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1. GENERAL INFORMATION

The Power Supplies for the 2105/2108 Processors are complex circuits which supply the necessary regulated
DC voltages and coordinated logic signals for operation of the CPU, memory and I/O interface cards of the
21MX Computer Series. The required input power is from an input AC power line from 47 to 64 Hz and
over a voltage range of 110 +20% VAC or 220 +20% VAC. Maximum input voltamperes of the 2108 are
approximately 650 and the maximum input voltamperes of the 2105 are approximately 450. The overall
efficiency of the power supplies range between 65% and 80%, depending upon loading.

The power supplies operate in four different modes. These are:

Operate

Line standby
Battery standby
CPU-MEM Alarm

oo

The computer itself does not distinguish between the line standby mode and the battery standby mode, but
these two states are entirely different within the power supply.

In the operate mode, all output voltages are present and current is available up to the full capacity of -each
output. In the two standby modes, only those voltages necessary to permit the semiconductor memory to
retain its contents are present. In CPU-MEM alarm all voltages associated with respective alarm are shut
down, requiring a reset to line standby mode for normal operation to resume.

As the two standby names imply, the line standby mode receives input power from the AC line power plug
whereas the battery standby mode operates off of power supplied from a 12 volt storage battery.

The optional nickel cadmium battery supplied with the computer, when fully charged, provides standby
power for at least two hours. Longer standby periods may be realized by the use of a larger external storage
battery of voltage range 10 — 14 VDC and of approximately 3.5 amp hr capacity per 2 hours of desired
standby time. It should be noted that the CPU power supply provides a constant current charge of 250 mA
to the battery whenever AC line power is present. '

The supply output voltage specifications and their current ratings are shown below, with an * indicating
those voltages which are present only during the operate mode.



2108 2105
MAXIMUM
OUTPUT TERMINAL OPERATE STANDBY OPERATE STANDBY VOLTAGE
VOLTAGE CURRENT CURRENT CURRENT CURRENT DEVIATION
+5 volts (CPU and 1/0) 35 * 25 ¥ +0.25V
-2 volts (CPU and 1/0) 5 * 5 * +0.40V
+12.0V (1/0) 3 - 2 . 0.5V
-12.0V (i/0) -3 * _ -2 * 0.5V
+5.0V (mem) 5 5 5 5 +0.25V
+12.5V (mem) 1.8 0.5 5 .5 0.5V
-12.5V (mem) 1.8 0.5 5 5 0.5V

*Indicates that this output voltage is O during standby mode.

Physically the power supplies consist of two major P.C. board assemblies and five minor P.C. board
assemblies.

The two major assemblies contain all circuits necessary for full operation from the AC power line. Three of
the minor assemblies contain circuits which in conjunction with the two major assemblies permit standby
operation from a 12 volt battery.

The remaining two minor boards serve only to interconnect the two major board assemblies.

Of the two major board assemblies, one contains all circuits associated with the isolated output voltages
and control logic. This board has no voltages.present greater than +28 VDC. This board (5060-8349 or
5060-8355) is located directly under the top cover of the computer, circuit side up when the supply is
installed.

The other major assembly contains circuits associated with the power line input and other circuits where
hazardous voltages in excess of 350 VDC are present. This board (5060-8343 or 5060-8354) is inaccessible
when the supply is installed in the computer.

Transformers and optical isolators provide isolation in excess of 1500 volts between the supply outputs and
the input power line. Practices necessary for UL recognition have been observed.

2. Electrical Description

The operate and line standby modes of operation employ a combination of a high voltage DC switching
preregulator, two multi-output DC to DC converters and several series pass regulators.

The battery standby mode of operation employs three independent switching regulators.

All power switching in the regulators and DC to DC converters is performed at a frequency of approxi-
mately 20 kHz.



This frequency of operation results in very small size and weight of magnetic components and capacitors
and produces no audible noise.

The preregulator and DC to DC converters share a common clock.
The battery powered regulators share a separate clock.

The major energy storage in the supply occurs at the line input capacitors at approximately 300 VDC.
Energy storage at this high voltage, prior to the preregulator allows the computer to operate undisturbed
despite line dropouts of several cycles and permits the memory to hold up for several hundred milliseconds
even without a standby battery installed.

3. GENERAL OPERATION

Referring to the state transition diagram in figure 1, at initial point when all power is off to supply and AC
voltage is applied the power supply moves to the line standby state, Memory lost signal will be generated
due to the fact that prior to entering line standby no memory supply voltages were present — therefore,
contents of memory have been lost. At approximately 70 — 75 volts AC supply will output memory volt-
ages. A reset of power supply logic is performed by the key switch on the front panel of the computer (or
via rear panel power control connector) in order to prepare power supply to enter operate state. The key
switch is then turned to operate, allowing the power supply to enter the operate state if the input AC line is
sufficiently high which is determined by PUUP sense circuitry. In the operate state all CPU voltages are up
and in regulation and all CPU timing and control signals generated in the supply are issued. The supply can
be returned to the line standby state by turning the key switch to standby position or by removing the AC
input voltage. By doing so the CPU is shut down in an orderly manner such that it can be re-enabled with
little problem. When returned to line standby by switch, power supply will remain in that state until
switched to operate in a power down condition, unit will remain in line standby state long enough to de-
termine if power-fail recovery option has been installed. If the option is not available the power supply will
completely power down and initial power up procedure will be followed on powering supply up again.

If power fail system has been installed and battery is sufficiently charged and AC power down, the power
supply enters battery standby state where memory voltages are maintained and memory overvoltage and
undervoltage sense circuitry remains active. If at any time in battery standby state the battery becomes dis-
charged the power supply will also completely power down and initial power up procedure will be followed.
If battery remains charged, on AC power up, if front panel switch is in operate, power supply will enter di-
rectly into operate state.

Under the conditions of a CPU or memory overvoltage or overcurrent it enters the appropriate alarm state,
In the CPU alarm state, all CPU voltages are shut off while memory voltages remain unaffected. In the
memory alarm state all output voltages are shut down. Operate state may be re-entered by turning front
panel switch to reset — then back to operate. If, though, the overvoltage or overcurrent still exists the
supply will re-enter the alarm state. This condition will continue to exist until the overvoltage or overcur-
rent condition is removed.

4. POWER SUPPLY SIGNALS

The power supply provides three signals to the CPU for computer operation. These signals are 1) power
up (PWU), 2) power on (PON), and 3) “not” memory lost (MLOST). The following paragraphs provide
a functional description of these signals.
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Figure 1. Power Supply State Transition Diagram




4.1 PWU

This signal is high whenever the power supply is in the operate state and the line voltage is within proper
tolerances. PWU will go low immediately upon detection of a line voltage failure or alarm condition.

The function of PWU is to initiate a power fail software routine on its falling edge and an auto restart soft-
ware routine on its rising edge. After PWU switches low for a line voltage failure or by rotating the key-
operated switch from OPERATE to STANDBY, all output voltages will remain in regulation for a minimum
of 500 usec to permit execution of the power fail software routine. Upon restoration of power or by rotat-
ing the key-operated switch from STANDBY to OPERATE, PWU will go high within approximately one
second.

4.2 PON

This signal is similar to PWU except that PON remains high for 500 usec to 1 msec after PWU switches low.
PON switches high simultaneously with PWU. The purpose of PON is to allow the CPU to access memory
when the computer operating voltages are within tolerances, and to inhibit the CPU from accessing memory

when computer operating voltages are low. Low operating voltages could cause the CPU to write erroneous
data into memory.

4.3 MLOST

This signal is low whenever there is a possibility that erroneous data may be in memory as a result of
memory power supply voltages being out of tolerance, which may occur during initial power up. Automatic
restart capability is inhibited whenever MLOST is low. A reset must be performed by the front panel
switch or rear panel power control connector to enter the operate state when MLOST is low. Following a
reset, rotate key-operated switch from STANDBY to OPERATE. MLOST will remain low for several milli-
seconds after PON and PWU switch to high. This will indicate to the CPU that a software routine to clear

memory of any erroneous data must be performed. The conditions which will cause MLOST to be low are
the following:

a. Low line and battery voltages.

b. Memory voltage out of tolerance at any time.

If the power fail recovery system is installed and operating properly, MLOST will remain high through any
line voltage losses provided that the battery voltage remains above 10.5 volts. This will ensure valid memory
contents and allow the auto restart capability (if enabled) to be performed. ‘

5. LOWER BOARD OPERATION

AC line voltage is directly applied to the input bridge circuitry (see figure 2), which generates the B+ level
for the preregulator circuit, and to the internal supply circuitry which generates voltages used by lower
board logic. As the AC level increases the 40 kHz clock circuitry becomes enabled. This circuit generates
the 20 kHz squarewave for the inverter drive circuitry and the input 20 kHz sawtooth to the pulse width
modulator. At approximately 70 to 80 VAC the power up sense circuit is enabled which first generates
inverter enable, preregulator enable, and pulse width modulator enable. The pulse width modulator circuit
receives the input sawtooth waveform from the clock circuitry and the variable DC from the error amplifier
and outputs a 20 kHz pulse train of varying duty cycle which is directly proportional to the DC level from
the error amplifier. The output waveform from the pulse width modulator is fed to the preregulator level

5
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Figure 2. Lower Board Block Diagram



shifter which adjusts the waveform to conform with the biasing in the preregulator. The preregulator
receives the waveform from the level shifter and converts it to a varying DC level, labeled B- or common
point # 3. This DC level is proportional to the duty cycle of the input waveform so it can be seen that the
error amplifier’s DC level is transformed into a B- DC level by way of analog to digital and digital to analog
conversion. A current sense line is taken from the preregulator and at any time excessive preregulator cur-
rent is drawn a preregulator overcurrent signal is generated which shuts off the level shifter circuitry and
removes the drive signal to the preregulator. B+ is also fed into the high voltage crowbar circuitry which
senses if B+ exceeds 400V. If this condition occurs the crowbar circuitry is activated and B+ is shorted to
ground which_blows the AC input fuse. B+ is also fed to the line voltage sense circuitry. At 88 VAC (or
other line voltage set by variable resistor R120) B+ has reached sufficient level to activate the sense cir-
cuitry causing PUUP to go low and allowing CPU inverters and CPU output voltages to come up. B+ and
B- are finally fed to the inverter and inverter drive circuitry which is designed to generate an inverter out-
put waveform by switching between B+ and B-. These two square waves are applied to the primaries of
the CPU and memory power transformers located on the upper power supply PCA. Connected to the
memory inverter output is the bootstrap supply circuitry. This circuit aids the internal supplies and by-
passes surge limit resistance in the bridge circuitry for more efficient operation of the lower board circuitry.

6. INPUT RECTIFIER AND VOLTAGE DOUBLER

On initial power up, B+ is generated through CR45, CR44, CR41 and CR40 bridge circuit which is in series
with R67. R5T acts as surge limit resistor for charging capacitors C1 and C2. Once line voltage has risen
sufficiently to enable and maintain the memory inverters, part of the inverter signal is coupled back through
T4 to the gates of CR49 and CR50 turning them on. This then creates a bypass circuit around R57, in-
creasing efficiency under load. CR51 and CR48 are inserted in the gate circuitry to prevent reverse biasing.
Since the gate signal fed from T4 is 20 kHz, the SCR’s are effectively turned on all the time while the mem-
ory inverter is enabled.

The B+ level is fed to C1 and C2 which are in series. If the unit is to be operated on 110 VAC a jumper is
inserted on the rear panel terminal block, connecting the neutral of the line to the junction of C1 and C2

creating a voltage doubler. In 220V operation the jumper is removed and B+ is derived directly from the

bridge circuit.

7. INTERNAL SUPPLIES AND POWER UP SENSE CIRCUIT

Line voltage is applied to 60 Hz transformer T;' and power is taken from the two secondary windings. One
winding supplies power to the upper board internal supplies. The other winding is applied to CR30 diode
bridge to obtain +10V (Vx) and -10V (V ). The CR29 bridge acts as a bootstrap supply. Once the memory
inverters are enabled power is fed through T4 to the bridge and +10V in order to compensate for the in-
creased load. The +10V (Vx) supply besides being used directly, also supplies power to the +5V regulator
U5 which is used as a supply for all lower board chips. C28 between pins 1 and 3 of U5 is for filtering. C13
has been added to smooth out the voltage fluctuation caused by the interval between when the load on
+10V is increased by enabling memory inverters, and when T4 is capable of supplying enough power to
compensate for the load increase.

In the power up sense circuit +10 is applied to the emitter of Q14 via diode CR47. At the same time the
voltage at the emitter of Q14 is fed to zener CR64 via R123 and is coupled to the base of Q14 by R60. At
the point where the emitter is one diode drop above the zener voltage Q14 conducts. U4A is switched on
after a slight delay caused by the R77, CR55, C41 and R76 time constant in order to allow +10V to sta-
bilize and C13 to fully charge before enabling the inverters. As U4A is turned on U4B is turned off, allow-



ing inverter enable to go high. At the same time U4C is turned off allowing preregulator enable to go high.
U4D is also switched off which, after a delay determined by R63 and C34, allows the pulse width modulator
to operate. This is to ensure that the inverters are operating before enabling the preregulator circuitry

since preregulator control is dependent on the operation of the inverters.

Two hysteresis loops are incorporated into the power up sense circuitry. One created by R48 to compensate
for slight voltage fluctuations during initial power up. The other is created by T4 which supplies the sense
circuitry, once the memory power supply is activated, with a voltage which is stable over a wide range of
line input voltage.

8. CLOCK AND PRE-REGULATOR ENABLE

The clock circuit consisting of U8B generates a 40 kHz, 90% duty cycle pulse train (see figure 3), that is
used to derive all lower board waveforms. +5V lower board is fed to the non-inverting input of U8B by
R62 and R71 divider. This causes the output of U8B to go high, which, in turn is fed back by R73. At the
same time the output is also fed back to the inverting input of U8B by the R72 — C32 RC network. At the
point where the level on the inverting input of U8B exceeds that of the non-inverting input, the output goes
low and is held there for a predetermined period by the C32 — R64 network. The output then goes high
and the oscillation repeats.

The pulse train is applied to U13A ‘D’ flip-flop. Both direct set and clear are disabled and the Q side is
connected to the ‘D’ input to obtain a divide-by-2 function. The Q side is also connected to U12A which
in conjunction with the pulse train from the clock circuit generates a 95% duty cycle pulse train at 20 kHz
as seen in figure 3. This then drives U13B, which is the preregulator enable flip-flop. Both Q and Q sides
of U13A are used as the input signals for the inverters as seen in figure 3.

The Q side of U13A is connected to the sawtooth generator for the pulse width modulator. U13B is wired
such that as soon as a clock is applied it will set, turning U12B on which generates preregulator enable.
The direct reset on U13B is connected to the preregulator current sense. If excessive peak current is drawn
by the pre-regulator circuit then the sense line is brought low, disabling operation of the preregulator for
the duration of the current 20 kHz cycle. This pre-regulator current limit is independent of the output
voltage current sense circuits and serves primarily to protect preregulator transistor Q7 from excessive peak
currents during transient conditions.
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9. PULSE WIDTH MODULATOR

The square wave output from U13A is applied to Q11 which generates a sawtooth waveform (see figure 3).
This sawtooth waveform is applied to the inverting input of USA. The non-inverting input is connected to

a varying DC level generated by U1l1l. The resulting output waveform at pin 12 is dependent on the DC

level with respect to the sawtooth waveform. If the DC level is more negative than any part of the sawtooth,
the output is always low. If the DC level is more positive than any part of the sawtooth, the output is always
high. When the condition exists as in figure 3 where the DC level is at an intermediate level, a pulse train

at pin 12 results. This is caused by the fact that whenever the DC level is more positive than the sawtooth
(indicated by slashed lines) the output will be high and when the level is more negative the output will be
low. As can be seen, changing the DC level with respect to the sawtooth will alter the times in which the
output is high or low, thus allowing the ability to change the duty cycle of ‘on’ time with respect to pulse
period. This is then used as a form of analog to digital converter, creating a drive waveform for the pre-
regulator which, in turn acts as a high power digital to analog converter.

Diode CR46 is used by the power up sense circuitry to keep the output of the pulse width modulator at
zero duty cycle and the preregulator off during initial power up.



10. PREREGULATOR LEVEL SHIFTER

The signal from the pulse width modulator enters U3 where it is gated by preregulator enable, generated by
the power up sense circuitry. The open collector output transistors of U3 begin switching between a float-
ing state and ground. R56 and R54 are used as pullup resistors to the input lines for U3.

As the PWM input to U3 goes high the upper half of U3 switches Q10 on through R34. Q10 when switched
on applies current from 5V through R33 — CR34 to the base of Q2 at E6. Q2 acts as a darlington driver
for Q1. At the same instant the lower half of U3 turns Q12 off, which in turn removes the forward bias on
Q9 turning it off.

As the pulse train goes low the upper half of U3 switches Q10 off while the lower half switches Q12 on,
through R55. This creates a forward bias condition on Q9 which switches a negative current from a -4.22V
source created by CR37, through R26 to E6 at the base of Q2 and through CR28 to the base of Q1.

This reverse base current on Q2 and Q1 improves the turn off time of Q1 and Q2 and is followed by reverse
base emitter biasing on Q1 and Q2 in approximately 1 usec as these transistors turn off. CR11 and CR34
serve as an anti-saturation clamp for Q1 and Q2 further improving turnoff time.

CR32 and CR 33 together with R26 serve only as a protection circuit to shunt voltage away from other
circuits in the event that Q1 fails with a Base-Collector short and open emitter.

As can be seen in diagram below, the resulting waveform at E6 is of the same phase as the input waveform
but switches between -4.2V and +1.2V.

+5V
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11. PREREGULATOR POWER STAGE

The preregulator power stage consists primarily of Q1, L1, CR5, input capacitors C1 and C2 and output -
capacitors C4, C11 and C12. Q1 and CRb act as a switch controlled by the variable duty cycle of the pulse
width modulator.

When Q1 is in the on state current flows from the + side of input capacitor C1 (B+) through the parallel
combination of the output capacitors and the two inverter circuits to - preregulator output at inverter
common. From inverter common current flows through inductor L1 and through Q1 back to the negative
side of input capacitor C2 at preregulator common.

10



During this state a voltage appears across L1 which is equal to the difference between the input and output
voltages of the preregulator. This voltage and the inductance of L.1 determines the rate of change of current
inLl1:

dly; Vi -V

— _'in out

dt L1

The period of time during which Q1 is turned on determines the peak current level which builds up in L1
and consequently the level of energy stored in L1 and the average output current into the inverter circuits:

dly ¢
IpL 1° Ton T peak current
Upq = L L11? energy stored

When Q1 turns off, the polarity of the voltage across L1 reverses causing CR5 to become forward biased.
Current continues to flow from L1 through CR5 into the output circuit at a decreasing level as the energy
stored in L1 is depleted. When the current in L1 drops to zero after a time interval determined by the value
of output voltage, the inductance of 1.1 and the level of current in L1 at turn off of Q1

_ Vout
(AT L IPL1>

the voltage across L1 drops to zero also except for some minor ringing and CR5 is again reverse biased.

During the remaining time of the present switching period the current is supplied to the inverter circuits
from the output capacitors alone.

At the beginning of the next cycle of the 20 kHz switching rate this process is repeated. The waveform at
the collector of Q1 is shown in figure 4.

The complete preregulator circuit starting at the input current to photo-isolator U11 at pin J2-J on the
lower board and ending at output capacitors C4, C11, C12 act as a low loss current-controlled current source
translating control current levels at several milliamps and 1.5 volts to output currents of several amps at

approximately 150 VDC.
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Figure 4. Q1 Collector Waveform
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12. PREREGULATOR SLOW TURN-OFF

The requirement for slow turn-off is created by the basic properties of L1 in the preregulator circuit. As
can be seen in figure 5, when Q1 is either fully on or fully off, very little power is consumed by it. However,
a great deal of power is consumed by Q1 when making the transition from the ‘on’ state to the ‘off’ state.
This is caused by the fact that as collector voltage is rising from ground to B+, current through Q1 still has
the tendency to remain constant, because L1, as an inductor, opposes rapid changes in current through it.
A method of minimizing this problem is achieved by creating another path for current to flow other than
the transistor. This essentially describes the operation of the slow turn off circuit. The effect desired is
created by current flowing through C6 and CR8 to B+. During the time Q1 is on, the side of C6 connected
to CR8 is charged to 1/2B+. As Q1 starts to switch off collector potential rises to 1/2 B+. At this point
since the initial potential across C6 was 1/2 B+ and due to the fact that a capacitor opposes rapid changes
in potential drop across it, the side of C6 connected to CR8 will have risen to B+ in order to maintain a
1/2 B+ potential drop across C6. At this point CR8 becomes forward biased and as Q1 collector voltage
continues to rise current begins to flow through C6 which is trying to maintain its 1/2 B+ potential drop,
and CR8 to B+; thus creating the second path for current needed. As can be seen in figure 5 with the
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Figure 5. Q1 Power Consumption

dotted line over half of the peak power that would be dissipated in Q1 is diverted to B+. Charging of C6

is achieved in the on time of Q1 by T1 and CR7 connected to the junction of the C1 and C2 voltage doubler
which acts as a supply for 1/2B+. As seen in the T1 voltage current graphs in figure 6 at the point where

Q1 is about to switch on the voltage at the junction of C6 and CR8 has settled to ~ B+. As Q1 is turned on
and collector potential begins to drop below B+ the potential at the junction of C6 and CR8 goes negative
with respect to 1/2 B+ and current starts to flow through T1 to charge C6. This creates a back EMF in T1
which approaches -1/2 B+ as collector voltage approaches 0. As the EMF begins to break down to zero, C6
charge current through T1 reaches a maximum. EMF across T'1 once again increases to 1/2 B+ until C6 is
fully charged and capable of power diversion.

One problem that arises is that due to the periodic charging of C6 the potential at the junction of C1 and C2
will begin to drop, directly affecting the operation of slow turn off. This effect is compensated for by CR9,
CR6 and C5. When Q1 is on the junction of CR6 and C5 is charged to ground potential. As Q1 turns off
current flows to C5 and CR6 to the junction of C1 and C2 thus acting to return power lost.

12
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13. HIGH VOLTAGE CROWBAR CIRCUIT

The lower board crowbar circuitry protects the power supply from excessive line voltages by shorting the
input capacitors and blowing the line fuse whenever B+ exceeds 420V dc. When B+ equals 400V dec,
zener diodes CR2 and CR3 begin to conduct, charging C53 through R10. When C53 is charged to approx-
imately 20V dc, diode CR 31 fires, discharging C53 into the gate of SCR4, and causing SCR4 to crowbar,

14. PREREGULATOR CURRENT SENSE

Preregulator current flowing through R1 causes a voltage drop. This voltage is passed through R15 and C20
which act as a filter circuit for current spikes. The resulting DC level is applied to Q8 via R16 and R18
divider, turning it on for excessive preregulator currents. Q8 then shorts the current sense line to ground,
which clears the preregulator enable flip-flop U13B. The base of Q7 is also connected to the current sense
line by R20 and C17 speed-up circuit. When the sense line goes to ground Q7 is turned off and collector
voltage goes high. The high level is fed back through C16 and R17 to the base of Q8, keeping it on, and
thus creating a hysteresis effect. U13B remains cleared, holding off Q1 until the end of the current 20 kHz
cycle of U13A at which time U13B is cleared by a pulse from U12A.

13



15. LINE VOLTAGE SENSE

B+ generated by the input bridge-doubler circuit is sensed via the R36, R96, R97 and R120 divider network
which is connected to a -4.2V potential created by CR55. CR56 acts as a voltage clamp, preventing the
PUUP circuit from being enabled if +5V LB is low or missing and also preventing voltage at the junction of
R36 — R96 from exceeding the 5V level during normal operation.

Before B+ rises to any significant level, U15A pin 4 is negative with respect to pin 5 and the output at pin 12
is consequently low. The low level at U15A results in a negative voltage appearing at U15B pin 10 via the
R86 and R87 divider. This results in a high output from U15B which keeps the LED in photo-isolator U14
off. The output of U14 pin 5 is high due to a pull-up resistor on the upper board.

As B+ level increases the voltage at the junction of R96 and R97 approaches OV. At the point where this
voltage crosses above 0, the output of U15A goes high which in turn causes pin 10 of U15B to go positive,
causing the output of U15B to go low. This turns on the LED in U14 causing the output at pin 5 to go
low — thus resulting in the PUUP signal.

R93 connects the output of U15A to it’s non-inverting input is to create hysteresis, preventing an internal
oscillation. The resistor creates a large B+ voltage differential between the point where PUUP is enabled
and the point where it is disabled. This is done in order to prevent the condition where the computer has a
heavy load and line voltage is applied. On a soft line, line voltage level will drop significantly and if the feed
back loop was not large enough to compensate for the fluctuation PUUP would be disabled, and the load
would be removed — allowing the line voltage to rise and thus re-enabling PUUP. This results in an oscilla-
tion condition where the CPU inverters would turn on and off approximately at 1 Hz rate.

C46 is used for slowing the switching of U14, reducing noise. R92 and C47 create a 20 ms delay before
PUUP is switched low on power up but introduce no delay when line power is lost.

16. BATTERY CHARGE AND TEST LOAD

+18V rail from the memory inverter transformers is fed into the charge circuitry through R101 to R104
and CR60 which act as the positive supply for operational amplifier U16. +18V rail is also applied to R106
and R109, setting up the bias for Q15 and Q20. R101 acts as the current sense resistor for the 18V rail,
limiting the output charge current to 400 mA +50 mA. The voltage drop across R101 is applied to U16
inputs via divider network R102, R105, R108 and current source transistors Q17 and Q18. The output of
U16 is connected via CR58 to the base of Q20. Q20 acts as the driver for Q15 which is the primary current
pass transistor. The circuit as can be seen above, has been designed as a constant current source.

In the battery test circuitry the test signal generated on the power fail recovery boards is applied to Q19
via R112. Q19 conducts, applying power through divider R110 and R111 to Q16. Q16 conducts which
connects the R91 test load from battery V+ to ground. If the battery voltage should drop below approxi-
mately 12 VDC while this load is applied, a sense circuit on the power fail recovery boards will cause the
front panel battery light to flash until the battery is sufficiently charged to remain above 12 VDC during a
test period.

The battery test is automatically performed for a period of about 6 seconds every six minutes.
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17. CPU AND MEMORY INVERTERS

(Only operation of the memory inverters will be explained due to the fact that CPU inverter construction
and operation is the same except for two differences: CPU inverters are 180° out of phase with memory
inverters to more evenly distribute load on the preregulator, and the existence of T4 bootstrap connected
only to memory inverter.)

Memory inverter enable, generated on the upper board, is applied to U10 pin 2 and along with inverter
enable causes pin 6 to go low. This low level is used by the two NOR gates or U7 to allow the +2 and +2
square waves from the clock circuitry to toggle the output transistors within it. The two outputs of U7 are
connected through T2A to +Vx (approximately 10 VDC). C15 is inserted to filter spikes created by T2A.
The switching action through T2A primary is induced into the secondaries to be used as base drives for Q5
and Q6. The secondary windings exhibit a degree of mutual coupling in order to compensate for slight
differences in switching speed between Q5 and Q6. Due to the coupling, as long as one transistor is on

there will be opposition in the secondary winding to a change in state until the transistor has been turned off.

As @5 and Q6 change states, the output line between the transistors switches from B+ to B- (inverter
common). The other output line is biased halfway between B+ and B- and is capacitively isolated to prevent
saturation of the inverter output transformer.

18. CONTROL LOOP CIRCUIT
The basic preregulator control loop is designed to operate under two conditions:

1. To maintain constant preregulator control level when CPU inverters are disabled, and
2.  To perform basic regulation of 5V when CPU inverters are enabled.

+18V taken from the memory inverter transformer secondary is used as an output sense for preregulator
control whenever CPU inverters are not enabled. +18V is applied across R37, R38 divider and the resultant
DC level is passed to collector of Q10. If CPU inverter enable is low causing Q10 to be off, the signal passes
through CR22 and is applied to pin 2 of U13 via R42. +5V CPU adjust, generated from +8 reference
through R116, R115, R119 and CR61 divider is applied to pin 3 of U13. The output of U13 which repre-
sents an error signal is fed to Q11 which acts as an output buffer. The output of Q11 is then fed to U1l

via R45 and R80 which acts as a current source for the LED in Ul1l. The output of U11 then acts to couple
+5V error signal into the pulse width modulator for direct control of preregulator. R43, R44 and C43,
coupling the output of U13 to its inverting input, act as a negative feedback loop, decreasing overall gain

of unit and preventing oscillation.

At the point when CPU inverters are enabled, the inverter enable signal is coupled through R39 and R40
which turns on Q10 and shuts off the +18V control signal to U13. With CPU inverters up, +5V CPU is
coupled to U13 through R36 and CR21 thus shifting preregulator control. C44 is used for maintaining a
relatively even transition between control sources during the point after +18V control line is disabled and
before +5V rises sufficiently. C45 is inserted primarily for noise reduction on the +5V control adjust line.

During the condition of a memory alarm where there is neither +18V or +5V CPU, U13 turns on fully

driving U11 fully on which allows preregulator to turn on fully. At this point the preregulator voltage clamp
circuit comes on, limiting preregulator conduction, until the memory alarm is removed.
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PIN CONNECTIONS NOT SHOWN ARE IDENTICAL TO THOSE OPPOSITE.

# * THESE CONNECTIONS,

P
* SLOW CLOCK OUTPUT ON PIN U NORMALLY STRAPPED TO INPUT PIN

NOTE: UNLESS OTHERWISE SPECIFIED ALL CONNECTIONS TO/FROM J3,6J4 AND JS ARE TRACES ON PCA A3AIl.
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COMPONENT SIDE

2105-60012 2108-60023
5 1 LOWER FPC. BD, ASSY SOb!-135¢4 S06!/- 1354
4 2 |RISER RD. 0210S-~80003 | 5080 ~9744
3 8 |STANDOFF 02105 «20003 | 02108 -2600/
2 ! VUPPER PC. BD, ASSY 506l - |355 | 50b! —-135s5
| lbo |SCREW 6-20 X 628 Ob24- 0062 | 024 -0062

ITEM

MATERAL -DESCRIPTION

MAT’L-PART NO.

MAT’L-PART NO.

2105A/2108A Power Supply Main Assy.
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2105A/2108A Power Supply Lower Assy
5061-1354

NOTE: Refer to 2106A
and 2108A Parts Lists
for part no. and part
description differences
betwaen the 21054 and
2108A amsemblies.



<1@5A Power Supply Lower Assy Parts List

O G G . W S A SOvS SIS S S U e o et B P AN I S S S D S O > s W S o G e S e S S R TP S S M S S S T S A Yo M o St S S DS SRS AN S S S . S s e o S

+ REF DESIG. ! PART DESCRIPTIORN - H :
: i ASSY-LOWER (see sub-parts list) i 5361-1354 | | :
: C12 i CAP FXD 2X5 UF | Z16¢-4142 | 1 :
: C4,11 | CAP FXD 5% UF V 2160-4186 2 !
: ci1,2 i CAP 780 UF -12+75% i 218¢-0432 | 2 :
i C5@,51 1 CAP 4009 UF 15V i 213¢-2385 2 H
i R57 i RES 5 QOBEMS 5% 20W i B811-1654 1 H
: L i XFORMER 1 910¢7-2959 | H

T Sy e S e i ot Sy Ao e Y . e S S S S S S S O A . S o S e S s TP T S S S G S G i o o (e S i e S S s S S S S S S T S -

2108A Power Supply Lower Assy Parts List

A o s U T e S ot T S D e T . U D e S S D . S B D P o . U S s o S i S T S —"— T S G . " 4" o S e A S o G P S e > s S S o e Horm S e oo

: i ASSY-LOWER (see sub-parts list v BbAs1-1354 1 :
1 C4,11,12 1 CAP FXD 2X5 UF " 2160~4142 3 :
: c1,2 v CAP 1152 UF ! 2180-0431 | 2 :
i C5¢,51 i CAP &,000 UF v 218¢g-0463 | 2 :
: R57 i RES 5 OHMS 5% 23W P 2811-1654 1 '
H L1 i CHOKE ' i 913p-29068 1 :

0 S s €000 ey B T S T D S T > . - o T e ——— . S8 AN S0 D N P VP S s S S Vo Y S S . " S S W > e W W . P T —————— —————



5061-1354 Lower Power Supply Subassembly Parts List (Sheet 1 of 5)

PARENT
OPTION

PART NUMBER

COMmP.
OPTION!

no ™

QUANTITY PER

oy DESIONATOR PART DESCRIPTION
. {FIRST SIX]
X 0OIv |33
3 Olv 63
CAP Oe1lUF
3C9,10431,33,38, 39,
3 424463,44
CAP o001UF 10%
116,17
CAP o4TUF=20+80%
ICT7+8,27
cC26 CAP .012UF 10%
CAP O1UF
1C3436437955,56
C20 CAP 5000PF
CAP 100PF 5%
1IC40, 46952
32 CAP« 2400PF
CS5.6 ICAP 3000PF
ICAP 200UF=10+75%
IC13,22+49
ICAP 648UF 10%
1L14.,15
C47 CAP 22UF 10%
ICAP lUF 102
10255 28334453
CAP 6.,8UF 20%
121,29
L35 CAP &4TUF 10%
C4l CAP 68UF 202
PAD~-MTG TOS
STUD SOLDER
1E6=16418=21 ,23=25
Ei=~6 [FERM STUD FKD
SPCR TAP #6X.125
CARD GUIDE

0150-0121

0160-0153

0160=0174

0160-0301

0160-2055

0160=2145

0160-2204

0160-2227
0160-2288

0180-0104

0180-0116

0180-0228

01800291

0180-1701

0180-1704
0180-~1835
0340-0164

0360-0090

0360-~1529
0380-0383

0403-0121

;

& C & &

17

17




5061-1354 Lower Power Supply Subassembly Parts List (Sheet 2 of -5)

1TEM

REFERENCE
DESIGNATOR
(FIRST SiX)

PART DESCRIPTION

PARENT
OPTION

PART NUMBER

comp. L

OPTION

o
C

QUANTITY PER

IR

|

TeBs
78,7
114,
68

13,14
33
32

18,2
62+6
77,8

42443

4044

84

1296

61

10,1
51,5
94=9
118

RES 27 5% 25

RES 47 5% <25

RES 464 1%.125

RES 2415K 1Z.125
’34'49,54956'
069973973, 74,
282,110,112

RES 237K 12%.125

RES 3.48K 1%.125

RES 3.83K 1%.l125

RES 4,22K 13.125

RES 348 1% 50

RES 46e% 1% 50

ES 215 1% 50
ES 14.,7K

022,127

1% o5W

ES 215 1%e125

ES 147 1Z.125

ES 215
+83,113
23

ES 422 1%.125

RES 215K 1%.125
RES 215K

W 76

1%.125

RES 178K 1%.125
RES 1K 13,125
+19,24,527,35,
060:64966,75,
v103,111,117,

12125

0683-0275

0683=4705
0698-0082

0698-0084

0698-3150
0698-3152

0698-3153

0698=3154

0698-~3395

0698-3398

0698-3401

0698=3414

0698~3430
06983438

0698=3441

0698=3447
06983454

07570199

0757=-0278
0757-0280

v

17

- 19




5061-1354 Lower Power Supply Subassembly Parts List (Sheet 3 of 5)

TEM REFERENCE

{FIRST SiX}

DESIGNATOR. PART DESCRIPTION

PART NUMBER

QUANTITY PER

R26 RES 10 1T.125
R36 RES 100K 1% <50
RES 100 1%.125
3915459+65+:924126,
55 RES 511 1%.125
RES 825 1%.125
31445
R97 RES 141K 13.125
RES 511K 1%.125
1IR44,128
R93 RES 75K 1%.125
R20 RES 8425K 1%.125
RES 10K 1% <125

17925¢46=48950,72,

87
RS  |RES 10K

101 |RES 4.7

91 RES 10 52

L

; .
r

E

1 RES 12

1] CONNECTOR

N6 PIN ASSY

R2 RES 2 10%

R&e6 |RES 15K OHM 3W
T8G HS BLK
HT DIS TO-5

HT OIS TO-3

J1=5 (CONN PC2X18.156D

CONN UTIL 6PIN M

CA TIE 3.6L

1Z.125

1T +50

5% 2
10w P

3% 3

« 2500

0757-0346
07570367

0757-0401

0757=0416

0757~0421

0757=0424

0757=-0438

0757=0440
0757=0441

0757=0442

0757=0463
0757-0839
0811-1674
0811-1895
0811-2616
0811-3108
0812=0051
0890-~0312
1205-0033
1205-0275
1251-0674
1251-2026
1251=3412
1251-3819
1400-0249

C C C C C Cc & C € c € C C c <

$ W O e N M O N e g e s e e
n
U




5061-1354 Lower Power Supply Subassembly Parts List (Sheet 4 of 5)

ILEéA D%IF:E}:I;:}CCE?R PART DESCRIPTION (’)::C’)“N PART NUMBER OC'OMT‘O:‘ : QUANTITY PER
1) & IC SN7474N 1820-0077 ) |
U5 IC LM309H 1820-0429 ) §
U3 IC SN75452P 1820=-0799 ) 3

IC SN75453pP 1820-1016 3
W6,7,12
Us.15 |1IC D COMPTR 8K 1826-0175 2
XSTR PNP 2N2907A  [1853-0281 &
1Q10,12,14,18 ‘
Q2 XSTR 2N3439 YOS 1854-0079 1
XSTR 2Nz2222AT014 1854=0477 5
1079, 11,19
XSTR 2N6055 TO3 1854=-0611 2
1915, 16 -
Q3=-6 [XSTR 2N6306 TO03 1854-0623 by
(3 § XSTR 2N6308 7103 1854-0624 1l
U XISTOR ARRAY 1858-~0009 1
ICR4& THYRISTOR SCR 1884-0233 1
THYRISTOR=SCR 1884-0249 2
ICR49, 50
CR31 |THYRISTOR 1884-0258 )
DIODE SIL 1901=0040 11
CR3545319,46=48,51~54, :
5646
JC DIODE IN4QO4 1901-0159 9
RI" 7'21’ 22'25’ 26’
3 344.43,44
DIODE 3A 600V 1901=0420 3
ICR1y 40,41
STABISTOR STB523 1901=0460 &4
ACR32,33,65,70
DIODE IN4936 1901-1065 17
JICR6=13415,16,18,19,
3 20923,246,27,28
CRS RECTIFIER 1901-3087 1




5061-1354 Lower Power Supply Subassembly Parts List (Sheet 5 of 5)

e %:@:fg. PART DESCRIPTION s PART NUMBER Sen{|  aumy rex
CR64 [DIODE ZMR 5.11V| [1902-0041 by 1
CR71 |DIGDE 16+2V 1902-0184 Jy 1
CR2,3 |DIODE 200v ZENER |1902-0668 y 2

DIODE=~4+22V 1902-3070 4y 2
ICR37, $5
DIODE-FW BRIDGE | |1906-0051 gy 2
1CR29, 30
U9,10 |ISOLATOR 1990-0429 gy 2
OPTO ISOLATOR 1990-0537 TR
11,14
R120 |[RES VAR 1K 2100-1986 dy 1
R115 |RES VAR 1K 10% 2100-3352 y 1
Fly2 |FUSE 2.5A NB 2110-0083 d 2
FUSE GLIP 2500 | |2110-0483 g
SCR #4=40X.375L | |2200~-0143 4y 3
NUT 4=40 W/LK 2260-0009 d e
SCR 6~32X4375 2360-0359 y 17
WSHR %4 SS 3050-0222 dy 4
COMPOUND-THERMAL  |6040-0239 d  o0.01
SOLDER~WIRE 8090-0027 qd 1
WIRE 22 WHT 8150-1549 4  0.08
WIRE 18 BLK 8150-2690 d 1
WIRE 16 G BARE 8151-0010 4  0.25
T2 |XFORMER 9100-2951 dy 1
T3 |XFORMER 9100-2956 4y 1
TI  |XFORMER 9100-2966 y 1
T4  |XFORMER—POWER 9100-3803 Uy 1
BOARD=E TCHED 5080-9729 |1
HEAT SINK 02108-00030 W 3
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RECTIFIER,FILTER, sn 2 SI R58 g
F 22617 1512 ALL
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L____CJ | N w62 y +5V(LB) ——an———t an ce7
e 5 4 l 2.15k l’4 l 1a 12 (815) 2.18K R74 p T .a7
FeTEY) ¢33 RT1 wrs 2.15K 25 IS
PREREGULATOR ENABLE ’l: 8. 2,15k 3} T2 FF 2. 15k %
€29 { uisa — +5V(LB) N
! Te R35 Qig k4 2.15k 2 (815) Ls s 4 czs2
[ .21
6.8 r—--—--=-- s R34 %.K T' \%‘77 1 2 R32
| T 8+ (DI9) LINE ! aea
+5V(LB ! 2. 15K +5V(LB) 1 3
) X R36 R94 voLtage  — —  =___- J 74
! 1oox SENSE 4
| Iw  CRSe 1K J8-8
RS6 RS4 Rr27 N S IN
2.15K ¢ 2,15k ! " “caz R93
T R96
! N +5V(LB) R85 J2-s —
1K ; ! PUUP
! ¥ CR35 a7
| <>
R8s 12 1l G (E15)
's 7 R2S
R97 3.83K urss Z 1ok
1K R8T +
R84 I
Ji-13.P 215 [
: - 2 sRize W CcRs4
TO: UPPER 60HZ (A) J2-V Ik CW
BOARD mr.{ RE3 i PREREGULATOR
SUPPLY Ja-u 3
62HZ (B) L 218 INVERTER PULSE WIDTH
€28 wwrsek '3 4 v, PUUP ENABLE (B14) MODULATOR
-av ADY
INTERNAL o k23 s
WHT/BLK/ YEL , POWER SUPPLY +l10V e
BRIDGE AND FILTER fe) +5V REGULATOR CRA7 SAWTQOTH
WHT /BLK/GRN 6 r-——==-- - » POWER UP
1 ] L4
RI23
1 [ fv, (cle) +5Vv(LB) 215 SENSE CKT SLOW TURN- ON CKT
B NEG. | cR3@ i ey t us 2 [ -
i [ LM329 l cRae
1 | ale Ra9 + N
CR64 c3s q
'S wur/eLk/RED 4 i 1 28 3 P R“ﬁ RS 1 2,15k or ; N
Jl-12,N Lo - -~ J o \'E 1K '3 R53
. 0 e 3 1.8 5.1V 1K 8 ua 82.5k
Ji-ia | 1 L_ R7? RS - Rar = R63
1 1 7 CRS3 2,15k 19K
CASE +C,ZL2 NEG. | | ‘ % ox e 22K +5V CONTROL RETURN
T ?;a ! cres ! 1 ocis l RS2 ‘e R4& a oy 2
1 | R?6 + cai 4.22K 1313 02108-90017 Ch: 1
g X . g 200 215K e8UF R61 c34 R7Q dated 26 JAN 1978
. | 1UF r$=2
8 L---=-- < 1sv |.7BK 3.83k THIS SCHEMATIC DIAGRAM CONSISTS OF 2
+5v contROL €027 <7 s 5 1 :::‘E;rzs DWG. NOS. 5060-8354-51 AND 5060-
. +5v can -
8. FOR 23@v OPERATION, W3 JUMPER ONLY. @ Ra4B {LB) (_‘ POWER SUPPLY LOWER swEET III'
7. SEE ALSO Z1@8 PS INTERCONNECTING DIAGRAM, 3. INVERTER COMMON, L R68 1@8PF B9, 5061-1354 -51
6. Wi, 2,4 ARE SHORTED FOR |1@V OPERATION, 18K
5. CR32,335 ARE STABISTORS. 2. @ PREREGULATOR COMMON. CRES 215K B30
4. alLL RESISTANCE IN OHMS, ALL CAPACITANCE IN MICROFARADS m
NOTE: UNLESS OTHERWISE SPECIFIED 1. W TEST POINT COMMON. W BATTERY COMMON. HEWLETT PACKARD CO
DATA SYSTEMS DEVELOPMENT DIVISION
; 2 3 | 4 5 6 7 [ 8 ! 9 o




12 13 | 4 s l 6 I 7 i8 ) 20

Rev | REFERENCE]
WARNING |J HIGH POTENTIAL POSSIBLE BETWEEN A_{ ORIG.
8 2200 |
COWMON NODES 7 &/ AND S/ USE ISOLATION :
D A
IRANSFORMER WHEN TESTING LOWER BOARD. CPU [NVERTER POWER STAGE :
T28,,, cria | 2207 |
h
+5V(LB) C38 +3viLe) < - £ o
1 R67 k cr23 H 2222
J2-E e us 8.1 2,15« e m— - X cniz 1 223212
CPU INVERTER ENABLE & 2 s : r s Qﬁ | |
21 \ i T J 22-203)
v P4 6 2,4 ] (44
/ _L v [N} ' 0.47 « a2
cas e I . T .
3 (T s T &
€ i 3 | ! Ji-6,T,F H
[N v i 1 CRI3 TPU PRT B 7 )
RII3 W * ve ! d B
ssy 220 —0 J8-3 ! !
RIIG 218 | | E CRI9 rF-=l=A
J2-7,6 _ | t ad
sV 0 v8-e (F8) INVERTER ENABLE —d . ) - ! !
vz-z 218 (08) 32— . 1 | & cree
+1ZVTEST POINT © J8-3 = 6, : | l
RIT (e8) T2 1 1 .
J2-14 R cs TO: CPU TRANSFORMER
sV € + 0 J8-9 L _: Ton" e e ON UPPER BOARD .
L N (N I SSOpSN O I z
-2v TEST PONT (2270 0 Jyo-4 s %‘
J2-¢
12V TEST PONT —0 JB-1 é
J2-13,P Rite (641 va cr1 RS RY
-3, _ e
~1zvim ~ -0 J8-i8 ssviLe) — L e o c
- M ‘ Ji-3,4,C,0
TEST POINT common 2219.3 O Jo-2 1 U PET A 4
e 2 e ‘enn Aar P r~=o"—"1
Somas [N 1.0 | >_.)} | M L
sTamopY <82 J2-1 T 1 Wi T
PREREGULATOR : 50105 | :s.omosm :
R ¥ N X5.0 (2108A) 11 2X5.0 (21084} —
S szar v OUTPUT FILTER |[2X0@enllaxsoosal) 8
- _aL_Z__J
des R2Z "9 —— 8+ -
(a4)(ES)
J6-5 J2-i18 14, TK 14,7x
LoTKOR MEMORY INVERTER o ! -16,17,7T,Y <
MEM PRI A 7
POWER STAGE D
+SV(LB)
cse  PYOLE) i
4 s
R79 _1: 'fl‘ cFoTTsT s o BE} a8
2-F
MEMORY INVERTER ENABLE & 12 Tl ! : .4 Ta TO: MEMORY TRANSFORMER
2ts ~ \ . z w > ON UPPER BOARD
2. . 4 ! & CR26
T Lo ’ . (PRIMARY)
cas ) ¢ Ria cres
" 3 s .01 P
% vie — 1 ' B 2
e $7 = 1 ur | 2.7
v - |
1 1
' I s Re E
BATTERY CHARGER AND BATTERY TEST LOAD 1 T J
k4 | 4.4 WEM PRI 8 INVERTER INPUT
LJ | ‘v > FROM
TEST J4-18 1 | CRI6 PREREGULATOR
Lo e e e -4 & cr2i
Q8 “
v cRIT
o % cret
1
g:;o ! _|v_ cig
: T @1
-4 £ - ) F
1§28 S 26
7K S R RI28 v
5.11K ce = SUF
RIOI )
18V (RaNL) 22 cir = suF
32t 47~ 16.2v €12 = ZXSUF
CR7I |
Jz-3
+8v (REF)
+8V (REF) <(:::——:i \WV) *Jzo-_l,%
+8V (REF) 18 18
280 NA ’ ’ - 2571 A 5 ve patrERy
- +| ces Je-1,A G
rizv uy 22oIR ars J_“. LRy s eattery
’_l_ csi Rii2 eV | J7-3
4,000 (21054) rio3
Jz-13.p 8.000 (21084) 2.18x RITI J8-7 ™”
-12v (M) -
\V "
cse 1K
L, T 4.000(2105a) I
8,000 (2108A) ”i16
BATTERY COMMON THIS SCHEMATIC DIAGRAM CONSISTS OF 2
2.37x SHEETS, DWG NOS. 5080-5354-51 AND 5080-
¥ore! 8364-52. SEE DWG NO. 5080-8354.51 FOR REV-
VISION STATUS OF ENTIRE DWG SET.
Rits 220 3 +sv cPu aosusT
iK *c' H
= e Tert
POWER SUPPLY LOWER BOARD
LINEY 5061-1354-52
3.48x

;I; HEA 111 PACKARD O
DATA SYSTEMG DEVEITEMENT Diying n

16 17 18 | ) 20



o] R97 HMCR43 R63 R70 R71 Mcrao MCR35
R68 CR3aM MCR33 R65 R66 R75 _
cr3 @ [
rum? [ uz2e a [ uzs < I u3e q rg1  © R32 :gg:
R72 RBS 188!
~lls] wWcr3 R95 R76 MCR32 lgr;:
i o e weam —@ @3 |55
b R60 [~
°° I U1sa Luzs? Lu27< RSS cas |§ I
+ 1 1
Ra9 R73 L
- WCR36 C65 CR38M R64 R85 R89
3 R8O  C67 A'SRGQ +Ca0
Ra7 l u172 l uzz< Luzsz l u29
c'“icﬂzm
cag +C58
8 res sw R57 CR30M c17 o+
50 R19 g
-]
80 L0g
go
<
glo w
20 3
@« w
] S0
§ + R92
R50 R91
RS1 -
CR11M R11 Ro4 m P
b=
CRIM  C3+ «® L E’g =
C52+
w2 R28 R27 €56 e R2 7 R56
o R12 R53
6 Ja 1 ~
R3S 9 ] 9
] a
o R3 R40
N g c6 R39
g 5 S + cs R37 R38
ca + C1 CR21m “CIREH
(=3
w0
o~ O
w0
o
M MND K ®
- = CEESO
-
44
:36 ca3
T c21
(o] -
- = c32 | un b3
R EET c72
o Q
\C 5 R1 €25 caa
o
& e
O
R90 ]
w o o«
a2 D e ReX o
I3 TeRoio X
£ rrEyTy
3 w 153
3 S c11 c»
© @
-
5 €33 Cc20 C26
Q
<
o
R31
Q8 ® R29
c2 +
+ 8
[6 s '] 2
s 1] g -
R25 c22+
®  +c28 R10 ~
o < Q
. . R26 RO 8
[%) + w
R23 cs3
c27+ R7
C24 +
C37 c23 + 3
I~ c =
T 2
g © 52
z .
c30 +
+ NOTE: Refer to 2105A and
2108A Parts Lists for
© S part no. and part
© @» description differences
E between the 2105A and
3 8 2108A Assemblies.
L3
o
ON
o

2105A/2108A Power Supply Upper Assy

5061-1355



2105A Power Supply Upper Assy Parts List
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CAP &,009 UF,
CAP 5,000 UF

COMN PCIX18,156T
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XFORMER-5V CPU
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XFORMER-POWER
XFORMEP-POWER
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XFORNER-5V CPU
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PART DESCRIPTION

PAET NO.

QUANTITY

5361-1355
J18p-0435
2180-2460
218¢~-2464
1251-2346
1258-0124
1884-32018
1991-1036
199 1-1062
9106-2957
9107-1958
91¢0-3802
21p¢-3805

PART NO.

v o S B, S G Qe A S S

5361-1355
?18v-A461
2180~-0462
B18p-2309
1251-2346
12586-0124
1884~-0208
1931-1036
199 1-1362
9100-2957
91 0u-2058
91 32-38112
91 90-3805

—— ot N A ot L) o

- e e B, Pe en E. .. T® w. . e e -

-_—— e -m S® b T A" Ee e- ®a Do w-

—_ e et et PO N = () - e -

QUAMNCITY

. . EE e T en e ®e B W e wE .. -



5061-1355 Upper Power Supply Subassembly Parts List (Sheet 1 of 7)

ILEOM D%:S:E:P;Z:c;))ﬁ PART DESCRIPTION (P)::tlg:‘ PART NUMBER OC"O:(A)L :: QUANTITY PER
1 DIv |33
3 DIv |63
CAP 0.1UF 0150~-0121 3
1C45,68,69
CAP 1.,0UF 20Z2 0160-0127 2
60,72
CAPes 242UF 0160-0128 2
54455
CAP o022UF 102 0160-0162 3
1C16,48,61
C59 CAP o033UF 10% 0160-0163 1
CAP +OlUF 0160~-2055 10
1C11:,15920926,429
© 3 33,47957,63,64
Cé43 CAP <33UF 20% 0160-2128 1l
CAP 30PF 5% 0160-=2199 4
. XC21,28932,36
CAP 100PF 5% 01602204 3
1C38965+67
Co6 CAP 3000PF 0160=2288 1
Cl3 CAP 4TOPF 5% 0160~2940 ) §
CAP 1000PF 10% 0160-3456 3
144448456 '
CAP 02UF 20% 0160-3459 3
¥ 4),44450
cl CAP oO§UF-20+803 0160=3460 1l
C2+37 [CAP 100UF=10+50 0180-0094 2
CAP &4.7UF 10% 0180-0100 4
IC4+559910
CAP 200UF-=10+75% 0180-0104 4
2C18,23,30,34
c70 CAP 2.2UF 102 0180-0197 1
c3 CAP 22UF 10% 0180-0228 1
CAP 33UF 10% 0180-0229 2
IF3 9+ 40




5061-1355 Upper Power Supply Subassembly Parts List (Sheet 2 of 7)

REFERENCE
DESIGNATOR

PART DESCRIPTION

PARENT

PART NUMBER

come. | L

QUANTITY PER

NO. (FIRST SIX} OPTION OPTION C
CAP 1UF 10% 0180-0291 10
1C29922,424427,28
3 31,35,53,58,62
C42 |CAP 6.8UF 20% 0180-1701 1
CAP 22UF 102 0180-1794 2
1C17,49
C71 [CAP 6BUF 202 0180-1835 1
C7+8 |[CAP 200UF=10+75%¥ |0180~-1946 2
C52 |CAP 3.3UF 10% 0180=2141 1
PAD-MTG TO5 0340-0164 5
STUD SOLDER 0360-0090 20
1E11,14,15,18,23
3 24428=41
STUD SOLDER TERM [0360=0474 1
TERM STUD FKD 0360-1529 3
3ES5,647
SPCR TAP #6X.125 |0380-0383 14
STANDOFF 0380-0551 4
tR 192,17,20
89 RES 4¢7 5% 25 [0683-0475 1
RES FXD 5.6 OHM 0683-0555 2
1IR94,96
R54 |[RES 470 5% 25 [0683=4715 1
RES 215K 1%e125 |0698-0084 4
IR38,44,60,78
RES 178K 1% o5 0698-~0089 2
1R15,31
R6T |RES 237K 1%.125 [0698-3150 1
RES 464K 1%.125 [0698=3155 12
IR7,9,18523,25,47,59
3 63,66/,70,73,83
R75 EES 316K 13125 0698~3160 1
ES 464K 1%.,12% [0698-3260 6

1R65,80

»82+97,99




5061-1355 Upper Power Supply Subassembly Parts List (Sheet 3 of 7)

PARENT
OPTION

PART NUMBER

COMP.
OPTION

QUANTITY PER

oy D%E:Eké:s%’ PART DESCRIPTION
R1:35 RES 31.6 12 50
R4¢5 |RES 14,7 13.125
RES 147 1%.125
62,84,85
32 RES 215 1%.125
86 RES 348 1%.125
45 RES 422 12.125
R4l RES 28,7 1%.125
RES 4242K 1%+125
1R10,26
R72 RES 100 1% .50
R74 RES 215K 1%4125
RES 1.21K 1%.125
IR21,49
RES 619K 1%,125
34437
RES 4242 12.125
50951s91,92
17 RES 133K 1IR.125
RES 100 12.125
16917919:220946,48
56,93
Rb64 RES 511 1%.125
RT1 RES 681 13.125
R76 RES 750 1%.125
RES 10K 13,125
1R11-14,27-30,39
3 40953457,79,88
5 90,95
R63 RES 681K 1T 4125
RES 100K 1% .125
lr"a’ 58!, 69,31,87
FSZ RES 10 1% <50
|

0698-3394
0698=3428

0698-3438

06983441
0698=3445
0698~3447
0698=3449

0698-3450

0757-0198
0757-0199

O0T57T=0274

0757-0290

0757-0316

0757-0317

0757-0401

0757=0416
0757-0419
075T7T-0420

07570442

0757=0461

07570465

0757—-0984

[=d

[

c o C <

[

W

-

N

16




5061-1355 Upper Power Supply Subassembly Parts List (Sheet 4 of 7)

REFERENCE
DESIGNATOR PART DESCRIPTION
{FIRST SIX)

TEm

PART NUMBER

R3 RES 51.1 1% .50
JR RES 147K 1%.125
36,42

RES <12 3% 3
tZZQZQ

698 |RES 0e22Z OHM WW
SLEEVING FLEX.
TBG HS BLK «375(
Wl SOCKET 16 DIP LQ
HY DIS PL PMR

HY DIS TO-3

J2 CONN PC2X184156D
J3=5 |PIN ASSY

RES NET TX4.7K
IR2¢554061

U10  RESISTOR NETWORK
ULS |RESISTOR NETWORK
Ul4 |RESISTOR NETWORK
U9  RESISTOR NETWORK
U7  |NETWORK=RESISTOR
U31  IC LM309H

U32 |IC UGET723393
U23  |IC CD4043AY

U18  |IC CD4023AY

IC CD40031AY
22,29

IC CD4O0l1lAE€

uz2s IC CD4012AE

IC 4049AF
19,24

0757-1000
0757=1094

0811~2616

0811-3294
08 90=-0064
0890-0291
1200=0482
1205-0219
1205-0275
1251-2026
1251=3412

1810-0125

1810-0185
1810-0187
1810-0188
1810-0199
1810-0200
18200429
1820~0439
1820-0941
1820=0943

1820-0946

18200949

1820-0950

1820-1145

o

[

c _C C c <

e € C € € C ¢ o & &




5061-1355 Upper Power Supply Subassembly Parts List (Sheet 5 of 7)

REFERENCE
DESIGNATOR
(FIRST SIX]

ITEM

PART DESCRIPTION

PART NUMBER

U33

W16, 20

Wwli=13
QL5
Q496

Q7.12

JQ1,10y

Q29395

Uly843

w27,24

18499}

11,14
26427
36~38

CR3,6,
3 41-44
ICR 28y
CR40

ICR23,2
CR29

CR35

ILR4y 8y
CRS

IC CD4050AE

IC QUAD COMPTR
»21

IC D OP AMP 20K

XSTR PNP 2N2907
XSTR 2N6053 TO
XSTR 2N3053 TO

XSTR NPN SI PLS
11

XSTR 2N6055 703
XISTOR ARRAY
0

XISTOR ARRAY
THYRISTOR=SCR
&

DIODE SIL

=16921,22
23034

DIODE IN4004
T+9+10,12,13

DIODE-S1
39
DIODE SILICOCNE

DICDE
4

OIODE 1IN823
DIODE 4464V

DIODE~FW BRIDGE
24

BRIDGE RECTIF

1820-1146
1826-0138

1826-0142

1853-0281
1853=0351
1824-0039

1854=0071

1854-0611

18580008

1858-0009

18840240

1901-0040

1901-0159

1901-0415

1901-0463
1901-0676

1902-0033
1902-3082

1906=~0051

1906=0053

t)




5061-1355 Upper Power Supply Subassembly Parts List (Sheet 6 of 7)

REFERENCE
DESIGNATOR
{FIRST SIX}

ITEM
NO.

PART DESCRIPTION

PARENT
OPTION

PART NUMBER

COMP.
OPTION|

QUANTITY PER

N2=6
R33

S1

| E]
The5
T2

COUPLER=OPTICAL
RES 5KOHM 10%
LKWSHR 4 HEL

LKWSHR

10 INT

LKWSHR 1/4 HEL
LKWSHR 10 HEL
SCR #4=40Xe312L

NUT 4—=40 o250AF

NUT ¢=40 W/LK
SCR #6~32X1.500L
SCR #6=32X.500L
SCR 6=32X 375

NUT 6=32 <312AF

SCR 10=32X.375
SCR 10-32X.438
NUT 1/4-28
WSHR #6 SS

WSHR #4 SS

WSHR o2601ID BRS

WSHR #10 BRS
WSHR #6 FIBER
WASHER FLAT
SWITCH=THERMAL
COMPOUND=THERMAL
WIRE JUMPERS
XFORMER=CROWBAR

XFORMER=POWER

BOARD~ETCHED

1990-0403
2100-3207
2190-0003
2190-0011
2190-0032
2190-0034
2200=0141
2260-0001
2260-0009
2360-0135
2360-0201
2360-0359
2420-0002
2680-0099
2680=0101
2950-0036
3050-0228
3050-0229
3050=-0234
3050-0236
3050=-0247
3050=-0663
3103-0033
6040-0239
8159-0005
93100~-2953
9100-3804

5080=~9730

c C c <o <
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5061-1355 Upper Power Supply Subassembly Parts List (Sheet 7 of 7)

A ITEM
NO.

REFERENCE
DESIGNATOR
(FIRST SiX]

PART DESCRIPTION

PARENT
OPTION

PART NUMBER

come. L
OFTION| O

QUANTITY PER

STRAP=GROUND

02108-00028
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2112A Power Supply Lower Assembly Parts List (Sheet 1 of 6)

oy DESIGNATOR PART DESCRIPTION flouisNg PART NUMBER Sowr || quanTITy bk
(FIRST SIX} C
1] DIV«B3
2| Divep3
CAP O.L1JF O0150-06121 ¥ 2
101138
L5:.42 CAP .GlufF 20% 0150-0123 U 2
CAP L.OUF 202 0160~-0G127 U 2
121,37
CAP .0022uF 10% 0160-0154 b 2
1£36440
CAP .022UF 10% 01600162 R 2
1L43.:44
£L25 CAP .o7TUF-20+80¢ 0160-0174 i
£39 CAP (O0Ll5UF 10K 0160-0194 3
CAP .01UF 0160-2055 U 7
iL18e20s22-24+34435
£31 CAP. 24Q0PF 0160-2227 ¥i |
CAP 3000PF 52 0160~-2229 it L
L3246 7
Cél CAP 4T0PF 10X 0160-3455 A 1
CAP S5000PF 10% 0160-3658 1 2
L2413
CAP LODUF 20X 0180~0098 U 2
IE14,15
CAP 3300?'10*75ﬂ 0180-03104 L 2
1ICL6,17
LAP b.8UF 10% 0180-01L16 1 4
1£8,:9
L27 LAP 1ufF 108% 0180-0291 ¥ 3
CLAP 5.8UF 20% 01801101 ¥ 2
1L36+28
LAP L5UF L0% QLe0-1Teé T )
ICL0429: 30026334465
AD~MTG YOS 31340-0164 2
TUD SOLDER -0090 29
TUD SOLOER 'Ei7 360-04 74




2112A Power Supply Lower Assembly Parts List (Sheet 2 of 6)

REFERENCE
DESIGNATOR
TFIRST SiIX]

TEM PART DESCRIPTION

PARENT
OPTION

PART NUMBER

COMP.
OPTION

nQor

QUANTITY PER

TERN STUD FKD

SPCR TA? le»iiﬂ

R7,9 RES 56 5% .23

ES ebhe 12,125
1R25,26(e61+63+123¢ 04

§ 2.15K 1%.129

IR&Qs 4264347580,
3 113, 114133
5 145,105
131 RES 264 1%.12
130 RES ¢+22K 1%.142
4l ES $.54K 1%.12
52 ES 26.1% 1%.12
115 RES ss.6X LB.12°
Psx ES 468K x:.tzl
rxss ES 167 1%.12
ES 215 i%.12
‘r 87,69:77:19
ES #22 1%.12
1t1701 238470, 72+ 73
118 RES A.21iK 13,12

IREI&, IR6
{33 iX 18.129
BRE&+10¢(21922233449

W W
-
(=]
W
-
f ond
-
»
e
&
~

$ 10 1%2%

0360-1529
0380-0383
0683-5605
0698~0082

0698-008%

0698-3132
0698~315%
0698-3155
0688-3159
0898~3142
0b98-3260
06%38-3%38
0698- 3441}

0698~ 3647

0I57-0274
07157-0279

07137-0280

or57-Q206%
0757-0R89
or371-02%0

oT57-G34s

e ¢ o o

c o o o

[~d

(R I

10

i3




2112A Power Supply Lower Assembly Parts List (Sheet 3 of 6)

ILEOhf D:E:Fgrsg% PART DESCRIPTION (')::fg; PART NUMBER CE”O:;PN é QUANTITY PER
€S 1M 8,129 875 7-0401 N s
AR EB1019,20,
3 45-48462:06:56B4 T4
S| 76478.119,129
RES 511 1%.125 0751-041 6 kA &
IRl 4. 95-;22& 12
ES 619 1%.125 |0757-04i8 1 3
1R29.3132
99 ES 681 Lx.xzj 0187061 Y T 1
71 ES 825 1%.12 0TST-0421 1 1
44 ES  1.1K 1%:125 [0757-0824 T 1
ES Le62K 1%.125 |0757-~0428 T &
LRST-6
ES S541iK 1%.125 |0757-0438 4 10
1R23+35437¢59+56¢ 102,
3 135,137.143,148
ES 10K 1%.128 [0757-0%42 | 2%
1R30453h 545 82~84,
3| 86+90,93,97+101,107
5 108¢1[12+117+120s
7| 121e1244125.128,132
9| 136, 1h2:144
R104 RES 68.1K 1%.125 [0757-0461 T 1
ES 100K 1%,125 [0757-0465 T s
1£ZO.51 B7+88:92
v4 RES 10K 1% .50 [0757-0839 U 2
RES 61.9 1% ,50 [0757-1002 T 2
1R15,34
ES 1.47K 1%3.125 [0757-1094 T 4§
1R89:854139,140
R4 ES %.7 5% 2W |0811-1567% T 1
ES .12 3% 3ui 0811-2616 i 2
lcllvlz
Ls3 RES 15K OHM 34 0812-0051 T 2
T DIS PL PuWR 1205-0219 b 3
f DIS TO-3 1205-0275 T 2




2112A Power Supply Lower Assembly Parts List (Sheet 4 of 6)

PARENT
OPTION

PART NUMBER

COMP.
OFTION

QUANTITY PER

e m‘zé,'i"%. PART DESCRIPTION
Ul+2 MEAT SINK TOS
46 CONNECTOR
| CONN PC2X18.1560!
114243
45 PIN ASSY
Je CONN JTiL 6PIN M
USs13 [IC  SNT&T4N
1 IC LM309H
IC SN75452p
Luér 10,011
U3¢12 IC  QUAD COMPTR
bie (IC D OP AMP 20K
L2 IC ¥ REG -5V
XSTR 2N3906 PLL
108+124[20+21422+29430
XSTR PNP 2N2907A
10 5.7+16-19433,28
Q26 [XSTR PNPSE DARL
Q3,4 XSTR 2N3439 ¥25
STR 2N2222ATDLA
105492 10s21e13v14015
24425027+31432,34
2 XSTR 2N6308 T2
23 STR NPN S1 DARL
i tsrn 26251 T0-3%
RS  [THYRISTDR SCR
CR6+8 [THYRESTOR-SCR
ER36 [THYRISTOR

LERS, 7,

ECYIFIER SIL
8¢ 32

1205-0315
1251-0674
125}1-2026

1251-3412
1251-3819
1820-0077
1820~-0429
1820-0799

1826~0138
1826-Q142
1826-0220

1853-0036
1853-0281

1853-03%7
1854-0079

18540477

1854~ 0624
1854-0633
1854-0T1 8
1866-0233
1884-0249
188460258
1901-0633

C < <

e «© C o <

[N ~T <3 ]

e € € o ¢ e <

13

N e e e




2112A Power Supply Lower Assembly Parts List (Sheet 5 of 6)

- D%ESEE(%R PART DESCRIPTION oS PART NUMBER g ol QuantiTy per
PIODE SiIL 1901-0040 LS 10
ILR3T 425432 456~50
3 52:5%
10DE IN&0O4 1901-0459 T 6
1ER34¢2[Tek92¢31+33
TABISTOR ST8523 1901-0480 L 4
1R 38~
IGDE IN&33S 1901 -1065 kJ is
IERIL-1%, 1 T4 1924,
3 1642930
CR3,4% RECTLIFLIER 1901~-1087 & 2
LRSS f0DE 6.19¥ 1902-0049 ki 3
LRS1 1 0D& 19302~-05%6 U 3
10DE 200V ZENER 1902~-0668 ¥ 2
FCR1S.1
I0DE 3.16V 1902-3036 3
1LR3G5, 40,45
DDE~Fo BRIDGE 1906~0051 Z
1ER 25,2
ER1O ECTEFIER 1906-0080 J 3
-8 SOLATOR 1990-0429 LA 3
TD ISOLATOR 1990-0537 ¥ i
106 €3 ¥AR 1K 2100-3211 M i
€S VAR 1K 10% 2100-3362 1 2
R1L48: 189
Fle2 USE 2.54 NB 2110-0083 3 2
USE CLIP 290D 2110-0483 L)
KuSHil 6 HEL 219000066 t
CR $4-60K.375% 2200-0143 3
4~ 60K, 5000 2200-034Y F 4
¢~43 w/LK 22600009 s
CR $6-33X.,7900 | - [2360-820% 1
~322.37% 23600859 4




2112A Power Supply Lower Assembly Parts List (Sheet 6 of 6)

TEm

REFERENCE
DESIGNATOR
{FIRST SIX}

PART DESCRIPTION

PARENT
OPTION

PART NUMBER

COMP.
(OPTION

~0

QUANTITY PER

T2¢3
ri

MSHR #10

SHR #4 S5

SHR #6 S5
OMPOUND-FHERMAL
IRE JUMPERS
RANSFORMER
XFORMER
XFORMER~PINER
BOARD-ETCHED

MEAT SINK

2420~-0002
308%0-0006
3050-0322
2050-022%
6040-0239
8159-0005
9100-0665
9100-2%66
9100-3803
$080-9755
02108-00030

X £ & & € & o € G € <

i

10
2
0,01

W s e




l 790¢-0062 Rectifier, $, Her and GG ntaroum:
. Ve T Ty ity TPA
R0 oi:_g; dov blern l - ". ul i : I -‘: ; P r— ] "02/‘/1 -6cw4
JJ‘LA r Br = GRCOIF G, ,“O“U/‘f‘/o P
—= PR R R
- c3g
. RIT 2K 3900 P J2-J
- 2_, AJ 8 50 — 51| R/27 CR5Y ‘;!Q’/z/f‘,:n< CPU INVERTER.
| 2900 «f oM ‘L———*N\N\Ih——i‘ 030 Ruism S ENAGLE
—— A4 e
C120°U PN I A
aqo) 1k R98 J
/ WM F5v
. el B a2 i
2 i "’—F‘ET 9oL Jé -5
R3 R24 jor ( \ v
) . b AAAAY CR48 N RI34 +8 —
. - ESET
K vl 2900uf ' o Sil—s #e5 | JO-CwoBESET @ 351 [4PPn)
W _T | 1K RIOZ i Bk F
6_22°°V ) o‘z:l:lx . 5. 11 Jo-D m——STANOBY g 75-2 X ER 4
w S1K 3z SPERATE R ERTE S
e : 3 RI43 3 i s J2F oKL 753 ng': Fd 5
; 15kl R0y J:;;H Je-2 kRl
10k A (%75) —a T M2l 9",
/ J S——— ' §
ine heotra H caws CRISY MIGH : 10K R 129 =% %7 JZ_D,,EE‘_’_‘?&?
s feer L fn VOLTAGE | % I P s e Yaw ue
; CROWBAR YOKHz | crock R/33 Jo-Kee—t28Y o J6-3 § 3
|5
° Ri/6 -2V B £
T 09K T2Ve2 .G 3%
cs ’ / =
P 5 s J2-R 26 1R RI3 Je-¢ +5VM
-y, wiz. ).47kR8T
TJH-1 g 22wl Jo-T il Jo -7 r2rsa
. \ 1.9 7/ R8BS
JH-5 = A_B+72 P Jo-/¢ Jo-g -t3e
J2-U LY 7'(/(/403_6 Jo —i2Mem
.‘p; TrSVuB 7
-« J22
RIZY C39 # 422K 28 ] . F3-17
C+0 4 f $rovaEs
TN R/30 .‘8 T 4l raf3wc2? - Jj2-S
v 147K R/I3Y .
< Je-q ria.sn
R//8 6. /1T RIOT
-~ - —AAAAA VAN : *12.5V Mem o T2-L
To Circort 1.21K
Bronite" -
Weiteg e /1 C
Toip Cosl //:50 119 pngm TNV, EMB,
RI4/
T cr3y/ &crzy Sow
cR3 l.IK
ElI5 /¢ol~7owo
RI06 J3-/3 ~10
+5Vig I BATERYBAD VAN
c8 1990 - . +40 VDC
+ _— ‘dd=
% 74 o537 e v3-// MLOST sap ITA® e |
________ ! A% 2
s Ve T rm - e & 3
oryY INVER —— e m m e e - - - - ' < w
| , VERTER DRI VE ' . -- - $ 0228407
J2-3 »>- 23406 \ 0 Vug \ CPU TINVERTER DARIVE i -
+ioV ) 1259
J2-4 &— cn ! ' T «—tlovil g 7347 oy I 3
R36 R32 Jo R93L
6. /% 6798 - ! ! €29 Lr
T/ CRSS \ ! 5af -
Ji-1s b1ty
g sz-004q 38 as | ' Pt -
d 203904 ) &8 51 /820-0799 ,
R%I&; 4220 X 1J2-4 1
>
B ' MEm 2w 2907
S R23 omper i v - J4-3
JI-s 5 Sk ' ENAR, QIY Jo-5
) PLAS B )
1 J:'Z'J' 0 ;It -K ]
JI-P +/0 v (LA) @ e i ¢ T3-M
Ji- -7 ! ! r
e ov (LB - JI-E | —aJ5-¢
m3 | e | e, |
. ——— = | MATERMAL DEBCRPTION | swariranrno. [T R p—
6 w ‘T toouf I UNLISS OTHENWISE SPECIFMID. chawe oY |¥1/73— Al Lower
1 . . ¥/2/ 257 Fower 5«/”)‘ Hm,mcn.p
S— 7 . ! e e T e
03lA ~CoOoO
T}m:: £ 138 normally deltud Provdedelybo resolabe = Tofzs |2 020 e D011~ 80004
= e locue D-o2//z -6a004-5;
SHERY }



) un

] 2

> uiz |3 us ]

0z2
810
910

904

vis ] ) ue |

91y
610
JA%e]
Nd

18
\

qiy

R13 R11

R14 R12 ) U0

120

9HO ¢

+C14
+ C15

¢
SHO
(¥2°)

SLHO-»t PLHO-P
TLYO-H LLYO-pH

OLHO -+ 64O-»t H

-8HON

=

9140»+
€140+

(5%
923

R17
R18

>
P
R63

C52+
R61
RE5 R62
c53 C51+

»CR17

LD
90+
z 2 Q
® 3 %g\"a
090

M

)
=

nom Jas
QL 3 Q =23
S &5 (), 8 %
s 2
m I
08 8%
0 o L)% s,
= o +8
©
cas+ N3

¥ 21 R32 R22
[} Cc34 €30
2 2 R R23
v R34 R24
1

4

c36
. +4-CR26 28 X3, A3
N = -3
N N
Pipyes ) | ) uw | ) ue |
ca7 cs o8
cag + CR234¢  R37
- B
® crssa
o s TE 12 S
S R33  “CR20%
cs0 + £3 32 R6  crR2a  CcRIIM
N cag+
R60 3 o
1¢-CR28 QL

R28
e -
R40
. i

2112A Power Supply Upper Assy.

02112-60005

o ——— .l

'
L

| ASSY 02112-60005 ;

A-1709-22 !



2112A Power Supply Upper Assembly Parts List (Sheet 1 of 5)

oy DETEE’;E%’ PART DESCRIPTION o PART NUMBER o é QUANTITY PER
1 DIV.33
2| DIV.p3
CAP J.1UF 0150-0121 U S
1L4429¢33,35:45446
3 565763
CAP 1.0UF 20% 0160-0127 U [
1L3¢5¢3B+59
AP. 2.2UF 0160-0128 ¥ L3
1L2¢16s18+20
L42 AP Q022UF 10% 0160-0162 v 2
| AP JOLUF 0160-2055 W 13
1L7+8¢10-1341 7419
3 37+s54455:58450
L53 CAP 1000PF 10K 0160~-3456 )  §
L2t CAP .02UF 20% 0160~3459 v i
CAP .0001UF 01 60~-34656 X &
tL30,31 34,36
L32 CAP ~02TUF 10% 0L 70-0066 L 1
La7 CAP &JUF 10% 0180-0097 L 1
Ce8 CAP .7UF 10X 0180-0100 L i
L50 CAP 200UfF-10+75% 0180~-0104 U 1
CAP 6,8UF 10X 0180~0116 I 3
1CLlebl B2
52 CAP 50Uf <«10+75% 0180-01el 1
CAP 33UF 10% 0180~-0229 3
LL&0. 43,51
El? KJF 10% j0rL80~0291 Ly 4
LL6¢9¢ 3B 41
Le9 CAP SUF -10+758% 0180-0301 |
CAP 640UF-10+#T758% Q1 80- 0595 3
LiL26-28
C15 CAP &TUF 10% (0180~1704 1
Cee [CAP RUF 10X 0180-17¢3 u 1
L1464 CAP L5UF l0Z 01801746 M |




2112A Power Supply Upper Assembly Parts List (Sheet 2 of 5)

| DE;‘FE:::;TC%R PART DESCRIPTION s PART NUMBER Somrlo] quantiry pee
FIRST SIX. C
krua SOLDER 0360-009Q i 5
STUD SOLDER TERM F:so~oﬁ74 u 3
TERM SYUD FKD 0360-1529 J 12
SPCR TAP #6X.125 |0380-0383 v 1l
STANDOFF 0380~ 0689 i 2
ES 2.7 5% .29 |0683-0275 u 2
IR1T.1
61 ES %47 5% .25 [0683-067S T i
40 €S FXO 5.6 0OHM 0683-0565 u 1
ES 1300 5% .25 (0683-1025 3
1R9,16,43
ES 10K 5% .25 [0683-1035 L 6
R4+ 29+/53458¢59+4563
52 ES 1200 5% .29 |0683-1225 2y 1
ES 150 52 .25 [0683-151% 4 2
iR21.,31
48 RES 22K 5% .25 |0683-2235 U 1
ﬁso EES 390 5% .2j 0683-3915 u i
€S 4700 5% .2 0683-4725 u 12
1R5,10-12,19
3 28,37,38,42
5 7449586
ES 47K 5% .zﬂ 06834735 iU &
iR22+24,32,35
ES 560 5% .25 |0683-5615 U 4
1R23,25633536
RES 680 5% .25 [0683-6815 U 2
1R39,51
RES b4 13.125  (0698-0082 o2
1R20,34
RES l4.7K 1%.12 0698-3156 U 2
1R664+67
R&S res &54K 1%.12 0698-3260 i 1




2112A Power Supply Upper Assembly Parts List (Sheet 3 of 5)

PART NUMBER

comp. | L
OPTION ?

QUANTITY PER

ES 31.6 1% .50
1%15.55
ES 167 1%.125
ES ©22 i%.12
ES 196K xz.xzj
ES 100 1% .50
ES 21.5K 12.129)
54468, 70
t ES LK 1%.129
IRI«13,24.,73
ES 6419K 1%.12
ES 100 1%.12°
71 ES 519 13,12
“6 RES 10K 1%.12
69 €S 51.1K 1:.121
76 ES 5642K nz¢12ﬁ
RES 100K 1%.129
LR27. 465 50,57
26 ES 5642 1% .73
7.8 RES 0415824 Pu
86 #20 TFE MAT
Dis 10-3
42 OnN rczxxn.;s&#
U3.4 PIN ASSY
Jle1e RES NEV 8K1K DI
e £S MET OX20001P
W3 S1STQR METWORN
i 2 SEAVOR NETNORK
7 ESISTOR WETUORK
SISTOR NETHOAK

0698~-339%

04983438
0698~ 3447
0698~ 3653
0757~ 0198
0157-9199

0TS 7-0280

l0757-0290
07T57- 0401
0757-041 8
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2112A Power Supply Upper Assembly Parts List (Sheet 4 of 5)

ILE; D‘E:g::}(sﬁl\.i%l PART DESCRIPTION PART ‘NUMBER é)
THORK-RESISTOR  [1610-0222 T
° LN30eK 1820-0030 u
30 it usET723393 1820-0439 v
123  [IC COCOS3AY 1820-0941 X
M2S  IC CD&O23AY 18200943 1
M22  [IC COWOGLAY 1820~0946 i
IC COMRELAE 1820-0949 2
1UE0+21
IC MCLeB9AL 1820~0990 y 3
IUL9¢26027
IC  S0O9AE 1820-1145 2
120,28
U2é [IC CO&QSOAE 1820-1146 i 1
IC QUAD COMPTR 1826-0138 o e
1428411613
e $C O OP AMP 20K |1826-0142 i 1
R9+10 XSTR PNP zuzaovj 1853-0281 M 2
3 [XSTR 2N60S3 T 1853-0351 u 1
1.8 [XSTR NPN SI PLS 1854-0071 u 2
kil XKSTR 2N3904 PLS 1854~-0215 U
B2 XSTR 2N6O5S IGJ 1854-0611 u 1
THYRISTOR~SCR 1884-0240 d 3
1f506.7
DIODE SIL 1901-0040 T
IER1+24[2002E523024
36,37
DIODE EN&0O® 1901-0159 d s
i ns.sgtr.za.aY
R22 [STABISTIR 578523  (1901-0460 u ot
DLGDE 1901-0676 u 2
1ER7+9
Di0DE 1901-1086 T
1ER8410F16




2112A Power Supply Upper Assembly Parts List (Sheet 5 of 5)

e Des.fs"%). PART DESCRIPTION ARt PART NUMBER Sowr. g QUANTITY PER
10DE 6,49V 1902+0049 3
1ER3s .20
R25 DIODE 4.64V 1902- 3082 THENN Y
R34 DIODE 80 1AV 1902-3171 TR
IODE-F¢ BRIDGE | [1906~0051 TIR S
R31-33,35
ISOLATOR OPTO 1990-0431 TR
hrs-18
& RES VAR IK 2100~3211 M1
R 6-32X. 375 2360-0359 S
UT 6-32 WALK 24200001 1
SHR #6 BRS 3050-0100 X
Bel  SWITCH-THEANAL 3103-0033 3
OMPOUND-THERMAL|  |6040-0239 2400810
IRE 30AMG WHT 8190-3426 0.25
IRE 22GA BARE la151~0013 0.30
¥ *!RE JUMPERS 8159- 0005 1
BOARD-ET CHED 5080-3756 1
GROUND STRAP 02112-00004
EROUND STRAP 021 12-00005 M1
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2112A Riser Board Assembly Parts List (Sheet 1 of 2)

e DTSE“:?.;. PART DESCRIPTION rasent PART NUMBER o g QUANTITY per
1 DIv{33 3
2 DIV463 1
C5.11 [CAP O.1UF 0150-0121 u 2
Cé CAP JO1UF 20% 0150-0123 (R
C6+12 [CAPo 242UF 0160-0128 y 2
Cl=3 [CAP FXD 2XSUF 0160-4142 1 3
E1l-8 |STUD SOLDER TER 0360-0294 u 8
E9 STUD SOLDER TER 03600474 u 1
10 |STUD SOLDER TE 0360-1047 u 1
EYELET BRASS 0361-0534 u 1
SPCR TAP #6X.125 |0380-0305 u 8
STANDOFF 0380-0886 u 2
RES 2e7 5% +25 [0683-027% THE
R11,12
13 |[RES 10 5% 2w 0698-3601 u 1
1 RES 39 5T 2W [0698-3613 U 1
506 [RES 100K 1% .50 [0757-0367 u 2
ES 100 1%.125 [0757-0401 T 4
1R3,4,
R9,10 RES 3e3 5% 2W [081E~1672 y 2
G HS BLK «7500| [0890-0301 U 0.0001
T OIS TO-3 1205-0275 T
D1,3 XSTR 2N6306 TO03 [1854=0623 U 2
R2,4 XSTR NPN SI 1854~0657 U 2
I0DE IN40O4 1901-0159 TS
ILR3,4,13,14
IODE IN&936 1901-1065 u 12
1IER10 2450712415,
3 17,
CR #4=40Xe312L 2200~0141 U 2
CR #6-32Xe375L 2360-0117 U 8




2112A Riser Board Assembly Parts List (Sheet 2 of 2)

ITEM.

REFERENCE

PARENT

come. | L

No.| DEsionTor PART DESCRIPTION ormon PART NUMBER oroni|o|  QUANTITY per
ICOMPOUND=THERMAL| 6040-0239 u 0,01
WIRE JUMPERS 8159-0005 U ) §
INSULATOR RISER 02112-00024 ) §
BOARD=-ETCHED 02112-80008 m 1




_ 1 €-2° . -sooo -5/ )
L REVIBIONS DATE
| A | As 1ssuci % 3=
1 T | .CHAvGED WIRE Cocor CAtcouT 5447
- DATE CODE (510 ) o, ‘F’
[ ac_olgfoa-ﬂvau. PioT R Mobs. DA 5,1/_36 L A7-15-75]
10,1 7,18
LM u, v
[ [
1,2 6,7
A,B F, H
[ Ny
RI3  C4 Olpt a
b UPPER
10n  0I50-0123
0698
360!
CRI H —-—-———N———*
1901~ CRII b %lé”' 4 166 26x
10653 1901-1068 1901- 0159 HBOI-O’? ‘CRIO
CRI3 CR- / 190k
RIO RI2 1065
2N6308 L___—oL O ES AAAAA A - 1884
@3 {  CRI4 WHT/ TAG GRN/BLK  3.3a,2W 2 A
s 1901-0159 08II-1672  08B3-02T5 §
T SR? re § Zcrie
0.l 2100a WHITE 100a & :82!-,'
i of3 ] .
GRN
S0 — 4
085 CR7 b ! CRO
2 1901-1085 1901 -0i59 ce2.2pf
CR3
r4 RS «'?.'1'”” £2 E7 R9
Tl 100K S 2N6308 AN
A les, 12w & al 3 ns RED YEL 330, 2W R4 <
y ) O737-0367 ¢ s 2100 08li-1872 100n.$ ‘
8 :gl's%'i'auz Ol 2 0757-0401 EI YEL/BLK EB 3 Bt car
g |
LTy 0180-0121 RED/TAG n an
:I- N &Qw 9100]|-
1 s
MEM NV CPU INV JI - LOWER
J 0698-3180
JI-17,18 JI-U, v
r ' 1
Ji-18 J-8
J=F -4 JI-H JI-K
A J-E
J-1,2,4,8
p—— ] |
vam | arv. | MATERIAL-DROCRIFTION | warieantwo MATLOWS MO | MATLSPEC.
I ponoOT scALe THis omaminG | 205k Kot }D}Y(Vﬁ\/ 2112 POWER SuPPLY
" SCHEMATIC RISER HRWMTEPACKARD
UNLESS OTHEAWIBE SPECIFIED, ..ﬁ..?.’:" A/ ‘a/»'hf Lrne /
DIMENSIONS ARE IN INCHES. 7 T
TOLERANCES XX+ 02 XXX £ 008 | met it v:lﬁo% canitt i/2917% | waxr asonwmns Jovyere—
BUPERSLIDES OWG, .i 'IN::N |'CM-. c -0-2//2 -60008 -5'

STOCK MBS $100.0063 PAIRTED ON BINPS W8 1o18 18 CLEARSRINT FABROUT
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Battery Control I Assembly Parts List (Sheet 1 of 2)

iy NEE:EA:%« PART DESCRIPTION reon PART NUMBER 'é QUANTITY PER
3 DIv |33
DIV 63
8 CAP 1.0UF 20Z 0160-0127 U 1
5 CAP 1000PF 5% 0160-0938 U 1
2010 [CAP (OlUF 01602055 U 2
9 CAP 47PF 5% 0160~-2307 i 1
1 CAP 560PF 5% 0160-3535 U 1
3 CAP 2.2UF 10ZX 01800197 u 1
s CAP 22UF 10% 0180-0228 U 1
1=3 [STUD SOLDER TER 0360=-0294 U 3
E4¢5 |STUD SOLDER TE 0360-04T4 U 2
%27 RES 215K 1%.12 0698-0084 u 1
i
JR RES 422K 1%.125 0698-3154 U 8
192+16-18,21,
122.25’
‘7 RES 23.7K 1T.125 0698=-3158 X 1
h36 RES 316 1% .50 0698=3402 U 1
|
‘Ro RES 422K 1%.125 [0698=-3450 U 1
k33 RES 215K 1% .125 07570199 U 1
24 RES 562K 1%.125 0757-0200 U 1
32 RES 9.09K 1% .125 07570288 U 1
14 ES 825 1%.125 0757T=0421 U ) §
RES 511K 1%.125 0T7T57-0438 U 2
19,2
28 RES 8425k 1%.125 0T5T=0441 U ) §
ES 10K 1% .125 07570442 U 8
IR3=5,10,11,15,
3 2052
ES 51lelK 13,125 0757-0458 i 3
1R9,31,34
ES 100K 1%.125 0757=0465 U 4
1R8,13,23,35




Battery Control I Assembly Parts List (Sheet 2 of 2)

REFERENCE

TEM DESIGNATOR

PART DESCRIPTION

PARENT

PART NUMBER

COMmP.

nor~

QUANTITY PER

NG| DEsouATo et cowr.
30 [RES 1.47K 1X.125 [0757-1094 u 1
1 IC LM301AN 1820-0477 u 1
697 [IC CD4020AY 18200935 u 2
3,8 [IC CD&027AD 1820-0938 u 2
2 IC coaoxf&e 1820-0949 u 1
495 |IC D COMPTR 8K 1826-0175 u 2
2+9 |[XSTR 2N3906 PL18 (1853-0036 u 2
6 XSTR PNP 2N2907A (1853-0281 u 1

XSTR 2N3904 PL5 1854-0215 u 8
1,3-5,7,8,10,11
R5,6 RECTIFIER SIL 1901-0033 u 2
DICDE SIL 1901-0040 u 3
R2y3,8
CR9  |DIODE-ZENER 13V 1902-0555 U 1
CR4 [DIODE 4464V 19023082 u 1
BOARD—E TCHED 5080-9738 W 1




|
v+(BT) ve(aT) BEY AEFERENCE | SEMES /PREFL
y 4@KHZ CLOCK e A |oma. 1553
s vecaT) B_|22-Z088| 14i5
18K SOKHZ —C—Q'D 2237 '::"
E 445 |
. s 5 vac TE' .6 vz2e . RT ar R33 ol £__|ERRATA [No crance A
. D . . > F_[22-3283] 1616
4oKHZ 23.7k l \_ b 2l.sx J_ s G |22-3340 w24
RS €l 1 1200PF
560PF 26
R4 18K az.2k
19K ’ %
v PI1-2
v w15 ]
v+(BT) J Pi-P o
c
[__ < use 1e Pi-16
12
GUTPUT
v COUNT FasT B
18| INPUT 0 |9 cLock
9 crock 7
Pi-q ur 22 - th
+8V(REF) & +8V(REF) 2¢ Pi-v
s [2
le-sTace 2, [&
PI-9 RIPPLE-CARRY 13
BATTERY TEST L
€ EST < BINARY 2 Iz —
counTer/ 7, [TTa
OUTPUT DIVIDER 1o (15 sLow
sLow cLoex ¢ PI=IT 1) é:::: COUNT , 3 o cLock
(SEE NOTE 2) ve 2% [}l e YEB
2 — CLEAR 213 |2 P'_ﬁ“ SLOW cLOCK
LI Sy
la-sTAGE 2, [e_ V+(BT) (3EE NOTE 2) C
RIPPLE-CARRY _, [ 13 o
BINARY NN 18 — 15 Pi-18
COUNTER/ -, |14 T3] . _TEST FF Ll
OIVIDER i[9 ], " vss 14 .
T
2! f— 12
2t 2 cR3 V4+(BT) ) |
1 s |3 CR2 4 R9
CLEAR 2!’ = > vetan
6 7 \ 511K
& cr8 RIS I-—— 3 - uza Q2
R3S 3 FLASH FF i rs Vs
Bt C3 MY z{ Y <
BATTERY DRIVER ENABLE L v v s 198k N 5
£4
cRé {€
roaviRalLy (P8 " R36 1 va(8T) atPF BATTERY MALFUNCTION Srig
+ 195 -
316 CRS_L ca 1'e . PLM s fLasH
XRS5 BV 22 -
R29 QES +BV(REF) BV (REF)
[ LATCH BATTERY R32 R22 PI-18,L —
18K TEST Ris v+(BT) 2.99k 4.22K v(aT) Rt VH(BT) =) veeT)
- Qe 4,22k V4(BT) ron
p R28 s N
1 19K -
2. 15K LA '1 9 cs o s 12 PI213 S gart ean
R28 ve ‘ )t + .
BATTERY (+) & Pi-i,A s LI S e 1.9 3,6.8 E
s 8.25Kk + 0
a2 R2a R21
: R32 RI6 RIT s.62K 4,22k R23
1.47K 4,22k 4,22
199K
v
PI-6
v+(BT)
o8
PO Pi-it k31 (v . Qn
. ix \l\: a7 _ 12V CURRENT SENSING
N 1 V+(BT) F
7
RI9 : J !
S.11K AOKHZ —— ¢ ———] , R34 it o
V+(BT) K .
v+(8T) 6 ) YT
s12voLTS r26 v RIS
CURRENT cse & PIF s N 19
SENSING N 1 <o 12
S.1IK R23 us
FROM cs- ¢ PI-E T e sl
BATTERY a.22x 76
QuTPUT :
Qs
R / G
+BV(REF) r
825 \"
1 e -
T .@t
Pi-16,13 R 'S & CRa R
SIGNAL ComuoN a.6av 34,22 Rr2
a.22x
Ca) wart lor H
BATTERY CONTROL T
2. SLOW CLOCK OUTPUT ON PIN U NORMALLY STRAPPED TO INPUT PIN 17, 5060-8347-51

1. ALL RESISTANCE IN OHMS, ALL CAPACITANCE IN MICROFARADS,

NOTE: UNLESS OTHERWISE SPECIFIED,
HIWLEEE A R

LTCEUMS DVE AN (L




szy
o vzd
Q
€zy
zey
1m0 1z
{¢oLuo
mm ¢ 6w o
mm Ziy ©
< zud o}
: ozy
m Ly
@ 6LY
E 3t
:Ml 8iy
=
6Ly
vy
-
© €1y
£y
® =
svy
G + 89
o 6vH 8y
o & (1-1Y] yay
& ¥ o5y feud
190}

©ee e

R62

94

vy

€54 o @
N®

Ly

vy

{4340

€vy
vy
ivd

L0

ovy
684
8EyY

L Ak

LEY

9eH
Ged
ved
64

vuo o

oid

sHo pf

o +
vy
ey
zey

¢ 9w

Led
(1]
624
:14°)

Ly
9cy

cs

A

18 COMP SIDE

>

V CIRCUIT SIDE

>

Battery Control Il Assy.

5060-8353



Battery Control II Assembly Parts List (Sheet 1 of 2)

b n%iféﬁ:rcos)a PART DESCRIPTION o PART NUMBER SouP 5] QuANTITY pee
FIRST SIX| ¢
3 DIV
s DIV B3
CS5~7 [CAP «033UF 108 0160-0163 T 3
C2.3 AP 20PF 5% 0160-2198 U 2
Ci CAP SLOPF 10% 0160~3%34 T 1
L4.8 CAP 2.2ufF 10% 0180-0197 U 2
€S IR 5% .25 (0683-1055 u 3
IRL9919:22
ES 2.15K 1%.129 |0698-008¢ T 8
LRI 4e Te26, 31
648,51
13 ES 2,87K 1%.125 |0698-3151 T 1
ES 3.83K i%.125 [(0698-3153 u 2
itR14+25
8932 RES Bl.6K 13,125 |0698-3160 U 2
34 ES 196 1%.125 [0698-3440 U i
ES #2.2K 1%.125 |0698-3450 U 3
1R18.23,28
ES 3,16K 1%.125 |0757-0279 U 2
1R39,42
ES 1K 1%.125 |0757-0280 T 6
1R3¢10420+21
3/ 30.36
ES 9.09K 1:.1zq 0757-0288 Ui &
1R35440L 4150
ES b.19K 1%8.128 [0757-0290 T 2
1R37. 44
“3 ES 2.2 1%.12% [0757-0316 Ul 1
49 €S 100 1:.123 0757-0401 u 1
38 ES 110 1%.12 0757- 0402 ks 1
ES 5411K 1%.129 |0757-0438 U 6
IR1lelép17.24
3( 52,53
RES 10K 1%.12%5 |0757-0442 i 9
LR2¢5.65s12027+29s
3| 45,47, 54




Battery Control II Assembly Parts List (Sheet 2 of 2)

":fg os:%:i% PART DESCRIPTION m PART NUMBER cf,,,o,'chl) QUANTITY PER

9¢33 RES Sl.iK 1%.129% 0T57~-0450 ki 2
+3 |IC NCleS5a P} 1826~-9139 b ¥
oh (IC O COMPTR 8K 1826-0175 ¥ 2
STR 283906 PLLS 1853-0036 ) S

1IQ3-SeM 10
STR ZN3I904 PLS 1854-0215 J ]

‘rltzt 8
DICDE 5iL 1901-0040 ¥ 12

1;81-12

IBOARD-ETCHED 5080-9742 W 1




P el F S PO )

RI9
- V+(BT
Pi-g T +8V (REF) (8T)
ca M
+8V (REF
2.2 BY (REF) RIT cz
A Y
g f37 S.LIK ztlat?r
(, K -
ge.19 V+(BT)
R4Q
L PI-IT 20 2 s
~ +laviM) & w W - \ RI8 s
Ik 9.99K uza w
314 42,2k R?a FIT 5 +i2v DRIVE
ce R39 4 : CR? a " > S\
= 3. 16k s
T .833 -12v(M
¢Rl6 AL
R38 2 3.83K
e W CRIZ CRe
» PI-6
R33
Pl-
—=—= v V+(BT)
R28 511K
Pl-2 . Ra7 Qe
az.2k | 32 19K
S
$31.6K R50
cre +l c8 Sray 2P
N 3
L PI-T 2.2 2100
V+(8T) RS5I CRIZ
R
FROM +BVIREF) paa R22 H—
BATTERY ‘ Qs 2.15kK
ouTPUT M & CRII
6. 19K M
80ARD Ra3 . I5K Qa4 S Ra8 TO BATTERY
R24 c3 3 >
az.2 < Y $a.15k OUTPUT
; oF 0AR
5. 11K 20PF BOARD
Raz2 V+(BT) > | @K RIS
3. 18K 6 8 SRe PI-H
R21 R41 ) us T . 3 1ak K 2 Ti2v DRIVE
PI-u s Vv al
- p A 2k
tevim *a 2.2 cR8 ¥ CR3
1K 3.099K
c7 3 R2S
$3.83k
S
) R7 CRI
.33 L
v 3 31.6K 2.15K
Qz
R9 =
PRk . [
SI.IK RS54
+8V (REF) 19K
RI
3R34 5 V+(BT)
$ WA
3196 "
RIG ci
Lris W i€ &cro R3 bios
$ S.1K wW > +SV DRIVE ~
e 2.87K SI10PF A
* V+(BT) 08 ik
R36 R3S
PI-11 6 8
N isvim) € . RJ\7 RI2 8 3
K 9.99K uze A -
cs 5 / 10K o
@33 CR2 + R46 CRS
SRI P
2S5.11K
;& : 2. 15k
L PI-K
~N
P1-14,15,R
SIGNAL COMMON e——s—ﬁ
Tar ]
REV | REFEREWCE | SERIES /PREFIX e sneer  OF
~ Toms 5% BATTERY CONTROL I
I. ALL RESISTANCE IN OHMS, ALL CAPACITANCE IN MICROFARADS. B ERRaTA |no crmce E~G‘~m5060-8353-5|
NOTE: UNLESS OTHERWISE SPECIFIED.
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Battery Control Inverter Assembly Parts List (Sheet 1 of 3)

by Diifé“ﬁffo‘). PART DESCRIPTION o} PART NUMBER Sour || quanTiTy pex ;
. (FIRST SIX C
T DIV433
2 DIV, 63 7
3 DI1v |50 7
CAP O.1UF 0150-0121 u 2
1C10,11
co CAP 1.0UF 20% 0160-0127 u 1
Cl2 CAP 47PF 5% 0160-2307 U 1
Cl,2 |CAP 1000PF 10% 0160=-3456 Y 2
C5 CAP 820PF 5% 0160-3539 y 1
cé CAP SOUF =10+75% 0180-0141 U 1
C3 CAP 2,2UF 10% 0180-0197 U 1
C8,13 |[CAP 1UF 10% 0180-0291 v 2
C497 [CAP 15UF 10% 0180-1746 U 2
E1-8 ISTUD SOLDER TERM 0360-0294 U 8
12 RES 10K 5% .25 0683~1035 U 1
RES 2.15K 1%.125 0698~0084 u 5
1R2,3,23,28,31
RES 4.22X 1%.125 0698-~3154 U 6
1R38 ¢ 44r=4T+49
RES 4.64K 1%.125 0698=3155 U 2
axlle39
57 RES 14.7K 1%.125 0698=-3156 U 1
22 RES 23.,7K 1%.125 0698-3158 U 1
R20 RES 147 1%.125 0698-3438 v 1
RES 21% 1%.125 0698~3441 U 2
1[13936
& RES 21.5K 1%.125 0757-0199 U 1
RES 1K 1%.125 0757-0280 U 5
1R5¢26432934935
R37 ES 6.19X 1%.125 0757-0290 U 1
ES 100 1%.125 0T757=0401 M 3
1R69 16427




Battery Control Inverter Assembly Parts List (Sheet 2 of 3)

o] e PaRT DESCRITION | 1AM PART NuMBER sommlo|  auwtr e
RES 511 1%.125 [0757-0416 U 2
1R14,419
ES 5.11K 1%.125 0757=-0438 u 3
1R10, 24, 30
R42 RES 6.81K 1%.125 [0757-0439 u 1
R1 RES 8.25K 1%.125 0757-0441 u 1
RES 10K 1%.125 (0757-0442 U 8
1R7=9,25,29,33,41~43
40 RES 51.1K 1%.125| (0757-0458 u 1
RES 100K 1%.125 0757-0465 u 3
1R48,50,55
RES 10 1% .50 [0757-0984 U 2
1R15,17
R21 RES 1.47K 1%.125 (0757-1094 U 1
R18 |RES .12 ST2WPW 0811-3291 U 1
HT DIS PL PWR 1205-0284 v 2
Ué IC LM301AN 1820-0477 v 1
UB,9 |IC CD4O20AY 1820-0935 v 2
U5,10 IC CD402TAD 1820-0938 U 2
Ve IC CD4011AE 1820~0949 T 1
u7 IC V REG 12V 1826=0099 T 1
ULl [IC D COMPTR 8K 1826=-0175 v 1
Q1,2 XSTR NPN X58| [1854-0552 U 2
U3 XISTOR ARRAY 1858-0008 U 1
u2 XISTOR ARRAY 1858-0009 U 1
U1 XSTR ARRAY 5 NPN| [1858-0021 T 1
DIODE SIL 1901~0040 U 4
1CR9,13/, 15,16
DIODE IN4936 1901-1065 b 10

-

CR1¢3-8410-12

CR2 DIODE INR 5.11V 1902-0041 U 1




Battery Control Inverter Assembly Parts List (Sheet 3 of 3)

REFERENCE PARENT comp. |L
DESIGNATOR PART DESCRIPTION oPTION PART NUMBER oPTION g

(FIRST SIX}

TEM QUANTITY PER

LKWSHR 6 HEL 2190-0851
SCR #6-32X.312L 23600195
SCR #6-32X.375L 2360-0197
SCR #6=32X.500L 2360-0201
INUT 6=32 .312AF 2420-0002
NUT 6-32 .250AF 2420-0003
WSHR #6 SS 3050-0228 12
TS1 SWITCH=THERMAL 3103-0033
COMPOUND=~THERMAL 6040-0239 0.01
W1 WIRE JUMPERS 8159-0005

TRANSFORMER=PWR 9100-0666

I ¢ € ¢ ¢ ¢ & ¢ o & & <«
o

BOARD=ETCHED 02112-80003
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Battery Control Output Assembly Parts List (Sheet 1 of 2)

| oesnaror PART DESCRIPTION  |"aet PART NUMBER Sren{g]  quan re
T DIV 7
3| OIv B3 7
5 DIV p3 i
Co AP L00UF-10450% |0180-0094 u I
o£9 AP 33UF L0% 0180-0229 ¥ ¥
C2,3 [EAP LSUF 1083 0180-1746 ¥ 2
TUD SOLDER TERM  [0360-0294 U 1
PCR TAP #bX.12% [(0380-0305 u 2
R8,14 RES 2.45K 1%.12 0698- 0084 u 2
1¢3 RES 3146 1:.121 0757-0180 3 2
1% .50 |[0757-0198 u i
2:6 Fes 61.9 1%.125 [0757-0276 U 2
res 1K 13.125 |0757-0280 TR
1R10.12
R6 o7 Fes 12.12ﬂ 0757-0346 ¥ 2
r 12.129 [0757-0401 u 3
IR9 411,413 '
ilb ES 0.18 OHM WM 0811-3293 U 1
| LEEVING FLEX. 0890-0064 T 0.25
T DIS PL PWR 1205-0219 u 2
T DIS TO-3 1205-0275 u 1
rsra 2N3906 PLLS |1853-0036 u 3
1R7+8.9
Q2.3 2N5194 X58  [1853-0212 u 2
Qo6 STR 2N4236 TO5 |1853-0213 u 1
R4e5 }sra PNP 2NM2907A (1853-0281 u 2
1 ksrn 2N4398 103 |1853-0310 u 1
CR6.7 btnoe-necrxften 1901-0699 T 2
LR9 blooe 1901-1062 u 1
lxnoe IN4936 1901-1065 u 6
1£n1-5.F
|




Battery Control Output Assembly Parts List (Sheet 2 of 2)

TEM

REFERENCE
DESIGNATOR

PART DESCRIPTION

PARENT

PART NUMBER

COMP.

NnNQor

QUANTITY PER

LKMSHR 10 HEL 2190~0034 J 1
LKMSHR 6 MHEL 2190-0851 kA i
CR 26~60X.500L 2200-0147 U 2
T 6-40 W/LK 2260-000% v 2
CR $6-32X.437L 2360-0199 A 2
¥ 10-32 .375&& 2740-0002 L i
SHR 84 S8 3050-0229 4 4
SHR #10 BRS 3090-0236 v i
OMP OUND-T HERMAL| 6040~0239 4 3.0012
ERE 22 GRN 8150~0011 i 2
L2 CHOKE 9100-2962 i\ 1
L3 CHOKE 9100-2963 g 1
i3 CHOKE 9100-2%964 U i
BOARD~-ETCHED 5080-9737 . i
MEAT SINK 02108-~00024 ] i
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1 INTRODUCTION

This document is the Theory of Operation for the 5061-1356
Power Supply and describes the operation of the various
circuits and their interconnection in the power supply. The
description is conducted on a functional level using block
level diagrams and references to the schematic diagrams.
Understanding the theory of operation is essential for
performing detailed troubleshooting and repair of the power
supply. A power supply Troubleshooting Flowchart and parts
location diagrams are included at the rear of this section
in Appendix A. A complete understanding of the following
publications is very helpful in understanding this theory:

a. HP 21MX E-Series Computer HP2109B and HP2113B Operating
and Reference Manual (Part No. 02109-90014).

b. HP 21MX E-Series Computer HPZlOQB and HP2113B Installation
and Service Manual (Part No. 02109-90015).

1-1



2 REFERENCE INFORMATION

The 5061- 1356 Power Supply is covered on nine sheets of
schematics and nine sheets of assembly drawings. The
drawings and schematics are listed in table 2-1. The
electronic design is illustrated in the schematics and the
assembly drawings show the component locations. The Parts
Lists are provided at the rear of this section with the
Assembly Drawings and Schematic Diagrams.

Table 2-1. Assembly Drawing and Schematic Numbers.

Sheet | Reference Drawing No. Title
No. | Designator

1 A3 B-5061-1350-1 [Rear Panel Assembly Drawing
D-5061-1356-1 |Power Supply Assembly Drawing
02109-90024 Line (Mains) Power Distribution

Schematic Diagram

2 A3Al C-5061-1347-1 |Pre-reqgulator Board Assy Dwg
C-5061-1347-51|Pre-regulator Board Schematic

3 A3A2 D-5061-1344-1 |Inverter Board Assembly Drawing
C-5061-1344-51|Inverter Board Schematic

4 A3A4 C-5061-1351-1 |Jumper Board Assembly Drawing
B-5061-1351-51|Jumper Board Schematic

5 A3AS5 D 5061-1345-2 |Control Board Assembly Drawing
C-5061-1345-51|{Control Board Schematic

6 *A3A3 C-5061-1348-1 |Battery Charger Board Assy Dwg
C-5061-1348-51 |Battery Charger Board Schematic

7 *A3A4 C-5061-1349-1 |Battery Backup Board Assy Dwg
C-5061-1349-51|Battery Backup Board Schematic

8 A3A6 F-5061-1371-1 |Mother Board Assembly Drawing
C-5061-1371-2 |Mother Board Heatsink Assy Dwg
C-5061-1371-51|Mother Board Assembly Schematic

9 ———— 02109-90024 Battery/Status Assembly Wiring

Diagram
B-12944-90004
-51 |Battery/Status Assy Schematic
* p/o optional PFRS (Power Fail Recovery System)
2-1. Binary Signal Levels

Most of the logic used in the power supply is implemented

with standard or Schottky TTL devices. High logic levels are
approximately +2.5 to +4.5 Vdc.
approximately 0.0 to +0.8 Vdc. The actual values measured

will vary due to the type of device,the load,

Low logic levels are

and the

condition of the device. When using positive loglc, a high

is "true"

and a low is "false".




2-2. Schematic Reading

Logic symbols are drawn to aid in understanding the logical
functions being represented. A circle or bubble at an input
or output indicates an active low logic level. A circle or
bubble on the clock input of a flip-flop indicates that a
negative-going edge of the clock signal is used to clock the
flip-flop.

2-3. Signal Names

Signal names are alphanumeric identifiers selected to aid in
the understanding of the signal function. Not all signals
are labeled, but all signals running between schematic
sheets are labeled. Any signal mnemonic may have a bar over
it to indicate that the signal is active low. For example,
the ABC signal is low only when the ABC button is pressed.
When the ABC button is not pressed, the ABC signal is high.
A signal in the computer is considered "true" when it is
high, whether or not its label includes a bar.

2-4. Cross References

There are many signals that run from sheet to sheet in the
schematics. Signals leaving one sheet travel to other sheets
are coded with the sheet number(s) adjacent to the signal
name. For example, a signal leaving sheet 1 for sheet 7
would be coded as follows: ABC (7). A signal coming from
sheet 7 to sheet 1 would be coded as follows: (7) DEF. If
the signal is going to several sheets from sheet 1, it would
be coded as follows: XYZ (3,4,5,7). If the signal is coming
from several sheets to sheet 1, it would be coded as
follows: (7,8) WXY.

2-2



3. THEORY OF OPERATION
3-1. Introduction

The overall power supply can be functionally separated into
three individual units:
a. An ac to dc supply that converts the line (mains) voltage
into a +325 Vdc bus;
b. A dc to dc supply that converts the +325 Vdc bus into +5V
and -2V (CpU), +12V,-12V,and +30V (I/0), and 18Vac: and
C. A ac to dc supply that converts the 18Vac into +5VM,+12.5VM,
and -12VM,
The overall functional block diagram of the power supply is
shown in figure 3-1. The two configurations for the power
supply are shown in figures 3-2 and 3-3. Figure 3-2
illustrates a power supply with the optional Power Fail
Recovery System (PFRS). It should be noted that the CPU and
the I/0 voltages are developed from the +325 Vdc bus via the
Preregulator and Inverter circuits. The 18 Vac bus is also
developed from the +325 Vdc bus via the Inverter and
Preregulator circuits. This 18 Vac bus is converted into a
+18 Vdc by the Battery Charger Board A3A3. The Battery
Backup board A3A4 and the Battery Charger board A3A3 develop
the memory voltages from either the +18 Vdc or from the
external battery (+14 vVdc). If the +18 Vdc is lost, the +14
Vdc battery will maintain the memory voltages. The Battery
Charger board A3A3 charges the battery while the ac power is
applied.

Figure 3-3 represents a power supply without a power fail
recovery system. In this mode the Jumper board A3A4 performs
the function of developing the memory voltages directly from
the CPU voltages. The +5VM is tied directly to the +5V
(CPU). The -12VM is tied directly to the -12V (I/0). The 18
Vac bus is rectified into +18 Vdc and regulated via a series
pass regulator to +12.5 VdcHM.

3-2.Primary Input Power Circuits

For the following paragraphs schematics of the Line (Mains)
Power Distribution (sheet 1) and the Mother Board A6 (sheet

8) are regquired.

The line (mains) power, either 115 Vac or 230 Vac, is
applied to the power supply through the Line Filter FL1 to
remove line induced noise,etc and to prevent noise from
leaving the power supply and going out on the ac lines
(mains). The Circuit Breaker CBl also acts as the ~ POWER
OFF/ON switch. Terminal Block T8l is used to configure the
power supply for operation from either 115 Vac or 230 Vac
line power. The configuration of the power supply consists
of moving jumper wires on TBl and making the appropriate
connections on CBl. This sets the fans, the bias
transformer, and the power supply input for operation with

3-1



the proper voltage. Since it is desirable to develop the
same bus voltage (B+) at 115 Vac and at 230 Vac, a voltage
doubler circuit on the Mother board A3A6 is employed for 115
Vac operation. Therefore, the dc input voltage to the
Inverter and Preregulator circuits is twice the peak of the
ac input waveform.

LINE
(MAINS)
INPUT +325 Vde
POWER BUS
| | 5
P/O A6 P/O A6 INVERTER & A6 |CPU AND
S J PRIMARY v PREREGULATOR BOARD AND A6 i/G VOLTAGES
INPUT POWER . TRANSISTOR INVERTER VARIOUS >
CIRCUITS AG6Q1 TRANSFORMER DC SUPPLIES
SH 1 SH 2 ABT1 SH 2
SH 3/8
40 KHz j
20 KHz
) PIO AS
P/O A1 oK P/O AS OVERVOLTAGE P/O A4 P +5VIM)
PREREGULATOR 40 K+z INVERTER AND MEMORY
DRIVER DRIVERS OVERCURRENT \SIS#‘LI'\SSE P +12V(M)
SH 2 M5 DETECTORS > —12VIN)
y SHS
A
PRERE GUL%% g‘ P/O A5 CONTROL P/O AS$]
; SIGNAL
OVERCURRENT PULSE WIDTH CIRCUITS
SENSE MODULATOR PWU, PON, PSU,
SH 2 SH5 LPU SHS
A6 P/O AS
THERMAL THERMAL
SWITCH SENSE
AGS1 CIRCUIT
SHS8 SHS

Figure 3-1. Power Supply Overall Block Diagram.
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[ W 120a48/120018 1
| PFRS {
[ +5v CPU
| —Lb-ﬁvm)
L > v cpu BATTERY CHARGER |
+325 Vdc ZI'?\I%REGU LATOR \ | BOARD AND |
—» L » BATTERY BACKUP L1y 1125v(M)
BUS INVERTER 12V1/0 | BOARD [
(A3A1, A3A2 A3A6) — +12V 1/0 | (A3A3 AND A3A4) Ly —1ov
___p +30V 1/0 | | I
18Vac [ — — — J T I
I BATTERY +14 Vdc |
PACK
| (BATTERY) |
I |

Figure 3-2. Power Supply with Optional PFRS.
For example, 115 Vac developes a bus voltage of :

(115 vrms) X (1.414) X (2) = +325 vdc.
The 230 Vac operation does not employ a voltage doubler
circuit., Therefore, its bus voltage is simply equal to the
peak of the input waveform. For example, 230 Vac develops a
bus voltage of :

—l-b +5V CPU L—> —p +5V(M)
Ly

PREREGULATOR | -2V CPU JUMPER
+325 vd AND BOARD L -12v(M)
—c> INVERTER —-‘—» -12V 1/0 (A3A4)
BUS AL A A3A
(ASALASAZASASL | +12v 10 L +12.5V(M)
——— +30V 1/0
18 Vac ?

Figure 3-3. Power Supply without PFRS.




(230 vac) X (1.414) = +325 vdc.
It should be noted that the ac input waveform MUST BE a
sinusoidal waveform for these formulas to be accurate.

To operate the power supply from 115 Vac, the C/T terminal
must be connected to the N (neutral) terminal. This forms a
voltage doubler circuit comprised of capacitors Cl2 and C13
and the diode bridge CR15. To change from 115 Vac operation
to 230 Vac operation, the C/T terminal must be left
unconnected. This allows capacitors Cl2 and Cl13 and the
diode bridge CR15 to function strictly as a rectifier and
filtering circuit.

On initial power turn on, the input capacitors Cl2 and C13
are discharged and thermistors R5 and R6 are cold. The cold
resistance of the thermistors is approximately 2.5 ohms
each. Since the input capacitors charge through this
resistance, thus limiting the input surge current. After a
few cycles of the input power, the input current heats up
the thermistors allowing their resistance to decrease.
Therefore, the capacitors are allowed to charge through a
much lower resistance. Since the resistance of the
thermistors decreases as the input current increases, the
losses across the thermistors at low line decrease to aid
regulation.

The cooling time constant required for the thermistors toc go
from their hot (low resistance) to their cold (high
resistance) is egqual to the time required to discharge the
input capacitors Cl2 and Cl3. This ensures that if the ac
input power is lost the thermistors will cool down at the
same rate that the capacitors Cl2 and Cl3 are discharging.

3-3. Preregulator A3Al and Inverter A3A2 Boards (sh 2,3).

The Preregulator Board Al (sheet 2), the Inverter Board A2
(sheet 3), and the Mother Board A6 (sheet 8) schematics are
required for understanding this section.

The purpose of the Preregulator and the Inverter Boards is
to apply a square wave to the primary of A6T1 (sheet 8).
Neglecting all circuit losses, the amplitude across the

primary of A6T1 should remain constant under all load
conditions on the secondary of A6T1. If the primary voltage

remains constant, the +5V (CPU) supply from the secondary of
A6T1 is also constant. The +5V(CPU) supply is the sensed
output. The -2Vdc supply has a shunt regulator consisting of
a two-junction stabistor A6CR25 and a power transitor A6Q4.
This regulator holds the -2Vdc supply to approximately -2.1
to -2.2Vdc. The requlator for the +12.5Vdc and -12.5Vdc
supplies are located on the heatsink attached to the Mother
board. A6Q2 and A6CR20 control the -12.5Vdc supply and A6Q3
controls the +12.5Vdc supply. The 1l8Vac bus is also derived
from the secondary of A6Tl.



To control the voltage across the primary of A6T1l, the
prereqgulator transistor A6Ql controls the amount of current
going through the primary of A6T1 (see figure 3-4). Figure
3-5 is a simplified diagram of figure 3-4 when transistors
A2Q1 and A2Q4 and A6Ql are conducting. When A6Ql starts to
conduct, the impedance in series with A6Ql is infinite due
to the inductance of A6Ll1 and the current is zero. At a
finite time later, the dc resistance of the primary of A6T1
and the inductor A6Ll reaches a minimum value and are the
only impedance in series with A6Ql. Therefore, the current
through A6Ql is maximum at this time. Using these two facts,
the current through A6Ll1 and the primary of A6Tl is a
function of the inductance of A6Ll1 and the primary of A6T1
added together, the value of B+, and the length of time that
A6Ql conducts. Since the inductance of A6L1 and the primary
of A6T1 is constant anéd B+ is held constant, the only
variable factor that controls the current through the
primary of A6Tl1 is the length of time that A6Ql is allowed
to conduct. Figure 3-10A represents the base drive to A6Ql.
The frequency of this waveform is 40 kHz. The "on time" of
A6Ql is directly proportional to the duty cycle of this
waveform.

The power supply monitors the +5V (CPU) output and
determines the duty cycle from its value. Also, if the value
of B+ is changed, it will effect the on time of A6Ql. If the
load on the secondary of A6T1 is increased, the the duty
cycle will increase. This is due to the decrease in the
impedance on the secondary of A6T1 being reflected back to
the primary of A6T1. Since the impedance is less on the
primary, the current through the primary of A6T1 must
increase to maintain a constant voltage across the primary.
To do this the on time of A6Ql must increase. If the load is
decreased on the +5V (CPU), the duty cycle will decrease.
This is due to the impecdance increasing on the secondary of
A6T1. Therefore, the reflected impedance at the primary of
A6T]1 will increase and reduce the current through the
primary of A6T1. Inorder to decrease the current through the
primary, the on time for A6Q1 will have to decrease.

Since the preregulator transistor A6Ql is turned on and off
at a 40 kHz rate, the signal at the primary of A6T1 has a 40
kHz ripple. The current waveform through the primary of A6T1
is shown in figure 3-10D. At times Tl and T3 the current
through the primary of A6T1 is going through A6Ql. This may
be noted in figures 3-5 and 3-8. At times T2 and T4 the
current is supplied by the collapsing field of A6L1 and the
continuing current flow through the commutating diogde
A6CR16. This action is shown in figures 3-6 and 3-9. Since
A6Q1 and A6Ll1l work tocgether to maintain a constant current
through the primary of A6T1, the ripple is held to a minimum
and the current through A6Ll1 can be considered dc current.
The purpose of the Inverter Board A2 is to change the



direction of this dc current flow through the primary of
A6T1. Figures 3-4 and 3-7 illustrate this action (note the

polarity dots). The dc current through A6L1 becomes the ac
current of A6T1.

The remainder of this section covers the interaction of the
Inverter and the Prerequlator Boards at four time intervals
(see figure 3-10). It also covers the Inverter and the
Prereqgulator Boards in detail (duty cycle control).

a. Time T1 (see figure 3-10).

The preregulator transistor A6Ql is conducting at this time
and the inverter transistors A2Ql1 and A2Q4 are conducting.
Figure 3-4 shows the components involved and figure 3-5 is a
simplified version of figure 3-4. From figure 3-5 it is
shown that A6Ql is building up a field around A6Ll, with the
polarity of the voltage drop as indicated. Zx represents the

reflected impedance of the secondary of A6T1 to the primary
of A6T1l. The preregulator current is determined by the on
time of A6Q1 and must be sufficient to develop the required
veltage at the secondary of A6T1 for an output of +5V
(rectified).

Time T2 (see figure 3-10).

At this time A6Ql turns off and A2Q1 and A2Q4 are still
conducting. The field of A6Ll begins to collapse and the
voltage drop across A6Ll is indicated in figure 3-6. ABL1
tends to maintain the current constant through the primary
of A6T1 during this time interval. It should be noted that
during this time interval the field of A6Ll is never allowed
to collapse fully before T3 occurs. The induced voltage
across A6Ll due to the collapsing field is enough to cause
the + end of A6Ll1l to go to B+ plus the forward drop of
A6CR16, thus developing the current path from A6L1 through
A6CR16 through the primary of A6T1 back to A6Ll.

Time T3 (see figure 3-10).

At this time A6Ql is conducting. The inverter transistors
A2Q1 and A2Q4 are turned off but A20Q02 and A2Q3 are now
conducting. Figure 3-7 shows the components involved,
Figure 3-8 is a simplified version of figure 3-7. It should
It should be noted that the voltage drop across the primary
of A6T1 is reversed as indicated by the polarity dot.
Therefore, the current through the primary of A6T1 is
reversed at this time. A6Ql builds up the field of A6Ll

and developes the desired voltage across 2x, Cx represents
the reflected capacitance from the secondary of A6TIl.

This capacitance is necessary to prevent ringing or high
voltage spikes.

Time T4 (see figure 3-10).

Figure 3-9 is a simplified diagram showing the components
involved during T4. During this time period the field of
A6L1 begins to collapse as A6Ql turns off inducing the
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Figures 3-4,3-5, and 3-6.

indicated voltage drop across A6Ll. The veltage at the
+ end of A6Ll reaches a value of B+ plus the forward
voltage drop of A6CR1l6. This forward biases A6CR16 and
allows the current through Zx to remain constant. The

current path is from the + end of A6L1l through A6CR1l6
and Zx, then back to the - end of A6Ll. Inverter

transistors A2Q2 and A2Q4 are still conducting during

this period. It should be noted that if the commutating
diode A6CR16 were not in the circuit, the voltage at the

+ end of A6Ll1 would go much higher than B+ plus the forward
drop of A6CR16. A6CR16 is also fundamental in provideing

a current path for A6L]l as it tries to maintain current

in the loop of A6Ll, A6CR1l6, and Zx when A6Ql is off.
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3-4. Inverter Stage

The inverter transistors are arranged in an "H"
configuration (see figure 3-11) and are driven at a 20 kHz
rate. As shown in figure 3-1 the inverter transistors are
driven by the 20 kHz output from the Control Board A5 (sheet
5) and are synchronized with the Preregulator Board Al
(sheet 2). The inverter transistors are driven by the
inverter driver transformer A2Tl at a constant 50% duty
cycle. Due to the fact that the inverter transistors are in
series with A6Ll, there is no need for "dead time". “Dead
time" refers to the amount of time that both pairs of
inverter transistors are not conducting. Since it takes
longer to turn off the inverter transistor pair than to turn
them on, due to storge time of the transistors. An RC time
delay network is usually incorporated to delay the turn on
time. This delay is used to make sure that both pairs of
transistors are not conducting at the same time. This
results in "dead time" because the RC turn on delay is
longer than the turn off time. Since A6Ll is in series with
the inverter transistors, it acts to limit current during
the time that both pairs of transistors are conducting.

The inverter transformer A6T1 reflects the inductance of
A6Ll from its primary to its secondary to produce the
required inductance for filtering in the secondary. A6T1
also reflects the required capacitance from its secondary to
its primary to produce filtering in the primary. Resistor
A6R14 and capacitor A6Cl7 form a snubber network to shape
the load so that the primary of A6T1 looks resistive,

The remainder of this section discusses the inverter drive

at the component level. The schematic for the Control Board
A5 (sheet 5) will be needed along with previously listed
schematics.
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3-5. Control Board A3A5 (sheet 5)

The comparator (UlA) and associated components form a 40 kHz
oscillator. The square wave output of UlA-2 is integrated by
R3 and C2. This integrated waveform (a triangle waveform) is
applied UlB-6. A dc level is applied to UlB-7. The
interaction of this dc level and the integrated waveform
produces a square wave at the output pin 1 of UlB. This
square wave output is buffered by Q4 and drives the clock
input of the negative-edged triggered J-K flip-flop U2,a
745112, The configuration of U2A and U2B is shown in figure
3-12. Since U2B is held in a constant reset state, the Q
output (U2-7) is high at all times. The high at U2-7 holds
the J and K inputs of U2A pins 3 and 4 high. Thus the
outputs of U2A pins 5 and 6 will toggle (change state) for
each clock input. This divides the clock input frequency by
2 (40 kHz/2 = 20 kHz). The two outputs of U2A are 180
degrees out of phase and have a 50% duty cycle. The ocutput
at U2-5 drives Q9 which pulls the primary of A2Tl1A (pin 6)
to ground. A2T1A (pin 4) returns to the Control Board
through J2-S and is tied to the +8V through R48. The output
at U2-6 drives Q8 which pulls the primary of A2T1B (pin 3)
to ground. A2T1B pin 1 returns to the Control Board through
J2-P and is tied to the +8V through R49. During one half of
the 20 kHz cycle Q9 is conducting and Q8 is cut off. When Q9
is conducting, it drives off the inverter transistors A2Q1
ands A204. When Q9 is conducting, Q8 and the inductive
flyback of the primary of A2T1B turn on A2Q2 and A2Q3. On
the other half cycle Q9 turns off allowing the inductive
flyback of the primary of A2Tl1A to turn on A2Ql and A2Q4. At
‘this time Q8 is driving off A2Q2 and A2Q3. Since the
inductive flyback turns the inverter transistors on, and Q8
and Q9 turn off the inverter transistors. Therefore,the turn
on energy is less than the turn off energy. At this
frequency of operation the flyback action has just enough
energy to keep an inverter pair turned on for a half cycle.
This removes the need for anti-saturation diodes because the
transistors are falling out of saturatiion at the end of
their on time, They are about to fall out of saturation just
in time to be driven off.

1820-0629
NC
12 él 9 - 5
neZy s obnce—3di s a 20 kHz
uzs uz2a
13 1
NC —Qf CK CK
11 7 2 6
NC — K r O K R Q™ 20kHz
i 14 | 15
40 kHz SIGNAL

Figure 3-12. Divider Circuit.
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3-6. Inverter Board A3A2 (sheet 3)

Current sharing resistors A2R2,A2R3,A2R5, and A2R8 prevent
one transistor in an inverter pair from passing all the
current. When one transistor has a lower Vbe than the other
transistor the impedance of the one ohm resistor is enough
added impedance to ensure that one secondary of A2Tl has
enough reflected impedance into the other secondary to
develop the required voltage to turn on both inverter
transistors. If the resistors were not used, the
base-emitter junction of the transistor with the lower Vbe,
would be the only impedance reflected back to the other
secondary. The result would be one transistor stealing the
base drive from the other transistor of the pair.
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3-7. Prereqgulator Drive Circuitry

The purpose of the preregulator drive circuitry is to
monitor the +5V (CPU) and determine a corresponding duty
cycle for the preregulator transistor A6Ql. The preregulatcr
drive circuitry consists of an error amplifier(A5U3), a
pulse width modulator (A5U01C), and circuitry to develop
enough drive current tc turn on and off A6Ql. The following
schematics are required for the remainder of this
discussion: Control Board A5 (sheet 5), Preregulator Board
Al (sheet 2), and Mother Board A6 (sheet 8).

The error amplifier is A5U3 on the Control Board. It is a
723 type voltage regulator and 1is shown in figure 3-13. Pin
6 is the output of an internal voltage reference amplifier
and has a constant 7V output. This voltage is divided down
to approximately +5 volts and is applied to pin 5, the
non-inverting input of an internal operational amplifier.
Pin 4 is the inverting input to the same amplifier and has
the +5V (CPU) applied to it. The output of this internal
operational amplifier drives an emitter follower stage. The
collector of the emitter follower stage is tied tc pin 11
and the emitter is tied to pin 10. If the +5V (CPU) output
increases, the output of the internal operational amplifier
decreases. This decreases the voltage on the emitter (pin
10) of the internal emitter follower stage. This also
decreases the voltage at AS5Ul1-9, the pulse width modulator.
In conclusion the error amplifier A5U3 acts as an inverting
amplifier producing an output that is directly proportional
to the differential between the +5V CPU) and the internal
voltage reference at A5U3-6.

The pulse width modulator (A5S5U1C) takes the output of the
error amplifier A503 and compares it with an integrated
waveform (triangle waveform) from the 40 kHz clock (Ul-4).
The dc level of the error amplifier intersects with the
integrated waveform to produce an appropriate duty cycle
(typically 50%) square wave at A5U1-14 under normal
operating conditions. Varying the dc level changes the level
of intersection with the integrated waveform, thus changing

the duty cycle. The triangle waveform is applied to A5U1-8.
The dc output of the error amplifier is applied to A5U1-9.

A5U01-14 produces the corresponding duty cycle output.
Figures 3-14 through 3-16 illustrate this action.
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Combining the operation of the pulse width modulator and the
error amplifier produces the following conclusion : The
interaction between the +5V (CPU) and the duty cycle is
inversely proportional, i.e. if the +5V (CPU) output level
decreases, the duty cycle goes up. It should be noteéd that
the duty cycle can be determined either at A5U1-14 or at the
base of A6Q1 because both of these signals are in phase. As
a proof a detailed description of the A6Ql base drive will
now be discussed.

When A5U1-14 is high, A5Q5 turns on pulling AlU2-3 to ground
(GND). AlU2-2 returns via AlR9 to +5V (L) on the Mother
Board. This turns on U2, an OPTO-isolator, causing AlU2-6 to
be pulled low to REF GND (AlU2-5). Note the change in
references. REF GND is the reference for the preregulator
drive and GND is the reference for the Control Board. The
action of the OPTO isolator allows this shift in references.
The configuration for Ul and U2 are shown in figure 3-17.

DO NOT CONNECT REF COMMON 2 TO GND 1 AS THERE IS
APPROXIMATELY 150 VOLTS DIFFERENCE.

CAUTION

Any measurements using REF COMMON must be made using
test instruments with a floating input,

A1U2
5082-4351 {1\812%1- 1448
ANODE Vee Vo 13 112 11| 10 9| 8|

T Y
&7

By
T 1 [Pk

CATHODE Ve GND 1 |2 3] 45| 6

Figure 3-17. AlUl and AlU2 Configurations.
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Table 3-1 shows the conditions that exist for the two states of
35U01-14.

Table 3-1. Preregulator Drive Conditions

A5U1-14 HIGH LOW
AlU2-6 LOwW HIGH
AlUl-1 LOW HIGH
AlU1-3 LOW HIGH
Al1Q7 OFF ON
AlQ8 OFF ON
AlQ9 ON OFF
AlUl-10 HIGH LOW
AlUl-8 HIGH LOwW
AlQS ON OFF
AlQ6 ON OFF
AlQ3 OFF ON
AbQl ON OFF
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3-8. Jumper Board A3A4 (sheet 4)

The Jumper Board A3A4 developes the memory voltages directly
from the CPU voltages. J4-F,6 the +5V M is tied directly to
the +5V CPU at J4-9,10. The -12V CPU at J4-12 ties directly
to the -12VM. The 18 Vac bus from the secondary of A6T1 is
applied to J4-L,N. Diodes A4CR4 and A4CR5 and capacitor A6C9
(mounted on the Mother Board A3A6) rectify and filter the 18
Vac into +18 Vdc. A4U2, a 723 type voltage regulator, and
A4Ql1 form a series pass reqgulator for the +12.5VM. A4U2
provides voltage regulation and current protection.
Overvoltage protection is provided by the circuit composed
of A6CR3,A6CR4,A6R4,A6C7, and A6C8 mounteéd on the Mother
Board A3A6. A4Rl12 adjusts the +12.5VM output at J4-P,13.

3-9. Power Fail Recovery System (PFRS)

The optional Power Fail Recovery System (HP 12944B for the
HP2108B /2109B or the HP 12991B for the HP2112B/2113B)
consists of one Battery Charger Board (A3A3), one Battery
Backup Board (A3A4), and the appropriate Battery/Status
Assembly. A Battery Load Simulator Plug must be connected to
the BAT.INPUT connector A3J2 on the rear of the Power
Supply,if the Battery cable is not connected. The Battery
Charger Board (A3A3) and the Battery Backup Boarcé (A3A4)
convert the 18 Vac bus into the various memory vcltages.
This section will discuss the operation of the Battery
Backup and Charger Boards under two conditions:

a. Line power down with a good battery; and
b. Line power up.

3-10. Battery Charger Board A3A3 (sheet 6)

Figure 3-18 is a simplified diagram of the switching network
used to switch from +18 Vdc to the +14 vVdc battery. When
line power is up, the inverter and preregulator stages
supply +18 Vdc to point X. This voltage is regulated to a
suitable charge voltage (determined by the temperature sense

resistor in the battery pack) via a series pass regulator on
the Battrery Charger Board and forward biases A3CR5 to

charge the battery. A4CR10 is forward biased and goes to
point Y which feeds the Battery Backup Board which inturn
developes the memory voltages. At this point A3CR4 is
reversed biased. When the line power goes down, the Inverter
and Preregulator stages cut off and the +18 Vdc goes to zero
volts. The battery then forward biases A3CR4 as point Y is
approximately +13.,7 Vdc. This voltage powers the Battery
Backup Board A3A4 until the battery discharges down to +12.5
vdc (80% discharged). Diodes A3CR5 and A4CR10 are reverse
biased when the battery is supplying the memory voltages.
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Figure 3-18. Power Fail Recovery System (PFRS) Simplified Block Diagram
3-11. Battery Backup Board A3A4 (sheet 7)

The Battery Backup Board A3A4 operation is described in the
following paragraphs. The input to the Battery Backup Board
is a dc voltage at J4-D,4. Transistor A4Q5, transformer
A4T1, and capacitor A6Cl0 form the major components for the
switching supply (buck switching regulator) that produces
the +5V and the -12VM outputs.

A4U2,a 723 type voltage regulator, operates as an error
amplifier, A4U3A and its associated components form a 20 kHz
oscillator. The output of A4U3A (pin 2) is applied to the
inverting input of A4U3B (pin 6) through A4R29 and the
output of A4U2 (pin 10) is applied to the non-inverting
input (pin 7) of A4U3B, A4U3B forms a pulse width modulator
circuit so that the output pulses at A4U3-1 vary in width
inversely as the level of the +5VM output. That As the +5VM
decreases, the pulse width increases in width, when the +5VM
increases, the pulse width decreases in width. The reason
for this is apparent from the following circuit description.

A4U3~-1 drives A4Q8 which in turn drives A4Q7 and A4Q5. As
A4U3~-1 goes high, A4Q5 and A4Q7 are turned on by A4Q8. When
A4Q7 turns on, it effectively places the voltage across
primary of A4Tl across A4Q5°s base-emitter junction, thus
supplying more drive current than A4Q8 could supply by
itself, This drive current supplied by A4Q7 is limited by
A4R25 and A4Q6. If the base drive for A4Q5 is too high,
A4R25 developes enough voltage to turn on A4Q6, which
diverts some of the base current from A4Q7, thus decreasing
the base current to A4Q5.The action of A4Q6 and A4R25
provides a constant drive to A4Q5 regardless of the voltage
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at J4-D’ 40

The -12VM output is developed by the secondary winding of
A4T1. The +12.5VM output is developed by a series pass
regulator consisting of A4(Q2,A4Q3, and A4UlA and B. A4Q3 is
the series pass transistor. A4UlA is an error amplifier with
A4Q2 providing drive for A4Q3. A4Ul-3 is an adjustable
reference that determines the output voltage of the series
pass regulator. If the voltage output A4Ul-2 decreases, this
causes A4Ul-1 to increase, which increases the conduction of
A4Q2. This increases the base drive to A4Q3, which in turn
increases the output voltage back to the correct level.

3-12. Battery/Status Assembly (sheet 9)

The Battery/Status Assembly operation is described in the
following paragraphs. The description will be given only for
the HP 12991B because the only difference between the
HP12991B and the HP12944B is that the HP12944B contains only
one battery pack.

The two parallel battery packs,BTl1 and BT2, provide +14Vdc
to the BAT.INPUT connector A3J2 through the Battery switch
S1,and through the 6A fuse, Fl. Diode CR1l provides
protection against reverse voltage being applied to the
power supply.

The operation of the Temperature Sense thermistor RT1 is
described in Section 4, paragraph 4-4.

When the Battery Switch Sl is in the OFF position, the
+14vVdc supplied by the external or internal batteries is
removed from the power supply. When the Battery Switch S1 is
in the EXT (external) position, the internal batteries are
disconnected and an external dc supply is connected to the
terminal block TBl. Diode CR1l and fuse Fl still provide
their protection. The Battery Status Board Al (5061-1352)
and Rl, a 3 ohm 50 watt resistor form a circuit to test the
condition of the batteries, external or internal.

CAUTION

Do not push the Battery Test switch Al1S1 while the
computer is in the RUN mode, if switch S1 is not in the
INT (internal) position, the computer will halt.

When the Battery Test switch AlS1 is pressed, the LED Al1CR3
will light and remain 1lit as long as AlSl is held in the
TEST position, if the batteries are fully charged. If the
batteries have a low charge, the LED Al1CR3 may or may not
light and extinguish even though the Battery Test switch is

still in the TEST position. Refer to the Troubleshooting
Flowchart in Appendix A for further information on this
problem.
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4. PROTECTION CIRCUITS

The Overcurrent, Overvoltage ,and Overtemperature
Protection Circuits are located on seveal different board
assemblies in the power supply. The description of the
circuits will be broken into four parts:

a. The CPU and I/0 overcurrent circuits;
b. The Memory overcurrent circuits;

c. The overvoltge circuits; and

d. The overtemperature circuits.

The schematics for the Mother Board (sheet 8), the
Preregulator Board (sheet 2), the Control Board (sheet 5),
the Battery Backup Board (sheet 7),and the Battery/Status
Assembly (sheet 9) are needed for this section.

4-1. CPU and I/0 Overcurrent Circuits

The overcurrent sense resistors for the -2V (CPU) ,-12V
(I1/0), and +12V (I1/0) are located on the Mother Board A3A6.
When the voltage drop across A6R3 exceeds 0.7V due to an
overcurrent condition, this will turn on A5Q13. This action
turns on A5Q2 which is part of the a differential amplifier
consisting of A5Q1 and A5Q2. The collector of A5Q2 supplies
base drive to A5Q03 , which results in A5Q3 turning on and
pulling the cathodes of A5CR6 and A5CR7 to ground. A5CR7
and A5R34 pull the base of A5Q02 to ground and latch A5Q2 on
even after the overcurrent condition is removed. A5CR6
pulls the non-inverting input (A5U1-9) of the pulse width
modulator A501 to +0.7V causing the duty cycle to be
reduced. This action removes the CPU and I/0 voltages.

When the -12V (I/0) supply draws excessive current, the
voltage drop across A6R2 exceeds 0.7V causing A5Q12 to
conduct. This causes A5Q2 to turn on. The same chain of
events that occured for the -2V (CPU) overcurrent will
follow for the =12V (I/0) when it draws excessive current.

When the +12V (I/0) supply draws excessive current ,A6R7

developes a voltage drop greater than 0.7V causing A5Q15 to
conduct. When A5Q15 conducts, there is approximately +12V

on its collector, This puts a positive level on ASU4-11 and
causes the output A5U4-13 to swing positive. A5R39 provides
positive feedback to latch A5U4°s output high.This action
turns on A5Q14 which pulls A5U1-9 ,the non-inverting input,
low causing the duty cycle to be reduced. This action
removes all the CPU and I/0 voltages.

It should be noted here that there is not any current sense
resistor in the secondary of A6T1 to sense an overcurent
condition in the +5V (CPU) supply.In order to decrease the
voltage loss across a sense resistor for the +5V (CPU)
supply. this resistor is placed in the primary circuit of
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the inverter transformer A6T1l. Therefore, an overcurrent
condition in the secondary on the +5V (CPU) is reflected
back to the primary, causing an overcurrent shutdown to
occur. This type of overcurrent condition is referred to as
a preregulator overcurrent, even though it is the +5V (CPU)
causing the overcurrent condition. It is important to note
that anything drawing too much ccurrent through A6Ql will
cause a preregulator overcurrent condition to occur.
Examples of this are shorted inverter transistors or any
short in the primary or the secondary of A6T1 that can draw
enough current through A6Ql to be considered an overcurrent
condition.

AlLl1 and AlC3 filter the 20 kHz voltage across A6R13 into a
negative dc voltage with respect to REF GND 2. When the
voltage across AlC3 reaches a level of -1.4 Vdc, an
overcurrent condition exists in the preregulator circuit.
The voltage across AlC3 forward biases AICRl and turns on
AlQl. AlQl turns on AlQ2 causing AlQ2°s collector to be
approximately -5V. ALCR3 and AlCR4 are three junction
stabsistors, each with a voltage drop of about 2.1V. The
-5V on the collector of AlQ2 forward biases A1CR2,AlCR3,
and A1CR4. ALCR2 and AlRS latch AlQl and AlQ2 on. AlCR3 and
AI1CR4 pull AlU2-7 low causing AlU2 s internal transistor ot
turn off and allowing AlU2-6 to go high. Table 3-1 in
Section 3 Preregulator Drive, shows that if the opto
isolator (aluU2) is off, a condition similar to the internal
transistor being off, the preregulator transistor A6Ql is
also off. This action rem,opves all the CPU and 1/0
voltages,

Under all overcurrent conditions for the -2V (CPU), +5V
(CPU), -12v (1/0), and +12vV (I/0) the memory voltages
remain unchanged if a power fail recovery system is being
used. If a power fail recovery system is not used, the
memory voltages will go down on any of the descr ibed

overcurrent conditions.
4-2. Memory Overcurrent Circuits

The +5VM supply does not have an overcurrent shutdown
circuit but it incorporates a current limit circuit. Some
of the internal components of A4U2 are shown in the dashed
lines of figure 4-1. As the curren through A4R20 reaches a
value high enough to turn on Qx, which decreases the base
drive tc Qy, which in turn decreses the voltage drop across
A4R23. The decrease in the voltage across A4R23 decreases
the duty cycle output of the pulse width modulator A4U3B,
thus decreasing the output voltage +5VM. If the load is too
high, the voltage across A4R20 keeps Qx turned on, limiting
the output current until the overcurrent condition is
removed.
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The +12.5VM supply incorporates an overcurrent shutdown
circuit. A4U1lB monitors the voltage across A4R5. When the
current through A4R5 is large enough to be considered an
overcurrent condition, the output 24Ul1-7 turns on A4CR1l2.
Since A4CR12 is an SCR, it remains conducting until the
bias voltages are remcved from the board. A4CR12 turns off
A4Q2, which turns off A4Q3. This action removes the
+12,.5VM.

If the +5VM current limits or if the +12.5VM latches, the
CPU and 1/0 voltages remain at their respective levels. The
+30V (1I/0) and -12VM do not have any overcurrent
protection.

4-3. Overvoltage Protection Circuits

Since the action of all the overvoltage protection circuits
is the same only the +5V (CPU) overvoltage protection
circuit will be explained here.

When the output level of the +5V (CPU) reaches the value to
cause A6CR9, a 6.19 volt zener, to conduct plus 0.7V to
turn on A6CR18, the +5V (CPU) output is tied to ground by
the SCR,A6CR18. This action produces an overcurrent
condition and shuts down the supply just as if an

|
|
|
|
10

@ A4CR6

+5V (M)

TO PULSE
WIDTH
MODULATOR

A4R23

Figure 4-1. Partial Schematic of the Voltage Regulator A4U2



overcurrent condition had occured.

All voltages that have overvoltage protection convert an
overvoltage condition into an overcurrent condition by
shorting the output vcltage to ground.

The +30vV (1/0), =2V (CPU), and -12VM supplies do not have
overveltge protection circuits.

4-4, Overtemperature Protection Circuits

There are two overtemperature protection circuits, one
consists of the Thermal Switch A6S1 on the Mother Board and
the other one consists of the Temperature Sense Themistor
RT1 in the Battery/Status Assembly part of the optional
Power Fail Recovery System (PFRS).

a. Thermal Switch (A6S1) Circuit

When the Thermal Switch A6S1 opens due to an over
temperature condition, the ground is removed from the base
of A5Q1ll. This allows the base-emitter junction of A5Q1l1 to
be forward biased causing A5Q11 to conduct. This action
applies a ground to A5U3-5 (ncon-inverting input) causing
A5U3-10 (output) to go to zero. The comparator’s output
A5U1-14 is forced to zero, reducing the pulse width and the
duty cycle to zero. Thus shutting down the power supply.
When the temperature returns to ncrmal, the thermal switch
A6S1 closes and the base of A5Q11 is returned to ground
cutting off A5Q11. The ground is removed from A5U3-5 when
A5Q11 cuts off and the power supply returns to normal
operation. Capacitor A5Cl6é on the base of A5Qll acts as a
noise filter.

b. Temperature Sense Thermistcr (RT1l) Circuit

The Temperature Sense Thermistor RT1l, normally 815 ohms, is
mounted in the battery pack BTl or BT2. If the battery pack
overheats due to high ambient temperature, a heavy current
drain, or overcharging, the thermistor RT1 increases in
resistance. This increase in resistance causes A3A3Ul-2 on
the Battery Charger board to go more positive causing
A3A3Ul-6 tc go negative and cutoff A3A308 and A3A3Ql.
A3A3Ql is the pass transistor supplying the battery charge
current. This will allow the battteries to return to their
normal operating temperature. When the thermistor RT1
returns to its normal resistance, A3A3Ul-2 returns to its
normal value and A3A3Ul-6 goes positive turning on A3A3Q8
and A3A3Ql1.
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5. POWER FAILURE / AUTO RESTART CIRCUITS

The following definitions of signals are fundamental to the
understanding of this section.

PWU (Power UP)

This signal indicates that the ac line (mains)
input voltage is at a level that will provide
enough input energy to the power supply for it
to supply all of the outputs at their maximum
ratings. This signal "communicates" with the

CPU.
This signal indicates that all the dc output
voltages are operating . This signal
"communicates" with the CPU.

PON (Power On)

.o

LPU (Line Power
UP) : This is an OR tied signal that indicates the
same things as the PWU signal. This is the

basic signal for communicating from power

supply to power supply, whereas the PWU signal

communciates to the CPU.

PSU (Power
Supply Up) This is an OR tied signal that indicates the

same thing as the PON signal. This signal

.

communciates from power supply to power supply.

MLOST (lemory
Lost)

are lost and not capable of sustaining the

Tnis signal indicates that the memory voltages

memory, therefore memory is lost. Tnis signal

communicates with the CPU.
MLO (Memory
Lost OR)

This is an OR tied signal that indicates the
same thing as the MLOST signal. This signal

communciates from power supply to power supply.

5-1. Power Up Sequence

The signals and timing involved during a power up seguence

are shown in figure 5-1. In a power up seguence the timing
between PWU and PON is unimportant. PON should go high as

soon as possible after all of the dc voltages are valid.
When PON goes high, the CPU checks the status of the MLOST
signal. If MLOST is high this means that the memory was not
lost during a power down seqguence, therefore, the CPU will
not perform a clear memory routine., If MLOST is low, the
CPU will perform a clear memory routine. It is very
important that MLOST stay low for at least 50 us after PON
goes high on a power up sequence (where memory was lost) so
that the CPU has time to check the status of the MLOST
signal., If MLOST went high as soon as PON went high, a
clear memory routine could not be initiated. The components
that produce the 50 us delay for the MLOST signal are A3C7
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and A3R23 on the Battery Charger Board. On a power up
sequence with low battery voltage ( below +12.5V),
initially the +16.45V bus is low (below +12.,5V). When the
ac line (mains) power is applied the +16.45V bus goes high,
The inverting input of A3U2A (pin 4) is at a lower voltage
level than the non-inverting input of A3U2A (pin 5).
Therefore, the output of A302A (pin 2) is high. As A3C2
charges through A3R5 raising the voltage level at A3U2-4 to
a value where A3U2-2 goes low. This action turns on
A3Q5,A3Q7, and A3Q6. A3Q6 is a three terminal voltage
regulator that supplies the internal bias voltages to the
Battery Backup Board. Shortly after the bias voltages are
applied to the Battery Backup Board, the +5VM is applied to
J3-F and becomes valid. A3C7 and A3R23 provide a delay at
A3U2-7. Therefore, as A3U2-7 goes high, A309 turns off
causing A3Ql10 to conduct, thus causing MLOST and MLO to go
high.

If a valid battery voltage had been present at the +16. .45V
bus, A3U2-2 would have remained low and the MLOST and MLO
signals would have remained high. The circuitry for the PON
and PWU is found on the Control Board A3A5.

AS5U4B monitors the voltage of the bias transformer T2 point
"Y". A5R2 is adjusted so that A5U4-1 goes high when the ac
line (mains) input voltage reaches 88 Vac. It may be noted
that the voltage at point "Y" depends on the value of the
ac line (mains) input voltage. When the line (mains)
reaches 88 Vac, A5U4-1 goes high and turns on A5Q7. This
action pulls LPU and PWU high. When PWU goes high, ASU4-14
goes high, and as soon as the +5V (CPU) tied to ASR19 at
point "X" and the +5VM tied to A5R42 at J5-7 go high, then
A504-2 goes high. This turns on A5Q17,A5Q18, and A5Q19,
thus pulling both PON and PSU high.

5-2. Power Down Seguence

The signals and timing involved for a power down seguence
are shown in figure 5-1. As can be seen from the figure,
MLOST is a "don’t care" condition on a power down sequence.
When the ac line (mains) input voltage is less than 88 Vvac,
that is, not high enough to maintain the power supply
operation, A5U4-1 goes low. This pulls LPU and PWU low. The
low PWU signal initializes a power fail routine and the CPU
interrupts its operation to perform this routine. At this
time it is important to notice that PWU is low and PON is
high. This means that the ac line (mains) input is invalid
but that the dc voltages are still valid. As PWU goes low,
A5U4-14 goes low. This pulls A5U4-5 low via a time delay
developed by A5C12 and A5R22. This time delay is
approximately 500 us and delays A5U4-2 from going low,
causing PON and PSU to go low. The time delay of 500 us
from PWU going low until PON goes low is long enough for
the CPU to perform a power fail routine. The power fail
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routine is halted when PON goes low because about 50 us
after PON goes low, the dc voltages are considered to be
invalid. The reason the dc voltages can stay up as long as
they do is because of the energy stored in the input
capacitors, A6C12 and A6C1l3.

5-3. Interconnections of The Power Supplies

When several power supplies are connected together, the
LPU,PSU, and MLO are all OR tied from power supply to power
supply. Therefore, if any one of the signals goes low, it
pulls the same signal low on all the power supplies (i.e.,
when LPU goes low on one power supply, it pulls LPU low on
all the power supplies). When any of these signals go 1low,
they in turn cause the signals in the supply that
communicates with the CPU (PWU,PON, and MLOST) to go low.

An example would be two supplies tied together and one
supply lost ac line (mains) input power. If the supply that
lost the ac line (mains) power was in an. extender (memory

POWER UP \ / POWER DOWN N\

AC VALID — — — — AC VALID
AC LINE (MAINS)
VOLTAGE AC INVALID

~

DC VALID — —f =7 L DC VALID
REGULATED | | |
DC VOLTAGES i | | :
DC INVALID | | & DC INVALID
| |
| W 1 — :4— >60us
W | I
DON'T CA
PWU +— CARE I<— 8 ms | PWU
|

— 1
|
/ — > \le—>500us
PON | i\ Pon

— =
le—>0s | _ _WITH

WITH PFRS ON———— — 7 = 22 v I - T N
| ’
*MLOST | / DON'T CARE ' m *MLOST
| |
|

*MLOST: THIS SIGNAL 1S LOW ONLY IF MEMORY
WAS LOST. IF MEMORY WAS NOT LOST,
MLOST WOULD HAVE REMAINED HIGH
DURING BOTH THE POWER UP AND
POWER DOWN SEQUENCES.

Figure 5-1. Signals and Timing Diagram for Power Up and Power Down Sequences
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or 1/0), it would pull PWU low on the other supply that

communicates with the CPU via LPU., This action would cause
a power fail routine to be initiated.

For simplification figure 5-2 shows the connections between
a CPU power supply, a memory extender power supply, and an
1/0 extender power supply.

1/0 EXTENDER
POWER
SUPPLY

PSU LPU

MEMORY
EXTENDER
POWER
SUPPLY

PSU

MLO LPU

CPU
POWER
SUPPLY

MLOST PON PWU

CENTRAL
PROCESSING
UNIT (CPU)

Figure 5-2. Interconnection of Power Supplies.



APPENDIX A
Power Supply Troubleshooting

This section contains the Power Supply Troubleshooting
Flowchart and a Parts Location Diagram. The
Troubleshooting Flowchart may be used in level by
performing in sequence the procedure presented in figure
"A-1 (sheets 1 and 2). The Parts Location Diagram is used
in locating the test points and adjustment locations. When
a malfunction is encountered, replace the first suspect
assembly(s) and/or components as required and repeat that
portion of the procedure where the malfunction occurred.
(See the Installation and Service Manual for removal and
replacement procedures). If the malfunction persists,
reinstall the original subassembly(s), and replace the
next suspect subassembly, and repeat the procedure, After
the malfunction is cleared, contact the nearest
Hewlett-Packard Sales and Service Office for instructions
regarding shipment of the defective subassembly or
subassemblies,
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Power
Supply (A3) Instalied
in a 129798 Input/

Output

Turn Battery
Switch Located

Set Lock/Operate
Switch to *Operate’’
and ~ Power
Off/On Switch

to “On".

Wiring. Replace if

Remove Inverter
Boerd A3A2
Reset CBy.

Defective. (Refer BRD
To Power Distribution A3A6
Disgram). Reset CBq
‘ Replace Inverter
Boerd A3A2
And Prereg
Transistor A3ASQ1.

Replace
Prereguiator
Boerd A3A1 or

A3AS.

s Replace
+5V CPU Control
Adjustable ? Board >
{A3ASR1) A3AS.
Replace
(+12V20.6V)? ABQ3. -
Check At A3 :
Crossover.
Is
-12v 1/0
Within Tolerance Repiace .
(-12V20.6V)? Check A3ABQ2.
At Crossover.
Replace
Mother
(-2V2.2V)? Check Board >
At Crossover. A3A6.
3
Repiace
A3A6F2

r 129798, 129908 21088
| 21008 71128 and 21138
! Power Supply Trouble

| Shooting Flowchart.

|
|
|
1 |
| Dec 20,1977 =
U UQ U R |

KEY:
& AL

L1

Refer to I/S Menual
Troubleshooting Flowchart

WAR G

HAZARDOUS VOLTAGES ARE PRESENT INSIDE THE
POWER SUPPLY! BEFORE CHANGING FROM 110 VAC
TO 220 VAC CONFIGURATION, OR VICE VERSA, SET
~ POWER AND BATTERY SWITCHES TO OFF AND
DISCONNECT THE POWER CCRD! | FAILURE TO
OBSERVE THIS PRECAUTION CAN RESULT IN
SERIOUS INJURY.

Figure A-1. Power Supply Troubleshooting Flowchart (Sheet 1 of 2)




is
+12v (M)
Adjustable To

{A3A4R12)

Tolerance {+12.54.6)2

Connect
Battary
or BLSP

Replace Battery
Charge Board
A3A3.

Is

Fuse A3A4F1

Blown
?

Is
+5V (M)
Adjustable To
Tolerance (+52.25V)?

Check At
Crossover

+12V (M)
Adjustable To
Tolerance (+12.5¢.6V)?
Check At
Crossover

Turn Battery
On. If BLSP Is
Used Replace
with Battery
and Switch On

Replace J
Battery Backup
Board A3A4

y

Replace Battery
Backup A3A4

Wait 5
Minutes
For Battery
To Charge

Replace
L Jumper
Board A3A4

L

r 129798, 129908 21088

| 21098 2112Band 21138 |

| Power Supply Troubie- |
Shooting Flowchart.

L2

KEY:
A3 AL TP1

FEs
bly T Test Point
of Computer on A1 Board
Sub Assembly
of Power
Supply

Refer 1o 170 Manual Troubleshooting
Flowchart.
WARNING

HAZARDOUS VOLTAGES ARE PRESENT INSIDE THE
POWER SUPPLY! BEFORE CHANGING FROM 110 VAC
TO 220 VAC CONFIGURATION, OR VICE VERSA, SET
~ POWER AND BATTERY SWITCHES TO OFF AND
DISCONNECT THE POWER CORD! | FAILURE TO
OBSERVE THIS PRECAUTION CAN RESULT IN
SER{QUS INJURY.

Figure A-1. Power Supply Troubleshooting Flowchart (Sheet 2 of 2)




PARTS LOCATION BY ASSEMBLY FOR THE “B"” VERSION PWR SUPPLY

[T Assy 5061-1349

z)z

+5VM Adju.*k +12VM Adjust
(A3A4R1) (A3A4R2)

\__....l_—_r_

Battery Backup Board A3A4

_r 5061-1348
\

Cutoff Voltage
Adjust
{A3A3R1)

Battery Charge
Voltage Adjust
(A3A3R3)

Max. Charge Current
Adjust
(A3A3R2)

Battery Charge Board A3A3

(] LR‘I R2 C———A6J5
Assy 5061-1 345/@ /@
+5V CPU Adjust LPU Adjust
(A3ABR1) (A3ABR2) A3A6Q2
>
A3A6Q3
Control Board A3A5
C———IA6M4
B—A3A6F2
[~ C———A633
JII#)] Assy 5061-1351
4 A6J2
+12V Memory Adj.
(A3A4R12) A3A6Q1
A3A6TPI @
A3A6F1
—
A6
> <
Jumper Board A3A4 \

Mother Board A3A6

Assy 5061-1344

O +5
()]

Inverter BD. A3A2

©-5

O«

Test Point
(A3A1TP1)

Pre Regulator BD. A3A1

Dorivtion |y | pon”
Preregulator BD, A3A1 5061-1347 | 5061-1377
Inverter BD, A3A2 5061-1344 | 5061-1375 | | Pwr
Jumper BD, A3A4 50611351 N/A _|oupelv S
Control BD, A3AS 5061-1345 | 5061-1376
Mother BD, A3A6 5061-1371]5061-1380
FAAAIAAIAIA I A0 A
Battery Charge BD, A3A3|5061-1348|5061-1378 [\ rail
Battery Backup BD, A3A4|5061-1349]|5061-1379 | 12991B or
Y, 0 Y R
1 Amp Fuse, A3AG6F1 2110-0001] N/A
1 Amp Fuse, A3A6F2 2110-0001 N/A {Not Supplied)
Prereg Xsistor, A3A6Q1 |1854-0718 N/A Included
<12V Regulator, A3A6Q2[ 1853-0351 N/A In Service
+12V Regulator, A3A6Q3] 1813-0093 N/A Kit, Part
OnOff/CircuitBreaker CB1| 3105.0106] _N/A__| | #02109-67002
Extender Board 5060-0049 NJA
Dec. 20, 1977

Figure A-2, Parts

Location Diagram.




REAR VIEW

2PLCS.

T2

O
S
2
NE-
BR
ITEM QTY. MATERIAL-DESCRIPTION MAT'L-PART NO.
1 1 BACK PANEL 5000-8091
2 1 FILTER 9135-0045
3 1 TRANSFORMER,BIAS 9100-3949
4 1 CABLE ASSY AC PWR 5061-1358
5 1 WIRE — 18 GRN/YEL 8150-2919
6 1 BATT. CABLE ASSY. 5061-1357
7 1 CABLE ASSY. CONTROL 5061-1360
8 4 ACORN NUTS 0510-0110
9 2 LUG SOLDER 0360-0268
10 5 NUT HEX NO. 6 2420-0003
11 6 LOCKWASHER SPLIT NO. 6 2150-0851
12 1 INFO TAG 5001-2632
13 1 LABEL-WARNING 7120-4626
14 1 CAP 0.6 uF 0160-4413

2109B/2113B Power Supply Rear Panel Assembly

5061-1350




2109B/2113B Power Supply Rear Panel Assembly Parts List 5061-1350

TEM

REFERENCE
DESIGNATOR
‘FIRST SN

PART DESCRIPTION

PARENT
OPTION

PART NUMBER

COmF
OPTION

QUANTITY PER

0l
03

01

C1

CAPACITOR=FIXED

LUG SOLDER #6LKG
LUG CRP16=14RT6
NUT-CAP

CONTACT FEMALE
CONN POST TPOS F
CA TIE 3.6L
LKWSHR 6 HEL

NUT 6=32 +250AF
LABEL-WARNING
LABEL~-AL COLOR
WIRE 18 GRN=YEL
TRANSFORMER
FILTER=LINE
PANEL=-REAR LCPS
INFO TAG
ASSY=-CABLE BATT
ASSY=CABLE AC

ASSY=CBL CONTRO

0160~-4413

0360-0268
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0510-0110
1251=-3411
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1400-0249
2190-0851
2420-0003
7120-4626
7120-5480
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5001=-2632
5061«1357
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WARNING

HAZARDOUS VOLTAGES ARE PRESENT INSIDE THE
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DETAIL A

ITEM QaTy. MATERIAL-DESCRIPTION | MAT'L-PART NO.
1 1 PC BOARD, ETCHED 5080-9799
2 3 TERMINAL, E1-E3 0360-0294
3 4 SCREW, 4-40 X 3/8 2200-0143
4 12 WASHER FLAT 4-40 3050-0229
5 4 WASHER, SPLIT LOCK 2190-0108
6 4 NUT, 4-40 2260-0001
7 4 HEAT SINK 1205-0219
8 1 THERMAL COMP. 6040-0239

A1 Pre-regulator Assembly

5061-1347




A1 Pre-regulator Assembly Parts List 5061-1347 (Sheet 1 of 3)

PARENT
OPTION

PART NUMBER

COMP.

OPTION
C

QUANTITY PER

mon D:E;é’égfé, PART DESCRIPTION
0l
03
ICAP QelUF
00iC2+12
CAP L01UF
01C4
ICAP 2.,2UF 20%
0lic3 '
C«F S6UF 6VDC
01C1eS5¢6
CAP 120UF 10%
00CTe10
CeF 1500UF levV
ooce
CAP 1000UF lev
0o0C11
STUD SOLDER TERM
DOFI-J
ADHESIVE
ES 2.15K 1%,.12%
0lR12
ES 23.7K 1%,.125
00R2
€S 316 1%,125
01R13,417
ES 3.16K 1%,]125
OOR7
EES 100 1%.125
01R308s1
RES 110 1%,125
jooRe
RES S11 1%,125
IO0RS 6
RES 619 1%,125
01R10,11
RES l.62K 1%,12%

0150-0121

0160-2085

0160-3901

0180-0548

01802145

0180-2500

0180-2732

0360-0294

04700409

06980084

0698-315%8

0698+=3440

0787-0279

07570401

0757=0402

0757=0416

0757=0418

757-06428

ART NO CONTY




A1 Pre-regulator Assembly Parts List 5061-1347 (Sheet 2 of 3)

TEM REFERENCE PARENT comp. | L
NO DE’:";SS!:AS‘I;;)P PART DESCRIPTION OPTION PART NUMBER OPTION (c) QUANTITY PER
PART NO CONT 0757=0428
00R]
RES 5,6 S% 2w 0811=1675 Iy 1
00Re
HT DIS PL PWR 1205-0219 U 4
IC SNT4S 09 N 1820<1448 A ]
ooul
IC RGLTR o5V 1826<«0146 Ul 1
o0Us
IC LINEAR SV 1826-0294 U 1
ool
ASTR 2N&403 T092 1853«0271 U 3
010195,7
KSTR 2Né401 T092 1854=0467 U ?
00Q6¢8
XSTR 2N2222AT018 1854=06477 3 1
00Q2
XSTR MJE4923 1856=0683 U 2
000399
DIODE IN20T71 1901-0029 Ui 1
00CR1
DIODE SIL 1901=0040 U 1
01CR2
TABISTOR STBS23 1901=0460 Ui 2
O01CR3s¢
10DE IN6936 1901=-1065% Ui 1
00CRS
I0ODE INS@17 1901~1080 U 1
00CRG
10DE=FW BRIDGE 1906-0051 v 1
00CR7
PTO ISOLATOR 1990«0444 U 1
ooy
KWSHR & HEL 21900108 U 'y
CR #4«60X.375, 22000143 U 4
Ul 4=40 ,250AF 2260-0001 U 4




A1 Pre-regulator Assembly Parts List 5061-1347 (Sheet 3 of 3)

e D:“.éss‘é. PART DESCRIPTION i PART NUMBER Seno]  auanTy re
SHR #¢ SS 3050-0229 U 12
OMPOUND=THERMAL| 1604002309 U o.01
ABEL=-AL COLOR 7120-5480 L
0IL=FXD 68UH 9100-1633 u

fooL1
OARD=ETCHED 5080-9799 W 1
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' ES

CR3 P}

E6 R6
T cra Pt

R5
R7

- @
BLK oy WHT

ITEM QTy. MATERIAL-DESCRIPTION | MAT'L-PART NO.
1 1 P.C. BOARD, ETCHED 5080-9796
2 8 SCREW 6-32 X 3/8 WITH LK 2360-0119
3 1 COMPOUND-THERMAL 6040-0239
4 1 LOCK WASHER # 4 2190-0003
5 1 FLAT WASHER # 4 3050-0222
6 1 NUT 4-40 2260-0001
7 4 HEAT SINK TO-3 1205-0312
8 8 STAND OFF 0380-0745
9 8 TERMINAL E1-E8 0360-0294

10 1 XFORMER 9100-2951
1 4 XSTR ({TO-3) 1854-0772

RETESEERE ROy

!I//I//II/IIIIIII
-

SECTION A-A

WIRE LIST
RED (LONG) E7
RED (SHORT) E8
GREEN (LONG) E1
GREEN (SHORT) E2
WHITE (LONG) E6
WHITE (SHORT) E5
BLACK (LONG) E3
BLACK (SHORT) E4

A2 Inverter Assembly

5061-1344



A2 Inverter Assembly Parts List 5061-1344

PARENT
OPTION

PART NUMBER

COMmP.
OPTION

"o

QUANTITY PER

\m|  REFERENCE
NO DESIGNATOR PART DESCRIPTION
TFIRST SiX:
01
03
CAP 680PF 10%
00C1.2
STUD SOLDER TERM
00E1=8
SPCR TAP #6X,187
00E9=16
RES &7 5% .25
01R10446r7
RES 1 10% .40
01R2+3050¢8
HEAY SINK
XSTR T03
0lQles
DIODE IN&936
OO0CR1 e
LKWSHR & MEL
NUT 6260 ,250AF
SCR #6«32X,437L
WSHR #& SS
ICOMPOUND=THERMAL
LABEL=AL COLOR
XFORMER
0071
BOARD=E TCHED

0160-3573
0360-0294
0380=0745
0683-4705
0811-3438

1205-0312
1854=-0772

1901-106%

2190=0003
2260=0001
2360-0119
3050-0222
6040-0239
71205480
9100-2951

50809796

c_ ¢ C© C <

™
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c2

R16

Cc7

ﬁ 5061-1348
ﬁ A-1742
En
4
2 * E10
s 823 < E -
¥ rooc -4 (] Qo @
s
E5 E7 SEE DETAIL A
o axce © r T 0
e
@ o
E (=) ©
@ F
NneEeanNg 2
=888 888 s R0 B
SEE DETAIL B
R21
B | o |
~N
o«
DETAIL C
t g
- 7 ITEM | OTY. | MATERIAL-DESCRIPTION | MAT'L-PART NO.
S 1 1 P.C. BOARD, ETCHED 5080-9800
2 3 TERMINAL, E13 0360-0294
CR5 CR7 3 2 =4-40 X 3/8 SCREW 2200-0143
X ¥ C 4 2 -40 WASHER, FLAT 30500229
SEE DETAIL C CcRE 5 1 #4-40 NUT 2260-0001
6 1 =4.40 WASHER, LOCK 2190-0003
h 4 7 1 HEAT SINK 12050219
8
E2 9 1 HEAT SINK 1205-0289
10 4 SPACER 0380-0305
11 2 SCREW 23600199
12 4 WASHER, LOCK 21900851
13 1 THERMAL COMPOUND 6040-0239
14 1 NUT 2740-0002
15 1| WASHER, LOCK 2190-0034
" 16 2 WASHER, FLAT 3050-0236
17 1 WIRE 18 GA. YEL 8150-0577
18 2 SCREW 23600195
19 1 JUMPER W1 8159-0005
COMPONENT SIDE 1 »15 20 8 STUD SOLD. TERM. E4-E11 0360-0474
21 1 EYELET 0361-1076
CIRCUIT SIDE A ~— >3

A3 Battery Charger (PFRS) Assembly
5061-1348




A3 Battery Charger (PFRS) Assembly Parts List 5061-1348 (Sheet 1 of 4)

OPTION

1TEM REFERENCE
NO. oe::gn:a;gl PART DESCRIPTION
0l
3
| CAP 041UF

101c10

ICAP L01UF
0oc1

ICAPACITOR +01MF
01CB.9

CAP 100UF 20%
01Cé

CAP 6.8UF 10%
ooc?2

CAP JUF 0%
01C3e846

Cap 330UF 10%
00CT

STUD SOLDER TERM
00ELl=)

ISTUD SOLDER TERM
lolEs=11

EYELET

SPCR TAP #6X,12

RES 470K 5% ,2
[00R6

RES 2.195K 1%,12
[OOR2¢

RES 2.61x 186,125
jOOR2S

RES 3,83 1%,12%
0OR10

RES 23.7K 1%,128
O0R27

RES 26.,1K 1%,125
JOOR18

RES 46,8K 1%,125
[oOR7s 16

0150-0121
0160-2085
0160-3451
0180-0098
0180-0116
0180-0291
0180-1714
0360-0294
03600474

0361=-1076
0380«0305%

0683=4745
10698=0084
0698-008%
069823183
06983158
06983189

06983162

PART NUMBER




A3 Battery Charger (PFRS) Assembly Parts List 5061-1348 (Sheet 2 of 4)

o ogg:ié:é:si& PART DESCRIPTION o PART NUMBER comr ISl QuantiTy pek
RES 348 1% .50 (0698-3403 U 1
00R20
RES 287 1%,125 [0698-3443 U 1
00R2%
RES 261K 13,125 (06983485 U 1
i00RS
RES 287K 1%.,125 (0698-34%6 T 1
01R8
RES 1421K 1%,125 [0757=0274 T 1
looR28
RES 3.16K 1%,12% (0757-0279 T 1
00R12
RES IK 1%,125 [0757-0280 U 1
OO0R1S
RES 1,33K 1%,12% (0787-0317 U 2
0 *6 »23
RES 100 1%,12% (07570401 U 1
iooR1e
ES S11 1%,125 [07ST-06416 U 2
0IR13,2
€S 750 1%.,125 [0757-06420 U |
l00R9
ES 10K 1%,125 [0757=064642 U 1
0lR17
ES 11K 1%,125 (075706443 U 1
®IR30
RES +27 5% 2W (08111659 U 1
PoR21
MY DIS PL PWR 1205-0219 U 1
HT DIS Y03 12050239 U 1
ic 7808C 1826-0146 T 1
i0oRe
1.C¢e MC 3302 1826-0174 T 1
oou2
IC UA 7&]C 182640271 U |
Nowl




A3 Battery Charger (PFRS) Assembly Parts List 5061-1348 (Sheet 3 of 4)

','fc;f o?s'.é:fl‘fé. PART DESCRIPTION ;"“",g'“ PART NUMBER :'_?:;‘ é QUANTITY PER
{FIRST SIX} C
XSTR 2N660J T092 (1853-0271 T 3
[0303+5,1}
XSTR 2N6398 TO3 1853=0621 U 1
00al
XSTR 2NIT66 1066 [1856-02%9 U 1
00Q8
XSTR 2N6601 TO9Z (18S6=0667 U 3
0102e 7410
D100E SIL 19010040 T 2
Plcno.nn
0100E 19011062 T 1
00CRe
0D10DE 19011086 U 3
l01CRS=T
010DE 19020064 v 1
90CRI
D10=ZNR INO27 1902-0680 U 1
looCcR2
DIODE 2437V S% 19923002 T 1
j00CR9
RES SKOWM 10% 21003207 U 1
00R2
RES VAR 500 OMM 21003351 T 1
looR3
€S SOKONM 10% 21003354 T 1
01R1
KWSHR & MEL 21900003 U 1
KWSHR 10 MHEL 2190=-0034 U 1
KWSHR 6 MEL 2190=-08S81 v s
CR #6=40X.37S_ 200-0143 T 2
NUT 4260 .250AF 260-0001 U 1
ECR #6=32X 3121 3600198 v 2
CR #6=32X+637L E360-0199 U 2
NUT 10=32 +37SAF 740-0002 T 1




A3 Battery Charger (PFRS) Assembly Parts List 5061-1348 (Sheet 4 of 4)

imem | REFERENCE PARENT come. | L

NO. of:.c-sr:ggc PART DESCRIPTION OPTION PART NUMBER orion|2 QUANTITY PER
SHR #4 SS 3050-0229 U ?
SHR #10 BRS 3050-0236 u 2
OMPOUND=THERMAL. $040-0239 v 0,05
ABEL=AL COLOR 7120=%480 L 1
IRE 18 YEL El§°-0577 U 0.18
OARD=ETCHED 0805800 M 1
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DETAIL DWG. B.
FOR Q2,7

c8 +
Je¢cro R26
R28
E a - /I I
St X @
™A crn O DETAIL DWG. C.
¢ ls ¢ FOR CR11
R20
[TEM | OTV.| MATERIAL-DESCRIPTION | _MATLPART NO.

1 1| BOARD, ETCHED 5081-2301
2 2 | TERMINALET,2 03600124
3 4 | SPACER 03800305
»15 4 2 | HEATSINK 12050289
5 4 | SCREW 632X .438 2360-0119
>S5 6 4 | SCREW4-40X 312 22000105
7 1 | scRew 22000143
8 1| Nt 2260.0009
9 1 | WASHER-FLAT 30500229
10 1 | WASHER-FIBER 30500080
1 1 | THERMAL-COMP 60400239
12 4 | spacer 03800886
13 1 | EYELET 0361.1076
1 1| wiRe 81503426
15 1| TERmINALE3 03600474

A4 Battery Backup Assembly
5061-1349




A4 Battery Backup Assembly Parts List 5061-1349 (Sheet 1 of 4)

'L‘('; °:§§:§§i‘§' PART DESCRIPTION g‘,:fg; PART NUMBER gg;,’;é QUANTITY PER
(H
0
CaP ,0022UF 10w 0160-01%4 ul 1
00CT
ICAP JJUF 20% Sov 0160=-0576 U 3
01C499,11
ICaAP 100PF S 01602204 J 1
00C)
CaAP 1500PF S% 0160-2222 U 1
osc10
CAP S000PF 10% 0160=36438 T 1
00Ce
CAP +05UF=20080% (01603460 T 1
00C2
CAP 100UF 20% 0180-0098 v 2
00C1¢8
CAP 1UF )O% 9180=0291 ¥ 1
j00CS
CaP J9UF 10% 01000393 U 1
eoc12
'STUD SOLDER TERM [0360-0124 U 2
00E1s2
SYUD SOLDER TERM  [0360-0474 u
01E3
YELEY 361-1076 U 1
R TAP Iil.l!ﬂ 380-0308 U 'y
TANDOSF 038020086 U s
€S 2.7 5% 2% 683-0275 U 1
pores
RES 215K 18,1298 06900084 v 1
BOR16
RES 2.61K 18,128 [0698-0085 TS
BORS
RES 3.03K 18,125 [0698-3153 u 1
POR1O
PES Ge60K 1%,125 6983185 U 1
RT NO CONT




A4 Battery Backup Assembly Parts List 5061-1349 (Sheet 2 of 4)

oy o:gg:z%n PART DESCRIPTION g PART NUMBER o o QUANTITY PeR
PART NO CONT 06983155
00R19
RES 14,7K 1%,12% (06983156 U 1
00R12 ‘
|
' RES 19,6K 1%,125 0698-3157 U 1
00RT
RES 22 5% 2 0698=3609 U 1
o0R28
RES 120 5% 2 0698«3622 . Ui )
00R6
RES IK 1%,12 0757=-0280 U 3
00R4 ¢ 36
01 3
RES 42,2 1%.125 0757«0316 U 1
00R26
RES 100 1%,125 0757=0601 L 4
01R]142¢
S11 1%,128 [0787=0416 U 2
01R2243
S Se.llK 1%,125 0757<06438 U 1
MOPSJ
10Kk 19,125 07570442 U 8
01 8017!18'21'23'27
0 931

ES 100K 1%.128 07570465 U 1
ooras

looR1
ES 1e67TK 1%,128 0757=1094 U 2
BOR1S5,11

ES 405 10% 23w 0811~1826 U 1
[0ORS

ES ol 3% Ssu 0811-269%90 T 1
bOR20

T DIS TO0e3 1205-0289 U 2

ES 20K 1%,125 075706449 U 1
00R29
ES Sl.lx 1%, 12% 0757-0458 v 1
i




A4 Battery Backup Assembly Parts List 5061-1349 (Sheet 3 of 4)

iy D%%?Zi& PART DESCRIPTION o PART NUMBER g,?,’é:é QUANTITY PER

Ic Vv RE6 18260049 U 1
ooue

IC MCla58 P 1826-01139 U 1
oeul

1,C, MC 3302 1826-0174 b 1
o0

XSTR 2NJ3740 706q 1853-0052 U 1
9007

XSTR 2N440J T092 [1853-0271 U 2
000606 :

XSTR 2N4398 T0) 1853«042] Ui 2
0003+5

XSTR EN3T66 T066 18084+02%9 U 1
ooQp

IMSTR 2N440) T092 10560467 U 1
008

SCR 2NS062 1884-0232 U 1
0CR12

THYRISTOR SCR 1884-0233 U 1
OO0CR11

RECTIFIER SIL 1901-0033 U .
O1CR1 030047

DIODE SIL 1901=-0040 U 1
0I1CR1I

DIODE IN4936 19011065 v 1
POCRS

D100E 1901-1086 v 1
OOCRiI®

RECTIFIER 1901-1087 ¥ 1
|00CRS

DIODE 6419V 1902=-0049 U 1
pOCRO

DIODE J.83YV 1902-30%9 U 1
[00CR6

DIODE 6.64V 1902~-3082 T 1
oocr2

RES VAR 500 OHM 100=-338] v 1

RY NO CONT




A4 Battery Backup Assembly Parts List 5061-1349 (Sheet 4 of 4)

e mg‘g:ﬁ. PART DESCRIPTION Pasent PART NUMBER Sowe. é QUANTITY Per
' PART NO CONT [2100-3351
0oR2
RES VAR 1K 10% 2100-3352 7
ooR1
CR 4=60X,312 200-0105 7 I
Ecn #o=40K+3TSL 200-0143 u
NUT 6=40 W/LK 2600009 T
SCR #6e32X.437L | 23600119 U e
WSHR #S 3050-0080 T
WSHR #6 SS$ 30500229 U
COMPOUNO=THERMAL| 604040239 4 0,05
LABEL=AL COLOR 71205480 L 1
WIRE 30AWG WHT 81503626 U 0.10
 XFORMER=PULSE 91000669 1
0071
COIL CHK 3300UH | (9100-1665 y o
ooL1
BOARD=ETCHED 5081-2301 ¥ Y
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COMPONENT SIDE 1 - —»15 ITEM | Q1Y MATERIAL-DESCRIPTION | MAT'L-PART NO.
1 1 | P.C. BOARD — ETCHED 5081-2302
CIRCUITSIDE A —» S 2 2 | SPACER6-32X.125 0380-0342
3 1 | HEAT SINK TO-3 1205-0289
4 1 THERMAL COMPOUND 6040-0239
5 1 | TRANSISTOR Q1 1853-0421
6 NOT USED
7 2 | SCREW 6-32 X .375 2360-0359

A4 Jumper Board Assembly
5061-1351



A4 Jumper Board Assembly Parts List 5061-1351 (Sheet 1 of 2) -

ITEM

REFERENCE
DESIGNATOR
iFIRST SIX;

PART DESCRIPTION

PARENT

OPTION

PART NUMBER

COmP
[OPTION

L
(o]
C

QUANTITY PER

01
03

04

0(

04
04
00
04
04
0¢

0d

04
04

04

0qa1

04

O?R!O

ce

ct

R1,2,9%

RO

R7

R11Y

Ré

R3,8

R4

ue

Ut

Q2

G3

CAP 100PF SX

CAP 330UF 10X

EYELET

SPCR TAP nox.lzq

RES 2., 15K 1:.12#

RES 3,83 1X,12

RES 287 11.12%

|
RES 61,9 1!.12§

RES 1.33K 1%,12%

RES S,11K 1X.129

RES 10K 11.121

RES .27 SX 24

HT DIS T0e3
IC V REG

I.C, MC 3302

XSTR 2N4403 T093
XSTR 2N4398 103
XSTR 2N4401 7093

DIODE SIL

1

l

7ART NO CONT

0160=2204

0180=-1714

0361=1076
0380-0342
0698-0084

0698+3153

0698-3443

0757=0276

07S7-0317

0757=0438

07S57=0442

0811=1659

1205-0289
1826=0049

18260174

1853=0271

1853-0421

1854=0467

19010040

[
.
b
[
H
1

u
|

J

=

i
)
|
!
!
i
!

U




A4 Jumper Board Assembly Parts List 5061-1351 (Sheet 2 of 2)

ITEM

REFERENCE

PARENT

NO. m(:SIGNATOQ PART DESCRIPTION ormon PART NUMBER ' (L) QUANTITY PER
FIRST SIX; C

PART NO CONT 19010040
OICR2,647

DIODE SILICONE 19010463 u 1
04CR3

DIODE 19011086 y 2
0qCR4,S

DIODE 2,37V S% 19023002 L 1
0qCR}

RES VAR (K 10X 21003382 U 1
0qR12

FUSE 6A NB 12110=0056 a 1
0qF1

FUSE CLIP ,250D 21100269 1 2

SCR 6+32X,.375 236001859 U 2

COMPOUNDTHERMAL [6040-0239 y 0,01

LABEL=AL COLOR 71205480 4 1

WIRE 30AWG WHT 8150=3426 g 0.25

BOARD=ETCHED 50812302 1
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Ab Control Board Assembly Parts List 5061-1345 (Sheet 1 of 4)

iTem|  REFERENCE PARENT come. | !
NO. DE‘::.GSP:A;;))R PART DESCRIPTION OPTION PART NUMBER Oﬂloﬁ c QUANTITY PER
0l
03
CAP 0e1UF 01500121 .
01C1e801/0,13
CAP o4TUF<20480% [0160=0174 ?
01Clas1%
CAP .047UF 20% 0160=0575 1
0lce
CAP oO01UF 0160=205S 5
01C1721
CAP 2000PF S% 01602225 1
00C2
CAP 4,TUF 35wVDC (01800100 1
PlC7
CAP 2,2UF 10% 0180=0197 3
01C9s 11916
CAP +68UF 10% 01800373 1
jooce
CeF S6UF 6VDC 0180-0%548 1
ooc3
CAP 6.8UF 20% 0180=1701 1
foocla
CAP 120UF 10% 01802145 1
mof‘
STUD SOLDER TERM [0360-0294 6
00E 1 =6
STUD SOLDER TERM (03600474 3
01ET=9
ﬁszET ﬁ:bl-lﬂ?é 5
ES 220 5% .28 683-2215% 1
OOR6O0 |
ES &7 9% .25 (0683-4705 1
00R&0
ES 2.15K 1%,125 0698-0084 8
0IR407,9930437954
€S 261K 1%,125 698-0085 2
RT NO CONT




A5 Control Board Assembly Parts List 5061-1345 (Sheet 2 of 4)

iTgm| REFERENCE PARENT come.{L

NO D‘(zg:lgxoe PART DESCRIPTION OPTION PART NUMBER OPTION g QUANTITY PER
PART NO CONT 0698-0085
01R23,59
RES 2.37K 1%,12% (06983150 T 1
olkzo
RES 2487K 1%,12% [0698=3151 o 1
0ORS
RES 3.,83K 1%,125% [0698-3153 T 2
01R15036
RES 422K 1%,125 [0698«3]154 U 1
01R26¢
sres 464K 1%,125 06983155 u ?
0lR12¢3
RES 14,7K 1%,12% (06983186 T 2
oxnal.saL
ES 26.1K 1%,125 [(0698-31%9 U |
00RS6
RES 16.7 1% ,Sw 0690-3388 U 2
01R6846 '
ES 383 1%,125 [0698-3446 T 2
01R66 &
ES 66,4 1%,125 (069684037 u 2
01R6S, 6
ES 1e21K 1%,125 (07570274 U 1
0ORS 7 ‘ .
k ES 178K 1%,12% (07570278 T 2
01R1T01
ES 3.16K 1%,128 [(0757=0279 T 1
joOR32
€S Ik 18,125 (0757=0280 THEESY)
01R10011/022025026,
03 28¢33e50961062
€S 1.33K 1%,125 (0757«0317 v 1
BORe2 .
RES 75 1%.125] [0757=0398 T 1
OOR27
RES 100 1%,125 0787-0401 U 1
POR29




A5 Control Board Assembly Parts List 5061-1345 (Sheet 3 of 4)

ITEM REFERENCE PARENT come. |t
NO. Df:fﬂNAsTIgl PART DESCRIPTION OPTION PART NUMBER O'\'ION g QUANTITY PER
RES S11 1%,125 [0757=0616 U .
01R36,8183
ES 562 1%,125 [0757=06417 T 1
looRe3
ES Sel1K 1%,12% [0757-0438 U 3
01R14+1885
ES 7.5K 1%,125 (07570440 U 1
l0ooR3
RES 10K 1%,125 [(0757=04642 T 1
looR39
RES 11K 1%,125 (07570443 U 1
O0R16
alﬂss 147K 1%,125 [07S7=-1094 T 2
01R13+3
IC SNTeS112N 1820-0629 T 1
looa
Ic v REG | 18260049 T 1
ooy
IC QUAD COMPTR 18260138 U 2
DOPIOQ
XSTR 2N¢403 7092 [1853-0271 T 5
0101029015918019
XSTR 2N440] T092 (1856=0467 V12
01038, T*16,17
10DE SIL 19010040 T 5
01CRIeS,[Ty13
10DE SILICONE 1901=0463 v 1
OICRB S
D1ODE SILICON 19010839 T 1
jooCRe
DIODE ZNR $.11V 1902-0041 U 1
j0OCR]
DIODE 261V 1902-0126 U 1
joOCR2
RES VAR 1K 21001986 u 2
oOR1e2
LABEL=AL COLOR 7120-56480 L 1




A5 Control Board Assembly Parts List 5061-1345 (Sheet 4 of 4)

mem | REFERENCE PARENT come.

DESIGNATOR PART DESCRIPTION PART NUMBER

QUANTITY PER
(FRST SiX} OFTION (OPMION|

BOARD=ETCHED 50809797

N 4L
-
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DETAIL “E”

GND STRAP
O A= i
o . e ——
~ —.
P42 5@ £ ¢ cr3 0 E 8
CR1 SEE . J R4 (DETAIL “D") e B2
DETAIL “H” 1FA cs 1A = g
1—A SEE <
DETAIL “E" <
e 5 x
c9 g
18
e :@ 1A
B ar § ] o E
7 CLIP DETAIL “D" wEI & =
NOTE 1 Ts - ¥
| | R13J9 J10 E5 E7 (DETAIL “B”)
A5 E
4 . ¥ 91 YR E9 CR15
@
= 6ETET £ X
o R12 «
o 8
L AL 1 g |
DETAIL “G"” / DETAIL A / A @:@ Al
/ E10
SEE / DETAIL “F” E6 E8 DETAIL B
DETAIL “H”
DETAIL H ITEM | QTY. MATERIAL-DESCRIPTION MAT'L-PART NO. ITEM QaTy. MATERIAL-DESCRIPTION MAT’L-PART NO.
DC OUTPUT CABLE WIRING ' 35 1 NUT HEX # 10 2740-0002 1 1 BOARDP.C. 5080-9798
T0 36 3 LUG FASTON 0360-1685 2 4 PAD-FOAM 4208-0171
& (56)(57)(58) SEE DETAIL “A” 37 | 3 RIVET 0361-1032 3 2 | DioDE 1901-0727
38 2 SPACER 0380-0383 4 3 WASHER FIBRE 3050-0665
SET6 o] 39 5 TERMINAL 0360-0390 5 3 LOCK WASHER SPLIT 2190-0032
© 40 1 TERMINAL 0360-1167 6 3 NUT HEX 2950-0036
(SEE DETAIL A) 41 18 EYELETS 0361-0252 7 10 SCREW 4-40 2200-0143
\\‘RED TO 42 4 FUSE CLIP 2110-0269 8 1 SCREW 6-32 X 2.500 2360-0221
TOE17 W-VI \\_\=W- . % o a3 | 12 TERMINAL 0360-1529 9 12 LOCK WASHER SPLIT 4 2190-0003
. TOE19 VIOLET - 8 8 44 3% WIRE BLUE 18GA 8150-2893 10 2 SCREW 4-40 X .250 2200-0139
) 45 | 2500 WIRE YEL 18GA 8150-0577 n 2 EXTRUDED WASHER 3050-0006
] 46 2 WIRE GRN 22 GA 8150-1545 12 1 WASHER, FLAT 3050-0100
‘ TO J7 47 2 CONNECTOR, PIN TYPE 1251-2913 13 1 NUT, HEX 2420-0001
= 48 2 LUG-FASTON 0362-0480 14 1 HEAT SINK 1205-0312
5 49 (075 | WIRE30GA 8150-3426 15 1 TRANSISTOR 1854-0718
DETAIL A 3PLCS. ™ - 50 |0.33 WIRE 22 GA 8151-0013 16 2 SCREW 2360-0117
NOTE 2 DETAIL F 51 10.33 SLEEVING 0890-0212 17 1 WSHR 3050-0239
B . 52 |.010Z | THERMAL COMPOUND 6040-0239 18 1 SCREW 6-32 X .625 LG 2360-0203
( : S =" . 53 1 HEAT SINK 5001-2617 19 1 WASHER FLAT 3050-0228
54 ] SPACER 3050-0234 20 1 WASHER LOCK SPLIT 2190-0851
55 1 LKWSHR # 10 INT 2190-0011 21 1 NUT HEX 6-32 2420-0003
56 6 SCREW 6-32 X .375 2360-0197 22 2 HEAT SINK 5001-2808
NOTES: 57 6 SPLIT LOCK # 6 2190-0851 gz g E%:IEETX 222(1)-(13802i
T 58 6 NUT #6 2420-0003 0361-107
1. F2 NOT SUPPLIED (REFER TO INSTALLATION MANUAL. 2 | o VIRE 2 GA. BLUE ARy gg ; g@l\ggg RIYOL%EN 1206_0080
. 60 1 GND STRAP 5001-2622 0380-0996
2. SEE 5061-1371 ASSEMBLY FOR ADDITIONAL DETAIL. o ; prityiliyen s 57 > SCREW 440 X 750 22000151
62 1 ASSY-WIRING 5061-1362 28 10 CARD HOLDERS 5040-0170
63 3 TERMINAL E17, 19, 20 0360-1869 29 n SCREW 4-40 X .250 2200-0139
64 1 HEAT SINK 1205-0219 30 1" LOCK WASHER SPLIT # 4 2190-0003
65 1 TRANSISTOR 1854-0768 31 2 WASHER-LOCK 2190-0078
66 1 DIODE CR 25 1901-0463 32 4 SCREW 10-32 X .375 2680-0099
67 6 WIRE-WHT/VIOL 8150-2650 33 4 LOCK WASHER SPLIT # 10 2190-0034
68 4" WIRE-BLK 8150-2890 34 5 WASHER FLAT # 10 3050-0236

A6 Mother Board Assembly
5061-1371-1



CR12 CR1Z _ CRU
ITEM | OTY. | MATERIAL-DESCRIPTION | MAT'L-PART NO. :
1 1 HEAT SINK 5001-2616 QRED
2 2 | SOCKET XSISTOR 1200-0452 W.RED o
3 2 | SCREW 4-40 X .500 EH 2200-0169
4 3 | STANDOFF 0360-0279
5 5 | SCREW 4-40 X .250 2200-0103 6 =
6 2 LOCKWASHER SPLIT 4 2190-0108 N
7 1 LUG SOLDER 0360-0272 O
8 1| TRANSISTOR 1853-0351 @)
9 2 NUT HEX NO. 4 2260-0002
10 1 THERMO SWITCH 3103-0051 O O &
1 4 | SCREW 632 X .500 2360-0123
12 2 | WASHER-FLAT 3050-0229 s
13 2 RESISTOR 100 V2W 0757-0198 &
14 2 | cap.ot 0160-2055
15 1 RESISTOR 150 1/4 W 0683-1515 Wvio o
16 1 DIODE ZENER 13.3V 1902-3193
17 | 325”7 | WIRE RED 18GA giso2801 | . J=oo===co=eae 3
18 | 325" | WIRE VIO 18GA 8150-2894 @—/
19 | 300" | WIRE BLK 18GA 81502890
20 | 325" | WIREW-R18 8150-2649
21 2 INSULATOR 1200-0043 BOTTOM VIEW WIRING
22 | 0178 | THERMAL COMPOUND 6040-0239
23 1 VOLTAGE REGULATOR 1813-0093
24 | 325" | WIREW-VIO 18 8150-2650
25 1 CAP. 100 uF 0180-2840
26 | 0.15° | WIRE-BUSS 18 GA. 8151-0011
27 | 007 | SLEEVING 0890-0064
A6 Mother Board Assembly

5061-1371-2

at

Vio



A6 Mother Board Assembly Parts List 5061-1371 (Sheet 1 of 6)

PARENT
OPTION

PART NUMBER

T
comp. |t
OPTION

c

QUANTITY PER

joy oigfé',;l‘f& PART DESCRIPTION
0l
03

CAP .OXUF-ZOoaoq
01C20,21

CAP o0lUF 20%
01C17¢19

CAP LOlUF
01Cle6,8015

CAP 1150UF
01C12+13

ICAP 120UF 10%
00CS

ICAP 10KUF 6,3V
ooc2

ICAP TSOUF &0V
oo#ls

ICAP S5600UF 6,3V
00C10

CAP 1000UF 2S5V
00C709

CAP B200UF 16V
00Cs

CAP J600UF @Sv
P 11e1 4

CAP 18KUF 6,3V
00Cl6

CAPACITORSFIXED
0lcaz

CAPACITORFIXED
01C3

TUD SOLDER

W1E2011012917<2)

TERM=«SOLOER LUG

STUD SOLDER TERW

TERM DBL-TUR
0OE]

0150=-0093

0150-0123

01602055

0180-0431

0180+2145

01802652

0180=2653

0180-2654

01802656

01802657

01802658

0180-2659

01802840

01802882

0360-0090

0360-0272
0360-0279
0360-1167




A6 Mother Board Assembly Parts List 5061-1371 (Sheet 2 of 6)

REFERENCE
DESIGNATOR
{FIRST SIX}

ITEM

PART DESCRIPTION

PART NUMBER

QUANTITY PER

[01E3=10,

TERM STUD FKD
13-16

LUG SOLDER #S

TERMINAL=STUD
01E17+19920

SPACER #6X,12%

YLT RLD FLG
YLT +121DX.200
YELET

UG CRP26+24,19F

PCR TAP #6X,12%

ES 260 5% .zﬂ

0IR17
ES 100 1% .50
01R1Sy1
ES 42.2 1%,12%

01R104,8s9

RES 22K 5% 2W MO
m1rzo.11

RES 125 OHM
IOORT

RES SK 5% 10w d
00R12

RES 07 5% Sw PW
00R3

RES .25 S% low
O0R13

RES 0,18 OHM wWw
00R2

RES S0 S8 20w pw
OO0R 16

THERMISTOR
0ORS+6

SLEEVING FLEX,

0360-1529

0360-1685
0360-1869

0361-0252
0361=-1032
0361-1076
03620480
03800383
0380-0996
0683+2415

0757-0198

07570316

07646=0045

0811-1846

0811=-1914

0811-3174

0811-3176

0811-3293

0819-0022

0837=0130

0890-0064

Clro-

[

[

c & € € & ¢ c

12

18

N NV W

0,07




A6 Mother Board Assembly Parts List 5061-1371 (Sheet 3 of 6)

REFERENCE
DESIGNATOR
{FIRST SiX)

TEm

PARENT
PART DESCRIPTION OPTION

PART NUMBER

QUANTITY PER

00J1~%

00910

00798

ooQ2

ooR1

jooCR18
O1CR2e 4

0lCR2S

TRG #20 TFE NAT
INSL=XSTR TO3 ALl
SOCKET TOe3

MY DIS PL PWR
HEAT SINK

CONN PC2X15.156D)

CONNECTORS S6L
CONN MALE 5 POST

CONN UTIL 6PIN M
CONN POST 2P0S M
CONN POST 3POS M
VOLTAGE REGLTR
IC RGLTR oSV
Ic 7808C

ASTR 2N60S3 To03
XSTR 2N6251 T0e3

XSTR NPN SI
THYRISTOR JSAMPS
THYRISTOR SCR
19

D10DE SILICONE

RECTIFIER

0890-0212
1200-0043
1200-0482
1205-0219
1205«0312
1251=2035

1251-2913
1251-3825

1251-3837
1281-4248
1251=4246
1813-0093
1826=0144
18260146
1853-0351
188440718

1854«0768
1884=0208

1884-0233
1901=0463

1901-0727
PART NO CONT

Cloor-

e e C C C

0,33
2

2

1.




A6 Mother Board Assembly Parts List 5061-1371 (Sheet 4 of 6)

'Lsg DEEE',;'I;& PART DESCRIPTION ;:‘;fg; PART NUMBER ocno;: é QUANTITY PER
PART NO CONT 19010727
01CR11.1
10DE IN4936 1901=1065% U 2
O01CR164,
D10DE 1901<1086 U 2
00CRT,.8
RECTIFIER 1901-1087 T 2
01ICR16,41[7
Jc DIODE 6419V 1902-0049 U 1
00CR9
D10DE 1902-05%4 U 1
01CR23
DIODE 3¢16V 1902-3036 v 1
00CR24
DIOeZNR 13,3V 2% (1902-3194 U 1
Plcazo
DIODE 14,7V 19023203 U 3
blCRIoSv
10DE=FW BRIDGE 19060081 T 2
01CRS 1
L RECTIFIER 19060079 U 1
ro R10 :
RECTIFIER " |1906-0080 U 1
00CR1S
FUSE 1A NB 21100001 U 1
00F )
FUSE CLIP .2%0D 1100269 TR
LKWSHR & MEL 19020003 U 1o
03 19000003 T 2
LKWSHR 6 MEL 190-0006 U |
LXWSHR 10 INT 1900011 U 1
LKWSHR 1/6 WEL 1900032 U 3
LKWSHMR 10 HEL 190=0034 T .
LKWSHR & HEL 190-0078 T 2




A6 Mother Board Assembly Parts List 5061-1371 (Sheet 5 of 6)

og‘m‘:"‘;). PART DESCRIPTION o PART NUMBER Senlo|  auani e
LKWSHR & WEL 190=0108 b~ 2
LKWSHR 6 WEL Exso-oes: v o7
SCR 4=40X,25 22000103 TR
SCR N4=60X250L 20020139 u 12
Fcn 440X, 75 Ezoo-olsx u 2
SCR #6=40X.500L | [2200-0169 T
NUT #=60 .250AF | [2260=0001 TR
NUT 2600002 y o2
SCR #6=32X+375L Eaeo-ollv u 2
SCR #6232X+625L | [2360-0123 T
SCR #6=32X.375L | [2360-0197 T 'S
SCR #6=32X.,625( 12369-0203 u
SCR #6e32X2.5L 2360=0221 U
NUT 6232 W/LK 24200001 Y
NUT 6232 +250AF €2020003 L

CR 10=32X,378 6800099 1
UT 1032 3TSAF| [2740-0002 1
UT 17428 9500036 T
WSHR #10 30500006 U
SHR #6 BRS 3050-0100 U
SHR #6 S§ 3050-0228 U
SHR #4 SS 3050-0229 U
SHR «26010 BRS | [3050-0234 U
SHR #10 BRS 3050-0236 T
SHR #8 FIBER 30500239 L
ASHER FLAT 3050-0665 T
WITCH THERMAL 3103-0051 U
0AM=PLASTIC 420820171 U




A6 Mother Board Assembly Parts List 5061-1371 (Sheet 6 of 6)

TEm REFERENCE PARENT COMP.

| o T Er ——
COMPOUND=THERMAL]  [6040-0239 T 0,01
03 604020239 U 0,01
LABEL=AL COLOR 7120-5680 L 1
WIRE 18 YEL 150-0577 U 0.22
IRE 22 G6RN 1501545 U 0.17
WIRE 22 BLU 150-1546 U 0.95
WIRE 18 WHTeRED 150=2649 T 0.28
WIRE 18 WHT=VIOQ 1502650 U 0,83
WIRE 18 BLK 1502890 U 0.5a
IRE 18 RED 150-2891 U 0,28
IRE 18 BLV 150-2893 U 0.25
IRE 18 V10 150-2894 T 0.28
IRE 30AWG WHT 150=3426 U 0.7s
WIRE 18 AWG BARE 151=0011 T 0,15
WIRE 22GA BARE 151-0013 U 0.33
CHOKE 100=3947 U 1
TRANSF ORMER 100-3950 U 1
HEAT SINK 001-2616 rl 1
HEAT SINK 00l-2617 1
o8y STRAP 001-2621 E 1
ROUND STRAP 001~2622 |
EAT SINK 001-2808 2
UIDE=PC 040-0170 [ 10
SSY-CBL DC our 061-1362 1
BOARD=ETCHED 080-9798 E 1
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BATTERY STATUS ASSY
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*The 12944B Battery Status Assembly supplied with single battery set.

NOTE:

MATERIAL IN BROKEN LINES USED IN 12991-60001 ONLY.
BATTERY BOX WIRING

12944B/12991B Battery Status Assembly™
5950-3728



12944B Battery Status Assembly Parts List (Sheet 1 of 2)

TEM

REFERENCE
DESIGNATOR
FIRST SIX;

PARENT come. L

PART DESCRIPTION OPTON PART NUMBER oerion| ©
C

QUANTITY PER

0df

BARRIER BLOCK 0360-0643
TERM«SOLDER LUG 0360-1158

STRIP TERM 5 03601590
RES 3 1% SOW (08112966
BATTERY ASSY 09501596
WASHER NEOPRENE | (140020090
DI0OE | 190121086
FUSE 6A NB 211020056
CAP=FUSEMOLDER 21100665
FUSEHOLDER=BODY |  [2110=0470

LKWSHR & HEL 2190-0003
LKWSNR 172 INT 2190=0068
LKWSHR & HEL 2190-0851
SCR #6-40X.250L | [2200-0139
SCR #4=40X,37SL | [2200=0143
INUT 22600002
SCR #6~32X,250L | [2360+0193
SCR #W6=32X,625L | (23600203
NUT 6232 <250AF E‘zo-oooa

NUT 1/72-28 950-0054
L] SLIDEIOPST PC Plol-215)
OAMePLASTIC %208<0173
ABEL=INFO 71206368
IRE 18 B8LK 15020890
IRE 18 RED 1502891

WIRE 18 AWG BARE 191-0011

& € T ¢ T € € &€ ¢© ¢« ¢ ¢« & & ¢ & C € c & C C © € € <

W G e e e e G P R SR e G

=
N ©

10

o e e e NOW

0.62
0.25
0.15




12944B Battery Status Assembly Parts List (Sheet 2 of 2)

TEM

REFERENCE
DESIGNATOR

PART DESCRIPTION

PARENT

come. | L

] oricn et - Somlof  auma e
PAD=FOAM 92202070 1
[BOX=BATTERY 0008095 !
COVER=BATTERY 000-809¢ 1
MOLD OWN BATTERY 00=-8097 1
ASSY~LCPS STATUY (50611352 1
ASSY=BAT. CBL 12944260005 1




12991B Battery Status Assembly Parts List (Sheet 1 of 2)

kso, PART DESCRIPTION rasenr PART NUMBER ool cuaNTT pe
01 | § |
03) : :
' %ARRIER BLOCK 0360-0643 u
TERM=SOLDER LUG | 0360-1158 p' 1
STRIP TERM 5 | 0360-1590 u 1
Les 3 1% Sow 0811-2966 b 1
BATTERY ASSY 0950~1596 b 2
CONN UTIL 4PIN 1251=4623 P 1
%ONTACTOCONN 1251=4747 W2
%ASHER NEOPRENE | (1400-0090 L 1
10DE 1901-1086 L 1
FUSE 6A NB 110-0056 P 1
AP=FUSEHOLDER E110-0465 b 1
FUSEHOLDER=BODY 2110-0470 1
ixusnn 4 HEL 190-0003 u s
}Kwsan 172 INT Fx9o-ooea 1
LKWSHR 6 HEL P190-0851 ul 10
SCR Ké=40X+250L 2200-0139 b2
kcn #4=40X.375L | [2200-0143 ‘b 2
uT | 260-0002 p 2
CR #6=32X.250L 360-0193 10
KCR #6-32X.625( 360-0203 2
NUT 6=32 ,250AF | [2420=0003 2
NUT 1/2-28 2950-0054 1
Sw SLIDE OP3T PC. [101-215] F 1
FOAM=PLASTIC | k208-0173 Moo
LABEL-INFO 7120-4368 P 1
WIRE 18 WHT-RED | B150-2649 b o.s0
| |
1 |




12991B Battery Status Assembly Parts List (Sheet 2 of 2)

TEM

PART DESCRIPTION

PARENT
OPTION

PART NUMBER

ComP
OPTION:

no -

QUANTITY PER

WIRE 18 BLK
WIRE 18 RED
WIRE 18 AWG BARE

PAD=FOAM

ASSY=LCPS STATUS
ASSY=BAT, CBL

|

HOLD DWN BATTERY

COVER=DOUBLE

OX=BATTERY
|

P150-2890
t150-2891
151=0011
9220-2070
5061-1352
12944~60005
12991-00001
12991=00002

12991=00003

¥ ¥ X W F OO CTCITT T

1.12
0.25
0.15




Battery Status Subassembly Parts List 5061-1352

ITEM

REFERENCE
DESIGNATOR
IFIRST SiX)

PART DESCRIPTION

PARENT
OPTION

PART NUMBER

comp. | L
OPTION
c

QUANTITY PER

01
03

00R1

00QR1

00CR1

00CR2

00CR3

0051

TERM=SOLDER LUG
TERM=BARR BLOCK

FYLT 1210X.200

RES 1K 1%,125
XSTR 2N4403 T092
PIODE 10V ZEN
DIODE=4+22V
LED=V SEN

Lw SLIDE MOM

| ABEL=AL COLOR
ROARD=ETCHED

360-0272
E360~1824
0361-1032
0757-0280

1853-0271
1902=-002S
1902-3070
1990-0581
3101=-2153

7120=-5480
5081-2303

w N N




v

BTl BATTERY ASSY

ENGINEERING RESPONSIBILITY [

sePiA [ 7]

on 2 |3 |4

1T B
2

9 1 12 s |5 oy

REVISIONS

16 |17 19 21 |2

3 |25 |29 |30 (32 [33”]38 [43

454661?/'

_i A4S /5SSl E
} Pco-22-4230- ASST. WAS 1T 94l - 60004

SWITCH SHAWN I N
INTERNAL POSITION F-'l

P/OJI
—+|

> < 3 BATT+(8)
I~ == = T = e l
: 7> 7 I
' I “ _
gl I —> >— Al |
_— ' I COMPANENT® IN DOTTED
b= TEW P I??O—acsfgg : AREA ON RC..RBD CRI
| SRE.QbéSE : (506[—/352.) N f901-1086¢
= Sais _
[ — J | =
| '7\ >
: L 1/902- 0025 E’?‘“
| :> > \ < BATT - (8)
e ' 1< TEMP 1(8)
8T2 1<<;> TEMP2(8)
r— = - =7 3
| :>>
|
| + l , _
| = > NC + N 7 T8I
e E’ES’[ EXT BAT
| — 8185
| |
| — I> NC
|
| | =7
__ _ - _1 - Sheet 9 of 9
ADDITIONAL BATTER Y | |
FDR !2 9-9’ - 6000 I A SS Y ITEM QTY. MATERIAL-DESCRIPTION MAT'L-PART NO. MAT'L-DWG. NO. MAT'L-SPEC.
!
DO NOT SCALE THISDRAWING [ o gy I° DOXON | 5 =776 BA'T"I’ERY/STATU.S E%
» , scHemaric’ (PFRS) HEWLETT |0, PACKARD
UNLESS OTHERWISE SPECIFIED, | enginesr /,K CEL&L 9/%0 TiTLE _
DIMENSIONS ARE IN INCHES. IRIPAE ) T 7/ 5061»/35’2,

-l
APPRPVED
b/

- TOLERANCES .XX * .02 XXX £ .005

%"%Wrﬂ*-* 57232

NEXT ASSEMBLY /33252 J

Fd
PART & ua::;n 5,‘?3%‘;,@%/

SUPERSEDES DWG.

s |aonce

B -12944 - 90c04-5/

STOCK NO. 9280-0002 PRINTED ON DIEPO NO. 1020-10 CLEARPRINT FADEQUT

4

SHEEY j OF /



9

1)

L2

3AISLNJHId z <
30IS dWOD | «—

—» 0§
> 6
i

AR

VX

1428

€3 +

[

(%]

ar

3QIS LINDWID ¢

€

Crossover Board Assy

5060-8345



sxmA 1 - - -

REVIGIONS
AS /SSUEP  SERIES /353

22 YL T,REM R),SERIES 1¥IS

|

s
X

~
v Z
G MR
Skm{\tx
T I NNSR
IR LGN
70 POWER
JE SJPFIY @5’(32,
Co,y p222ur 200V
___c..'_l FOUF +  (SOUF 20V ’
20V lle7
t 3 5 1 4 n 3 s 17 19 20 23 25 29 24 3/ 33 3F 37 3% lLI;‘«swLm:lsassnf«u 3 6T W1 La 7 737577l74 21 83 ps
~ }\Q&' E
vlg SR NERINE NN NENERENEN IS B N AN B TS Nf >
ol oI SLEIS ol o] of R §] 2wl 9] o 2 vl o 5| ¥ | ot of o nH2 L R o] V] PN o
IR K Q | Yl o] Y RN NN« Q NS RNE 70 Zfo BACAPLANE A%
553\"‘§\**N‘/’N§*’%$*f\‘*1‘ul"‘w‘};;};\q\xo\a,,‘b$$ Xﬁq
| 2 N S| ol )Wl N e \&>
[VIRTRER "J\x al M oi>>] sl x| > PURN AN 21X Nl <
i NN B RN \lou,{m»,wg‘!‘{‘?;(}??‘fggsggg}ﬁ‘!%'{)»‘b»»ﬁ
wlolal Lo+ *| MO & af+|+| [T *]T|9 ol a| A | ul el vl 1
> 0 & @ 16 174 16 1% 30 22 14 26 13 30 3L 34 26 3@ 40 1> 44 4b Ye Fo 52 §Y 56 58 Lo b2 b4 bb L% 70 72 14 3¢ 1% 86 92 g4 d¢
86 QY 32 76 76 79 72 1o L% bb (4 b1 ko 58 5k T4 52 SO 48 4Yb ¥ 2 40 38 3u 34 33 30 28 26 24 22 2018 16 14 1210 B 6 Y 2
2N
Wl 3 o T Y pYBN NSRS N x> > > > >N >
“s\\*‘&’:‘;;ns%t‘g‘%mmsghaws‘émwwV,\,,Ei‘i‘s:‘ﬂ{) NN DD g5 72 womonr sacnruans 45
‘Egg\")grt'ﬁ"lﬂf‘*""’lgl“"‘*‘4""*’*1-5\4-"'&1‘{‘ X
q .
SN
Oy T J Al s o >1>Es>>>)§ s> >
$$3§h§2smgugﬁrwzgwfvﬁﬁh“““?§ZE§QEET5$ MDD
V)b‘/)§0| ,Now") +eolwl ! He |+ | <]t H+ ] T 1
u;131747775737:»1uw53u:1575!;;5 4q 4y 48 43 41 39 37 35 33 3/ 29 27 25 23 31 Q7 S Iﬂ 15 34
cz”_ngup 200¥ c o2z uF 2%
4y
C3 /50uF zov C5 /;ou; 20¥
NOTE :
49 9TYS Y3 413937 633D 2A41 M2 13171513 N 3 TS 3 | L ALL CAPACITORS ARE 20%
ﬂlllll'”l”"lllllllll
H————— ————-——-)
ROU
| JZ (7o dePC FEA T1)
v R EEREFEREERRR
Eku ANNE o A I
Yo A o] ¥ O Ve ff | | o
Wl ™ o & QY]
RS S
Sp4g Bl Y 4240 30 26 34 2230 2826 2§21 2D I3 16 1 12 108 b H 2

Troa | v | [ | warieanto. MAT'L-OWS. NO.

e | JALT, LEANERT | (i) C ROSS -OVER PL

—r o n %@'@}1/’2/7’ wme SCHEMATIC.
; &% 3/2"/7‘ T ASSTMELY PART MmBER

locns D - s060- 334$-5Y

STOCK NO. $200-0004 PAINTED OR GVUEPD . $030-0 CLEARPRINT PACSOUT * Il R




I

I 5061-1388 c2
| [0 7320 |
+ C3
Ct +
cs8
85
XA4 65 73
86
85
75 59 XA5
R1 cis
+ €5
c6
C7 +

J1

49

.

S TN o T e PO B S e BN e B ey S sy WO pay B ey B

2109B/13B Crossover Board Assembly

5061-1388



ENGINEERING RESFONSIIITY [ e L) ] 0-5061 - 1266 -51)
IR i E3 ]3 g rs g T 2 [ |15 svm REVISIONS APPROVED DATE
1. 17 19 21 |2, 23 |25 [29 [30 [32 138 |43 A AN ($SUED ;27
(Gl ] I =B pcg..sn.qzn. ADP R T[IK) D77& cooZ 13113T 69/% J:_— : 7
. [
TO POWER
SUPPLY A3
l_
0 3 >
0O 2 © o 2 2
- 5 ™ =z g =2
J2 To Powem L Lo
su:;u 5 a4 3 2
i LA DA DA
. - J|ECb
CT 4y -O22UF, 200V
o —| - -
1'{* 15.0UF. 20V Caﬁ”{
5.0 UF,20V ot uE
- - - o - _ _ R T
L I I I AT N A B I - N B O MRS S N
T
o ! ¢33 <
wn - > —_1 = N
9~ .-4 = >{>ip > >
_ A Si>|0Q]u|+ >i>iRlol>>|> Li>i>isi> 1N P s
R AN S A e S A E A F e A A R Y T A o e e e
g LA A e F e R R e N P R R I e S e e I R R RN A A S L LT R RS
AGKA L 1o 1/0 BACKPLANE A4
e W>>Uu§\n>> >)>>>>‘j>>>>m‘£‘t&:ﬂ3£> =
R A T e T A N A F A A N R R A A A Al i e
w VTP Yl T [F T+ R R nlwlnin|d|wi|al’
o N QN ¢t 3 @® Q 9 o] 4 2 @ N p o9 o 9 Q
NV‘”‘D——E‘—?@NNNN«:mm%mgv;vev8%33£3v9$o$2§§3f9®?}$3
+ N 0 Q9 9 3 :
%ooh»#ﬁﬁ?o.»3‘333.85.‘?‘»333?3:?9?3%*3 R EEREE LR
3
g§§y~u8220\,“>> 0> > 1F12IL> > 1505 151312131213 (313
ey I A I B N e e N A A R A E A F F N R P A E A E A A S F A E A E T R O Bl e e e e el
HEEH.\I)8~-H\11H+++V)0..-++m+++++++++u+in
AXAD 1o MEMORY BACKPLANE AS
Z
Lljelw|nls|z|dlu]C oln 3|2 > S>> 21> (>
Sl BI5|E2 (0] [R(0]3121815151215 312138 (8|315]3013 (3] ]315]9] 2|82 & oo o] oo >
wiylajg [UiTv |09 Gl [V T E e[ E A F F ]
0N - o m - m — - - - -
RSN SN RN R R R R R R ) U R PN
!
cz ,.022 uF, 2bov
I 4 i__J
il ca oz ur zoov
et I
-
c3 'higlour,zov cs Ts.0uF, zov
2”1
AN
1K
0" - — [T A
PN S P A SN NI A S
RERERRERRRREN NN RRRRENEED
IR AREENORCOREEE H_ﬁlik.ﬁm»]l(w-tn:x:r:c.pcA.rv)
[ 1] [T Dok ol I Il B el el I
}8&0J0Q00030803F(g a
3 M G|y Y| Y0 g (Y|
{”‘"Huu:}ﬁmqmmgmmw'ﬂmmo\n
QO 4 9 ¢ o @ 9 N 0 o
eI INAINYR2ITIN0 0 9w

NOTE
. ALL CAPACITORS ARE = 0%

[ —|

| Trrem | o |

[T —— [T eerw— we—s
L.GU 351877
GUERRER®. 516,
DO NOT SCALE THIS DRAWING [ &--&1E v CROSS-OVERPCA E
S - - HEWLETT @) PACKARD
UNLESS OTHERWISE SPECIFIED, 5?}3;# g 1871522 | e ScwemaTIC A6
DIMENSIONS ARE IN INCHES. = — ”
R foa [STEm17
TOLERANCES XX £ 02 XXX 2 005 | ReLEAS§Y0 05T : NEXT assemeLy PART nuBER
3
'
|
i

SEE CORP. STD. 608

SUPERSEDES OWG.

—~——

scaLE

FinisH

D-s0ei -1388 -5

STOGK MO 52800004 PRINTED ON DIED NG 1070.10 CLEARRRINT FADEOUT

SHEET s OF ,



	1_0001_2108-90022
	1_0003
	1_001
	1_002
	1_003
	1_004
	1_005
	1_006
	1_007
	1_008
	1_009
	1_010
	1_011
	1_012
	1_013
	1_014
	1_015
	1_016a
	1_016b
	1_016c
	1_017a
	1_017b
	1_018
	1_019
	1_020_5061-1354
	1_021
	1_022
	1_023
	1_024
	1_025
	1_026
	1_027
	1_028
	1_029_5061-1355
	1_030
	1_031
	1_032
	1_033
	1_034
	1_035
	1_036
	1_037
	1_038
	1_039
	1_040
	1_041
	1_042
	1_043_02112-60004
	1_044
	1_045
	1_046
	1_047
	1_048
	1_049
	1_050
	1_051_02112-60005
	1_052
	1_053
	1_054
	1_055
	1_056
	1_057
	1_058_02112-60008
	1_059
	1_060
	1_061
	1_062_5060-8347
	1_063
	1_064
	1_065
	1_066_5060-8353
	1_067
	1_068
	1_069
	1_070_02112-60003
	1_071
	1_072
	1_073
	1_074
	1_075_5060-8346
	1_076
	1_077
	1_078
	2_0001_5061-1356
	2_0002
	2_1-01
	2_2-01
	2_2-02
	2_3-01
	2_3-02
	2_3-03
	2_3-04
	2_3-05
	2_3-06
	2_3-07
	2_3-08
	2_3-09
	2_3-10
	2_3-11
	2_3-12
	2_3-13
	2_3-14
	2_3-15
	2_3-16
	2_3-17
	2_3-18
	2_3-19
	2_4-01
	2_4-02
	2_4-03
	2_4-04
	2_5-01
	2_5-02
	2_5-03
	2_5-04
	2_A-01
	2_A-02
	2_A-03
	2_A-04
	2_A-05_5061-1350
	2_A-06
	2_A-07
	2_A-08_5061-1347
	2_A-09
	2_A-10
	2_A-11
	2_A-12
	2_A-13_5061-1344
	2_A-14
	2_A-15
	2_A-16_5061-1348
	2_A-17
	2_A-18
	2_A-19
	2_A-20
	2_A-21
	2_A-22_5061-1349
	2_A-23
	2_A-24
	2_A-25
	2_A-26
	2_A-27
	2_A-28_5061-1351
	2_A-29
	2_A-30
	2_A-31
	2_A-32_5061-1345
	2_A-33
	2_A-34
	2_A-35
	2_A-36
	2_A-37
	2_A-38_5061-1371-1
	2_A-39_5061-1371-2
	2_A-40
	2_A-41
	2_A-42
	2_A-43
	2_A-44
	2_A-45
	2_A-46
	2_A-47_5950-3728
	2_A-48
	2_A-49
	2_A-50
	2_A-51
	2_A-52
	2_A-53
	2_A-54_5060-8345
	2_A-55
	2_A-56_5061-1388
	2_A-57

