the SCR is turned 
on with a short across the p rim ary  
o f the ignition co il. Resistance R^g 
is provided to keep the voltage at 
the p rim ary  o f the co il from  being 
negative when the co il is  open. I f  
this voltage w ere  not clamped, the 
regu lator would not operate p roperly  
and the peak co llec tor voltage at Q j 
would exceed the lim its  specified  fo r  
the device.

Trigger Circuit
The functions o f the tr igg e r in g  

c ircu itry  are as fo llow s: (1 ) t r ig g e r 
ing and holding the SCR on when 
the ignition points open (at battery 
voltages down to 4 vo lts ), (2) feed 
ing signal back into the in verte r  shut
down c ircu itry  when the ignition points 
are open, (3) suppressing the in
v e rte r  signal that is  rid ing on the

power supply so it does not tr igg e r  
the SCR, (4) preventing the r e s i
dual voltage across the closed points 
from  tr igg e r in g  the SCR, (5) p re 
venting normal point bounce at point 
c losu re from  fa ls e -tr ig g e r in g  the 
SCR, and (6 ) maintaining p roper op
eration whether o r  not a capacitor 
is  present across the breaker points. 
T ra n s is to r Q4  is  used to perform  
these functions.

The tr ig g e r  current fo r  the gate 
o f the SCR is initiated when the 
base voltage o f Q4  is approxim a
te ly  0 .6  vo lt above the em itter v o l
tage. The tr ig g e r  current flows from  
the supply through R h jQ4  and Cg to 
the gate o f the SCR.

When the ignition points open, cap
acitor C4  (and the capacitor across 
the points) charges because of the 
current through R3 . I f  the points 
are open long enough (without boun
cing), the voltage across C , becomes 
high enough to turn on Q4  . The 
voltage required to turn on Q . is 
the sum o f the gate-cathode voltage 
o f Q5, the voltage across C3 , the 
em itter-base  voltage o fQ 4, and the 
drop across R^q. (R^q is provided 
so that the voltage across the open 
ignition points becomes high enough 
to feed su fficient current through 
Ry to shut down the in ve rte r .) At 
norm al speeds, there is an average 
voltage le ve l across C3, the em itter 
side o f the capacitor being positive 
with respect to the gate side o f the 
capacitor. Th is voltage keeps both 
the gate-cathode junction o f the SCR 
and the em itter-base junction of the 
transistor reverse -b ia sed  until C4  

charges high enough to turn on Q4  

Because, when the points are closed, 
Q4  is  o ff and the gate o f Q5  / is 
reverse -b iased , the desired  sup
press ion  o f the in ve rte r  signal and 
the residual point voltage is  achieved.

I f  the points are bouncing in normal 
operation, they w ill d ischarge C4 (and 
the d istributor capacitor) alm ost in 
stantly each tim e they c lose. Thus, 
each tim e the points bounce back 
open, these capacitors must start 
recharg ing from  ze ro  toward the 
tr igg e r in g  leve l. With norm al boun
cing, the points w ill not stay open 
long enough fo r  the tr igg e r in g  leve l 
to be reached, and the SCR w ill 
not be tr iggered . I f  s eve re  bouncing 
occurs at v e ry  high speed, the points 
can stay open long enough to cause 
tr igg e r in g  o f the SCR.

B etter filte r in g  is  achieved when 
the capacitor is  used in the d is tr i
butor, but satis factory  operation oc
curs without it. With the capacitor 
le ft  in the d istributor, it is  possible
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to switch back to standard ignition 
by switching the plug shown in F ig . 
1 .

Commutating the SCR
A ll the parts o f the system  work 

together in such a manner as to cause 
the SCR current to go to ze ro  fo r  a 
su fficient length o f tim e to cause 
commutation (turn-off).

As explained ea r lie r , p r im a ry -co il 
current is switched out o f the SCR 
and into the commutating diode when 
p rim ary  voltage drops to ze ro . From  
that tim e on, the diode keeps the 
co il current clam ped out o f the SCR. 
The SCR then ca rr ie s  only the sm all 
current resu lting from  the energy 
stored in the in verter  transform er. 
When the points c lose  again, the in
v e r te r  starts back up, and, as ex 
plained previously , the rectify in g  
diode Do is back-biased during the 
tim e the co lle c to r  current o f Q l 
builds back up to the switching le v e l. 
At this point, there is  no current 
in the SCR. I f  current is  le ft  at 
ze ro  long enough, the SCR is le ft  
in the blocking state fo r  re-app lied  
positive  anode voltage. As shown 
in F ig . 6 , the current is  ze ro  fo r  
about 300 m icroseconds be fo re  anode 
voltage is  re-app lied  at 0.5 vo lt 
per m icrosecond. A w orst-case  SCR 
w ill commutate in less  than 1 0 0  

m icro-seconds at 100°C under these 
operating conditions.

Performance
F ig  8  shows severa l perform ance 

curves fo r  the capacitor-d ischarge 
ignition c ircu it. F ig . 9 shows the 
open-circu it output voltage as a 
function o f tim e. F ig . 10 shows the 
out-put voltage when the secondary 
is  loaded with a 1 -megohm res is to r  
in para lle l with a 50-picofarad cap
acitor.

F igs  11 and 12 show secondary 
voltage under sparking conditions. 
A rc  duration in F ig . 11 is 300 m ic ro 
seconds (single po la rity ) under w ide- 
gap conditions. The narrow er gap 
o f F ig . 12 yielded an arc duration 
o f 400 m icroseconds.

Mounting Considerations
The c ircu it should be contained 

in a w ater-tight environment. How
ever , heat-generating components 
should not be enclosed in a non
c ircu la ting atmosphere because s till 
a ir has a therm al resistance 1 2 ,0 0 0  

tim es that o f copper. Generation o f 
heat in this high therm al resistance

could cause the inside ambient tem 
perature to r is e  above the specified  
lim its . A ll components marked "Do 
not operate in fre e  a ir inside a ir 
tight enclosure" should be therm ally 
connected to a therm al conductor 
which makes a low  th erm a l-re s is -  
tance path to the outside environment. 
F o r  exam ple, the SCR should be 
mounted to an aluminum plate on a 
m ica insulating washer. Th is plate 
should then be fastened to the inside 
o f the chassis wall to provide the 
therm al path to the outside environ
ment. The res is to rs  and diodes which 
need heat sinks, as shown in F ig . 1, 
should be attached to the chassis 
with a therm ally  conductive epoxy.

Conclusion
Use o f this c ircu it provides an 

econom ical approach which w ill sat
is fy  the stringent perform ance requi 
rem ents o f ignition system s in con
ventional passenger cars  as w e ll 
as in h igh-perform ance cars.

( a) O utput vo ltag e  as o fu n c tio n  o f engine  
rpm a t 12 V fo r both an open secondary and  

a fou led -p lug  load.

RPM -60  OR LESS

OPEN CIRCUIT

I-MEG0HM50-PF FOULED-PLUG LOAO_

8 10 «  
SUPPLY VOLTAGE VCC“ VOLTS

(b ) O utput vo ltag e  as a fu n c tio n  o f  ba tte ry  
vo ltage  at c rank ing  speeds fo r both an open 

secondary and fou led -p lug  load.

POINTS CLOSEO

*“,<200 21
(c )  R eg u la tion  curve show ing peak ca pa c ito r  
(and  SCR) vo ltag e  as a func tion  o f batte ry  

vo ltage.

——11
SUPPLY VOL TAGE Vc ■12V I

(d ) B a tte ry  dra in  as a func tion  o f engine rpm 
a t a ba tte ry  vo ltage  o f 12 V.

F ig . 8 — Perform ance o f  the capac ito r-  
d ischa rge  ig n itio n  c irc u it.

100  2 0 0  3 0 0  

T I M E -  s

5 0 0

F ig . 9 -  O p e n -c irc u it output vo ltag e  (D e leo  
D511 s tandard  ig n itio n  c o il  o r e q u iva le n t; 

2000 rpm; V q q  =  12V)

p.irgfEiiiia
■ w j h h h h H

I  m i  mm mm m e  mm mm mm mm m r■ i i S i i i i i i r
4 0 0  5 0 0

F ig . 10 -  F ou led -spark-p lug  ou tput vo ltage  
(D e leo  D511 standard ig n it io n  c o il  o r e qu iv 
a len t; 50-pF load in p a ra lle l w ith  1 megohm; 

2000 rpm; VCQ =  12 V)

I m m iim  i H H i■■III! •10
<  LLl O U
°  H O _j 
LLl o
< /> >

4 0 0  6 0 0  8 0 0  

T I M E -  s

1000

F ig . 11 -  O utput vo ltage  show ing spark-arc  
d ura tion  (D e leo  D511 standard ig n itio n  c o il  

or e qu iva le n t; 2000 rpm; V c C =  ^  ^

10 h

>
>

0  1 00  2 0 0  3 0 0  4 0 0  5 0 0  

T I M E -  s

F ig . 12 -  O utput vo ltage  w ith  spark gap 
shortened (D e lco  D511 standard  ig n it io n  c o il 

or e q u iva le n t; 2000 rpm; VQQ =  12 V)
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A Dual-Gate MOS-FET Preamplifier 
for the lO-Meter Band

BY G. E. YEWDALL 
& D.W. NELSON,

RCA CAMDEN, N.J.

A dual-gate f ie ld -e ffec t  tran s is
to r, such as the RCA-3N140 used in 
the p ream p lifier  described in this 
a rtic le , is  equivalent e le c tr ica lly  to 
two s ingle-gate transistors connec
ted in cascode and enclosed in the 
same package. In some respects, 
the resu lting transistor resem bles 
a tetrode tube; however, the main 
intent in using a dual-gate transistor 
in the p ream p lifier is to provide an 
inexpensive cascode c ircu it that 
o ffe rs  maximum resistance to c ro s s 
modulation from  nearby stations.

In F igure 2 are illustrated three 
evolutionary stages o f the cascode 
am p lifie r designed to reduce c ro s s 
modulation distortion . Illustration 
"a "  shows a tube c ircu it that was 
w idely  acclaim ed fo r  its  superior 
cross-m odulation  reduction. The 
two s ingle-gate MOS f ie ld -e ffe c t-  
transistor equivalent o f the tube c ir 
cuit is shown in illustration  "b " .  
F inally , in illustration  " c " ,  is  the 
dual-gate MOS fie ld -e ffec t-tran s is to r  
am p lifie r -  or e le c tr ica l equivalent 
o f  the cascode c ircu its  -  which p ro 
vides the basis fo r  the 1 0 -m eter 
p ream p lifier  constructed by the 
authors.

AUTHORS’ PR EFA C E: Older-type receivers frequently lack the gain necessary to ferret out 
weaker signals on the 10-meter band. An ideal solution to this problem is provided by an inexpen
sive, easily constructed preamplifier which exploits outstanding performance characteristics of 
RCA’ s recently developed dual-gate metal-oxide-semiconductor (MOS) fie ld-effect transistor. The 
preamplifier discussed in the article which follows boasts a gain of 26 dB without special neutra
lization. A noise figure of 2 dB can be appreciated when quiet conditions exist.

Circuit Operation
F igu re 3 shows the c ircu it 

schematic and parts lis t  o f the 
28-30-M Hz p ream p lifier. F igu re 4 
illu strates the basing diagram  o f the 
dual-gate M O S-FET transistor. 
Gate 1 (Lead 3) is forw ard-b iased

by R i and R 2  to ra ise  its quiescent 
potential above ground.

Inspection o f the c ircu it shows 
that the value o f the source r e s is 
to r, Rg, is la rge  enough so that 
Gate 1 w ill always be negative with 
respect to the source. You have

PLATE
(OUTPUT)

CATHODE 

PLATE (P) r

SIGNAL GRID 
(IN P U T) r

( a )  T u b e  C i r c u i t

DRAIN
(O UTPUT)

FOUNDED--------

( b )  S in g le - G a t e
T r a n s is t o r  C i r c u i t

( c )  D u a l - G a t e
T r a n s is t o r  C i r c u i t

F ig u re .2: E v o lu tio n a ry  stages o f a cascode a m p lif ie r  des igned  to  reduce cross-m odu la tion  
d is to rt io n .

Ct —  8  p icofarads, m ica  or ceram ic  
tu b u la r

C2 , C3 , 0 4 , C5 , C7 —  0 .01  m icro* 
fa rad , ceram ic  

C6  — 10  p ico farads , m ica o r ce
ram ic tu b u la r  

R, —  2 7 ,0 0 0  ohms, Va w a tt, 1 0 %
R2 — 1 5 0 ,0 0 0  ohms, Va  w a t t, 1 0 % ,  

carbon
R3 —  1 ,8 0 0  ohms, Va  w a tt, 1 0 % ,  

carbon

SH IELD

R4 —  1 0 0 ,0 0 0  ohms, Va  w a tt, 1 0 % ,  
carbon

Rs —  3 3 ,0 0 0  ohms, Va w a tt, 1 0 % ,  
carbon

R6 —  2 7 0  ohms, Va  w a tt, 1 0 % ,  
carbon

Li, L? — 1.6  to  3 .1  m icrohenries , 
ad justab le

L3 — 2 2  m icrohenries

Q, —  3 N 1 4 0  MOS fie ld -e ffe c t 
tran sis to r  

S i —  T o g g le  s w itc h , s in g le -p o le ,  
single -th row  

Ji, J2 —  Coaxial recep tac le  (Am phe
nol BNC type  U G -1094  or equiv.)

M is c e lla n e o u s  — Tw o  b a tte ries  
a n d  o n e  c a s e

F ig u re  3: Schematic diagram  and parts  l is t  fo r 10-meter p re a m p lif ie r c irc u it.
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Lead 1 - Drain 
Lead 2 - Gate N o .2 
Lead 3 -  Gate N o . l 
Lead 4 - Source

Substrate 
and Case

F ig u re  4 : Base diagram o f dua l-gate  MOS 
f ie ld -e ffe c t tra n s is to r.

probably recogn ized  the resem bl
ance o f this configuration to that of 
an old tube c ircu it which was used 
to equalize gain d ifferences in high- 
gain tubes by shifting their transfer 
characteristics . Although the authors 
found no great d ifferences between 
individual dual-gate transistors  of 
the same type, the c ircu it just des
cribed  should help to guarantee uni
form  resu lts and elim inate the need 
fo r  selecting parts.

Gate 2 is  at RF ground potential 
through C2 , in accordance with 
cascode-circu it requirem ents. The 
DC bias le v e l, established by R 4  and 
R 5 , is  a com prom ise between opti
mum gain and optimum c ro s s 
modulation resistance.

Pow ering  o f the unit by batteries, 
as shown in F igu re 3, is  not manda
tory . Any reasonably w e ll- filte red  
DC voltage between 15 and 18 volts 
is  suitable.

F ig u re  5 : In th is  photo show ing in te rio r o f 
10-meter p rea m p lif ie r, MOS fie ld -e ffe c t trans

is to r is  obscured by the ce ram ic -s tando ff 
in su la to rs  m ounted on the center p a rt it io n .

Adapting the Preamplifier 
To Other Frequencies

The 3N140 has excellen t p e r
form ance characteristics  up to 2 0 0

MHz. Consequently, the c ircu it can 
be used at higher frequencies with 
only a few  changes (see Tab le  I). 
F o r  example, both tanks in the p re 
am p lifie r c ircu it can be made to tune 
to 21 MHz (15 m eters ) by changing 
only C i and C6  to 2 2  p icofarads.

It must be rem em bered  that w ir 
ing becom es c r it ica l at 50 M Hz, and 
even m ore c r it ica l at 144 MHz. 
Bypass-capacitor leads and a ll leads 
carry in g  RF signals should be made 
as short as possib le. A  w e ll-  
constructed c ircu it w ill show only a 
sligh t degradation o f the 26-dB gain 
and the 2-dB noise figu re at 50 MHz. 
At 144 MHz, the authors have achi
eved gains in excess o f 20 dB with 
noise figu res o f 2 .8  dB.

Table I  -  Values of C ircu it Components 
For 21 and 50 MHz

Component
Value

21 MHz 50 MHz

c, 22 pF 8 pF

C2/C3,C4,Cs,
C7

No Change 1,000 pF, 
ceramic

c6 22 pF 10 pF

L i No Change 8 turns, No. 30 
E wire on % -  
inch-diameter 
core (M ille r 
4500 or equiv.) 
L ink : 2 turns, 
No. 30 E wire 
on ground end.

l 2 No Change Same as L

La No Change 6 .8 A H  (M ille r 
74F686AP or 
equiv.)

F ig u re  6: D e ta ile d  v iew  o f p re a m p lif ie r 's  
center p a r t it io n  shows method o f mounting  
the  3N140 MOS f ie ld -e ffe c t tra n s is to r. Note  
tha t the tra n s is to r leads have been short- 
c irc u ite d  by a p iece  o f f in e , bare w ire , Th is  
w ire  is  removed a fte r a l l  tra n s is to r connec
tio n s  have been made by m erely p u llin g  on 
the looped portion .

Special Handling of MOS 
Field-Effect Transistors

Special care  must be exerc ised  
when w iring  an MOS transistor into 
a c ircu it. F o r  exam ple, there is  a l
ways a poss ib ility  that the transistor 
can be damaged i f  static e le c tr ic ity  
is  discharged across the oxide layer. 
Such r isk  can be v irtu a lly  elim inated, 
however, i f  a ll leads are shorted 
until the com pletion o f all w iring. 
The 3N140 com es supplied with a 
p rotective  ring  which shorts the 
leads. Th is r in g  should be rem oved 
b e fo re  w irin g  is  commenced, and a 
fine, bare w ire  wrapped around the 
leads near the case. The shorting 
w ire  should not be rem oved until all 
soldering is  com pleted.

Some builders may p re fe r  to use 
a socket instead o f soldering the 
transistor d irec tly  into the circu it. 
Th is p ractice  is  acceptable when 
used in conjunction with the ru les 
listed  below. (A ll transistor fa ilu res 
experienced by the authors have been 
traceab le to violations o f these ru les. 
P lea se  observe them carefu lly .):
•  Keep transistor leads shorted 

until the transistor is com pletely 
connected to the circu it.

•  N ever  in sert o r  rem ove the 
transistor when power is  on. 
(This ru le applied to all transis
to rs .)

•  When cutting leads, grasp the 
leads and case simultaneously. 
Th is  action w ill reduce the poss
ib ility  o f mechanical and e le c 
tr ica l shock.

Adjustments
P rea m p lifie r  tuning is  sim plified  

because no specia l neutralization is 
needed -  even at 144 MHz. Rough 
adjustments o f the co ils  may be 
made by use o f a grid -d ip  o sc illa 
to r. The fin ishing touches are made 
while listen ing to a weak station.

It was rew arding fo r  the authors 
to d iscover that a neighboring 
am ateur's 1 -k ilow att transm itter -  
only 2 0 0  fee t distant -  did not o v e r 
load the p ream p lifie r . At the same 
tim e, this word o f caution is  extended 
to the p ream p lifier builder with r e 
gard to his own high-power trans
m itter: Be certa in  that the coaxial 
re la y  has sufficien t isolation to p re 
vent transistor overload.

By fo llow ing a ll the precautions 
mentioned, the builder should 
succeed in achieving a p ream p lifier 
o f superior operational stature. A l
though sm all in s ize , the 3N140 dual
gate MOS fie ld -e ffe c t  transistor is  a 
giant in perform ance.

•  W IT H  A C K N O W L E D G E M E N T  T O  R C A .

1-3
(HIDDEN)
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Application
of

Silicon Rectifiers
to

Capacitive Loads

by B. J. Roman 

and J.M.S. Neilson

When r e c t if ie rs  are used in capaci
tive  -  load circu its, the r e c t if ie r  
current w aveform s may deviate con
siderab ly  from  their true sinusoidal 
shape. Th is deviation is m ost e v i
dent fo r  the peak-to-average current 
ratio , which is  somewhat higher than

Table 1 
— Definition of Symbols

E =  sinsusoidal input voltage 
(E E 0  sin cot)

E 0  =  peak input voltage

E av„ =  average output voltagedv g
f  =  input frequency (Hz)

co =  angular frequency o f input 
( w =  2 i r f  radians per second)

t =  tim e counted from  beginning 
o f cyc le

Rg =  lim iting  resistance

R l  =  load resistance

C =  load capacitance

I 0  =  absolute peak current through 
rec t if ie r

Ipk =  actual peak current through 
re c t if ie r

I r ms =  root-m ean-squafe current 
through r e c t if ie r

I a =  average current through r e c 
t if ie r

n =  charge factor; 1 fo r  half
wave circu it, fo r  doubler 
circu it, 2  fo r  fu ll-w ave c ircu it

that fo r  a res is tiv e  load. Because 
o f the variation  in current wave
shapes, calculations o f ratings for 
capactive-load c ircu its  are gen era lly  
m ore com plicated and tim e-con 
suming than those fo r  res is tive -load  
r e c t if ie r  c ircu its.

Th is Note describes a sim plified  
rating system  which allows designers 
to calculate the characteristics  of 
capacitive-load  r e c t if ie r  c ircu its 
quickly and accurately. The e ffec t 
o f the addition o f a se r ies  lim iting

id

's

F ig . I — C irc u it  show ing use o f c a pa c ito r to  
shunt the load, and re s u ltin g  waveform s.

resistance to such c ircu its  and the 
im portance o f the ratio  o f the lim iting 
resistance to capacitive reactance 
are described, and curves o f r e c t if ie r  
current ratios are presented as func
tions o f the e ffec tive  ratio . Typ ica l 
design exam ples are given, and 
output-ripple considerations are d is 
cussed. Tab le  1 defines the symbols 
used in the equations and calculations.

Design of Capacitor 
— Input circuits

In the disign o f a r e c t if ie r  c ircu it, 
the output voltage and current, the in
put voltage, and the r ipp le and regu
lation requirem ents are usually spec
ified . The transform er and the type 
o f r e c t if ie r  to be used are selected 
by the designer, and the load r e s is 
tance is  determ ined on the basis 
o f the output voltage and current 
requirem ents. The ripp le req u ire 
ments are satisfied  by use o f a 
capacitor to shunt the load R L , as 
shown in F ig  1. The w aveform s fo r  
this c ircu it indicate that the voltage 
across the capacitor E q  coincides 
with the supply voltage E when the 
r e c t if ie r  is  conducting in the forward 
d irection . A high in itia l diode surge 
current I g  occurs because the 
capacitor acts as a short c ircu it 
when power is f ir s t  applied. The 
diode turns o ff at the peak of the 
curve (point O), and rem ains o ff until 
E q  is  again equal to E (point A ). 
The turn on point ton is determ in
ed by the tim e constant R l C, and 
affects the average, peak, and rm s 
currents through the d evice .
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AAA/--------
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F ig . 2 — C irc u it  showing a dd itio n  o f l im it in g  
re s is ta n ce  and re s u ltin g  waveform s.

As stated above, the low forw ard 
voltage drop o f silicon  re c t if ie rs  
may resu lt in a v e ry  high surge 
o f current when the capacitive load 
is  f irs t  energized . Although the gener
ator or source impedance may be 
high enough to protect the r e c t if ie r , 
in som e cases additional resistance 
must be added to the generator- 
rec tifie r-ca p a c ito r  loop, as shown in 
F ig . 2, to keep the surge within device 
ratings. The waveform s in F ig . 2 
show that the capacitor voltage E c  
is  no longer coincident with the steady 
state supply voltage E during any 
part o f the cyc le . The sum o f the 
additional lim iting  resistance plus the 
source resistance is  re fe rred  to as the 
total lim iting  resistance Rg. The 
ra tio  o f Rg to capacitive reactance

SURGE DURATION ( t ) — SECONDS

F ig . 3 — S urge-ra ting  chart used for 
c a lc u la tio n  o f l im it in g  re s is tance .

1/eoC is  an im portant consideration 
in capacitor-input r e c t if ie r  c ircu its; 
id ea lly , Rg should be much sm a ller  
than 1/aiC. The magnitude o f Rg 
requ ired in a particu lar c ircu it is 
calculated as described below.

Calculation of 
Limiting Resistance

The value o f resistance requ ired 
to protect the r e c t if ie r  is calculated 
from  the surge rating chart fo r  the 
particu lar device  used. F ig . 3 shows 
surge rating charts fo r  the RCA 
CR100 and CR200 se r ies  o f diffused 
junction stack re c t if ie rs . Each point 
on the curves defines a surge rating 
by indicating the maximum tim e for 
which the device  can sa fe ly  ca rry  
a spec ific  value o f rm s current.

With a capacitive load, maximum 
surge current occurs i f  the c ircu it 
is switched on when the input voltage 
is  near its  peak value. When the tim e 
constant RgC o f the surge loop is 
much sm a ller than the period o f the 
input voltage, the peak current is 
equal to the peak input voltage E0  

d iv ided ' by the lim iting  resistance 
R g , and the resu lting surge Ig app
roxim ates an exponentially decaying 
current with the tim e constant Rg C, 
as fo llow s:

Ig =  (E0 /Rg) exp (-1/R SC) (1)

Surge -  current ratings fo r  r e c t i
f ie rs  are often given in term s o f 
the rm s value o f the surge current 
and the tim e duration t o f the surge, 
as shown in F ig. 3. F o r  rating pur
poses, the surge duration t is  def
ined as the tim e constant RgC. The 
rm s surge current is  then approxi
mated by the fo llow ing equations:

I rm s= 0 -7  (EoC/Rs C )= 0 .7 (E ^ C / t)(2 ) 

and

^rm ^=  0 - 7  E0C (3)

The values fo r  E 0  and C speci
fied  by the c ircu it design are used 
in Eq. (3) to obtain an equation 
which re la tes  the rm s surge current 
Ir ms to surge duration t. Th is equ
ation may then be plotted on the surge 
rating chart. Because RgC is  equal 
to t. any given value o f Rg defines 
a specific  tim e t, and hence a specific  
point on the plot o f Eq. (3). H ow ever, 
Rg must be la rge  enough to make 
this point fa ll below the rating curve.

The fo llow ing exam ples illustrate 
the procedure described fo r  ca lcu l
ating the lim iting  resistance required 
in a particu lar c ircu it.

F ig . 4 — H a lf-w a ve  re c t if ie r  c ir c u it  (E  — 3500 
V rms, E0=  3820 V, f  =  60 H z).

E X A M PL E  N O .l: F ig . 4 shows a half
wave r e c t if ie r  c ircu it that has a 
60-Hz frequency and a peak input 
voltage E 0  o f 4950 vo lts . The values 
o f E0  and C are substituted in Eq. 
(3) to obtain the value o f Irm st, 
as fo llow s:

I rm t̂ 0.7 (4950) (2.5 x  10- 6  )

W  ° - 0 0 8 6

This value is  then plotted on the 
su rge-ra tin g  chart o f F ig . 3 and is 
found to in tersect the CR210 rating 
curve at 2.7 x  10 second. The 
minimum lim iting  res istance which 
affords adequate surge protection is  
then calculated as fo llow s:

Rg C >  2.7 x 10“ 4  

„  2.7 x  10- 4  ,
Rg S  2.5 x  10 = 1 0 8  ohms

Because the value given for Rg 
is  150 ohms, the c ircu it has adequate 
surge-current protection fo r  the r e c 
tif ie rs .

E X A M PLE  NO 2: The doubler c ircu it 
shown in F ig . 5 has a peak input 
voltage o f 3800 vo lts  and a load cap
acitance o f 10 m icrofarads. These 
values are substituted into Eq. (3), 
as fo llow s:

Irm st (0-7) (3800) (10~5)

Th is value is then plotted on F ig . 3 
and in tersects the C R l 08 rating curve 
at 5.4 x  10 second. T h erefo re , 
the equation fo r  the tim e constant 
is  given by

R gC  >  5.4 x  10- 4

R g > -^ - ? L l0—  5 4  ohrog

CRI08

F ig . 5 — V o ltage -doub le r re c t if ie r  c irc u it  
(Eo=2700 V rms, E  =  3820 V, f =  60 H z).
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F ig . 6 -  R e la tio n  o f peak, average, and rms 
re c t i f ie r  curren ts in  ca pa c ito r- inp u t c irc u its .

Calculation of 
Rectifier Current

The design o f r e c t if ie r  c ircu its  
using capacitive loads often requ ires 
the determ ination o f r e c t if ie r  cu r
rent w aveform s in term  o f average, 
rm s, and peak currents. These w ave
form s are needed fo r  calculations o f 
c ircu it param eters, selection  o f com 
ponents, and matching o f c ircu it para
m eters  with r e c t if ie r  ratings. Actual 
calculation o f r e c t if ie r  current is  a 
rather lengthy p rocess. A  much m ore 
d irec t p rocess is  to use the current 
relationship charts shown in F igs . 
6  and 7. These curves can be read ily  
used to find peak o r  rm s current 
i f  the average current is  known, or 
v ice  versa .

The ra tios  o f p eak-to-average 
current and rm s-to -a verage  current 
are shown in F ig . 6  as functions of 
the c ircu it constants ncoCR ^  and Rg/ 
nR jy  The quantity coCR^ is  the ra tio  
o f res is tiv e -to -cap ac itiv e  reactance 
in the load, and the quantity Rg/ 
R l  is  the ra tio  o f lim iting  r e s is 
tance to load res istance. The factor 
is  re fe rred  to as the "charge  fa c to r "  
and is  sim ply a m u ltip lier which 
allows the chart to be used fo r  v a r -

F ig . 7 — F orw ard -cu rren t ra tio s  fo r re c tif ie rs  
in  capa c ito r-inp u t c irc u its  in w hich  the l im i
ting  res is tance  is  much less  than 7/coC.

wCRL (C IN FARADS, ftL IN OHMS)

F ig . 8 — R e la tio n  o f app lied  a lte rn a tin g  peak 
vo ltage  to  d ire c t ou tpu t vo ltage  in  ha lf-w ave  

ca pa c ito r- inp u t c irc u its .

ious c ircu it configurations. It is 
equal to unity fo r  half-w ave c ircu its, 
1 / 2  fo r  doubler c ircu its, and 2  fo r  
fu ll-w ave circu its. (These values 
actually represen t the re la tive  quan
tity  o f charge de livered  to the capaci
to r on each cyc le ).

In many silicon  r e c t if ie r  c ircu its, 
Rg m a yb e  com pletely neglected when 
com pared with the magnitude o f R L . 
In such circu its, the calculation of 
r e c t if ie r  current is  even m ore s im 
p lified  by the use o f F ig . 7, which 
g ives  current ratios under the l im i
tation that Rg /Rl  approaches zero . 
Even i f  this condition is  not fu lly  
satis fied , the use o f F ig . 7 m ere ly  
indicates a higher peak and higher 
rm s current than w ill actually flow  in 
the c ircu it; as a resu lt, the re c t if ie rs  
w ill operate m ore con servative ly  than 
calculated. Th is s im p lified  solution 
can be used whenever a rough app
roxim ation o r  a quick check is  needed

F ig . 9 -  R e la tio n  o f  app lied  a lte rn a tin g  peak  
vo ltage  to d ire c t ou tpu t vo ltage  in capac ito r-  

inp u t vo ltag e  doubler c irc u its .

on whether a r e c t if ie r  w ill f it  the 
application. When m ore exact in fo r
mation is  needed, F ig . 6  should be 
used.

A verage  output voltage E avg is an
other important quantity because it 
can be used to find average output 
current. The rela tions between input 
and output voltages fo r  half-w ave, 
voltage-doubler, and fu ll-w ave c ir 
cuits are given in F igs . 8,9, and 10, 
respec tive ly . Output r ipp le  is  shown 
in F ig . 11 fo r  all three c ircu its. 
Although these curves w ere  orig in a lly  
calculated fo r  vacuum-tube r e c t i
f ie rs , they are equally applicable to 
s ilicon  r e c t if ie r  c ircu its.

«CRl  (C IN FARADS, Rl  IN OHMS)

F ig . 10 — R e la tio n  o f app lied  a lte rn a tin g  peak  
vo ltage  to  d ire c t ou tpu t vo ltage  in fu ll-w a ve  

ca p a c ito r- in p u t c irc u its .

* cr l (c in  fa ra ds . rl  in o h m s )

F ig . 77 -  RMS r ip p le  vo ltage  o f capac ito r- 
inpu t c irc u its .

The fo llow ing exam ples illustrate 
the use o f F igs . 8  through 11 in 
rec tifie r-cu rren t calculations. Both 
exact and approximate solutions are 
given fo r  each exam ple.

Exam ple No. 3: F o r  the half-w ave 
c ircu it o f F ig . 4, the re s is t iv e -to -  
capacitive reactance is  found to be:

«C R l  — (27r) (60) (2 .5 x 1 0 - 6 ) (2 0 0 ,0 0 0 )
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caCRj^ —189

Exact solution using F ig . 6 : The 
ra tio  o f Rg to RL  must f ir s t  be 
calculated as fo llow s:

RS 150 x  100%
=  0.075%

R l  200,000

The values given above are then 
plotted in F ig . 8  to determ ine average 
output voltage and average output 
current, as fo llow s:

®avg/^o ~  98%
E avg =  (° -98> (4950) =  4850 volts

I =  E ovu/Et avg avB L
Iavg=4850/200,000=24.2

m illi am peres

This value o f Lavg is  then substi
tuted in the ra tio  o f frmsAavg obtai
ned from  F ig . 6 , and the exact 
value o f rm s current in the r e c t if ie r  
is determ ined, as fo llow s:

* r m s ^ a v S  4 , 4

I r m s=  (4.4), (24.2) =107 m illiam peres

Sim plified  solution using F ig . 7: 
A verage  output current is  approxi
m ately equal to peak input voltage 
divided by load resistance, as given
b y

I avg =  E / e L  

I =4950/200,000 = 24.7
m illiam peres

This value o f I avg is  then substitu
ted in the ra tio  o f I rm s ^ a v g ob
tained from  F ig . 7 and the approx
im ate rm s current is  determ ined, 
as fo llow s:

J-rms^avg51̂ - 7

Irm s =  <5-7) (24.7) =141
m illiam peres

Example No 4. F o r  the doubler c ircu it 
o f F ig . 5, the res is tiv e -to -cap ac itiv e  
reactance is  determ ined as fo llow s:

coCRL =(27r) (60) (10-5 ) (50,000)

o)CR l  =189

ncoCR^ =  94

Exact solution: The ra tio  o f Rg to 
R l  is  determ ined as fo llow s:

1 0 0  x  1 0 0 % 

50,000 0.2

Th is percentage is  then used in con
junction with F ig . 9, and E and 
I avg are determ ined as fo llow s:

E avg/ E o 186%

E w g =(1 .86 ) (3820) =  7100 volts 

! avg = E avg/R L

xavg =  7100/50,000-142
m illiam peres

The values given above are then 
plotted in F ig . 6 , and the rm s current 
is  calculated as fo llow s:

i r m s A ^ g  = 3 .7  

I rm s =  (3.7) (142)=  525
m illiam peres

Sim plified  solution: The average out
put current is  given by

*avg /r l

Xavg = (2 x  3820)/50,000 =  153
m illiam peres

Th is value is  then plotted in F ig . 
7, and the rm s current is  determ ined 
as fo llow s:

^ r m s ^ a v g -  4 - 8

*rm s = (4 .8 ) (1 5 3 )-7 3 4
m illiam peres

As prev iou sly  noted, the s im plified  
solution in both exam ples predicted 
a h igher rm s current than the actual 
value: about 32 p er cent higher in 
Exam ple No. 3 and 40 per cent 
higher in Exam ple No. 4. The amount 
o f e r r o r  involved depends on both 
(oCR^ and Rg/R^.

Rating Curves for RMS 

Current Versus Temperature

In m ost technical data fo r  r e c 
t if ie rs ,  the cu rren t-verses-tem p er- 
ature ratings are given in term s o f 
average current fo r  a res is tiv e  load 
with 60-Hz sinusoidal input voltage. 
H ow ever, when the ra tio  o f peak-to- 
average current becom es higher (as 
with capacitive loads), junction heat
ing e ffec ts  becom e m ore and m ore de
pendent on rm s current rather than 
average current. T h e re fo re , the cap-

acitive-load  ratings should be ob
tained from  a curve o f rm s current 
as a function o f tem perature. The 
average cu rren t-ra ting  curves fo r  
a sinusoidal source and res is t iv e  load 
m ay be converted to rm s-ra tin g  
curves sim ply by m ultiplying the 
current axis by 1.57 because this 
value is  the ra tio  o f rm s-to -average  
current fo r  such se rv ic e  (as shown

by J rm s^avg  at low  “ c r l  in F iSs - 
6  and 7). An exam ple o f this con
vers ion  is  shown in F ig . 12 fo r  the 
CR100- and CR200- s e r ie s  rating 
curves.

The fo llow ing exam ples illu stra te  
the use o f the rm s current ratings.

Exam ple No. 5: F o r  the half-w ave 
c ircu it o f F ig . 4, it  was found in 
Exam ple No. 3 that the actual rm s 
current in the r e c t if ie r  is  107 m il l i
am peres. The rm s rating curve in 
F ig . 12 shows that the CR210 may 
c a rry  up to 107m illiam peres at am
bient tem peratures up to 115 C.

Example No. 6 : F o r  the doubler 
c ircu it o f F ig . 5, the actual rm s 
current was determ ined to be 525 
m illiam peres . The rm s rating curve 
fo r  the CR108 in F ig . 12 shows that 
the c ircu it m ay be operated up to 
8 8 °C  ambient tem perature.

Exam ple No. 7: I f  the higher values 
o f rm s current given by the s im plified  
solution are used instead o f the actual 
currents, the rm s rating curves o f 
F ig . 12 also g ive  m ore conservative 
ratings because they pred ict a low er 
value fo r  the maximum perm issib le  
ambient tem perature. F o r  example, 
fo r  the half-w ave c ircu it the exact 
rm s current was found to be 107 
m illiam peres, and the approximate 
value was 141 m illiam peres . These 
current values correspond to a m ax
imum ambient tem perature rating of 
115°C by the exact solution and 110°C 
by the approximate solution.

A M B I E N T  T E M P E R A T U R E — ° C

F ig . 12 — C urrent as a func tion  o f  tem perature fo r s ilic o n  re c t i f ie r  s tacks .

•  W IT H  A C K N O W L E D G E M E N T  T O  R C A
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=  NEWS & NEW RELEASES 1

100W DEVELOPMENTAL 
HYBRID POWER MODULE

R .C .A . have recen tly  re leased  a 
developm ental com plete so lid -state 
hybrid am p lifier in a compact m oul- 
ded-epoxy p lastic  pack. The device 
has been designated a TA7625 and is 
intended fo r  audio, servo  (A .C .o rD .C . 
o r  pulse width modulated) am plifier.

The T  A7625 em ploys a quasi-com p- 
lem en tary-sym m etry , c lass -B  output 
c ircu it with bu ilt-in  load-fau lt p ro 
tection and hometaxial output tran
s is to rs . Th is c ircu it may be operated 
from  a single or sp lit power supply 
(30 to 75 volts, total).

TA7625 100W H Y B R ID  POWER M O DULE

Type TA7625 is  intended fo r  audio-, 
s e rvo - (A .C ., D .C ., o r  pulse -  
width modulated) am p lifie r and d r i-  
ven -in verter applications.

PA R TICULAR  FEATURES OF THE TA7625 
INCLUDE:

High Pow er Output: Up to 100 
W (RMS).

. High Output Current -  7A (peak).

. B u ilt-in -Load -L in e  L im itin g  c i r 
cuit. P ro tects  A m p lifie r  from  
Accidental Short-circu ited  Output 
T erm in a ls . A m p lifie r  is  Stable 
with R es is tive  o r R eactive Loads.

. Single o r  Split Pow er Supply (30 
to 75V, Tota l).

. P rov is ion  fo r  External Gain Con
tro l.

. D irec t Coupling to Load.

. C lass-B  Output Stage. L ess  than 
1-W  Quiescent D issipation.

. Rugged Package w ithH eavy Leads.

CX1174, CX1175
The f ir s t  two o f a new EEV 6 

A range o f compact deuterium - 
filled  thyratrons, the CX1174 and 
C X I 175, are designed fo r  use in 
modulators fo r  pulse klystrons in 
linear acce lera tors , these tubes are 
also suitable fo r  use in high-power 
radar equipment. Both tubes have 
ceram ic envelopes and w ill operate 
at high pulse repetition  rates.

The C X I 174 is  a single gap tube 
capable o f handling peak pulse cur
rents up to 6000A at a peak forward 
anode voltage o f up to 40kV. Suitable 
fo r  average sw itching applications 
between 70MW and 100MW, it  has 
a peak rating g iving a maximum 
modulator output power o f 120MW.

Peak pulse currents up to 6000A 
at a peak forw ard  anode voltage 
o f 80kV can be handled by the type 
C X I 175 double gap thyratron, which 
is  suitable fo r  averge switching 
applications between 100MW and 150 
MW. Peak output power rating w ill 
g ive  a maximum modulator output 
o f 200MW.

EEV CERAMIC POWER TRIODE 
BR1182

A fu r th e r r .f .  power va lve  (BR1182) 
has been added to the new series  
o f industrial ceram ic triodes being 
developed by English E lectric  Valve 
Co. Ltd., fo r  both induction and d ie 
le c tr ic  rad io frequency heating.

O f coaxial filam ent/grid  term inal 
construction, this tube is  fo rc ed -a ir  
cooled  and has a ceram ic/m eta l en
velope. It can operate at full ratings 
up to 50MHz, and under c lass C 
unmodulated conditions w ill g ive  an 
output at the va lve  anode o f 50kW. 
The va lve has a maximum continuous 
anode dissipation rating o f 15kW.

O vera ll dimensions o f the BR1182 
are 14.6in (371mm) length and lOin 
(254mm) d iam eter. The net weight is 
approxim ately 35 lb  (16kg).

EEV TUNABLE X-BAND 
FILTER BS888

English E lectric  V a lve  Co. Ltd. 
has added a tunable X-band f ilte r  
to its range o f devices fo r  radar 
duplexer system s.

Though the function o f this type 
BS8 8 8  f i lte r  is s im ila r  to that of 
a varactor lim ite r  stage, it is  con
siderab ly  cheaper and as a mech
anically passive device has a v ir 
tually in fin ite life . The elem ent form s 
a separate part o f the radar equip
ment, making it independent o f TR  
ce ll replacem ent.

When used in conjunction with the 
im proved EEV BS810 high Q m arine 
radar T R  ce ll, a spike leakage of
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only 0 .0 2 erg/pulse is  typ ica l, m es- 
sured at 25kW, O.lus. Another adv
antage associated with the BS810 
is  the reduction o f incident power, 
to a typ ica l value o f 150mW, requ ired 
to in itiate breakdown when the radar 
equipment is switched o ff and the TR  
ce ll is  unprimed, so considerably 
im proving the passive protection 
given to crys ta ls . Frequency range 
o f the BS8 8 8  is 9255MHz to 9565MHz. 
O vera ll length o f the BS8 8 8  (including 
in tegral spacer) and BS810 mounted 
together is  2.11in (53.6mm).

40598A— GALLIUM-ARSENIDE 
INFRARED EMITTING DIODE

The R .C .A . 40598A is  a high- 
e ffic ien cy  gallium -arsen ide em itting 
diode which radiates, when forw ard 
biased, in the near in frared  region 
o f the spectrum. The em itted rad
iation is  collim ated by means o f a 
polished parabolic re fle c to r  which 
is  an integral part o f the diode 
package. The device  is  designed for 
operation in e ither continuous or 
pulse se rv ic e  at tem peratures ranging 
from  -73 °C to i75 °C .

T y p ic a l Response o f IR  E m itte r, Human 
Eye, S ilico n  Pho tode tecto r, and P ho to 

m u lt ip lie r  Tube (S - 1 Response)

The high radiant em ission  makes
this device  suitable fo r  use in a wide
range o f optical applications.

FEATURES OF TH E 40598A IN CLUDE:

9  lmWmin. radiant power output at 
50mA operating current.

•  9,300°A  (930nm) output (em ission 
peak) at T c  - 27°C.

•  Usable with all types o f silicon  
photodetectors.

•  Focused output (15° half-angle 
cone) using a unique parabolic 
re fle c to r .

•  Compact design fo r  closely-spaced: 
prin ted -circu it-board  mounting.

•  Solid-state re liab ility .

NEW RCA INTEGRATED 
CIRCUITS

The range o f 45 m edium -power 
D T L  I.C .s  available from  R .C .A . have 
been increased by 1 2  with the add
ition o f four new dual J -K  F lip - 
F lops in three d ifferen t package 
styles.

The CD2315, CD2316, CD2317, and 
CD 2318 are dual clocked J-K  
"m a s te r-s la v e " flip -flo ps , each on 
a single monolithic s ilicon  chip. The 
CD2315 and CD2317 each consists 
o f two CD2304-type F lip -F lop s  in ter
nally cross-coup led  to perform  the 
J-K  function; the CD2316 and CD2318 
types each consists o f two CD2305- 
type F lip -flop s  also connected to 
perform  the J -K  function.

The CD2315 and CD2316 feature 
separate clock inputs to each flip - 
flop, making them suitable fo r  ripp le 
counter applications. The CD2315and 
CD2316 have separate J and K  inputs, 
separate D irec t Set inputs, and no 
D irect C lear input.

The CD2317 and CD2318 feature a 
common clock input to each flip -flop , 
making them suitable fo r  clocked 
counters and shift r e g is te r  appli
cations. The CD2317 and CD 2318 
also feature separate J and K  inputs 
separate D irec t Set inputs, and a 
common D irec t C lear input.

The CD2315, CD2316 CD2317 and 
CD2318 are packaged in the R .C .A . 
F la t-Pack  ceram ic (-55 °C to+125 °C ) 
package a suffix D is given to the 
D ual-in -line ceram ic pack (-55°C  
to +125°C) and suffix E to the Dual
in -lin e p lastic pack (0 °C  to 75°C).

C31016A 
PHOTOMULTIPLIER TUBE

The recen tly  re leased  RCA D e
velopmental Type C31016A is  a v e ry  
short, ruggedized, 1 0 -stage head-on 
type o f photom ultiplier tube having 
a b ialkali photocathode o f high qu
antum e ffic ien cy  and high-stability  
copper-beryllium  dynodes. The m ax
imum length o f this tube is  only 
1.85", its maximum d iam eter is  only 
1.05".

The only fe rro -m agn etic  m ateria ls 
used in the construction o f the tube 
are 14 p ieces o f 0.016" d iam eter 
by 0.25" long dumet in the stem.

These features make the C31016A 
highly suitable fo r  space probes 
using m agnetic sensors and other 
applications requ iring an extrem ely  
sm all ruggedized tube having a m in
imum o f fe rro -m agn etic  m ateria ls.

The tube is supplied with a sm a ll- 
shell duodecal base attached to sem i- 
flex ib le  leads to fac ilita te  testing 
p r io r  to installation. A fter testing, 
the attached base should be rem oved.

FEATURES OF TH E C31016A IN CLUDE:

•  Ruggedized Shock and V ibration 
Structure Designed to M eet M IL -  
STD-810B* Specification.

•  V e ry  Sm all Tube S ize: Length, 
1.85" Maximum D iam eter, 1.05" 
Maximum.

•  Tube Structure Having a Minimum 
o f F erro-M agn etic  M ateria ls.

•  B ia lka li Photocathode o f High Qu
antum E ffic iency : T yp ica lly  22% 
at 4000°A.

•  Low  Dark Current: 5 x 1 0 ~ ^ A  
at 7 A / l m  and22°C.

•  High -  Stability C opper-Beryllium  
Dynodes.
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A Single-Gate 

MOS-FET Preamplifier 
for the 2 -Meter Band

by R. M. Mendelson

: 6  j 2

C i ,  C 3  -  0 .5 5  p ic ifa r a d s ,  
tu b u la r  tr im m er

C 2  -  5 0 0  p ic o fa ra d s , s ilv e r  
b u tto n

C 4  -  25  p ic o fa ra d s , s i lv e r  
b u tto n

C 5  -  1 0 0 0  p ic o fa ra d s , c e ra m ic  
d is c

C 6  -  3 .3  p ic o fa ra d s , c e ra m ic  
tu b u la r

J , , J2  -  B N C -ty p e  c o a x ia l  ja c k

L ,  -  5  tu rn s , N o . 16 b a re  w ire  
1/4 - in c h  d ia m e te r , c lo s e 
s p a c e d ; ta p  1 tu rn  up from  
b o tto m ; do n o t s h o rt tu rn s

I_ 2  -  3 tu rn s , N o . 16 b a re  w ire ,  
i^ -in c h  d ia m e te r , s p a c e d  to  
i / r in c h  to t a l  len g th

L 3  -  R F  c h o ke , 1 m ic ro h e n ry

Q , - M O S  f i e ld - e f f e c t  t ra n s is to r .  
4 0 4 6 7 A  or 3 N 1 2 8

R ,  - 2 7 0  o h m s , V2 w a t t  

M is c e lla n e o u s  -  O n e  p ow er 
s o c k e t;  o n e  t ra n s is to r  
s o c k e t w ith  fo u r c o n ta c ts ;  
one b ra s s  p la te  2 . 5 / 8  by 2  
in c h e s ; o n e  m in ib o x  2 3 by 
2 .1 / 8  b y  1 .5 /8  in c h e s

F ig u re  2: Schem atic d iagram  and parts l is t  fo r 2-m eter p re a m p lif ie r c irc u it .

The m ajor disadvantage o f b ipolar 
transistorized  RF am plifiers  is their 
poor crossm odulation characteris 
tics ; an otherw ise excellent, high- 
gain, low -noise am p lifie r can be use
less  in a recption area with strong 
loca l signals. Today, this handicap 
can be eas ily  overcom e by u tiliz ing 
the superior perform ance qualities 
o f the m etaloxide -  semiconductor 
(MOS) fie ld -e ffe c t  transistor. F or 
exam ple, two s ingle-gate types - 
the 3N128 and 40467A -dem onstrate 
(at maximum gain) crossm odulation 
characteristics  equal to or better 
than those o f the best vacuum tubes. 
Because these types have noise 
figu res in the o rder o f 3.5 dB at 
200 MHz, they are ideal for 2 -m eter 
operation. T h e ir  sm all s ize , instant 
startup, excellen t re lia b ility , and 
minimum power requirem ents (1 2 .6

F ig u re  1: E x te r io r  v ie w  o f the p rea m p lif ie r  
shows how b rass -p la te  chass is  is  mounted on 
top o f the m in ibox. C a ll-o u ts  ind ica te  loca 
tio n s  o f the  two tun ing  capac ito rs , the MOS 
f ie ld -e ffe c t tra n s is to r, and the c o a x ia l jack .

volts at 5 m illiam peres ) are additional 
features which help m eet the requ ire 
ments o f a high quality p ream p lifier .

The c ircu it described in this a rtic le  
is a s ing le-stage p ream p lifier that 
may be used ahead o f an existing 
2 -m eter  con verter o r  as the input 
stage of a new solid -sta te  converter. 
As illustrated  in the F igu re -  2 
schematic diagram , the c ircu it is

straightforward and unburdensome, 
and use o f the fu llsca le  template 
(F igu re 3) should expedite its com 
pletion in a few  hours.

Construction
By fo llow ing the illustrated layout, 

bu ilders should be able to avoid 
any d ifficu lty  and at the same time
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F ig u re  3: F u ll-s c a le  d r il l in g  tem pla te  fo r b rass -p la te  ch ass is  and tw o  s ides o f m in ibox.

find it re la tive ly  sim ple to align 
the p ream p lifie r . Use o f a copper 
o r brass plate fo r  the chassis w ill 
provide a good, so ld erab leR F  ground. 
Th is brass plate chassis serves  as 
the cover o f a minibox from  which 
a top section has been cut out. I f  
co ils  are wound as specified  and then 
mounted c lose  to the tuning capaci
to rs , no problem  should be en
countered in tuning the p ream p lifier 
to cover the fu ll 4-m egahertz range of 
the 2 -m eter band.

One special precaution must be 
observed  when handling any MOS 
fie ld -e ffe c t  transistor; the leads must 
be shorted together until the device 
is  plugged into its  socket or soldered 
into p lace. N eg lect of this procedure 
may resu lt in permanent damage to 
the transistor from  e lectrosa tic  d is 
charge. A fte r  the device is in the 
socket, the possib ility  o f damage by 
e lectrosta tic  d ischarge is  ve ry  
rem ote because o f re la tiv e ly  low 
impenance paths between the tran
s is tor elem ents. M O S -F E T 's  are 
factory-packaged with thin, bare p ro 
tective  w irin g  which shorts the leads. 
S im ilar-type w iring  should be 
wrapped around the leads p r io r  to 
w iring  and should not be rem oved 
until soldering is com pleted. I f  it 
becom es necessary to rem ove a 
device from  a socket, the shorting 
w ire  should be replaced p r io r  to

rem oval. No power should be applied 
to the c ircu it while the transistor 
is  being inserted into o r rem oved 
from  its  socket, and no soldering 
should be perform ed  at the socket 
while the device is plugged in.

Preamplifier Alignment

Alignm ent of the M O S-FET p re 
am p lifier can be accomplished without 
test equipment and consists so le ly  
o f two screw d river adjustments. 
F irs t, the p ream p lifier is  connected 
to the antenna and 2  m eter converter, 
and power is  applied. The 12.6-volt 
power supply can vary  one vo lt either 
way without i l l  e ffec ts . Th is power 
m ay bo obtained from  the same source 
that feeds the so lid -sta te  converter; 
from  the cathode o f the audio-output 
stage o f the communications rec e iv e r ; 
from  a suitable voltage d iv ider to any 
positive power point in the rec e iv e r ; 
o r  even from  a battery.

Next, a signal near 145 MHz 
is  tuned in and the antenna-tuned 
c ircu it is peaked fo r  maximum signal. 
I f  no maximum can be found, the co il 
turns should be e ither squeezed c loser 
or spread sligh tly apart until peaking 
occurs. The maximum w ill not bee too 
sharp since the c ircu it w ill pass the

fu ll 4-M Hz range o f the 2-m eter 
band. A  signal near 147 MHz is  then 
tuned in, and the tuning steps repeated 
at the output c ircu it. A fte r  the 
p ream p lifier  is  checked fo r  even gain 
across the band, the job is  done.

I f  strong loca l signals have been 
blocking your solid -sta te  converter, 
your troubles are ended. You now have 
a M O S-FET p ream p lifie r  that g ives 
you an im proved noise figu re, 
genera lly  better reception , and m ain
tenance-free perform ance.

F ig u re  4: In te r io r  v ie w  o f assem bled pre
a m p lifie r show ing lo c a tio n  o f a ll  components. 
Note th a t short, s tra ig h t leads are used to  
obta in  good V H F  opera tion.

WITH ACKNOWLEDG EM ENT TO RCA
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