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M I C R O W A V E P O W E R

1-3012 V
0-20 MA
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P R E C I S I O N D C H I G H V O LTA G E S O U R C E

The exceptional performance of the Model 1544
and Model 1547 is achieved through the com
bination of vacuum tube high voltage capabil i ty
w i t h s o p h i s t i c a t e d s e m i c o n d u c t o r t e c h n i q u e s
common in low voltage systems.

An order of magnitude improvement in operating
parameters is achieved with the replacement of
al l vacuum tubes except for the "series regula
tor" by a temperature stabi l ized si l icon transis
tor amplifier and sol id state voltage references.

Fast act ing electronic over load protect ion* per
mi ts cont inuous operat ion wi thout damage into
a s h o r t c i r c u i t . F u n c t i o n i s a u t o m a t i c a l l y r e
s t o r e d u p o n f a u l t c l e a r a n c e .
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MODEL ICM £ IIJiT '-30'2V.0.20 MA (Model 1544)
1 « | T T I X l « l T f 1 - 3 0 1 2 V • 0 - 4 0 M A ( M o d e l 1 5 4 7 )

P R E C I S I O N D C H I G H V O L T A G E S O U R C E

D E S I G N F E A T U R E S

Vacuum tube/semiconductor regulator system prevents vo l tage
o v e r s h o o t o n t u r n - o n o r t u r n - o f f a n d e l i m i n a t e s t i m e d e l a y
relay circuits.
S i l i c o n s e m i c o n d u c t o r a m p l i fi e r v i i i t h l o w n o i s e d i f f e r e n t i a l
amplifier Input stage, and better than 50 microsecond response
t i m e .
*Fast , sel f - indicat ing electronic over load and short c i rcui t pro
t e c t i o n p e r m i t t i n g c o n t i n u o u s o p e r a t i o n i n t o a s h o r t c i r c u i t
with automatic restorat ion upon fault c learance. Pulsat ing volt
meter needle signals overload.
C o r o n a f r e e e p o x y e n c a p s u l a t e d t r a n s f o r m e r s w i t h m u l t i p l e
electrostat ic shielding.
Prestabi l ized sol id state vol tage reference with .001%/°C tem
p e r a t u r e c o e f fi c i e n t a n d 1 5 m i c r o v o l t n o i s e l e v e l .
Precision 4-dial voltage control calibrated to better than 0.25%
ut i l iz ing low leakage ceramic and delr in swi tches and 5 PPM
s e a l e d w i r e w o u n d r e s i s t o r s . F ^ e s e t t a b l e t o 0 . 1 % .
High resolut ion vol tage output vern ier potent iometer wi th pre
cious metal wiper arm and resistance card with soldered end
c o n t a c t s .
Glow discharge tubes protect t ransistors and precis ion div ider
resistors against high vol tage transients.
L i fe t ime s i l i con h igh vo l tage rec t i fie r emp loy ing one ampere
diodes in a mult iple series configuration with bui l t- in switching
t r ans i en t supp ress i on . Vo l t age de ra ted t o 50% o f max imum
o p e r a t i n g p o t e n t i a l s .

' E l e c t r o n i c c u r r e n t l i m i t e r h o l d s o u t p u t t o 1 2 5 % o f r a t i n g

pro tec t ing loads such as sens i t i ve photomul t ip l ie r tubes and
permitting use as a capacitor charging source.

' BNC "safety" high voltage output receptacles safeguard against
accidental insertion of low voltage coaxial leads and connectors.

• Dual volt-ammeter for output voltage or current monitoring.
I Low leakage plast ic d ie lectr ic output and feedback capaci tors

in high voltage circuits. Computer grade electrolyt ic capacitors
in low voltage circuits.

> Polar i ty revers ing swi tch permits supply operat ion wi th e i ther
posi t ive or negat ive output terminal at ground potent ial .

> L ine and load c i r cu i t s separa te ly fused . Access ib le a t f ron t
panel. Separate HV on-off switch.

> Front and rear handle/rai l construction provides ease in bench
handl ing or relay rack instal lat ion.

» Fifty hour pre-aging of power supply prior to final test insures
fi e l d s e r v i c e r e l i a b i l i t y .
» R O B O T E C ® P a t e n t N o . 3 , 0 8 3 , 3 3 0
R E P . 5 M 9 - 6 4 P R I N T E D I N U . S . A .

E L E C T R I C A L S P E C I F I C A T I O N S

OUTPUT: 1 Volt to 3012 Volts D-C, continuously adjustable.
Mode l 1544 : 0 -20 m i l l i amperes max imum.
Mode l 1547 : 0 -40 m i l l i amperes max imum.

INPUT: 105-125 Vol ts, 50-440 Cycles.
M o d e l 1 5 4 4 : - 1 1 0 W a t t s .
M o d e l 1 5 4 7 : * 2 3 1 W a t t s .

REGULATION: 0 .001% p lus 2 m i l l i vo l t s fo r l i ne o r l oad va r ia
t ions over the operating range.

RIPPLE: 1 mi l l ivo l t peak to peak, maximum.
R E S P O N S E T I M E : L e s s t h a n 5 0 m i c r o s e c o n d s t o r e t u r n t o w i t h i n

regulation l imits for 100% step change in rated load.
STABIL ITY: Less than .005% d r i f t i n ou tpu t vo l tage pe r hou r ;

less than 0.02% drift per 24 hour period at constant ambient
temperature af ter warm-up.

VOLTAGE CONTROLS: Prec is ion ca l ibra ted vo l tage d iv ider :
0 to 2500 Volts in five 500 Volt steps
0 to 400 Volts in four 100 Volt steps
0 to 100 Volts in ten 10 Volt steps
1 to 12 Vol ts fine adjustment potent iometer

C A L I B R AT I O N A C C U R A C Y: 0 . 2 5 % o f t h e v o l t a g e c o n t r o l d i a l
readings from 250-3012 Volts; 1.0% or 100 mil l ivolts (which
ever is greater) from 1-250 Volts.

RESOLUTION: 10 mi l l i vo l t s (fine ad jus tment po ten t iometer ) .
R E S E T T A B I L I T Y : 0 . 1 % o r 1 0 0 m i l l i v o l t s .
TEMPERATURE COEFFICIENT: 25 parts per million per "C change

in ambient after warm-up.
OPERATING TEMPERATURE: Cont inuous duty a t fu l l load f rom

0 - 5 0 ° C a m b i e n t .

O U T P U T T E R M I N A L S : Tw o B N C " s a f e t y " h i g h v o l t a g e r e c e p
t a c l e s o n r e a r c h a s s i s s u r f a c e .

POLARITY REVERSING SWITCH: Panel revers ing swi tch permits
operat ion with ei ther posit ive or negative output terminal at
ground potent ia l .

* A t n o m i n a l l i n e v o l t a g e .

M E C H A N I C A L S P E C I F I C A T I O N S

D I M E N S I O N S :

A B C D

M o d e l 1 5 4 4 : 1 9 " 5 % " 1 6 " i y 2 "
M o d e l 1 5 4 7 : 1 9 " 5 % " 1 6 " 1V2"

W E I G H T : M o d e l 1 5 4 4 : 2 7 l b s .
M o d e l 1 5 4 7 : 3 3 l b s .

F I N I S H : S m o o t h l i g h t g r e y v i n y l s y n t h e t i c e n a m e l p a n e l w i t h
b l a c k n o m e n c l a t u r e . G o l d e n a l o d i n e c h a s s i s . G r e y e p o x y
e n a m e l p e r f o r a t e d m e t a l d u s t c o v e r s . B r u s h e d a n o d i z e d
n a t u r a l a l u m i n u m h a n d l e s a n d r a i l s .

M O D E L 1 5 4 4 $ 5 4 3 . 0 0 F . O . B . W E S T B U R Y
M O D E L 1 5 4 7 $ 5 9 5 . 0 0 F . O . B . W E S T B U R Y

P O W E R D E 8
1 7 0 a S H A M E S D R I V E

5 1 6 E D g e w o o d 3 - 6 2 0 0

I O N S I N C .
W E S T B U R Y , N . Y .

T W X : 5 1 0 - 2 2 2 - 6 5 6 1

P O W E R O E S I Q N S P A C I F I C , I N C .
3 3 B 1 J U N I P E R O S E R R A • P A L O A L T O . C A L I F O R N I A

4 1 5 - 3 2 1 - 6 1 1 1 T W X : 9 1 0 - 3 7 3 - 1 2 5 1
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ADDENDUM

1. SCHEMATIC D IAGRAM - The fo l l ow ing changes have been made to t he schemat i c
D I A G R A M .

1.1 The power rating of RI7 has been changed from 1/4 watt to 1/3 WATTi

1.2 The power rating of R18 has been changed from 3/S watt to I/3 watt.

1.3 The value of resistor R32 has been changed from 220Kfi to 68
1.4 The power ratings of R51 and R52 have been changed from 1/4 watt to 1

W A T T .

1.5 The power ratings of R53 and R54 have been changed from 3/8 watt to
1 WAT T.

1.6 Diodes CR16 through CR39 have been changed from SS843 to SS843V
OR ss44v.

1.7 Diodes CRI through CR4, CRIO, CRl4, CRI5, GR4i and CR42 have been
changed from in645 to ss44w.

A3
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INSTRUCTION MANUAL
FOR

TRANSISTORIZED POWER SUPPLIES
MODELS NO. and 15^7

Models 15^^ and 15^7 are regulated, high voltage, dc power supplies designed
T O O P E R A T E D E V I C E S W H I C H R E Q U I R E D C P O T E N T I A L S O F E X C E P T I O N A L S T A B I L I T Y A N D

U N U S U A L L Y L O W N O I S E A N D R I P P L E C O N T E N T .

T h e r e g u l a t o r c i r c u i t s u s e a s e
T R A N S I S T O R I Z E D C O N T R O L A M P L I F I E

D U C E S A P O W E R S U P P L Y W H O S E O P E R

E R I O R T O T H O S E F O U N D I N S U P P L I E

L A R L Y I N S T A B I L I T Y A N D R E S P O N S E

E L E C T R O N I C O V E R L O A D P R O J E C T I O N

E V E N U N D E R S H O R T - C I R C U I T C O N O I T

T E C T E D A G A I N S T D A M A G E W H I C H C O U

T H E S E R I E S R E G U L A T O R T U B E O R S H

L O A D .

R I E S R E G U L A T O R T U B E D R I V E N B Y A N A L L S I L I C O N

R . T h e u s e o f a t r a n s i s t o r a m p l i fi e r p r o -
A T I N G c h a r a c t e r i s t i c s A R E S I G N I F I C A N T L Y S U P -

S W H I C H M A K E U S E O F A T U B E A M P L I F I E R , P A R T I C U -
T i M E . T h i s a l s o m a k e s i t p o s s i b l e t o i n c l u d e

C I R C U I T S w h i c h p r o t e c t T H E S U P P L Y F R O M D A M A G E ,
I O N S . T h e s e m i c o n d u c t o r c i r c u i t s a r e p r o -
LO BE CAUSEO BY VOLTAGE TRANSIENTS, ARCING IN
O R T - C I R C U I T S S U D D E N L Y A P P L I E D T O T H E O U T P U T

U n u s u a l s t a b i l i t y o f t h e o u t p u t v o l t a g e i s p r o v i d e s b y t h e u s e o f a t e m p e r a
TURE COMPENSATED ZENER DIODE AS A REFERENCE, BY THE USE OF PRECISION WIRE-
W O U N D R E S I S T O R S O F L O W T E M P E R A T U R E C O E F F I C I E N T I N A L L V O L T A G E D I V I D E R C H A + N S

AND BY THE USE OF AN ALL -S IL ICON, TRANSISTORIZED, CONTROL AMPL IF IER , FULLY COM
P E N S A T E D F O R T E M P E R A T U R E E F F E C T S .

1 . E L E C T R I C A L S P E C I F I C AT I O N S ;

Model 1544—IO5-I25 volts, 50-4oo cps, single 0
110 WATTS, AT 115V LINE.
Model 1547--IO5-I25 volts, 50-^00 cps, single ^
231 WATTS, AT 115V LINE

1 . 2 Te m p e r a t u r e ; C o n t i n u o u s d u t y a t f u l l l o a d a t a n y a m b i e n t t e m p e r a
ture FROM 0®C to 50*C.

1.3 Output; (a) Model 1544—1 to 3012 volts, 20 ma, max.
(b) Model 15^7~~1 to 3012 volts, 4o ma. max.

1.4 Regulation: Line: 0.001^ •^2 millivolts for line variations within
RANGE of 105 TO 125 VOLTS AC.
Load: 0.001^ ^2. millivolts for current variations
F R O M Z E R O T O F U L L L O A D .

1 . 5 R i p p l e : 1 . 0 m i l l i v o l t s p e a k - t o - p e a k , m a x i m u m .
1.0 Stability: 0.005^ per hour; 0.03^ per 24 hours at constant ambient

(After 15 minute warm-up)
1.7 Temperature Coefficient of Output Voltage: 25 parts per million

PER "C MAXIMUM.
1.8 Calibration: The output voltage is set by front panel switches

w h i c h p r o v i d e t h e f o l l o w i n g s t e p s :

0 TO 2500 VOLTS IN ^ STEPS OF 500 VOLTS EACH

0 TO 400 VOLTS IN 4 STEPS OF 100 VOLTS EACH

0 TO 1W VOLTS IN 10 STEPS OF 10 VOLTS EACH

1 . 1 I n p u t : ( a )

13 Aug. 64



A VERNIER^ CALIBRATED FROM 1 TO 12 VOLTS, IS PROVIDED.
The output vol tage is the sum of these set t ings wi th in
0.25Ĵ  FOR OUTPUT VOLTAGES ABOVE 250 VOLTS AND WITHIN
1^ OR 0.25 VOLTS FROM 1 TO 250 VOLTS.

1.9 Resoluti'on; 20 millivolts (1-12 volt vernier potentiometer)
1.10 Rese t tab i l i t y ; 0 .1^
1.11 Response Time: Output voltage will return to regulation limis within

50 MICROSECONDS DURING STEP CHANGES FROM ZERO TO FULL LOAD.
1.12 Polarity; Reversible by means of a front panel switch; either positive

OR NEGATIVE SIDE OF THE REGULATED OUTPUT MAY BE GROUNDED. A REAR
MOUNTED SWITCH IS AVAILABLE AS A SPECIAL OPTION.

l.n Metering: Selection of OUTPUT VOLTAGE or OUTPUT CURRENT provided by
TOGGLE SWITCH (sPRING RETURN TO VOLTAGE POSITION). INDICATION DIS
PLAYED ON SINGLE FRONT PANEL METER.

I,l4 Circuit Protection; Separate fuses for main and auxiliary ac circuits.
The over load protect ion system insures that the supply wi l l not be
DAMAGED IF THE OUTPUT IS SHORTED CONTINUALLY OR REPEATEDLY OR
OPERATED INDEFINITELY IMTO AN OVERLOAD OR SHORT CIRCUIT. TRANSISTOR
CIRCUITS ARE PROTECTED FROM DAMAGE DUE TO VOLTAGE TRANSIENTS OR ARC
I N G I N T H E S E R I E S R E G U L A T O R T U B E S .

2. MECHANICAL SPECIFICATIONS;

2.1 Dimensions: The supply is designed to mount in a standard 19" rack.
Depth (including handles) is i6" behind the front panel. Panel
HEIGHT IS 5 1/4". Weight is 27 lbs., for the model 1544 and 33
LBS., FOR THE MODEL 1547'

2 . 2 C o n n e c t o r s :
2 . 2 . 1 H i g h V o l t a g e ; T h e h i g h v o l t a g e o u t p u t i s a v a i l a b l e o n

T W O p a r a l l e l c o n n e c t o r s a t t h e r e a r o f t h e c h a s s i s .
The connectors normally furnished are type KV-79-03
OR Star 5134. These are special BNC high voltage
CONNECTORS DESIGNED TO PREVENT ACCIDENTAL INSERTION
OF STANDARD BNC PLUGS.

3. OPERATION;

• ^ . 1 I n s t a l l a t i o n ; O n l y e x t e r n a l p h y s i c a l i n s p e c t i o n o r p r o c e s s i n g i s
R E Q U I R E D . T h e p o w e r s u p p l y i s r e a d y f o r o p e r a t i o n a s s h i p p e d f r o m
T H E F A C T O R Y .

3 .2 Contro ls ; Once the l ine cord has been p lugged into an ac source,
THE '*AC ON" TOGGLE SWITCH MAY BE TURNED TO THE "ON" POSITION. THIS
WILL ENERGIZE THE AUXILIARY POWER SUPPLIES AND THE HEATER OF THE
SERIES REGULATOR TUBES. THE "AC ON" LIGHT SHOULD BE ILLUMINATED.

T h e O U T P U T v o l t a g e s h o u l d b e s e t t o t h e d e s i r e d l e v e l b y M E A N S O F
THE FRONT PANEL SELECTOR SWITCHES. THE OUTPUT VOLTAGE IS THE SUM
OF THESE SETTINGS. THE VERNIER POTENTIOMETER PROVIDES FOR PRECISE
O U T P U T V O L T A G E A D J U S T M E N T .

\ J T h e p o l a r i t y s w i t c h s h o u l d b e s e t f o r t h e d e s i r e d o u t p u t p o l a r i t y .

- 2 - 13 Aug. 64



The "HV OhT tocusle..switch may now ec set to the "ON" position.
This wi l l jght the "HV ON" uight and energize the high vol tage
C I R C U I T S P R O V I D I N G R E G U L A T E D O U T P U T V O L T A G E .

I t s h o u l d b e n o t e d t h a t n o t i m e d e l a y i s i n c l u d e d i n t h e H V
C I R C U I T S . T h e H V s w i t c h m a y b e o p e r a t e d s i m u l t a n e o u s l y
W I T H T H E A C S W I T C H W I T H O U T D A M A G E T O T H E U N I T , O R O U T P U T V O L T A G E

O V E R S H O O T, S I N C E T H E S E M I C O N D U C T O R C O N T R O L C I R C U I T S R E Q U I R E N O
WARM-UP TIME. THE OUTPUT VOLTAGE WILL RISE MORE SLOWLY THAN
NORMAL WHEN THE AC AND HV SWITCHES ARE OPERATED SIMULTANEOUSLY,
S I N C E T H E S E R I E S R E G U L A T O R T U B E S W I L L P A S S N O C U R R E N T U N T I L

THEIR F ILAMENTS HAVE WARMED UP. EvEN IF THE HV AND AC SWITCHES ARE
OPERATED SIMULTANEOUSLY, THE OUTPUT VOLTAGE CANNOT OVERSHOOT,
S I N C E T H E T R A N S I S T O R I Z E D C O N T R O L A M P L I F I E R I S O P E R A T I V E A S S O O N A S

I T I S T U R N E D O N .

THE POLARITY REVERSING SWITCH SHOULD NOT BE OPERATED WITH THE
HIGH-VOLTAGE ON. TO REVERSE POLARITY, THE HV SWITCH SHOULD BE
SET TO THE "OFF" POSITION AND THE POLARITY REVERSING SWITCH
O P E R A T E D O N L Y W H E N T H E O U T P U T V O L T A G E H A S F A L L E N T O Z E R O .
FA-ILURE TO OBSERVE THIS PROCEDURE WILL LEAD TO ARCING IN THE RE
VERSING SWITCH, WHICH MAY IN TURN, LEAD TO POSSIBLE DAMAGE TO
T H E P O W E R S U P P L Y .

THE FRONT PANEL METER NORMALLY READS OUTPUT VOLTAGE. BY HOLDING
THE METER SWITCH IN THE MA POSITION THE METER MAY BE MADE TO
READ THE OUTPUT CURRENT. IT SHOULD BE NOTED THAT THE METER IS
O U T S I D E T H E R E G U L A T I N G L O O P A N D T H U S I N T R O D U C E S A V O L T A G E D R O P
WHEN IT IS IN THE MA POSITION. THE METER AND ITS ASSOCIATED
CIRCUITRY ARE ROUGHLY EQUIVALENT TO AN dO, RESISTOR IN THE OUTPUT
LEAD OF THE .POWER SUPPLY. TO AVOID POOR LOAD REGULATION DUE TO
THIS RESISTANCE, THE METER SWITCH IS SPRING-LOADED SUCH THAT THE
METER IS NORMALLY IN THE KV POSIT ION.

The power supp ly i s ad jus ted a t the fac to ry to l im i t the cur ren t
OUTPUT TO 24 MILL.I AMPERES ON MODEL 1544 AND 48 MILLIAMPERES
ON MODEL 15^7* an OVERLOAD IS APPLIED TO THE OUTPUT
TERMINALS, THE OUTPUT VOLTAGE WILL PULSATE FROM ZERO TO A VALUE
BELOW THE OUTPUT VOLTAGE SETTING AS INDICATED ON THE OUTPUT
V O L T M E T E R .

The duty cycle of the pulsations is chosen to limit the internal
DISSIPATION OF THE SERIES REGULATOR TUBES TO A SAFE VALUE EVEN
UNDER SHORT CIRCUIT CONDITIONS. WHEN THE RESISTANCE ACROSS THE
OUTPUT TERMINALS IS LOW, THE PULSATIONS WILL BE TOO FAST FOR THE
METER TO FOLLOW AND THE METER WILL INDICATE SOME VERY LOW STEADY
O U T P U T V O LTA G E O R C U R R E N T.

The overload protective circuit will l imit the average current
DELIVERED TO THE LOAD AT SOME AVERAGE VALUE BELOW MAXIMUM RATING
WHILE THE ACTION OF THIS OVERLOAD CIRCUIT IS FAST (THE SERIES
REGULATOR WILL CUT OFF IN MICROSECONDS ONCE THE OUTPUT CURRENT
EXCEEDS THE OVERLOAD LEVEL). IT MUST BE REMEMBERED THAT THE OUT
PUT CAPACITOR (1 MFD) WILL DISCHARGE INTO THE LOAD IF THE LOAD

- 3 - 13 AUG. 64



S h o r t - c i r c u i t s . T h e o v e r l o a d s y s t e m w i l l p r o t e c t t h e l o a d f r o m
LONG TERM THERMAL DAMAGE DUE TO A CONTINUED SHORT-CIRCUIT. iT
IS NOT A CROW-BAR CIRCUIT OF THE TYPE NECESSARY TO PROTECT SUCH

L O A D S A S A R C I N G T R A V E L I N G W A V E T U B E S , E T C .

k. THEORY OF OPERATION;

The BASIC sub-assemblies which make up Models 15^4 and 15'̂ 7 are:

A : A n u n r e g u l a t e d d c s o u r c e - T h i s i s a v o l t a g e d o u b l e c i r c u i t u s i n g
s i l i c o n d i o d e r e c t i fi e r s . T a p s o n t h e p r i m a r y o f t h e r e c t i fi e r t r a n s
former CHANGED BY THE "SELECTOR SWITCH" which selects 500 VOLT STEPS
I N D C O U T P U T V O L T A G E . B Y M A T C H I N G T H E U N R E G U L A T E D T O T H E R E G U L A T E D
V O L T A G E I N T H I S W A Y T H E P O W E R D I S S I P A T I O N I N T H E R S E R I E S R E G U L A T O R

IS KEPT TO A MINIMUM VALUE, CONSISTENT WITH THE CIRCUIT REQUIREMENTS.

B: Series Pass Elements - Model 15^4 employes two pentodes connected
IN SBRIES, AS A SERIES REGULATOR IN THE POSIT IVE LEG OF THE UNREG
ULATED SUPPLY. Model 15^7 '^As four pentodes, connected in a series-
p a r a l l e l A R R A N G E M E N T .

C : C o n t r o l A m p l i fi e r - - A t r a n s i s t o r a m p l i fi e r s e n s e s a f r a c t i o n o f t h e
O U T P U T V O L T A G E O B T A I N E D F R O M A S W I T C H E D R E S I S T A N C E D I V I D E R , C O M P A R E S
I T T O A F I X E D Z E N E R D I O D E V O L T A G E A N D P R O V I D E S D R I V E F O R T H E G R I D

O F T H E R E G U L A T O R T U B E .

0 : A u x i l i a r y P o w e r S o u r c e s - T h e t r a n s i s t o r a m p l i fi e r a n d z e n e r d i o d e
R E F E R E N C E C I R C U I T A R E O P E R A T E D B Y T H E F O L L O W I N G A U X I L I A R Y P O W E R

s o u r c e s :

(1) -80 VOLT SUPPLY (REFERRED TO THE POSITIVE OUTPUT TERMIN '̂'
T h i s s u p p l y i s l b e d f o r s c r e e n g r i d b i a s .

(2) 450 VOLT, REGULATED SUPPLY (uSED TO PROVIDE GRID BIAS FOR
THE REGULATOR TUBES AND STABLE VOLTAGE FOR ZENER DIODE CR6>.

(3) +80 VOLT SUPPLY (REFERRED TO CATHODE OF V2) THIS SUPPLY
PROVIDES SCREEN GRID BIAS FOR INPUT REGULATOR TUBE V2 ON
Model 15^4, and V3 and v4 on Model 15^7*

Trans fo rmer T1 p rov ides inpu t power fo r the aux i l ia ry supp l ies and fi lament vo l t
A G E F O R T H E S E R I E S R E G U L A T O R T U B E S .

The regulated +50 volt supply is controlled by pass transistor Q1, driver stage
Q3 AND Q4 AND amplifier STAGE Q5, Q6. THE BASE OF Q6 IS HELD AT A FIXED POTENTIAL BY ZENER DIODE CR6. ThE BASE OF Q5 SENSES A FRACTION OF THE 50 VOLT OUT
PUT CHOSEN FROM THE RESISTANCE DIVIDER NETWORK R9, R27, R11 BY SETTING VARIABLE
RESISTOR R27. The action of the amplifier and REGULATOR NETWORK IS TO HOLD THE
BASES OF Q5 AND Q6 TO THE SAME POTENTIAL. HENCE, THE VOLTAGE OUTPUT IS HELD
WITHIN 5 MILLIVOLTS (fOR A LINE CHANGE OF FROM 105 TO 125 VOLTs) AND THE RIPPLE
IN THE OUTPUT LINES IS OF THE ORDER OF 200 MICROVOLTS PEAK-TO-PEAK. R27
ALSO PROVIDES A SMALL RANGE OF ADJUSTMENT OF THE OUTPUT VOLTAGE.

The negative bias supply is derived from a full wave rectifier (CR3, CRk)
WHICH OPERATES INTO A CAPACITIVE INPUT FILTER TO PROVIDE -55 TO -80 VDC DEPEND-



ING ON LINE VOLTAGE.

The +8o volt supply, derived from a separate winding, full wave rectifier^ SYSTEM (CRI5, CRIH) AND a CAPACITIVE FILTER, DEVELOPS +55 TO +00 VDC DEPENDING
on line voltage and is used for screen grid bias for input regulator tubes,
VI, V2. (CAUTION: DO NOT ATTEMPT TO MEASURE THIS VOLTAGE WITH HV ON FROM
CHASSIS GROUND̂  3OOOV MAY EXIST BETWEEN THIS SUPPLY AND CHASSIS GROUND. USE
AN HV INSULATED METER TO MAKE THIS INTERNAL VOLTAGE MEASUREĴ ENT).

Two SEPARATE FILAMENT WINDINGS ARE PROVIDED FOR THE SERIES REGULATING TUBES.
Their filaments operate at 6.3 volts.

The voltages identified above should be read with the HV supply ON and operating
NORMALLY. WITH THE HV SUPPLY OFF, CURRENTS DRAWN FROM THE AUXILIARY SUPPLIES
WILL CHANGE AND OUTPUT VOLTAGES MAY CHANGE CORRESPONDINGLY.

It should be noted that the voltage across zener diode CR6 is used as the
REFERENCE VOLTAGE FOR THE MAIN HIGH VOLTAGE SUPPLY. SiNCE CRo IS OPERATED
FROM THE HIGHLY REGULATED ^0 VOLT SUPPLY, ITS ZENER VOLTAGE IS ESSENTIALLY IN
D E P E N D E N T O F L I N E V O L T A G E V A R I A T I O N .

Part of the regulated screen voltage for the series regulator tubes, VI,
V2, IS TAKEN FROM A HALF WAVE VOLTAGE DOUBLER THROUGH ROO AND CR45 (20V
ZENER diode).

ONE ZENER.'DIODE (CR5) IS RUN FROM THE POSITIVE SUPPLYj ANOTHER ZENER DIODE
(C(̂ ( IS RUN FROM THE NEGATIVE SUPPLY. THESE TWO ZENER DIODES PROVIDE A
HIGHLY STABILIZED VOLTAGE SOURCE FROM WHICH THE OPERATING POTENTIALS OF THE
C O N T R O L A M P L I F I E R A R E D E R I V E D .

H . I R e g u l a t o r A c t i o n : T h e o u t p u t v o l t a g e i s s e n s e d b y a r e s i s t i v e d i v i d e r
WHOSE LOW END IS MADE UP OF THE RESISTOR R38, Rl8, R39 AND RHO. THE
High voltage end is made up of r6H, the switched resistor chain R5I
through R63 AND potentiometer R5O. ThIS DIVIDER CHAIN IS OF THE
SUMMING JUNCTION TYPE WITH THE HIGH END CONNECTED TO REFERENCE

^ - Zener CR6 and the low voltage end connected to the negative terminals
O F t h e r e g u l a t e d s u p p l y . T h e o u t p u t o f t h e d i v i d e r i s f e d t o o n e b a s e
O F d i f f e r e n t i a l t r a n s i s t o r Q 1 1 . T h e o t h e r b a s e o f t h i s t r a n s i s t o r
IS CONNECTED TO THE POSITIVE OUTPUT OF THE REGULATED SUPPLY. ThE HIGH
VOLTAGE END OF THE DIVIDER IS SHUNTED BY A CAPACITOR, C5A WHICH, BY IN
CREASING THE AC RESPONSE OF THE FEEDBACK LOOP, HOLDS THE RIPPLE TO A
MINIMUM VALUE. Q11 IS FOLLOWED BY A TRANSISTOR AMPLIFIER, Q9 AND Q10,
WHICH IS FOLLOWED, IN TURN, BY DRIVER STAGE Q8. ThIS DRIVER STAGE
IS ABLE TO DRIVE THE GRID OF THE PASS TUBE FROM ZERO TO -65 VOLTS WITH
RESPECT TO CATHODE, PROVIDING AMPLE SWING FOR ALL OPERATING CONDITIONS.

A l t h o u g h t h e n u m b e r o f a m p l i fi e r s t a g e s u s e d i s m o d e s t i t s h o u l d b e
NOTED THAT THE DRIVER STAGE PROVIDES A VOLTAGE GAIN IN EXCESS OF 1000
BECAUSE THE TRANSISTOR IN THIS STAGE IS WORKING INTO AN EXTREMELY HIGH
RESISTANCE LOAD. ALSO, BY DRIVING THE GRID OF THE SERIES REGULATOR TUBE
DIRECTLY FROM A VOLTAGE, REFERENCED I'D THE TUBE CATHODE, FULL ADVANTAGE
I S T A K E N O F T H E V O L T A G E G A I N O F T H E P A S S T U B E I T S E L F .
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4.2 CURRENT LIMITER; The load current drawn from the power supply is dctected
BY THE SERIES RESISTANCE OF R5 AND R37> ONE END OF WHICH IS CONNECTED
TO THE SMITTER OF TRANSISTOR Q7• ThE BASE OF Q7 IS CONNECTED TO A
POSITIVE VOLTAGE, DERIVED FROM THE REGULATED 50 VOLT SUPPLY THROUGH THE
RESISTOR CHAIN R3, R4, AND R6. AT LOW LOAD CURRENTS Q7 IS HEAVILY
BACK BIASED AND HAS NO EFFECT ON THE OPERATION OF THE REGULATOR. AS
THE LOAD CURRENT INCREASES, A POINT WILL BE REACHED WHERE Q7 STARTS TO
CONDUCT. The collector current of Q7 passes through THE COLLECTOR LOAD
OF Q9 IN SUCH A WAY THAT THE GRID OF THE SERIES TUBE IS DRIVEN
NEGATIVE. Q7 THEN WILL LIMIT THE OUTPUT CURRENT OF THE POWER SUPPLY TO
A VALUE (in THE NEIGHBORHOOD OF 24 MILLIAMPERES IN MODEL 15̂ >̂ MILLI-
AMPEREs IN Model 15^7) where the drop across R5 and R37 is just suffic
ient TO TURN Q7 on.

T h i s a r r a n g e m e n t , w h i l e s u f fi c i e n t t o p r o v i d e c u r r e n t l i m i t i n g , i s n o t
ENOUGH TO protect THE POWER SUPPLY FROM DAMAGE UNDER CONDITIONS OF SUS
TA I N E D O V E R L O A D . I f a S H O RT C I R C U I T I S A P P L I E D TO T H E O U T P U T W I T H T H E
POWER SUPPLY SET FOR A HIGH OUTPUT VOLTAGE, THE POWER DISSIPATION IN THE
SERIES REGULATOR TUBE WOULD EXCEED THE RATED VALUE. In ORDER TO HOLD THE
PA S S T U B E D I S S I PAT I O N W I T H I N A C C E P TA B L E L I M I T S , I T I S N E C E S S A RY TO R E D U C E
THE OUTPUT CURRENT (uNDER OVERLOAD CONDITIONS) AS THE LOAD RESISTANCE IS
R E D U C E D .

*THE TRANSISTOR" Q2 PERFORMS THIS FUNCTION. WHEN THE POWER SUPPLY IS
R E G U L A T I N G N O R M A L L Y T H E B A S E O F T H I S T R A N S I S T O R I S A T A P O T E N T I A L V E R Y
C L O S E T O T H A T O F I T S E M I T T E R A N D T H E T R A N S I S T O R W I L L P A S S N O C U R R E N T .
W h e n t h e o u t p u t c u r r e n t i n c r e a s e s t o t h e p o i n t w h e r e t h e c u r r e n t l i m i t i n g

TRANSISTOR Q7 STARTS TO CONDUCT, THE OUTPUT OF THE VOLTAGE DIVIDER, AND
HENCE THE BASE OF Q2, WILL GO POSITIVE. Q2 WILL CONDUCT, REDUCING THE
VOLTAGE AT THE JUNCTION OF RESISTORS R3 AND R4. SiNCE THIS IS THE VOLT
AGE AGAINST WHICH Q7 BALANCES THE LOAD CURRENT, QiJ WILL REDUCE THE LOAD
CURRENT UNTIL THE SYSTEM IS AGAIN IN BALANCE. IT IS OBVIOUS, THEREFORE,
THAT ONCE AN OVERLOAD CONDITION HAS BEEN REACHED, THE LOAD CURRENT WILL
DROP WITH A FURTHER DECREASE IN LOAD RESISTANCE. THE MAGNITUDE OF THIS
D R O P H A S B E E N S E T S O T H A T T H E P O W E R D I S S I P A T I O N O F T H E S E R I E S R E G U L A T O R
T U B E S I S A L W A Y S W I T H I N T H E R A T E D L I M I T S .

I f t h e o v e r l o a d s y s t e m i s a l l o w e d t o o p e r a t e a s a p u r e l y D C S Y S T E M
AS DESCRIBED ABOVE, IT MAY SHOW A TENDENCY TO LOCK UP ON TURN-ON OR RE
MOVAL OF OVERLOADS OR SHORT CIRCUITS. To AVOID THE NEED FOR ELABORATE
BALANCING, THE CAPACITOR CI3 HAS BEEN INCLUDED. THIS INCREASES THE AC
G A I N O F T H E O V E R L O A D S Y S T E M T O T H E P O I N T W H E R E I T I S U N S T A B L E , S O T H A T
WHEN AN OVERLOAD IS APPLIED TO THE SUPPLY, THE CURRENT L IMIT ING CIRCUIT
P U L S E S . T h e o u t p u t w i l l r i s e t o t h e l i m i t i n g v a l u e , k i c k d o w n t o a l o w
LIMITING VALUE (wHICH MAY BE AS LOW AS 1 MILLIAMPERE) FOR A TIME WHICH
D E P E N D S O N T H B . S E V E R I T Y O F T H E O V E R L O A D , A N D T H E N R I S E T O W A R D M A X I M U M
LIMIT ING VALUE TO REPEAT THE CYCLE. ThE FREQUENCY OF PULSATION INCREASES
A S T H E R E S I S T A N C E O F T H E L O A D I S D E C R E A S E D .

U n d e r m o s t o v e r l o a d c o n d i t i o n s t h e p r e s e n c e o f a h o v e r l o a d w i l l b e
S I G N A L L E D B Y A P U L S A T I O N O F T H E O U T P U T V O L T A G E M E T E R . U N D E R S H O R T C I R
C U I T C O N D I T I O N S O R S E V E R E O V E R L O A D , T H E R A T E O F P U L S A T I O N M A Y B E T O O H I G H
F O R T H E M E T E R T O F O L L O W , S O T H A T S O M E L O W , A V E R A G E V O L T A G E W I L L B E R E A D .

* P a t s . A p p l i e d F o r
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PyLSATION OF THE METER, OR A METER READING WHICH IS SUBSTANTIALLY LOWER
THAN THE SETTINGS OF THE VOLTAGE SELECTOR SWITCHES IS AN INDICATION
T H A T T H E P O W E R S U P P L Y I S O V E R L O A D E D .

W h e n t h e e x t e r n a l c a p a c i t a n c e e x c e e d s 1 0 M F t h e t i m e c o n s t a n t o f t h e
OVERLOAD CIRCUIT MAY BE ALTERED TO THE POINT WHERE THE POWER SUPPLY
FAILS TO TURN ON UNDER CERTAIN CONDITIONS AND LOCKS UP INSTEAD AT A
VOLTAGE LOWER THAN THAT SET ON THE VOLTAGE SELECTOR SWITCHES. THEREFORE,
EXCESSIVE CAPACITANCE IN PARALLEL WITH THE OUTPUT LOAD, SHOULD BE
AVOIDED. IT IS POSSIBLE TO MODIFY THE SUPPLY SO THAT IT WILL OPERATE
SATISFACTORILY AND THE FACTORY SHOULD BE CONSULTED IF OPERATION WITH
L A R G E C A P A C I T A N C E S A C R O S S T H E O U T P U T I S C O N T E M P L A T E D .

4.3 Protection Circuits: In power supplies which use tube amplifiers, no
MAJOR PRECAUTIONS ARE NECESSARY TO INSURE THAT VOLTAGE TRANSIENTS DO NOT
AFFECT THE AMPLIFIER. TuBES WILL SURVIVE MOMENTARY OVER-VOLTAGES OF
CONSIDERABLE AMPLITUDE WITHOUT APPARENT DAMAGE. SEMICONDUCTORS, ON
THE OTHER HAND, ARE HIGHLY SUSCEPTIBLE TO VOLTAGE DAMAGE, AND THE
AMPLIFIER COMPONENTS MUST BE PROTECTED AGAINST ALL POSSIBLE TRANSIENTS.
S p e c i fi c p r o t e c t i o n h a s b e e n p r o v i d e d a g a i n s t t h e f o l l o w i n g c o n t i n g e n c i e s :

4.3.1 Shorted Output: If the output terminals of the supply are
SHORTED AT HIGH VOLTAGE, FEEDBACK CAPACITOR C5A MUST DIS
C H A R G E . I n t h e a b s e n c e o f a s p e c i fi c p r o t e c t i o n c i r c u i t ,
CURRENT FROM THE POSITIVE TERMINAL OF THIS CAPACITOR WILL FLOW
THROUGH THE FORWARD BIASED BASE JUNCTION OF Q11. THIS WILL
APPLY A HIGH VOLTAGE TO THE REVERSE-BIASED BASE JUNCTION OF
THIS TRANSISTOR PRODUCING A ZENER BREAKDOWN TO GROUND. SiNCE
A GOOD DEAL OF ENERGY IS STORED IN C5A WHEN IT IS CHARGED TO
THE FULL OUTPUT VOLTAGE, THIS PROCESS WILL DESTROYL Q11, AND IS
LIKELY TO FUSE JUNCTIONS IN OTHER TRANSISTORS IN THE AMPLIFIER.

To AVOID THE POSSIBILITY OF CHAIN BURN-OUT, THE DIODES CR8 AND
CR7 HAVE BEEN ADDED. ThESE PROVIDE A DIRECT DISCHARGE PATH
TO THE POSITIVE REGULATED OUTPUT TERMINAL. THE CURRENT
THROUGH THESE DIODES IS LIMITED BY THE RESISTOR R19 CONNECTED
IN SERIES WITH C5A. DURING A HEAVY DISCHARGE THROUGH CRO AND
CR7 the voltage at the ANODE OF CR8 MAY RISE AS HIGH AS 10
VOLTSj THE RESISTOR R26 IS CONNECTED IN SERIES WITH THE BASE
OF Q11 TO LIMIT THE CURRENT THAT CAN PASS THROUGH THE Q11 BASE
JUNCTION UNDER THIS CONDITION. ThIS THIS PROTECTIVE CIRCUIT,
IT HAS BEEN FOUND THAT THE OUTPUT TERMINALS CAN BE SHORTED RE
PEATEDLY AT FULL OUTPUT VOLTAGE WITIOUT DAMAGE TO THE SEMI
C O N D U C T O R S I N T H E A M P L I F I E R .

4.3.2 Regulator Tube Arcing: A vacuum tube run at high electrode
POTENTIALS IS ALWAYS SUSCEPTIBLE TO ARCING, ESPECIALLY WHEN
NEAR THE END OF ITS USEFUL LIFE. WITHOUT PROTECTIVE CIRCUITRY
ARCING IN THE SERIES REGULATOR TUBE WOULD HAVE A DISASTROUS
E F F E C T O N T H E S E M I C O N D U C T O R A M P L I F I E R .
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4.3.2.1 Plate Cathode Arcs; The main effect of a pj-ate to
CATHODE ARC IN THE SERIES REGULATOR TUBE IS THAT A
HEAVY CURRENT WI U. PASS THROUGH RESISTORS R5 AND R37•
T h i s w i l l d e v e l o p a m o m e n t a r y h i g h v o l t a g e a c r o s s
THESE RESISTORS. WITHOUT PROTECTION, A H IGH VOLTAGE
ACROSS R5 AND R37 WILL DESTROY TRANSISTORS QJ THROUGH
Q11. To GUARD AGAINST THIS CONTINGENCY, SEVERAL STEPS
H A V E B E E N T A K E N . *

Inductor LI (LI and L2 in Model 15^7) has been added to
L I M I T T H E P E A K C U R R E N T T H A T C A N B E D R A W N F R O M F I L T E R

CAPACITORS ClOA AND C10B (ClO AND C11 ON MODEL 15̂ 7)'

The voltage developed across and R37 has been held
T O 1 0 0 v o l t s p e a k b y c o n n e c t i n g a n e o n g l o w d i s c h a r g e
T U B E A C R O S S T H E S E R E S I S T O R S .

Resistor r66 has been connected in the collector of Q7
TO LIMIT THE PEAK CURRENT THAT CAN BE DRAWN THROUGH Q7
UNDER THIS CONDITION. OlODE CR12 LIMITS THE VOLTAGE
EXCURSION TO TRANSISTORS Q8 THRU Q11. WiTH THESE
PRECAUTIONS, IT IS FOUND THAT THE ANODE OF THE SERIES
REGULATOR TUBE CAN BE SHORTED TO THE FILAMENT, EVEN
W I T H T H E S U P P L Y S E T F O R F U L L O U T P U T A N D T H E O U T P U T
TERMINALS SHORTED, WITHOUT DAMAGE TO THE UNIT.

4.3.2.2 Plate Screen Arcs: An arc of this sort would produce
A H I G H P O T E N T I A L B E T W E E N S C R E E N A N D C A T H O D E T E N D I N G

TO DESTROY THE CAPACITORS £15 AND C22 AND COMPONENTS
IN THE REGULATED +5O VOLT SUPPLY. THIS POSSIBILITY
IS AVOIDED BY CLAMPING THE VOLTAGE AT CI5 AND C22
BY SIMILAR MEANS AS IN PARAGRAPH 4.3.2.1. THE
CURRENT WHICH CAN BE FED BACK INTO THE +50 VOLT SUPPLY
IS LIMITED BY R70.

4.3.2.3 Plate Grid Arcs; An arc of this sort would, without
PROTECTION, TEND TO DESTROY THE ORIVER TRANSISTOR Q8.
As A PROTECTIVE MEASURE, THE GRID IS CLAMPED BY DIODE
CRI3 SO THAT IT CANNOT MOVE MORE THAN A FEW VOLTS
POSITIVE WITH RESPECT TO THE CATHODE. RESISTOR R35
LIMITS THE PEAK CURRENT THROUGH eR13 TO A SAFE VALUE.

4.3.2.4 Sudden Voltage Reduction; If the output voltage setting
IS SUDDENLY REDUCED TO ZERO. CAPACITOR C5B WILL BE AL
MOST SHORT-CIRCUITED. THE RESULTANT HEAVY CURRBNT IS
LIKELY TO DAMAGE OlODE CRl1 AND CAUSE ARCING AND POS
S I B L Y W E L D I N G O F T H E C O N T A C T S O F T H E S E L E C T O R S W I T C H E S .
To AVOID THIS POSSIBILITY, RESISTOR R64 HAS BEEN IN
CLUDED IN SERIES WITH THE SELECTOR RESISTORS. R64
IS ALWAYS IN SERIES WITH C5B ON DISCHARGE AND

L I M I T S T H E D I S C H A R G E C U R R E N T T O A S A F E V A L U E .

The inc lus ion o f res is to r r64 means



T H A T T H E L O W E R L I M I T T O W H I C H T H E O U T P U T V O L T A G E
C A N B E S E T I S 1 V O LT.

W i t h t h e p r e c a u t i o n s d e s c r i b e d a b o v e , t h e p o w e r s u p p l y
I S E F F E C T I V E L Y P R O T E C T E D A G A I N S T A L L T R A N S I E N T S W H I C H

C A N O C C U R A N D I T H A S B E E N F O U N D T H A T E V E N A B U S E O F T H E
P O W E R S U P P L Y W I L L N O T L E A D T O T R A N S I S T O R D A M A G E .

V o l t a g e S e l e c t i o n : T h e r e g u l a t o r o p e r a t e s t o h o l d a c o n s t a n t c u r r e n t
THROUGH THE VOLTAGE DIVIDER. THE OUTPUT VOLTAGE MAY THEREFORE BE
V A R I E D L I N E A R L Y B Y C H A N G I N G T H E V A L U E O F T H E H I G H - V O L T A G E R E S I S T O R

IN THE D IV IDER. TH IS RES ISTOR MAY BE SWITCHED IN DECADE STEPS
BY MEANS OF THE THREE SWITCHES, SI THROUGH S3. FiNE ADJUSTMENTS
ARE MADE BY MEANS OF POTENTIOMETER R5O. SWITCH Si, WHICH PROVIDES
500 VOLTS STEPS, ALSO SWITCHES TAPS ON THE PRIMARY OF THE MAIN RECTI
F I E R T R A N S F O R M E R T O K E E P T H E P O W E R D I S S I P A T I O N I N " T H E S E R I E S T U B E S

A T A M I N I M U M V A L U E C O N S I S T E N T W I T H A D E Q U A T E R E G U L A T I O N .

^.5 Metering; With the meter switch in its normal position, the front
P A N E L M E T E R R E A D S T H E O U T P U T V O L T A G E O F T H E P O W E R S U P P L Y. W H E N T H I S

SWITCH IS HELD IN THE MA POSITION, THE METER READS THE OUTPUT
C U R R E N T I N M I L L A M P E R E S .

THE METER IS OUTSIDE THE FEEDBACK LOOP AND THUS INTRODUCES A RESIS
TANCE OF APPROXIMATELY 8 (5 IN MODEL 15^7) 'N SERES WITH THE
OUTPUT LEADS WHEN IT IS CONNECTED IN THE CURRENT POSITION. THE
S P R I N G L O A D E D M E T E R S W I T C H I N S U R E S T H A T T H E M E T E R I S N O R M A L L Y I N
THE KV POSITION WHERE IT HAS NO EFFECT ON THE OUTPUT VOLTAGE
R E G U L A T I O N .

T h e m e t e r i s w i r e d i n t o t h e c i r c u i t t h r o u g h t h e p o l a r i t y r e v e r s i n g
S W I T C H . T h e c o n n e c t i o n s a r e s o a r r a n g e d t h a t t h e p o l a r i t y o f t h e
M E T E R I S S W I T C H E D A T T H E S A M E T I M E A S T H E P O L A R I T Y O F T H E O U T P U T
V O LTA G E . T h u s , t h e m e t e r r e a d i n g i s a l w a y s t h e s a m e d i r e c t i o n i n
BOTH THE KV AND MA POSITIONS AND IS EFFECTIVELY ALWAYS AT GROUND
P O T E N T I A L F O R B O T H P O S I T I O N S O F T H E P O L A R I T Y S W I T C H .

5. OPERATING ADJUSTMENTS:

5'1 Reference Current: Reference diode CR6 has a temperature co
EFFICIENT OF VOLTAGE OF .001^ PER ®C MAXIMUM. ThIS FIGURE HOLDS
O N L Y W H E N T H E D I O D E I S O P E R A T E D A T I T S R A T E D C U R R E N T O F 1 0 . 0
MILLIAMPERES. POTENTIOMETER R27 IS INCLUDED TO ALLOW THIS CURRENT
TO BE CORRECTLY SET. ThIS ALLOWS THE VOLTAGE OF THE 50 VOLT
SUPPLY, and THUS THE ZENER CURRENT, TO BE VARIED OVER A SMALL
RANGE. This control should be readjusted whenever the reference
DIODE IS REPLACED OR AFTER REPLACEMENT OF ANY COMPONENT IN THE 50
V O L T S U P P L Y .

To MAKE THE ADJUSTMENT, THE POWER SUPPLY SHOULD BE SET FOR NEGATIVE
OUTPUT. Th is w i l l b r ing the c i r cu i t board c lose to g round po ten t ia l .

Connect a voltmeter (resistance is 50OK or greater) across the
\ J R E S I S T O R R I 7 .
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S e t t h e o u t p u t f o r s o m e c o n v e n i e n t l o w v a l u e a n d t u r n o n t h e
S U P P L Y .

W a i t t e n m i n u t e s o r m o r e f o r c o m p o n e n t s t o r e a c h o p e r a t i n g t e m p

erature AND THEN ADJUST R27 UNTIL THE VOLTAGE DROP ACROSS R17 IS
24-97 VDC ±1^. The trimpot should then be sealed with a drop of
G L Y P T A L o r S O M E C O N V E N I E N T A D H E S I V E .

I t S H 0 U L D " ' B E n o t e d t h a t t h i s a d j u s t m e n t m u s t b e P E R F O R M E D W I T H T H E
M A I N H I G H V O L T A G E S U P P L Y O P E R A T I N G N O R M A L L Y T O I N S U R E T H A T

THE CURRENT THROUGH THE DIVIDER CHAIN (wHICH IS INCLUDED IN THE
CURRENT FLOWING THROUGH R17) IS AT ITS NORMAL VALUE. ThIS WILL
HOLD TRUE EVEN AT 1 VOLT OUTPUT.

5-2 Output Voltage Calibration; The voltage of the reference diode CR6 is
SPECIFIED AT 25 VOLTS ±5/5. TwO RESISTORS R39 AND R40 AND POTENTIOMETER
R38 ARE PROVIDED SO THAT THE OUTPUT VOLTAGE CAN BE SET CORRECTLY FOR
VARIATIONS IN REFERENCE VOLTAGE FROM DIODE TO DIODE. TwO RESISTORS
AND A POTENTIOMETER ARE USED, RATHER THAN A SINGLE POTENTIOMETER OF
L A R G E R VA L U E , S I N C E T H I S I S A C R I T I C A L P O I N T I N T H E C I R C U I T F R O M
T H E P O I N T O F V I E W O F S T A B I L I T Y A N D I T I S D E S I R A B L E T O K E E P T H E
N O I S E I N T R O D U C E D B Y T H E P O T E N T I O M E T E R C O N T A C T A R M T O A M I N I M U M

T h e c a l i b r a t i o n o f t h e u n i t s h o u l d b e c h e c k e d a t r e g u l a r i n t e r v a l s o f
APPROXIMATELY SIX MONTHS AND THE POTENTIOMETER R38 READJUSTED. 1F
NECESSARY, TO BRING THE UNIT BACK WITHIN SPECIFICATIONS. SIMILAR
R E A D J U S T M E N T M A Y B E N E C E S S A R Y I F A N Y C O M P O N E N T I N T H E R E G U L A T O R
S E C T I O N I S R E P L A C E D .

I f t h e z e n e r r e f e r e n c e d i o d e i s r e p l a c e d , h o w e v e r , t h e f u l l c a l i b r a t i o n
PROCEDURE MAY BE NECESSARY. ThIS IS DONE AS FOLLOWS:

Remove HV fuse, F2 on front panel. Set the Power Supply for neg
a t i v e p o l a r i t y .

Connect a voltmeter (resistaWce 5001^ OR greater) across resistor
RI7. P lace an ex terna l jumper f rom chass is to the junct ion o f
r4o, CR8 and CRII. This sets the output programming for zero
V O L T S . N o D A N G E R O U S H I G H V O L T A G E W I L L B E R E Q U I R E D T O C A L I B R A T E

I N I T I A L L Y .

Turn on (s6) "AC ON" switch allowing ten minute warm-up period
BEFORE ANY MEASUREMENTS ARE TAKEN. ADJUST R27 UNTIL THE VOLTAGE
DROP ACROSS RI7 IS 24-97 VDC ±'\%. The trimpot should be sealed
W I T H G LY P TA L , E T C .

Remove the voltmeter from RI7 and place it scross R18 (i8.8k).Set the voltage across R18 to 23.5OV ±0.1̂  by adjusting R38. If
IIECESSARY PLACE A JUMPER ACROSS R39 AND r4O OR JUST ACROSS fQ9
TO SET THE VOLTAGE ACROSS Rl8 TO THE CORRECT VALUE (R38 AT CENTER
posit ion). Jumpers which may already be present on the board
S H O U L D B E R E M O V E D B E F O R E T H E J U M P E R S D E S C R I B E D A B O V E A R E I N S T A L L E D .

T u r n t h e p o w e r c f f .
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Remove external jumper (chassis and junction of r4o and CR8 anode).
Replace HV fuse F2. A voltmeter should be connected to the output
TERMINALS OF THE POWER SUPPLY. THE SELECTOR SWITCHES SHOULD BE SET
FOR AN OUTPUT VOLTAGE OF 3OOI VOLTS. THE UNIT SHOULD BE TURNED ON
AND ALLOWED TO STABILIZE FOR AT LEAST FIVE MINUTES. THE POTENTIOMETER
R38 SHOULD BE READJUSTED, WITH AN INSULATED SCREWDRIVER, UNTIL THE
OUTPUT VOLTAGES AS READ ON THE EXTERNAL VOLTMETER, AGREE WITH THE
SELECTOR SWITCH SETTINGS. THE UNIT SHOULD NOW BE IN CALIBRATION
F O R A L L O U T P U T S E T T I N G S .

5*3 Load Regulation; The load regulation of the power supply can be ad
JUSTED OVER A SMALL RANGE BY MEANS OF THE POTENTIOMETER R2l. SiNCE THE
VOLTAGE DEVELOPED ACROSS R5 TO R37 IS PROPORTIONAL TO THE LOAD CURRENT,
A FRANCTION OF THIS VOLTAGE CAN BE APPLIED TO THE EOLLECTOR OF Q11.
Vary ing the va lue o f R21 var ies th is f rac t ion and thus cor rec ts fo r
LOAD REGULATION OF THE SUPPLY. ThiS ADJUSTMENT SHOULD BE MADE AT AN
OUTPUT VOLTAGE OVER 2000 VOLTS.

5'^ Line Regulation; A small range of adjustment of line regulation is
PROVIDED BY THE POTENTIOMETER R65. THE OUTPUT VOLTAGE OF THE -JO VOLT
A U X I L I A RY S U P P LY M O V E S W I T H T H E L I N E V O LTA G E . A F R A C T I O N O F T H I S
VOLTAGE IS FED TO THE COLLECTOR OF Q11 AND THIS FRACTION IS CONTROLLED
BY THE SETTING OF R65.

T h e u n i t h a s b e e n a d j u s t e d f o r o p t i m u m r e g u l a t i o n b e f o r e l e a v i n g
THE FACTORY. FOR SOME APPLICATIONS NEGATIVE LINE REGULATION MAY BE
DESIRABLE (TO OFFSET LINE REGULATION IN SOME OTHER PART OF THE SYS
TEM FOR instance) and THIS CAN BE PROVIDED BY ADJUSTING R65.

5«5 Cur ren t L im i t i ng ; The cu r ren t a t wh ich the l im i t i ng ac t i on beg ins may
BE ADJUSTED OVER A RANGE BY MEABS OF THE POTENTIOMETER R5 WHICH
VARIES THE BIAS APPLIED TO THE BASE OF THE LIMITING TRANSISTOR QJ.

The power supp ly i s ad jus ted a t the fac to ry to l im i t a t 2k mi l l i amperes
ON Model 15^4 and milliamperes on Model 15^7* The unit may be set
T O L I M I T A T A L O W E R C U R R E N T I F T H I S I S D E S I R E D , B U T H I G H E R S E T T I N G S
A R E N O T R E C O M M E N D E D S I N C E T H E Y M A Y L E A D T O O V E R H E A T I N G O F T H E S E R I E S

R E G U L A T O R T U B E S U N D E R S O M E C O N D I T I O N S O F L I N E V O L T A G E A N D O U T P U T V O L T

A G E S E T T I N G S .

5.6 Meter;

5.6.1 Kilovolt Scale: The calibration of the kilovolt scale is ad
JUSTED BY MEANS OF THE POTENTIOMETER R45. .ThE UNIT IS SET TO
A GIVEN OUTPUT VOLTAGE (rEAD EITHER ON THE SELECTOR SWITCHES
OR ON AN EXTERNAL VOLTMETER) AND R45 IS TURNED UNTIL THE METER
READING CORRESPONDS WITH THE ACTUAL OUTPUT VOLTAGE. ThIS
SETTING IS BEST MADE AT A VOLTAGE ABOUT 2000 VOLTS.

5-6.2 Milliampere Scale: The calibration of this scale is adjusted
BY MEANS of the POTENTIOMETER Ril3- TO SET THE METER, THE
P O W E R S U P P L Y I S T U R N E D O N W I T H A N E X T E R N A L L O A D A N D A N E X T E R N A L
METER MEASURING THE CURRENT SUPPLIED TO THIS LOAD. R43 'S AD
J U S T E D U N T I L T H E F R O N T P A N E L M E T E R R E A D I N G A G R E E S W I T H T H A T O F
THE EXTERNAL CURRENT METER. Th iS ADJUSTMENT IS BEST MADE AT

- n - 13 Aug. 6^



A CURRENT LEVEL ABOUT 15 MILLIAMPERES ON ROOeL 15̂ ^
AND ABOUT 3O MILLIAMPERES ON MODEL 15̂ 7'

6. CAUTION:

IN SERVICING THIS POWER SUPPLY AND IN MAKING ADJUSTMENTS, IT MUST BE
REMEMBERED THAT LETHAL VOLTAGES EXIST AT MANY POINTS WHEN THE UNIT IS
OPERATING. IN PARTICULAR, THE TRANSISTOR CIRCUIT BOARDS FLOAT AT THE
POTENTIAL OF THE POSITIVE OUTPUT TERMINAL AND HENCE MAY BE AT A POTEN
TIAL OF 3000 VOLTS WITH RESPECT TO GROUND.

EVEN WHEN THE UNIT IS TURNED OFF, THERE ARE LARGE CAPACITORS IN THE UNIT
WHICH MAY HOLD CHARGE FOR AN APPRECIABLE LENGTH OF TIME. NO ATTEMPT
AT SERVICING SHOULD BE MADE UNTIL ALL HIGH VOLTAGE CAPACITORS HAVE BEEN
GROUNDED. ALL SAFETY PRECAUTIONS NORMALLY USED ON HIGH-VOLTAGE EQUIPMENT
MUST BE OBSERVED ON THIS UNIT.

WHEREVER POSSIBLE, SERVICING SHOULD BE CARRIED OUT WITH THE POWER SUPPLY
SET FOR NEGATIVE OUTPUT POLARITY S INCE IN THIS CONDIT ION THE TRANSISTOR
CIRCUIT BOARDS ARE CLOSE TO GROUND POTENTIAL.

TRIMPOTS ON THE CIRCUIT BOARDS SHOULD BE ADJUSTED WITH AN INSULATED
SCREWDRIVER, PARTLY FOR THE PROTECTION OF THE OPERATOR AND PARTLY TO
INSURE THAT COMPONENTS ON THE BOARD ARE NOT DAMAGED BY ACCIDENTAL
SHORT CIRCUITS.

- 1 2 - 13 Aug. 6k
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ELECTRICAL PARTS LIST, MODEL

NOTES: I t e m s w h i c h b e a r n o f a c t o r y P a r t n u m b e r A r e s t a n d a r d c o m p o n e n t s
AVAILABLE FROM YOUR REOULAR ELECTRONIC PARTS DISTRIBUTOR,

Replacement transistors should be obtained from Power Designs Inc.
C o m m e r c i a l l y e q u i v a l e n t t r a n s i s t o r s h a v e w i d e p a r a m e t e r t o l e r a n c e s
w h i c h m a y r e n d e r t h e m u n s u i t a b l e f o r u s e i n D - C a m p l i fi e r c i r c u i t r y .
R e p l a c e m e n t o f t r a n s i s t o r s w i t h c o m m e r c i a l e q u i v a l e n t s m a y r e s u l t
i n d e g r a d a t i o n o f p e r f o r m a n c e .

A l l e l e c t r o l y t i c c a p a c i t o r s a r e h i g h p u r i t y > o i l " c o m p u t e r q u a l i t y "
TYPES WITH A L IFE EXPECTANCY IN EXCESS OF 10 YEARS.

C I R C U I T
DESIGNATION DESCRIPTION

FACTORY
PART NO.

*C2,C12,C22,C26
C3
C5,C8, CI 1̂ ,020
C5A
C5B
C7
C9
C l O A
C10B
C13
C15
CI6 THRU CI9

CR1 THRU CR4
CR10,CR14,CR15
CR̂ H, CR42

Ĉ,CR9
cr7,cr8 ,cr i i ,
CR12, CRI3
cri6 THRU CR39
crHo

DS1, DS2

11,12,13,
1^,15,10

Capacitor, 100 MFD, 75VDC, Electrolyt ic
Capacitor.; i8mFD, IOOVDC, Electrolytic
Capacitor, 8mfd, IOOVDC, Electrolytic
C a p a c i t o r , O . O I M F D , 1 K V, C e r a m i c , D i s c
Capacitor, Dual, IMFD, 3KV, Mylar, Paper
Capacitor, Part of C5A
Capacitor, 0.47MFD, 75VDC, Plastic Film
Capacitor, 15OMMFD, 600 VDC, Ceramic, Tubular
Capaci tor, Dual, 2MFD, 3KV, Oi l Fi l led Paper
C a p a c i t o r , P a r t o f C I O A
Capaci tor, 33OMFD, I .5VDC, Elect ro ly t ic
C a p a c i t o r , O . I M F D , 2 0 0 V D C , P l a s t i c F i l m
Capacitor, .005MFD, 3KV, Ceramic, Disc
C a p a c i t o r , 0 . 0 1 M F D , 3 ^ a m i c . D i s c
C a p a c i t o r , I M F D , I O O V D C , v t i c
C a p a c i t o r, 0 . 2 2 M F D , 5 0 V D C , P l a - F i l m

D i o d e , S i l i c o n , R e c t i fi e r
D i o d e , S i l i c o n , Z e n e r
D i o d e , S i l i c o n , Z e n e r , V o l t a g e R e f e r e n c e

D i o d e , S i l i c o n
D i o d e , S i l i c o n , R e c t i fi e r
D i o d e , S i l i c o n , Z e n e r

Pilot Lamp Assembly, Neon

Fuse, 1/2 AMP, Type MDL, "slo-blo"
Fuse, 1 l/2 AMPS, Type MDX, "slo-blo"

CE-79-.75
ce-JI8-I
CE-lf2-1
CC-13-10
CO-23-30

CP-20.-75
cc-31-6
C0-2ll-30

iN6ii5
WZ359̂WZIO06

fi o 4 4 p

SS8J3UZ587

PLA-3

Lamp, Neon

Choke, 5 Micro Henries
Choke, Ohmite Type Z50

G D - 1 0
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ELECTRICAL PARTS LIST, MOPfcL HV-̂ 15̂ ^ (CONT1MUEP)

C I R C U I T
PESIGNATION

qi,q8
Q2,
Q3 THRU Q6
QT,Q9^Q10
Q11

r 6
R7, R8I
R9,R11
RIO, Rll|
R12,R33
R13 ,
ri5,R1H
ri6, r68

PESCRIPT ION

M e t e r , Vo l t - A m m e t e r , P u a l S c a l e
0-3KV/0-20 MA, 2 1/2" Rect.

T r a n s i s t o r , P N P, S i l i c o n
T r a n s i s t o r , N P N , S i l i c o n
T r a n s i s t o r , N P N , S i l i c o n
T r a n s i s t o r , P N P, S i l i c o n
T r a n s i s t o r , P u a l , N P N , S i l i c o n P l a n a r

Resistor, 3300^> iw, ±1GJ^, Composition
Resistor, loOO fi, ̂ W, ±10 ,̂ Composition
Resistor, 33^ ^^* iw, ±5^, Composition
Resistor, 22 |w, ±5^, Composition
Resis tor, Ad jus tab le Tr immer, 200 fi ,
1 l/4W, ±10 ,̂ WI REWOUND
Resistor, 20K fi, ^W, Composition
Resistor, 6.8k fl, ±10^, Composition
RESISTOR, IOK Q, 1/^W, ±1^, Precision
Resistor, 15K fi, l/2W, ±10 ,̂ Composition
Resistor, 12K fi, l/2W, ±10^, COMPOSITION
Resistor, 150 0, l/2w, ±10jS, Composition
Resistor, s6o i/2w, ±5^, Composition
Resistor, 47K l/2w. ±10^, Composition
Resistor, 2,22K Q, 1/4W, ±1^, Precision
Resistor, i8.8k 3/8w, ±.1^ Precision
Resistor, 33^ 1W, ±\0%t Composition
Resistor, loOK 1/2W, ±10^, Composition
Resistor, Adjustable Trimmer, IK fi, 1 l/4w,
±̂ 0%, WI REWOUND
Resistor, 680 fi, l/2W, ±10J^, Composition
Resistor, lf70 (2, l/2W, ±10jg. Composition
Resistor, 1500 Q, l/2W, ±10^, Composition
Resistor, ^700 S2, 1/2w, ±10^, Composition
Resistor, IOK f2, l/2w, ±5^, Composition
Resistor, 51OO h, l/2w, ±5^# Composition
Resistor, 220K fi, l/2w, ±10^, Composition
Resistor, 82K J2, 1/2W, ±10^, Composition
Resistor, 82K f2, l/2w, ±10^, Composition
Resistor, 30O f2, l/2W, Composition
Resistor, 700 Q, l/4w, ±\% Precision
Resistor, 10 f2, 1W, ±5^^ Composition
Resistor, Adjustable Trimmer, 5^ fi, 1 l/^W,
±10̂ , WI REWOUND
Resistor, 2.7 MEG. Q, 2W, ±10^, Composition
Resistor, Variable, (1-12 Volts Adjust)
IOK f2, hWf ±10̂ , Wl REWOUND

FACTORY
PART NO.

M VA - 1 0 2

FSIO27A
FS696A
FS696
FSIO27
AS2056

RWT-201-C4

RD-103-1Q

RW-2 .22 -10
RW-18.82-IS

RWT-102-C4

RD-7OI-IQ

RWT-502-C4

RWV103Mlt-2.l2
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ELECTRICAL PARTS LIST, MODEL HV-T3^4 (CONTINUED)

C I R C U I T
DESIGNATION

R51
R52

R55 thru R58
1̂̂  THRU R63
R66, R67
R69
R7O, R83
R71, R72 ̂
R̂3 thru r8o
R81|
R85
r 8 6
r 8 8

VI, V2

d e s c r i p t i o n

R e s i s t o r , 8 k l / 4 w , P r e c i s i o n
Resistor, i6k Q, 1/^W, ±.5 ĵ Precision
RESISTOR, 24K fi, 3/^^, ±.5^^ Precision
RESISTOR, 32K H, 3/SW, ±.5^, Precision
Resistor, oOK 1 l/2w, ±A%, Precision
Resistor, 4ook 1 l/2w, ±.1^, Precision
Resistor, 800 fi, 7W, ±5^^ Wirewound
Resistor, 680 f2, 1W, ±10^, Composition
Resistor, 1200 1W, ±10^, Composition
Resistor, 220 f2, l/2W, ±10^, Composition
Resistor, 22 l/2w, ±10^, Composition
Resistor, 1 MEG. 1W, ±10^, Composition
Resistor, 820 fl, 1W, ±10^, Composition
Resistor, 2.7 Cl, 1W, ±10^, Composition
Resistor, 33^ fi, l/2W, ±10^, Composition
Resistor, 1KJ2, IW, ±10J^, Composition
Resistor, ZJOO fi, l/2w, ±10^, Composition

Switch, Rotary, (O-250OV)
Switch, Rotary, (0-4oOV)
Switch, Rotary, (O-IOOV)
Switch, Rotary, {Polarity Reversal)
S w i t c h , To g g l e , D P D T, M o m e n t a r y S p r i n g R e t u r n
Switch, Toggle, DPST, 15A, 125 VAC
Switch, Toggle, SPST, 15A, 125 VAC

Tr a n s f o r m e r , P o w e r
T r a n s f o r m e r , P l a t e

Tu b e ,

Connector, Receptacle,Amphenol #i6o-5
C o n n e c t o r , H V C o A x i a l R e c e p t a c l e ,
Type 70-O3

C o n n e c t o r, H V C o A x i a l P l u g , Ty p e
59-03 (RG-59/U)

FACTORY
PART NO.

L i n e C o r d



POMER OCSIGNS INC..

"CONTROLLEO PARAMETER"

SEMI.4X)NDUCrOR OOOE

EXAMPLE:

P o e n x t o e i m r y i N Q
MANUPACTtmCR

POWER DESIGNS
Type Numre r

StIPriX lOENTIPYINQ
Special Parameters

Replacement Semiconductors with the same Power Designs
TYPE NUMBER ANO SUPPtX^ ARE DIRECTLY INTERCHANOEABLE.



W A R R A N T Y

POWER DESIGNS INC., warrants to the original purchaser, each instru
ment sold by us, or our authorized agents, and all the parts thereof, to be
free from defects in material or workmanship under normal use and ser
vice within the specified ratings and operating conditions.

Its obligation under this warranty is hereby limited to the repair or replace
ment of any instrument, or part thereof, which is returned to us within one

year after delivery, and which shall prove, after our examination, to be thus
d e f e c t i v e .

This warranty does not include the cost of transportation charges to and
from the factory and/or the cost of packaging or crating of instruments for
return to the factory, unless such instrument is returned within thirty (30)
days from the date of original shipment as shown on the packing list or
shipping documents, and prior written authorization for such costs is
obtained from the factory.

The repair or replacement of an instrument, or any part thereof, does not
void or extend the original warranty.

POWER DESIGNS INC., reserves the right to discontinue any instrument
without notice, or to make modifications in design at any time, without
incurring any obligation to make these modifications in instruments previ
ously sold.

POWER DESIGNS INC.
Westbury, L. I., New York

POWER DESIGNS PACIFIC, INC.
Palo Alto, California
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F e d e r a l E l e c t r i c C o r p o r a t i o n
2128 Stanford, S. E,
A l b u q u e r q u e , N e w M e x i c o

R e f e r e n c e ; P u r c h a s e O r d e r r e c e i v e d v i a T e l e g r a m

G e n t l e m e n :

In response to your telegraphic order of today for one each
Manual for Power De signs Model 1544 power supply we are
enc los ing the manua l herewi th .

There wi l l be no charge for th is manual . /

If you desire any further information about Power Designs Pacific, Inc.,
and our products, our representatives in your area are Wright
Engineering, 15 North 40th Place, Phoenix. Either they or the
vindersigned wi l l be most happy to assist you.

S i n c e r e l y y o u r s

P O W E R D E S I G N S P A C I F I C , I N C .

o . "

D r . D a v i d H . S i m m o n s
P r e s i d e n t

D H S : r d
V i a A i r M a i l

c c : Wr i g h t E n g i n e e r i n g

V

. _ . _ . _ i k i i - i 3 3 B 1 d U N I P E R O S E R R A • P A L O A L T O • C A L I F O R N I AP O W E R D E S I G N S P A C I F I C I N C . T E L E : 4 i s - 3 2 i - B i n • T W X : 9 1 0 - 3 7 3 - 1 2 5 1


