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1. DESCRIPTION 

1.1 General 

The F i s s ion  Chamber and Preamplif ier  DC Power Supply provides t h r e e  
regulated output vol tages  from an unregulated input  supply of -32 -+ 4 v for 
use  with a F i s s ion  Chamber and Preamplif ier  Assembly, OKNL model Q-2617-1. 
The t h r e e  outputs  a r e  (1) +3OO v f o r  po la r i za t ion  of t h e  f i s s i o n  charnber, 
( 2 )  +110 v for t he  preampl i f ie r  anode supply, and (3 )  -22 v f o r  t h e  pre-  
ampl i f ie r  vacuim tube hea ters  and f o r  b i a s ing .  

'The -22 v i s  derived d i r e c t l y  from t<he -32 v b a t t e r y  supply through 
a s e r i e s  regula tor  and a cur ren t - l imi t ing  c i r c u i t .  The other two vol tages ,  
+300 v and +100 v, a r e  developed by a dc-to-dc converter with a s e r i e s  
prcregula tor  . 

1 . 2  Cons Lructj-on 

The F i s s ion  Chamber and Preamplif ier  DC Power Supply i s  contained 
i n  a module 4.25 i n .  wide, 4.72 i n .  high, and 11.90 i n .  deep. 
s tandard " three-uni t"  plug-in rncdul-e of t h e  ORNL Modular Reactor Ins t ru -  
mentation Se r i e s  depicted on drawings Q-2600-1. through &-?6OO-5. 

It i s  a 

'The c i r c u i t s  a r e  on t w o  p r i n t e d  c i r c u i t  boards mounted p a r a l l e l  to 
each O t h e r  and enclosed i n  a per fora ted  metal  s h i e l d  t o  reduce e l e c t r i c a l  
r a d i a t i o n  and coupling t o  other  modules. Ad jushan t s  and t e s t  po in ts  a r e  
access tb le  through t h e  sh i e ld  from Yne t op  of t h e  module. 

I. 3 Application 

The module i s  intended t o  supply a l l  required voltages t o  t h e  
F i s s ion  Chamber and P r e a q l i f i e r  Assembly, which has come t o  be known as 
t h e  "snake." Secause t h e  snake i s  an unrepairable ,  po t ted  assembly, the 
power supply i s  designed t o  l i m i t  cur ren ts  and voltages so  as t o  p ro tec t  
both t h e  snake and the power supply agains t  damage from almost any con- 
ceivable  combination of crossed connections o r  shor t  c i r c u i t s .  

1 .4  Spec i f ica t ions  

1 .4 .1  General 

1. Power required : -32 rt_ 11- v dc, 0.5 amp rnax. 

2 .  Ambient temperature range: 0 t o  5 5 ° C .  
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1.4.2 -22 v Supply 

1. Output vo l tage  range: -20 t o  -24 v dc.  

2 .  Output cur ren t  range: 200 t o  400 m a  

3. Voltage regula t ion :  It 1%. 

4. Current l imi t ing :  

1.4.3 +300 v Supply 

1. Output vol tage:  

2 .  Output cur ren t :  

3. Current l imi t ing :  

4. Noise and r ipp le :  

Adjustable t o  l i m i t  t h e  output 
cur ren t  t o  not  g r e a t e r  than 
11% of normal operat ing 
cur ren t  from normal t o  shor t  
c i r c u i t .  

+3OO + 1 5  v dc. 

0 t o  100 pa. 

3 ma max, any load .  

100 mv max. 

1.4.4 +110 v Supply 

1. Output vol tage:  +110 It 10 v dc. 

2 .  Output cur ren t :  0 t o  15 ma. 

3. Current l i m i t i n g  : 100 ma max, any load.  

4. Noise and r i p p l e :  10 mv m u .  

1.5 Applicable Drawings 

The following l i s t  gives t h e  drawing numbers (ORNL Instrumentation 
and Controls Divis ion drawing numbers) and f ab r i ca t ion  s p e c i f i c a t i o n  
number and s u b t i t l e s  f o r  t h e  F iss ion  Chamber and Preamplif ier  DC Power 
supply.: 

1 Q,-2617-5-1 C i r c u i t .  

2. Q-2617-5-2 De ta i l s .  

3 e 6-2617-5-3 Metalphoto Panel.  

4. Q-2617-5-4 Pr in ted  C i rcu i t  Board 

5.  &-2617-5-5 Assembly. 
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6 Q-261'7-5-6 Par t s  L i s t .  

7. Q-2617-5-7 De ta i l s .  

8. ~ ~ - 2 I - r - 8  FabricaLion Spec i f ica t ion .  

The following l i s t  gives the dra,wing numbers and s u b t i t l e s  for  
t h e  Plug-In Chassis System: 

l. Q-2600-I A s  s emb 1.y . 
2 .  Q-2600-2 D e t a i l s .  

3. Q-2600-3 De ta i l s .  

4. Q-2600-4 D e t a i l s .  

5- Q-2600-5 D e t a i l s .  

2 .  THEORY OF OPERATION 

2 . 1  General 

The Fiss ion  Chamber and Preamplifier DC Power Supply i s  made up of 
two bas ic  c i r c u i t s .  For t h e  higher voltages a preregulator  and a de-to-dc 
converter a r e  used. For the  hea ter  and b i a s  supply, a cur ren t - l imi t ing  
c i r c u i t  i s  used i n  conjunction with a conventional s e r i e s  r egu la to r .  

2.2 Ci rcu i t  Descr ipt ion OF t he  -22 v Supply 

The -22 v supply cons is t s  of a vol tage regula tor  (Q8, Q9, &LO) and 
a cur ren t - l imi t ing  c i r c u i t  (Q7, I l l % ,  DS3), a s  shown i n  3'i.g. 1 .  
l imi t ing  c i r c u i t  p ro t ec t s  t h e  s e r i e s  hea ter  s t r i n g  of t h e  preamplif ier  
from damage when any of s eve ra l  poss ib le  f a u l t  conditions occur.  

The 

The ac t ion  of the l i m i t i n g  c i r c u i t  i s  similar t o  t h a t  of a constant-  
current  c i r c u i t .  The base vol tage of Q7 i s  held constant a t  .t2 v with 
respect  'Lo the  -32 v supply by t h e  two Zener diodes D 1 2  and DS3. The 
breakdown vol tages  of t h e  diodes a r e  1 2  v and 1.0 v respec t ive ly ,  but  they  
a r e  connected i n  opposit ion so  t h a t  t h e  reference vol tage i s  the  d i f -  
ference in t he  two vol tages .  This arrangement y i e lds  a sharper knee and 
a s t i f f e r  reference vol tage than a s ing le  low-voltage diode. 
vol tage i s  d- i f ferent  From t h e  base vol tage only by Vbe> t h e  base-emitter 
vol tage drop of t h e  t r a n s i s t o r ,  which i s  f a i r l y  constant .  Thus, t h e  
emi t te r  vol tage i s  constant across  a f ixed  res fs tance  R22  and ~ 2 6 ,  yie ld ing  
a constant current  i n  t h e  emi t te r  of Q7, provided t h a t  t he  co l l ec to r -  
emi t te r  vol tage i.s la rge  enough t o  keep the  t r a n s i s t o r  out of s a tu ra t ion .  
When "normal" output cur ren t  i s  f lowing ( l e s s  than t h e  l i m i t  cu r r en t ) ,  

The emi t te r  
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t h e  vol tage  a t  t he  c o l l e c t o r  of Q7 i s  l e s s  than 2 v more p o s i t i v e  than 
the  -32 v supply, and Q7 is sa tu ra t ed .  I n  t h i s  condi t ion,  Q7 simply 
a c t s  as  a s e r i e s  r e s i s t o r  and d-oes not contxol  t h e  output cu r ren t .  It i s  
only when t h e  output current  tends to increase  above normal t h a t  &'7 comes 
out of s a t u r a t i o n  a,nd l i m i t s  t h e  output cur ren t  t o  

z 
7 

- - 'be 

R26 t- R 2 2  
- 

Ilirnit 

where TT, i s  t h e  d-ifferenee i n  the  breakdown vol tages  of D 1 2  and D l 3  and 
Vbe i s  t h e  forward base-emit ter  vol tage drop of Q7. 

The vol tage  regula tor  cons i s t s  of Q8, Q9, and &lo. The output 
vol tage i s  sensed by t h e  base of &9 and compared wtth t h e  vol tage of  r e f -  
erence di0d.e US4 i n  t h e  emi t te r  o f  Q9. 
co l l ec to r  of Q9 i s  appl ied  t o  t h e  base of Q8. 
only t o  d r ive  the  base of t h e  output t r a n s i s t o r  Q1.0. The regulated out-  
put  vol tage appears betveen t h e  emi t t e r  of Q l O  and ground. Diode D l 5  
i s  used t o  pro.tect Q8 from turn-on t r a n s i e n t s .  

The amplif ied d i f f e rence  on t h e  
Q8 provides cur ren t  gain 

The output vol tage i s  ad jus ted  wi th  Trimpot R30. The cur ren t  a t  
which the  c i r c u t t  l i m i t s  i s  s e t  with t h e  "Current L i m i t "  potentiometer 
H22. 

2.3 C i r c u i t  Descr ipt ion of t he  +300 v and t-110 v Supplies 

The supply i s  designed t o  operate  from-a nomha l  32-v s t a t i o n  
b a t t e r y  with a ' t e r m i n a l  vo l tage  v a r i a t i o n  from 28 t o  36 v de. 
v a r i a t i o n  makes necessary a vol tage preregula t ion ,  which cons i s t s  OP 
t r a n s i s t o r s  Ql, Q2, Q3, and Q4. 

T'nis wide 

The preregula tor  output vol tage i s  sensed by resis'cors R7, R8, and 
l?9 and applied t o  t h e  base of ampl i f ie r  s t age  Q3. 
(16.8 v )  generated by Zener diode s t r i n g  D Z j  D 3 ,  and D4 i s  appl ied t o  t h e  
emi t t e r  of Q3. The amplif ied d i f f e rence  appears a t  t h e  c o l l e c t o r  of  Q3 
and i s  appl ied  t o  d r i v e r  &2 and pass t r a n s i s t o r  Q4. A constant coll.ector 
cur ren t  i s  provided f o r  Q3 by t r a n s i s t o r  Ql, Zener diode D1, and the  
assoc ia ted  network. 

A re te rence  vol tage 

The preregula tor  output ( t e s t  po in t  TPI) i s  f i l t e r e d  by C1, C 2 ,  
and R27, and i s  appl ied  t o  the  de-to-de converter .  

Q5, Q6, "1, and the  assoc ia ted  c i r c u i t r y  comprise a free-running 
square-wave ose t - l l a to r  i n v e r t e r .  Networks C15-R32 and c16-~33 round t he  
edges of t he  square wave somewhat t o  avoid t h e  generat ion of sha rp ,  high- 
Prequency sp ikes ,  which may be coupled t o  o ther  c i r c u i t s .  
output i s  obtained. from a full-wave r e c t i f i e r  and f i l t e r  and t h e  300-v 
output from a vol tage  t r i p l e r .  The supply can be sho r t  c i r c u i t e d  without 
damage. Most t r a n s i s t o r  i n v e r t e r s  when overl.oaded w i l l  s top  o s c i l l a t i n g .  

The 110-v 
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The o s c i l l a t o r  t r a n s i s t o r s  can be damaged unless  t h e i r  nonose i l la t ing  
cur ren t  i s  l imi t ed  t o  8 safe value.  Current l i m i t i n g  by s e r i e s  r e s i s t ance  
i n  a primary l ead  i s  undesirable  because oE power waste and because t h e  
i n v e r t e r  w i l l  have poor Load regula t ion .  
that t h e  t r a n s i s t o r  cur ren t  goes t o  zero i n  t h e  nonoscilla-Ling condi t ion 
w i l l  not allow o s c i l l a t i o n s  t o  s ta r t  when t h e  shor t  i s  removed. The 
curren t - l imi t ing  scheme used here cons is t s  of a combination of clamping 
and se r i e s -emi t t e r  r e s i s t ance  to s e t  t h e  cur ren t  t o  a predetermined value.  
R11 arid R12 b ias  t h e  bases of &5 and Q6 i n t o  conduction. 
l i m i t  t he  t r a n s i s t o r  cur ren ts  i n  t h e  nonosc i l la t ing  condi t ion t o  a l i t t l e  
less than the o s c i l l a t i n g  cu r ren t s .  The vol tage drop across  these  yesis toys 
i s  l e s s  than  the value t h a t  causes appreciable  cu-rrent P1o.c~ through I$, D6, 
and D7 u n t i l  o s c i l l a t i o n  begins .  
across  R l 3  arid I114 r e spec t ive ly  a r e  l imi t ed  by the diodes to 1 . 4  'v. 
low dynamic r e s i s t ance  of t h e  diodes assures  a s t ab le ,  nonosc i l la t ing  
cur ren t  -value. 

On t h e  other  hand, b ias ing  such 

R l 3  and R 1 4  

I n  t he  o s c i l l a t i n g  condition, tine d-rops 
The 

3 .  OPERATING INSTRUCTIONS 

3 .1  I n s t a l l a t i o n  

The Fiss ion  Chamber and Preamplif ier  DC Power Supply i s  a module 
i n  the  ORJ!lL Modular Reac-bor 1nstrument;ation Se r i e s .  Like the  o ther  
modules i n  this s e r i e s ,  it has standard connectors and dimensions and  
has a pin-  and hole-code on the  rear p l a t e  so t h a t  t h e  module w i l l  not 
be in se r t ed  i n  a wrong loca-tion i n  a drawer. 
p lac ing  it i n  i t s  proper loca t ion ,  i n s e r t i n g  the module f i rmly,  and 
t igh ten ing  t h e  thumb screw. 
without damage. 

The module i s  i n s t a l l e d  by 

Th.e module may be plugged i n  with power on 

3.2 Operating Controls 

There a r e  t h r e e  adjustment cont ro ls  located. on t h e  .top of the module. 
These a r e  HV, -22 v, and Curreiit L i m i t  adjustments.  Also accessi.ble 011 the  
top  of t h e  module a r e  seve ra l  t e s t  points for measuring t h e  output vo l tages .  

3.3 Comections 

All normal connections a r e  macle through t h e  r e a r  connector P12 when 
t h e  module i s  i n s e r t e d .  

3 .I: Operating Procedures 

During i n i t i a l  i n s t a l l a t i o n  o r  a f t e r  r e p a i r  o r  r e i n s t a l l a t i o n  of 
e i t h e r  the power supply modlule o r  t h e  assoc ia ted  pream-plifier assembly, 
t h e  output vol tages  and cur ren t  l i m i t i n g  should be checked and readjusted 
i f  necessary.  
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3.4 .1  HV Adjustment 
~ _ _ . . _ _ I _ _ _  

HV adjustment should. he made only under load (preamplif ier  assembly 
connected -to system), because the  +11O v and +3OO v outputs are not Load 
regulated.  
TP3 ( r e d )  and TP4- (b lack)  measures 1-1.10 k 2 v .  
been made, t h e  -1300 v output should be checked by measuring from TP2 (purple)  
t o  TFII ( b l ack ) .  
adjustment for t h e  +3OO v s ince  t h i s  voltage i s  not c r i t i c a l .  

1i8 (HV adjustment) should he adjusted until t h e  voltage between 
After  t h i s  adjustment has 

The vol tage should be +3OO ? 15 v.  There i s  no separate  

3.4.2 Curi-ent L i m i t  Adjustment ___ 
The following procedure should be followed when ad jus t ing  t h e  current  

l i m i t  con t ro l  l oca t ed  on t h e  toy, of t h e  module: 

1. Turn the  current  1j.m.t con t ro l  R22 fxl3-y counterclockwi-se . 
2 .  I n s e r t  a 0- t o  500-ma amaeter between TP> (yellow-minus) and 

11~~6 (whitc-pl.us). O’oserve the p o l a r i t y .  

3. With normal input voltage,  adjust t h e  current  l i m i t i n g  potent io-  
m e k r  R 2 2  mti.l t h e  ammeter i nd ica t e s  340 + 5 m a .  

4. I n s e r t  a 75-0hm, 25-w rheos t a t  adjusted for maximum res i s t ance  
i n  s e r i e s  with t h e  ammeter (disconnect t h e  preamplif ier  l oad ) .  

5. Adjust t h e  -22 v adjustment potentiometer R30 u n t i l  -22 k 0.5 v 
i s  indicated between TPS (yellow) and T F ~  (whi te ) .  

6. Slowly decrease t h e  r e s i s t a n c e  of t h e  ‘/5-ohm, 25-w rheos t a t  and 
observe when t h e  vol tage between TP5 and i 1 ~ ~ 6  Tirst  changes from -22 v.  
change should occur when t h e  current  i s  g r e a t e r  than 290 m a .  If a vol tage 
change occurs when t h e  current  i s  l e s s  than 290 ma,  repeat  t h e  current-  
l i m i t i n g  adjustment procedure, s t eps  3 t o  6.  

This 

3.5 Precautions 

To assixre proper p ro tec t ion  f o r  t h e  fi-ssion chamber and preamplif ier  
assembly, t h e  cu r ren t - l imi t ing  adjustment procedure should be c a r e f u l l y  
ca r r i ed  out each time a change, r e p a i r ,  or s u b s t i t u t i o n  i s  made i n  t h e  de 
power supply module. 

4. MAImmANCE INSTRUCTTONS 

4 . 1  General 

Thjs module i s  designed t o  operate  continuously w i t h  a minimum of 
maintenance and adjustment. Voltage and current  l i m i t i n g  adjustments and 
voltaqe t e s t  po in t s  a r e  access ib l e  from the t o p  of t h e  drawer with t h e  



module i n s e r t e d  and t h e  c i r c u i t s  energized. 
p a r t  l i s t e d  i n  t h e  Replaceable P a r t s  L i s t ,  Sec t .  5, may be replaced.  

Should a f a i l u r e  occuz*, a.rg 

4.2 Per iodic  Maintenance 

Measurement and readjustment of t he  output vol tages  and current  
l i m i t i n g  should. not be required more f requent ly  than once every 3 t o  6 
months of normal continuous se rv ice .  The outputs should be checked and. 
readjus ted  as necessary i f  any changes are made i n  t h e  fission chamber 
and preamplif ier  assembly. 

4.3 Cal ibra t ion  

No c a l i b r a t i o n  procedures a r e  required except f o r  normal adjustment 
descr ibed under Operating Pyoeedures, Sec t .  3.4, and Acceptance Testing, 
Sec t .  6. 

4 .k Trans i s to r  Voltage Chart 

The vol tages  of' a l l  t r a n s i s t o r s  a r e  l i s t e d  i n  T'able 1. 

1 
Table I. Trans is tor  Voltage Chart 

Trans is tor  Ehittes 

Ql 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
Q8 
Q9 

Q l O  

-0 85 
-7.5 
-15.5 

-8.2 

-9.4 dc/5O a c  
-31.0 
-22 .o 
-6.5 
-22.0 

-9.4 ac/50 ac2 2 

Base 

-1.0 
c_ 

-6 .g 
-15.5. 
-7 5 
-6.7 
-6.7 
-31.0 
-22.5 
-6.6 

-22 .o 

Co LLe c t o  r 

-6.9 
0.0 

-6.9 
2 0.0 

-32.0 d~/25.3 ac 
-32.0 de/25;.3 ac' 

-31.0 
-31.0 
-22.3 
-31.0 

dc voltages  were measured with respec t  t o  ground (pin 15 of P12 
o s  TP6-white) with a 2O,OOO-ohm/v voltmeter ( T r i p l e t t  630) .  
were measured w i t h  a 5OOO-ohm/v meter, T r i p l e t t  630. 

All a c  voltages 

2 The frequency was approximately 8 kc square wave. 



1.2 

5. REX'LACEA;BI,E PARTS LIST 

A desc r ip t ion  and O M K  Stores number f o r  a l l  replaceable par'k a re  
given i n  Table 2 .  

Table 2. Replaceable Parts Llist 

Part No. ORNL Stores No. 

In 

C1 

e, c9 

c11 

c7, c8 06 -804-071+5 

C4, c5, c10 06 -81.6 -3040 

06 -816 -3260 

06 -804 - 3700 

06 -802 -0395 

06 -802 -0400 

Descri --- pt ion 

Transformer, epoxy molded, t o ro ida l ,  
28 v de, input 250/125 v de output, 
Triad type TY-88. 

Capsci.tor, 1000 mf, -10 t o  +loo$, 50 v 
d.c w, -10 t o  +85'c operat ing temperature, 
type PSD, C d l l i n s  Lndustries, h e .  

Capacitor, 500 m f ,  0 -10 t o  +loo$, 35 v 
de wp -10 t o  .+85 c operat ing temperature, 
type PSD, Cal l ins  Indust;ri.es, Inc. 

Capacitor, 100 my, -10 t o  +loo$, 30 v 
dc w, -10 t o  +85OC operati.ng temperature, 
type PSS, 0.500 i n .  diam by  1.500 i n .  
high, Cal l ins  Industr ies ,  . h c .  

Capacitor, 1 0 - 1 0 - l O - m f ,  -10 t o  +50$, 
450 v de w, Mallory No. ~375.8. 

Capacitor, 220 mf, +IO$, 10 v de w, 
tantalum c l e a r  p l a s t i c  i n s u l a t i n g  sleeve, 
Sprague No. 150D227X9010S2. 

&paci.tor, 22 mf,  SO$^ 35 v dc w, 
tantalum c l e a r  p l a s t i c  i n su la t ing  s leeve ,  
Sprague NO. 150~226~9035x2. 

Capacitor, 2 mf, -10 +loo%, 50 v dc w, 
c l e a r  p l a s t i c  i n s u l a t i n g  sleeve , Sprague 
No. 4 0~187~2. 

Capacitor, 0.0022 mf, T~o$, 1000 v dc W, 
ceramic, d i s c ,  formulation h-0,  Sprague 
NO. 20~162. 

Capacitor, 0.0033 m f ,  QO$, 1000 v de w, 
ceramic, d i s c ,  formulation 160, Sprague 
NO. 29~260. 
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 abl le 2 (continued) 

Pdrt No. ORNL Stores No. Desc riat ion 

C l s j ,  c16 06-802 -0420 

c6 06-810 -2805 

R8 06-930- 8206 

R30 06 -9 30 -8208 

132.6 

311 

Rl2 

06 -936 -1.980 

06 -933 -6110 

06 -933 -6300 

L 

Capacitor, 0.01 mf, e o $ ,  500 v dc w, 
ceramic , d i sc ,  formu~-at ion 40, Spsague 
No. 33C70. 

Capacitor, 0.1 m f ,  G'O$, 40G v de w I  
vitamin "Q", Sprague No. 191P10404Sl+, 
with c l e a r  p l a s t i c  i n s u l a t i n g  s leeve.  

Potentiometer, trimmer., 500 ohms, +10$, 
1-12 w, conductive g lass  res i s tance  
element, "Hel l . t , r im"  s e r i e s  53, with 
pr in ted  c i r c u i t  plns,  Bel ipot  Div. 

Potentiometer, t r t m m e r ,  1000 ohms, +IO$, 
1-112 w, conductive glass res i s tance  
element , "Helitrim" s e r i e s  53, with 
pr in ted  c i r c u i t  pins,  Hel ipat  Div. 

Resis tor ,  1 ohm, +-5$, 3 w, WW, axia l  
letid, O'rirnite Code 7 /16-~-5 l+-~ .  

Besis tor ,  250 ohms, &5$1~ 3 w, ww, ax,: 
leads , Ohmite Code 7/16-A-54-F. 

Resis tor ,  5000 ohms, k5$, 3 w, ww, 
axial leads, Ohmite Code 7/16-A-54-F. 

Resistor, 100 ohms, +5$, 2 w,-A-B. 

Resistor, 120 kilohms, 15$, d w, A-B. 

Resis tor ,  620 kilohrns, kS$, 2 w, A-B. 

Iiesistor, 3 ohms, +>$, 1 W, A-B. 

Resistor,  1000 ohms, +5$> 1. w, A-13. 

Res is tor ,  3900 ohms, +5$, 1 v, A-B. 

Res is tor ,  6800 ohms, +5;&, 1. w, A-I3. 

Res ls tor ,  51  ohms, 1/2 w, A-B. 

r- 



Table 2 (continued) 

om st __ly_ 

Par t  No. o re s  No. UZ s cr i p t  ion  
L-- 

Resistor,  100 ohms, *5$, 1/2 w, A-B. 

R4 ,5esis torp 220 ohms, +5$, 1/2 w, A-R. 

R31, R7 Resis tor ,  1.000 ohms, $34, 1/2 w, A-B. 

F2 Resis tor ,  2000 o h m ,  '-576, l / 2  w,  A-B. 

R5 Resis tor ,  2400 ohms, ?5$, 1/2 w,  A-B. 

R9 Resis tor ,  2700 ohms, k?%, 1/2 w, A-R. 

Rl, R29 Resistor,  3000 ohms, k54, 1/2 w, A-R. 

R3 Resis tor ,  10 kilohms, L-S$, 1/2 w, A-13. 

f l 5  Resis tor ,  470 ohms, 3-r)$, 1/2 w, A-E. 

D15 06 -395 -5280 Diode, crystal., germanium, 1 ~ 6 7 ~ ~  Hughes. 

a-, D3, I9i- 06-995 -6230 Diode, zener, 5.6 v, +5$, 400 m, type 
lN752A, Motorola. 

D13 

D12 

D14 

D 1  

06 -995 -7094 D i o d e ,  zener, 10.0 v, ?5%, 1 11, type 
lN3O2OB, Motorol-a. 

06-995 -7064 Diode, zener, 12.1 v, 45$, 10 w, type 
1~2976~, Motoro1.a e 

Dlode, zener, 6.5 v, +5$, 250 mw, Huaes 
A i r c r a f t  Co. No. HZ-8377. 

06 -995 -7910 Diode, zener, 12.0 v, kS%, 250 mw, I-Iughes 
A i r c r a f t  Co, No. HZ-8380. 

D5P 6, m, 06-995-7124 R e c t i f i e r ,  s i l i c o n ,  type 1N3254, c l e a r  
m, D9, D10, p l a s t i c  i n s u l a t i n g  s k e v e ,  RCA. 
Dl 1 

06 -996 -1.960 Transis-tor, germanium, PNP, type 2M.307, 
Texas Instruments. 

43 06 -996 -1940 Trans is  t o r ,  germanium, NPN, type 2~1306, 
Texas Instruments. 



Table 2 (continued) 

P a t  No. ORNL S tores  No. Description 

Q.10 06 -996-1220 %ram i s t o r ,  germanium, PNP, type %N458A, 
Texas Instruments.  

Qa, Q9 06 -996 -1400 Trans is tor ,  germani.im, PNP, type 2N586, 
RCA. 

Q2 06 -996 -198 5. Trans is tor ,  si l icon.,  NPN, type 2ml+'79, 
RCA . 

06 -996 -1986 Trans is tor ,  s i l i c o n ,  NPM, type 2Kl-489, 
Si l i con  Trans i s to r  Gorp. 

Q5, 616 06 -996 -1990 Trans is tor ,  germanium, PIE', type 2TJ1501, 
Honeywell. 

Q7 06-996-1990 Trans is tor ,  germanium, NPN, type 2N1015B, 
Si l i con  Trans i s t o r  Coqi . 

6. ACCEPTANCE TEST PROCEDTTRE 

6.1 Test Equipment 

The following t e s t  equipment i s  required:  

1. D i g i t a l  voltmeter,  Cubic type V - 7 1  o r  equal .  

2.  Decade power r e s i s t o r  box. 

3. 0-50 v ,  0.5 amp segulated power supply. 

4. 0-500 m a  ammeter. 

5. 75-0hm, 2 5 - w  rheos t a t .  

6.2 AdJustment Procedure 

1. Adjust t h e  cur ren t  l i m i t i n g  pot;entiome-t;cr H22 t o  its extreme 
count; e r  c Lo ckwi s c pos it i. on . 

2.  
TP6 (white-plus)  . Connect a 0- t o  500-ma ammeter. bet:.reen TP5 (yellow-minus) and 

Obserw t h e  polarity. 

3. Connect t h e  -32 v terminal from a, bench power supply between 
p-in 10 and p i n  1-5 (ground) of connector PU. 
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4. Readjust R22 u n t i l  t h e  ammeter i nd ica t e s  340 + 5 m a  sho r t  c i r -  
cu i  t c i r r  en t  . 

5. Connect a. 75-ohm, 25-w rheos t a t  adjusted f o r  maximurn r e s i s t ance  
i n  s e r i e s  with t h e  amneter.  

6.  A d j u s t  ihe -22 v adjustment potentiometer R30 u n t i l  -22 ? 0.5 v 
i s  Lndicated between TP5 (yellow) and TP6 (whi-te). 

7. Slowly decrease t h e  r e s i s t a n c e  of the '75-0hm rheos t a t  and observe 
when t h e  vol tage between TP5 arid TP6 f i r s t  changes from -22 v. 
should occur when t h e  cuxrent i s  between 290 and 34-0 m a .  
change occurs outs ide t h i s  current  range, s t eps  1+ through 7 should be 
repeated. 

This change 
I f  t h e  vol tage 

6.3 Acceptance Test 

6.3.1 Output Voltage I?.ange (-22 v )  

I.. Connect -32 v t o  t h e  input ,  p i n  10 and p i n  15 (ground). 

2 .  Connect a power decade r e s i s t a n c e  box adjusted f o r  85 ohms t o  
t h e  -22 v output p i n  8 and p i n  15 .  
d ig i ta l .  voltmeter.  

Measure t h e  output voltage wfth a 

3. Adjust t h e  -22 v adjustment potentiometer R3O over i.ts f u l l  
range and measure 'ihe output vol tage change. vol tage should be 
ad jus t ab le  over t h e  range of -20 t o  -24 v or g r e a t e r .  

6.3.2 Output Current Range 

1. Reset t h e  output vol tage t o  -22 v.  

2 .  Short c i r c u i t  t h e  output through a 0- t o  5OO-ma ammeter. 

3. Adjust t h e  "Current Limik" c o n t r o l  R22 over i t s  f u l l  range. The 
current  should change from l e s s  t han  200 m a  t o  more than 400 m a .  

6.3.3 Voltage Regulation 

1. Reset t h e  current  l i m i t  t o  340 m a .  

2 .  With a 75-ohm load, vary the -32 v input supply pJ-u.s and minus 
1 v and measure t h e  output vol tage change wit'n a d i g i t a l  voltmeter.  The 
to ta l .  change should be l e s s  than 1-00 mv. 

3. Reset t h e  input  t o  -32 v and adjust t h e  load t o  60 ohms. The 
load change from '75 .to 60 ohms should change t h e  output voltage l e s s  than 
100 mv. 
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6.3.4 Current Limiting 

1. Readjust t h e  cur ren t  l i m i t  con t ro l  R22 and the  "-22 v"; 
ad jus t  R30 properly according t o  t h e  procedure of Sec t .  6.2. 

2 .  Decrease t h e  load r e s i s t ance  from 75 ohms u n t i l  t h e  output 
vol tage j u s t  begins t o  change. Measure t h e  load. cu r ren t .  

3. Short c i r c u i t  t h e  load r e s i s t m c e  and again measure t h e  load 
cu r ren t .  The d i f f e rence  between the  two measured cur ren ts  should be no 
more than  30 m a .  

4. With a 75-ohm load, measwe the vol tage drop across  R22 and 
R26 i n  s e r i e s .  This vo l tage  should be l e s s  than 3 v.  

6.3 *5 High Voltage Output 

1. Connect a 7500-ohm load t o  t h e  +llO v output,  p i n  9 t o  p in  3 
(ground), and a 10-megohm load. t o  t h e  c300 v output,  p i n  2 t o  F in  3. 

2. Measure t h e  + 1 l O  v output TP3 ( r e d )  t o  TP4 (b lack)  while 
ad jus t ing  t h e  HV con t ro l  R 8  over its e n t i r e  range. The vol tage should 
vary from less  than lo!? v t o  more than U.5 v. The corresponding range  
of preregula tor  output vo l tage  TP1 (gray)  t o  T P ~  (white)  is approxi- 
mately -22 t o  -26 v. 

3 .  Readjust t h e  KV c o n t r o l  u n t i l  TP3 ( r e d )  measures +110 v. 

4. Measure t h e  +300 v output TP2 (purple) t o  TP4 (b l ack ) .  The 
vol tage  should be "300 ? 1 5  v. 

5. While observing t h e  vol tage from TP3 t o  TPI+, sho r t  c i r c u i t  
t h e  +110 v output ,  p i n  9 t o  p in  3. 
r e t u r n  almost immediately when t h e  sho r t  i s  removed. 

The vol tage should drop t o  zero and 
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