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1 . I NTRODUCT I ON: 

THEORY OF OPERATION 
09826-66553 POWER SUPPLY BOARD 

This document describes the operation of the 09826-66553 Power Suoply Board. 

The following documents should be on hand when studying this Theory of 
Operat ion: 

POWER SUPPLY IRS 

POWER SUPPLY BLOCK DIAGRAM C-09826-66553-6 

POWER SUPPLY SCHEMATIC C-09826-66553-4 

PULSE WIDTH MODULATOR SG3524 DATA SHEET 

Z. MINUS 12 VOLT REGULATOR: 

The -12V output is generated by a switching regulator which converts the 
positive raw DC into a regulated -12 volts. This approach allows the 9826 
power supply to operate from.a single NICAD battery for power fai 1 protec­
tion. 

2.1. Input LC Filter: 

The -12V regulator shares an LC input filter (L6, C5, C6, and C10) 
with the +12V regulator. The raw DC is passed through L6 to the 
Pulse Width Modulator (PWM) and to the Power Switch and Diode net­
work. The LC filter keeps 40kHz interference out of the Raw DC 
supply and therefore prevents the switching frequency interference 
from being conducted or radiated out of the AC power 1 ine connec­
tion. 

2.2. Pulse Width Modulator (PWM): 

The PWM is an SG3524 integrated circuit which contains a +5V 
reference, error ampl ifier, oscillator, pulse width modulator, 
pulse steering fl ip-f1op, dual alternating output switches, and 
current 1 imiting and shut-down ci rcuitry. The current 1 imiting ,~ 
circuitry is not used in the -12V regulator. ..,.~,:, 

,.." ":~ 
':--. ~.\ ... ;" 

R51 and c26 set the osc ill ator frequency to 40kHz nomi na 1 ',' 'U6,;>' 
the PWM used in the -12V regu 1 ator, genera tes the 40kHz ,ra'mp .. a'nd 
the 40kHz osci 11ator pulses which are used by the PWM',s .. "./ 

\';.~- :.) 
.) 
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, . . 

in the +12V and +5V regulators (U5 and U3), i.e., the +12V and 
+5V regulator PWM's are slaved to the -12V regulator PWM. There­
fore, if the oscillator in u6 is not working, then the +12V and 
+5V regulators will not operate.' 

The +5V reference from pin 16 of u6 is divided down to 2.5V by 
R50 and R52 and is appl ied to the inverting input of the PWM 
error ampl ifier. The -12 output voltage is sensed by R4, R7, 
and R8, and is fed back to the non-inverting input of the PWM. 

2.3. Frequency Compensation: 

C25 and R49 are connected between pins 9 and 1 of the PWM to 
provide frequency compensation and prevent oscillation in the 
feedback loop. 

2.4. Soft Start Circuitry: 

2.5. 

2.6. 

R6, R24, CR5, c8 provide soft starting for the -12V supply. As 
long as pin 9 of the PWM is held low, the base drive to U2 is 
inhibited. When power is turned on, c8 is discharged and pin 9 
of u6 is held low through CR5. c8 will begin to charge toward 
V raw and will cause the voltage on pin 9 of u6 to ramp up. The 
base drive to U2 will be 40kHz pulses which will increase in 
width until the voltage on c8 causes the voltage on pin 9 of u6 
to rise to its steady-state level. 

The voltage on c8 will continue to rise and will cause CR5 to 
be reverse biased. This causes the soft start circuitry to have 
no further effect upon the PWM. 

Power Switch and Diode: 

U2 is a hybrid circuit enclosed in a TO-3 package. It contains 
a power Darlington and a fast recovery, high current diode. The 
diode is connected in series with L9 to the -12V output. The 
Darl ington is connected in series with L4 and R27 to ground. t. 

<.::.'\. 
,,:- .... 

Energy Sto rage Inductor: 
~ ..... > 

When the Darl ington is turned ON by the base drive appl ied to .~.:.:~)~~>.J 
R28, current flows through L4 and R27 to ground. This causes < ~"'-.,:'" 
energy to be stored in L4. When the Darlington is turned OFF,/:-','/ 
the diode in U2 allows current to continue flowing in L4. This,,> 
charges filter capacitor C17 and delivers current to the lda:d./ 
R27 provides a voltage which is proportioned to the cur.r.en't 
through L4. Th i s vo 1 tage is used to dri ve the current"'r(~i t 
circuitry. 

.~-~ 
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2.7. Current Limit Circuitry: 

The voltage developed across R27 is appl ied through R30 to the 
base of Q3. Q3 is normally OFF. If the voltage across R27 
exceeds 0.6V, Q3 will be turned ON and will discharge c8. This 
pulls pin 9 of U6 LOW, and causes base drive pulses out of pin 
12 and 13 of u6 to be inhibited. This causes the Darl ington in 
U2 to be turned OFF. 

With the Darl ington turned OFF, the current through R27 goes to 
zero, Q3 turns OFF, and c8 starts to charge up again. This will 
cause pin 9 of u6 to go HIGH, which causes base driver pulses to 
be appl ied to the Darlington. If the -12V supply is still shorted, 
Q3 will again pull pin 9 of u6 LOW causing the Darl ington to be 
turned OFF. This process will continue until the short across the 
-12V supply is removed. 

2.8. Fi 1 ter Capac i tor: 

The filter capacitor, C17, smoothes out the 40kHz ripple. How­
ever, due mainly to its equivalent series resistance (ESR) and 
inductance, additional filtering is required. 

2.9. Output LC Filter: 

The output LC filter consisting of L9, C24, and C30 further reduces 
the 40kHz ripple on the output of the -12V supply. 

2.10. Damping Network: 

A damping network, C7 and R29, is connected across the filter 
capacitor to privide gain and phase margin in the feedback loop. 
This works by AC coupl ing a low value resistor of 0.47 ohms across 
the LC circuit formed by L4 and C17. 

2.11. Voltage Sense: 
;. , ..... ,> 

The -12V across filter capacitor C17 is sensed by the volt~ge·J 
divider consisting of R4, R7, and R8. Part of the outpu(\v.o.r'tage 
is fed back to pin 2 of u6. Th is is the non- invert i ng .:·Lri:RUt of 
the error ampl ifier. ',.-'.;";, .. ' 

"' : .. '.' ........ :.' 
/ 

2. 1 2 . Sh u t down: " 

A TTL signal can be applied to pin 10 of u6. -T~i~ line is also 
connected to pin 10 of U5 in the +12V regul~tor: The SHUTDOWN 
line is not used unless the unit contains a Battery Option. 
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With the Battery Option, a logic HIGH is applied to the SHUTDOWN 
line to turn the Power Supply Board OFF before the relay in series 
with the battery is de-energized. This prevents arcing of relay 
contacts. 

When a HIGH is applied to the SHUTDOWN line the +5V regulator will 
be turned OFF by the INHIBIT circuitry when the -12V supply voltage 
drops to -lOVe 

3. +12 VOLT REGULATOR: 

The +l2V Regulator is very similar to the -l2V regulator. The main dif­
ference is the way the POWER SWITCH AND DIODE circuit is connected to 
provide a positive output instead of a negative output. 

Because of the similarity to the -12V Regulator, the description in this 
section will be brief. 

3.1. Input LC Filter: 

L6, C5, C6, and ClO function as the input filter to the +12V 
Regulator. This filter keeps RFI out of the AC input, and 
prevents AC line transients from being appl ied to the +12 Volt 
Regulator. 

3.2. Adjustable Voltage Divider: 

R3, R9, and R26 divide the +5 Volt reference of U5 down to 2.5 
volts. This voltage is app1 ied to the non-inverting inputs of 
the error ampl ifier in U3 and U5, the PWMls for the +5 Volt 
Regulator and the +12V Regulator. 

3.3. Pulse Width Modulator: 

3.4. 

The PWM is an SG3524, and is the same as the PWM in the -12 
volt supply. The 40kHz ramp and the 40kHz osci 11ator pu1ses.--'I., 
are generated by U6, the PWM in the -12V regulator. . 

\ ; 
/, .. ' 

Frequency Compensation: (:.." " ; 
- ... -; ... ! 

C 14 and R22 a re connected between pins 9 and 1 of the,p"W'M to 
provide frequency compensation of the feedback loop.::/ 

.' 

J 

.:<'/ 
" . 
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3.5. Soft Start Circuitry: 

R47, C4, and CR7 provide soft starting for the +12 volt supply. 
CRIO provides fast discharge of C4 when power is turned OFF so 
that soft starting will function if the AC 1 ine switch is turned 
off and on quickly. CR2 prevents possible start-up problems by 
not allowing pin 9 of U5 to go negative. 

3.6. Power Switch and Diode: 

Ul is a power hybrid which is :he same as U2 in the -12 volt 
regulator. However, in the +12 volt supply, the diode is con­
nected to ground and the output of the switch (pin 1) is con­
nected to L3, which acts as an energy storage inductor for the 
+12 volt regulator. This arrangement provides a positive out­
put voltage. 

3.7. Inductor: 

The inductor, L3, serves as the energy storage inductor for the 
+12 volt supply. 

3.8. Filter Capacitor: 

C16 filters the 40kHz.:ripple out of the +12 volt supply. How­
ever, additional filtering is required and is provided by the 
output LC fi Iter. 

3.9. Current Limit Circuitry: 

The voltage across R38 is proportional to the +12 volt output 
current. This voltage is appl ied to one of the comparators in 
u4. When the voltage exceeds 200mV, the comparator switches 
and its output goes LOW (pin 2 of U4). This discharges Cl2 
and then CR6 pulls pin 9 of the PWM LOW, which causes Ul, the 
Power Switch and Diode, to be turned OFF. If the overload on 
the output remains, then R37 will cause c4 to discharge, and 
when the overload is removed, the +12 volt regulator will 
soft start. This prevents the current limit circuitry from 
locking up when an overload occurs and then is removed. 

C15, which is across the comparator input (U4 pins 4 and 5), 
prevents the comparator from switching on 40kHz noise spikes. 
R20 provides 10mV of bias to the non-inverting input of the G,~~~) 

, :.; 

comparator to keep it from latching with its output LOW due.,::<::,-' 
to its internal offset vo 1 tage. \:~,'/')':.- '? 

, . . \ 
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HEWLETT - PACKARD CO. . . . 
3.10. Output LC Filter: 

The output filter consisting of L8, C23, and C29 reduces the 
40kHz ripple on the output of the +12 volt supply. 

3.11. Voltage Sense: 

The +12 volts at the input to the output LC filter is divided 
down to +2.5 volts by R46 and R48, and then fed back to pin 1 
of the PWM, US. The feedback loop will keep the voltage at uS, 
pin 1, equal to the reference voltage at US, pin 2. 

3.12. Overvoltage Protection: 

The overvoltage protection circuitry consists ·of CRa, CR9, R43, 
R44, and C2l. Execpt for CRa, all of this circuitry is also 
used to provide overvoltage protection for the +5 volt regulator. 

If the +12V output rises to 13.3 volts, the zener diode, CRa 
begins to conduct. When the output of the +12 volt supply rises 
to about 14 volts, the SCR (CR14) turns ON. This causes a large 
current to flow through the 15 amp fuse in series with the 
un regu 1 ated DC supp 1 y, .. and the fuse blows. Wi th the DC input 
voltage removed, the regulator turns OFF. 

Noise immunity is provided for the SCR gate circuit by R43, R44, 
and C2l. 

3.13. Shutdown: 

See Section 2.12. 

3.14. Inhibit Circuitry: 

See Section 5. 

4. +5 VOLT REGULATOR: 

The +5 volt regulator is basically the same as the +12 volt regulator, 
except that the SHUTDOWN 1 ine is not connected to the +5 volt regulator. 

4. 1 • Input LC Filter: 
'. "\ 

The input filter consists of L5, Cl, and C20. This filter keeps,·~,.i\,:-,:"~: ....... , .; 

40kHz in te rfe ren ce out of the un regu 1 a ted DC supp 1 y and out of: >.:-_.> 
the AC input and keeps AC 1 ine transients out of the +5 volt'~~~~ 
regulator. . .'~~) 

, , 
... : , ~ 

1---+-----+-------+-------4 MODEL G 8 ~6 ISTK NO 

Theorv of Operation 

BY Jim McLucas DATE 07 October 1981 
A See pg. 1 
UR PC NO APPROVED DATE 

APPO SHEET NO q OF 12 

REVISIO~S SUPERSEDES OWG NO A-09826-66553-9 
7830-006-L 



. . HEWLETT - PACKARD CO . 

4.2. Adjustable Voltage Divider: 

See Section 3.2. 

4.3. Pulse Width Modulator: 

The PWM is an SG3524 and is the same as the PWM's in the +12 
volt regulator and the -12 volt regulator. The 40kHz oscillator 
pulses and the 40kHz ramp are generated by u6, the PWM in the -12 
volt regulator. 

4.4. Frequency Compensation: 

C18 and R39 are connected between pins 9 and 1 of the PWM (U3) 
to provide frequency compensation of the feedback loop. 

4.5. Soft Start Circuitry: 

R53, C2, and CRll provide soft starting for the +5 volt regulator. 
CR13 provides fast discharge of C2 when power is turned OFF so 
that soft starting will function if the AC 1 ine switch is turned 
OFF and ON quickly. 

4.6. Power Switch and Diode: 

Ql, Q2, and CR3 make up the Power Switch and Diode. The diode 
is connected to ground, and the output of the power switch (pin 1) 
is connected to L2, which functions as an energy storage inductor. 
This arrangement provides a positive output voltage. 

Q4 provides drive current to Q2. The drive current is independent 
of the magnitude of Vraw to allow operation to about 8 volts. 

4.7. LC Filter: 

4.8. 

The LC FILTER which consists of L2 and C3 reduces the 40kHz 
ripple in the +5 volt output. The 40kHz ripple is further 
reduced by the output LC filter. 

Current Limit Circuitry: 
, 

.I 
·1 

The voltage across R45 is proportional to the current f1owin'g.out 
of the +5 vo 1 t regu 1 a to r. Th is vo 1 tage is app 1 i ed to one 'Qf';"t'he 
comparators in u4. When the voltage exceeds 100mV the cOnl1?arator 
switches, and its output goes LOW (pin 13 of u4). Thi~ dt~charges 
Cl9 and then CRl2 pulls pin 9 of the PWM LOW, which ,ca·u.s~s the 
Power Switch and Diode to be turned OFF. If the 0~~~1·6ad on the 
output remains, then R54 causes C2 to discharge,,-.~nd' when the 

" 

.\ 
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overload is removed, the +5 volt regulator wi 11 soft start. 
This prevents the current 1 imit circuitry from locking up when an 
overload occurs and then is removed. 

R21 provides 10mV of bias to the inverting input of the com­
parator to keep it from latching with its output LOW due to its 
internal offset voltage. 

4.9. Output LC Filter: 

The output LC filter consists of L7, C22, and c28. This filter 
reduces the 40kHz ripple on the output of the +5 volt supply. 

4.10. Voltage Sense: 

The +5 volts at the junction of R45 and L2 is divided down to 
+2.5 volts by R40 and R42 and then fed back to pin 1 of the PWM, 
U3. The feedback loop keeps the voltage at U3, pin 1, equal to 
the reference voltage at U3, pin 2. 

4.11. Overvoltage Protection: 

Overvoltage protection is provided by CR8, CR9, R43, R44, and 
C2l. Except for CR8, this is the same circuitry which is used 
for overvoltage protection of the +12 volt regulator. 

If the +5 volt output rises to 5.9 volts, the zener diode, CR9, 
begins to conduct. When the voltage rises to about 6.6 volts, 
the SCR (CR14) turns ON. This causes the 15 amp fuse in the 
unregulated DC supply to blow, removing the DC input voltage to 
the regulator. 

R43, R44, and C2l provide noise rejection for the gate of the SCR. 

5. I NHI BIT C IRCU ITRY: 

The +5 volt regulator and the +12 volt regulators are both inhibited from 
turning ON until the output of the -12 volt supply is at least 10 volts 
negative. The INHIBIT function is provided by CR15, CR16, R55, and the 
current 1 imit circuitry internal to the +5 volt and +12 volt PWM's (U3 
and U5). 

When the output of the -12 volt supply is less than 10 volts negative, '" 
zener diode CR16 is not conducting. \.Jhen the -12 volt output is 10 vol,ts'-'\"': :.-' 
negative, zener: diode CR16 conducts. This effectively grounds pin 4 6~\'\"~:''':'~ 
U3 and pin 4 of U5. This allows the PWMls to being operating .. " \:.''.,:>~~!-'' 

. :)~<>;<." . 
.. 
.) 

~~------~----------~-----------tM~OD~E_L _____ 9~8~'3~6 __________ .ls~TK~N~O ______________________________ ~ 
Theory of O~eration 

BY Jim McLucas DATE 07 October 1981 

UR PC NO APPROVED DATE 

A See po. 1 
APPD SHEET NO 11 OF 12 

REVIS10~S SUPERSEDES DWG NO A-09826-66553-9 
7830-006-L 



· . ~EWLETT - PACKARD CO. 

6. POWER UP RESET: 

Two comparators in U4 are used as Schmitt triggers in the POWER UP RESET 
circuitry. The input to the first comparator (pin 9 of U4) is the output 
from the 5 volt regulator. When this output reaches 4.5 volts, the first 
comparator switches. The output of the first Schmitt trigger (pin 14 of 
u4) connects to Cll which together with R14 provides about 120ms delay 
before the second Schmitt trigger switches. After the 120ms delay, the 
output of the second Schmitt trigger (pin 1 of U4) goes HIGH, providing 
a POWER UP RESET pulse for the 68000 microprocessor. 

C13, across pins 6 and 7 of U4, prevents false triggering of the comparator 
due to 40kHz noise. 

7. PFAIL SIGNAL: 

A fullwave rectifier on the Rectifier Board rectifies the AC voltage in 
the secondary of the power transformer. This unfiltered signal is connected 
to the Power Supply Board which then connects it to the Mother Board. The 
Mother Board carries the PFAIL signal to the Battery Option Board. 

o. POWER UP SEQUENCE: 

A. The -12 volt supply must-'be at least 10 volts negative before the 
+5 volt and the +12 volt suppl ies can operate. 

~. +5 volts ramps up in about 60ms. 

C. +12 volts ramps up in about 120ms. 

9. POWER DOWN SEQUENCE: 

A. +12 volts starts down first. 

B. +5 volts goes down. 

C. -12 volts goes down last. 

The actual times involved depend upon the loading on each supply. 
<' r] 
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