





















































































































































































































































































































































































































































































































































































































































Assume that the low byte [bits D (07:00)] is selected (A0 =0). Neither RESET O L or STROBE 0 H are generated
for the selected byte because new data is to be written into bits D (07:00) (low byte). The LOAD 0 H signal is
generated so that the data on Unibus bits D (07:00) can be written into the selected byte location.

The non-selected byte [bits D (15:08)] is to be restored so that RESET 1 L and STROBE 1 H are generated. These
signals strobe the byte into the MDR for restoration during the write operation. Restoration is necessary because this
byte does not receive new data. The LOAD 1 H signal is not generated; therefore, any data on Unibus bits D (15:08)
has no.effect on the non-selected byte. ‘

When the DATOB is complete, the selected byte contains new data and the non-selected byte remains unchanged. A
DATOB operation following a DATIP is the same, except that the read portion is eliminated.
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CHAPTER 13
MEMORY MAINTENANCE

13.1 INTRODUCTION

This chapter provides the preventive and corrective maintenance procedures for the MM11-K and L memories. The
user should have a thorough understanding of the normal operation of the memory (Chapter 12). This knowledge
plus the maintenance information will aid the user in isolating and correcting malfunctions.

13.2 PREVENTIVE MAINTENANCE

Preventive maintenance consists of specific tasks performed at intervals to detect conditions that could lead to
subsequent performance deterioration or malfunction. The following tasks are considered preventive maintenance
items.

a. Visual inspection of modules for broken wired, connectors, or other obvious defects.
b. +5Vand -15V checks: both must be within +3%.
c.  X-and Y-current generator check (Paragraph 13.2.2).

Two pieces of test equipment are recommended for checking and troubleshooting the memory: Tektronix 453 Dual
Trace Oscilloscope or equivalent, and Honeywell 33R Digital Voltmeter or equivalent with 0.5 percent accuracy.

13.2.1 Initial Procedures

Before attempting to check, adjust, or troubleshoot the memory, perform the following steps.

NOTE
All tests and adjustments must be performed in an ambient
temperature range of 20°C to 30°C (68°F to 86°F).

1. Verify that all modules are properly and securely installed.
CAUTION

Ensure that all power is off before installing or removing
modules.

2. Visually check modules and backplane for broken wires, connectors, or other obvious defects.
3. Verify that power buses are not shorted together.

4.  Turn on primary power and check that both the ~15V and +5V power are present and within tolerances
(£3%).
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5.  Start the system. The memory should operate without errors. If not, check the output of the current
generator (Paragraph 13.2.2). If the memory still does not operate properly, a malfunctlon has occurred.
Proceed with corrective maintenance (Paragraph 13.3).

13.2.2 Checking Output of Current Cenerators

The amplitude of the current pulse from each current generator (X and Y) is factory set at 4105 mA. It is not
adjustable in the field.

The X- and Y-current generators are located on the G231 Driver Module. Each output has a current loop on its
output line for attaching a test probe. Loop J5 is for the Y-generator and loop J6 is for the X-generator (drawing
G231-0-1, sheet 2). The amplitude of each READ cursent pulse should be 410+5 mA. At the time of measurement,
-15V and +5V power must be within the specified tolerance of +3 percent.

13.3 CORRECTIVE MAINTENANCE -

This paragraph describes the method of interchanging the positions of the memory modules to gain access to test
points. It also describes the strobe delay adjustment, which is a specific corrective maintenance procedure. Further,
three aids are included for performing corrective maintenance: a troubleshooting chart and waveforms for the drive
and sense/inhibit circuits.

13.3.1 Strobe Delay Check and Adjustment

CAUTION
Strobe delay is factory adjusted and should be adjusted only
when one of the three modules is replaced. It is a critical
adjustment and must be done carefully.

The strobe must be set while cycling worst-case noise test patterns (MAINDEC-11-DIGA). The proper setting is
midway between the two end points where the memory starts to error as strobe time is moved from earliest to latest.
As the strobe time is varied, allow adequate time to cycle completely through the worst-case noise test at each strobe
position. Figure 13-1 shows the strobe pulse waveform and the READ pulse waveform and the points at which they
are picked off for display. Strobe-adjusting potentiometer R120 is on the G110 module next to the large delay line
(DL1) and is accessible without putting the module on the extender.

READ H
G110 OR G231 l l
PIN Ccu2

je~——— T STROBE ———} -

STROBE H
G110 TEST POINT 1
INPUT TO E5 PIN 9

11-n38

Figure 13-1 Strobe Pulse Waveform

13.3.2 Corrective Maintenance Aids

Figure 13-2 is a troubleshooting chart arranged as a two-axis grid that identifies faults versus cause location. Figure
13-3 illustrates the sense/inhibit waveforms, and Figure 13-4 illustrates the drive waveforms. Both figures include
schematics to indicate the points in the circuit where the waveforms occur. In addition to nominal waveforms,
dotted lines are used to indicate waveforms that appear if specific components are faulty.
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13.4 PROGRAMMING TESTS

Certain DEC programs may be used to test various memory operations as an aid to troubleshooting. The purpose of
each of these memory-related test programs, as well as the program abstract, is given in the following paragraphs.
Each program contains instructions for use.

13.4.1 Address Test Up (MAINDEC-11-DIAA)

The purpose of the Address Test Up program is to demonstrate that the selected memory area is capable of basic
read and write operations when address propagation is upward through memory. This test program writes the
address of each memory location (within the test limits) into itself and then increments through memory until the
address corresponding to the high limit is reached. After this location has been written, the memory enters the read
cycle. The read cycle starts with the high limit location and reads and compares each word location, decrementing
down to the low limit location. The program halts on an error.

The program ensures that all addresses are selectable and can also be used to isolate bad switches, wiring errors, or
address selection errors. It will also find double selection errors when two bus addresses select the same core address.

13.4.2 Address Test Down (MAINDEC-11-DIBA)

The purpose of the Address Test Down program is to demonstrate that the selected memory area is capable of basic
read and write operations when address propagation is downward through memory. It is a companion test to the
Address Test Up program (Paragraph 13.4.1).

This test program writes the address of each location into itself, downward through memory. After writing down,
the program reads and checks back up through the memory test area. The program halts on an error.

The Address Test Down program resides in the high portion of core memory. It does not check memory below
address 100, as these locations are reserved for trap and vector locations. The program verifies that all modules can
perform their basic functions, checks that all addresses are selectable, and can also be used to isolate faulty switches,
wiring errors, or address selection errors.

13.4.3 No Dual Address Test (MAINDEC-11-DICA)

The purpose of the No Dual Address Test program is to check the unique selection of each memory address tested.
This test is divided into two parts. The first portion of the test fills the test field with 1s and writes Os into the first
test location. This is followed by a read check from this location. The program then checks each field location to
ensure there are no variations from the 1s configuration. Upon completion of this test, the test location pointer is
incremented. The next location is then write/read exercised with Os, and the test field rechecked for any change in
content. When the selected test field has been tested in this mode, the program sets a flag and the second portion of
the test is begun. The program fills the test field with Os and the field is then tested with a write/read exercised with
Is. ’

This program checks for faulty switches or wiring errors, checks the complete address selection scheme, and checks
all 16 bits in the data field for 1s and Os operation.

13.4.4 Basic Memory Patterns Test (MAINDEC-11-DIDA)

The Basic Memory Patterns Test program has two main purposes:
a.  Verify that the selected memory test field is capable of writing and reading fixed data patterns.

b.  Verify that the memofy plane is properly strung.
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This test program writes a specific pattern throughout a given memory zone, then reads the pattern back and
compares it with the original for correctness. If the pattern read fails to compare correctly with the original, the
program initiates a call to the error subroutine. After completely checking the pattern, the program continues on to
the next pattern test.

13.4.5 Worst-Case Noise Test (MAINDEC-11-DIGA)

The purpose of the Worst-Case Noise Test program is to generate the maximum possible amount of plane noise
during execution of memory reference instructions to check system operation under worst-case conditions.

This test program is designed to produce the greatest amount of plane noise possible during memory read and write
cycles. The noise parameters are affected by a number of factors. The noise generated is distributed across the core
plane algebraically and adds to the normal dynamic noise present on the sense lines. This can cause misreading of
data (within the plane) that is in the low (1) or high (0) category. The sense windings of most memories are such
that worst-case patterns can be caused by alternately writing -1 and O data configurations throughout memory. Under
these conditions, worst-case noise is generated by performing a read, write, complement operation at each location.
The test is repeated after complementing all of the pattern data stored in the memory test zone; thus, all cores are
tested for worst-case as both 1s and Os. The pattern or its complement is written into the memory test zone as
determined by the exclusive-OR between address bits 3 and 9.

The Worst-Case Noise Test program is divided into two parts. Part 1 is run first and, during this part of the program,
a -1 configuration is written into all locations having an address with an exclusive-OR state between bits 3 and 9. All
other locations are loaded with the 0 configuration. After the test zone has been loaded, the memory is rescanned.
This time, each location is read, complemented, read, and complemented (RCRC). Any location detected as being
disturbed by a previous RCRC operation is flagged as an error. Upon conclusion of the read scan loop, the program
automatically switches to Part 2. :

During Part 2 of the program, the data patterns stored in memory are complemented. In other words, O patterns are
stored in locations having addresses with an exclusive-OR between bits 3 and 9. All other locations are loaded with
the -1 configuration.

The exclusive-OR pattern distribution for Parts 1 and 2 is summarized for reference as follows:

Part 1 »
Exclusive-OR (3 and 9) = | pattern
No Exclusive-OR (3 and 9) = 0 pattern

, Part 2
- Exclusive-OR (3 and 9) = 0 pattern
No Exclusive-OR (3 and 9) =-1 pattern

After memory is loaded, it is scanned again with a read, complement, read, complement (RCRC) loop as previously
described. Any location detected as being disturbed by a previous RCRC operation is flagged as an error.

Before writing or reading any location (in either part of the program), the program issues a call to subroutine
XORCK (exclusive-OR check) that tests bits 3 and 9 and sets the XORFLG if the exclusive-OR condition is present.

Subroutine ERRORA is called for any location disturbed from the -1 configuration; subroutine ERRORB is called
for any location disturbed from the O configuration.

The program prints out errors and repeats when complete without interruption. Upon completion, the program rings
the teletype bell and then halts if switch 12 is present. A continue from the halt initiates another pass.

If the program indicates an error, use the troubleshooting chart as a guide to locate the fault.
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PART 4
POWER SUPPLY

Part 4 provides specifications and a general physical description of the power supply.
A detailed circuit description and maintenance information are also included. The
chapters of Part 4 are:

Chapter 14 — Power Supply General Description
Chapter 15 — Power Supply Detailed Description
Chapter 16 — Power Supply Maintenance



CHAPTER 14
POWER SUPPLY GENERAL DESCRIPTION

14.1 INTRODUCTION

The power supply is a forced air-cooled unit that converts single-phase 115V or 230V nominal, 47-63 Hz line voltage
to the three regulated output voltages required by the computer. The output voltages and their principal uses and
characteristics are:

Voltage Use ' Characteristics
+15V  Communication Circuits Series regulated and overcurrent protected. |
+5V IC Logic ) Switching regulated and overvoltage and overcurrent protected.

=15V Core Memory Switching regulated and overvoltage and overcurrent protected.

The power supply is used in conjunction with the BCOSHXX (1 1'5\/) or BCOSIXX .(23OV) Power. Control
Assemblies, which contain a line cord, circuit breaker, and RF1 capacitors. Line cord length is specified in the part
number;e.g., 115V, 6 feet is designated BCOSHO6.

The power circuitry also generates BUS AC LO L and DC LO L power fail early warning signals, and the LTC L
- real-time clock synchronizing signal.

A thermal control mounted on the heat sink will interrupt the ac input should the heat sink temperature become
excessive due to fan failure or other cause.

14.2 PHYSICAL DESCRIPTION
The power supply comprises three major subassemblies and two cables: the power control unit, power chassis
assembly, dc regulator module, dc cable, and ac cable.

14.2.1 Power Control Unit

The power control unit (drawing H400-0-0) is mounted to the rear of the computer by two screws. It contains line
cord, circuit breaker, RFI capacitors, 115V or 230V connections for the power supply transformer, and an output
6-socket Mate-N-Lok connector. Physically, it consists of a sheet metal bracket and a slide-on cover that is locked in
place by one screw. A single pole thermal breaker and a line cord strain-relief grommet are mounted on the flange of
the bracket, making the line cord and breaker reset button accessible on the rear of the computer.
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A small printed circuit card is mounted directly to the breaker terminals. This card interconnects and mounts the
RFI dual-disc ceramic capacitor, the output Mate-N-Lok connector and three fast-tabs for ac input and ground
connections. A dual fast-tab is connected directly to the bracket. The black and white line cord wires are connected
via fast-tab to the PC card; the green (ground) line cord wire is connected to the dual fast-tab, which in turn is
connected to the third fast-tab on the PC card.

The 115V and 230V models differ in only two respects: breaker current rating and (printed circuit) jumpers for
parallel or series connection of the power supply transformer primaries. Power control part numbers are: BCOSHXX
- 115V, 7A;and BCOSJIXX - 230V, 4A; where XX denotes line cord length; e.g., BCOSHO6 has a 6 foot line cord.

14.2.2 Power Chassis Assembly

The 700 8731 Power Chassis Assembly (Figures 14-1 and 14-2) consists of a long, inverted U-shaped chassis,
700-8726 power transformer, and a S-inch fan. It is secured to the bottom of the computer by four 8-32 by 3/8 inch
Phillips pan-head bolts.

POWER SUPPLY FAN

DC REGULATOR MODULE

THERMOSTAT
MATE-N-LOK CONNECTOR

TRANSFORMER FAST TABS

CHASSIS Al N \

—-@

.71,
3PIN
MATE-N-LOK
CONNECTORS
POWER CONTROL
MATE-N-LOK
CONNECTOR

Figure 14-1 Power Supply Assembly With DC Regulator Module Installed
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DC REGULATOR MODULE

DC CABLE

)

\
4

CHASSIS

Figure 14-2 Power Supply Assembly With DC Regulator Module Removed

The chassis is mounted to the right of the connector blocks, when viewed from the front, and airflow is from front
to rear. The fan is held to one end of the chassis by two screws; the transformer is held to the other end by four
mounting studs. The transformer may be removed by loosening four nuts, which are accessible through large holes
on the bottom of the power chassis.

The dc regulator module is mounted to the chassis assembly by six screws and must be removed for cable access. The
dc cable enters a slot on the connector block side of the chassis; the ac cable enters a siot on the other side.

Connections to the fan are made by small fast-tabs; connections to the transformer are made via Mate-N-Lok
connectors: 6-pin for primary, 3-socket for secondary.

14.2.3 DC Regulator Module

The 5409728 DC Regulator Module (Figures 14-3 and 144) is a printed circuit assembly, mounted to the power
chassis assembly by four 6-32 by 9/16 inch and two 6-32 by 1/4 inch Phillips pan-head screws.

Computers that were shipped during the first three or four months of production use a dc regulator module
designated 5409728-Y A-0; later shipments use a module designated 5409728-0-0, E revision. There are differences in
component values on the two modules. The discussion of the dc regulator module circuits in this manual is directed
to the later module, designated 5409728-0-0. Engineering drawings applicable to the module used are shipped with
the equipment. These drawings provide schematics and component values of the dc regulator module.

This module contains all the circuitry between the transformer secondary winding and the power supply output
cable. The transformer secondary 3-socket Mate-N-Lok connector is plugged into a mating connector that is soldered
directly to the printed circuit board and is accessible underneath it. The 9-pin Mate-N-Lok connector on the dc
output cable to the computer is similarly mated to a connector underneath the other end of the board.
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ADJUSTMENT POTENTIOMETERS

HEAT SINK

THERMOSTAT
MATE-N-LOK
CONNECTOR

Figure 14-3 DC Regulator Module, Top View

The dc regulator module may be probed for troubleshooting purposes from the top; all points on the circuit are
available. It may also be removed from the top for cable access and for parts replacement by removing the six
mounting sCrews.

The printed circuit is approximately 5 by 10 inches, with about half of the top surface devoted to the heat sink. The
power transistors and power rectifiers are bolted to two shelves on the sides of the heat sink and make contact with
the circuit board directly underneath via solder and screw connections. The heat sink is hard anodized for electrical
insulation. )

The other half of the top surface is devoted to interconnecting and mounting the balance of the circuit. Three small
output voltage adjustment potentiometers are accessible on this top portion of the board.

Two small pico fuses are mounted on the top of the PC board on the fan end. These fast-acting fuses will typically
only blow when some component is defective or when the +5V or =15V is too high. The two input filter capacitors

are held to the underside of the board by a bracket and are connected to the circuit via jumper tabs on the fan end.

The +5V and - 15V output filter capacitors and inductors are also mounted under the board, the former by screws
and the latter by nuts.
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Figure 14-4 DC Regulator Module, Bottom View

Care must be taken to ensure that all electrical and mechanical connections are secure. In manufacturing, the
hardware is tightened with a torquing device set to 12 inch-pounds.

14.2.4 DC Cable

This is a simple cable connecting the computer module to the dc power module via a 9-pin Mate-N-Lok. The latter is
made accessible by loosening the six mounting screws and lifting out the dc module. Cable access is through a slot on
the computer module side of the power chassis.

14.2.5 AC Cable

This cable interconnects all ac portions of the computer chassis (Figures 14-1 thrdugh 14-4). The ac portions of the
computer chassis are as follows:

Power Supply Fan — two fast-tabs

Power Supply Thermostat — one 2-pin Mate-N-Lok

Memory Section Fan — two fast-tabs

Transformer Primary — one 6-socket Mate-N-Lok

Power Control — one 6-pin Mate-N-Lok

PDP-11 System AC Power Control — two 3-pin Mate-N-Lok connectors on rear of computer.

me Ao o

The ac cable is located on the right-hand side and rear of the computer and is inherently shielded by the power
supply chassis and the computer chassis.
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14.3 Specifications

Tables 14-1, 14-2, and 14-3 list all the power supply specifications according to input, output, and mechanical and
environmental specifications.

Table 14-1
Power Supply Input Specifications
Parameters Specifications
*Input Voltage (1 phase, 2 wires and ground) 95-135/190-270V
Input Frequency 47-63 Hz
Input Current 5/2.5A RMS
Input Power , | 325W at full load
Inrush | 80/40A peak, 1 cycle
Rise Time of Output Voltages 30 ms max. at full load, low line
Input Overvoltage Transient 180/360V, 1 sec
360/720V, 1 ms
.Storage After Line Failure 25 ms min., starting ét low line, full load
Input Breaker (part of BCO5 Power Control) 7A/4A single-pole, manually reset, thermal
Thermostat Mounted on Heat Sink (opens 277V 7.2A contacts
transformer and fan power) Opens 98—105°C

Automatically resets 56—69°C

Input Connections Line cord on BCOS Power Control, length
and plug type specified with BCOS
(Paragraph 2.2.1.1)

Turn-On/Turn-Off Application or removal of power

Hipot (input to chassis and output) 2.1 kV/dc, 60 sec

*Input voltage selection, 115V or 230V, is made by specifying the appropriate AC Input Box, DEC Model BCO5.
All specifications are with respect to the BCOS input.
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Table 14-2
Power Supply Output Specifications

Parameter Specification
+15V

Load Range

Static 0-1A

Dynamic 0-1A
Max. Bypass Capacitance in load for 30 ms turn-on 500 mF
Overvoltage protection o . None
Current limit at 25°C 1.3A to 1.7A (-6.2 mA/°C)
Backup Fuse 15A (also used for +5V)
Adjustmentv | +5% min.
Regulation (All causes including line, load, *5%

ripple, noise, drift, ambient temperature)

+5V
Load Range
Static 0-15A
Dynamic #1 %5A (within 0—17A load range)
Dynamic #2 No load — full load
Max. Bypass Capacitance in load for 30-ms 2000 uF
turn-on
Overvoltage Crowbar (blows fuse) 5.7-6.8V actuate (7V abs. max. output)
Current Limit at 25°C 24—-29.4A (-0.1A/°C)
Backup Fuse (series with raw dc) 15A
Adjustment Range 15% min.
Regulation
Line , 0.5%
Static Load 3%
Dynamic Load #1 2%
Dynamic Load #2 *10%
Ripple and Noise 4% peak-to-peak
1000 Hour Drift +0.25%
Temperature (0—60°) *1%
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Table 14-2 (Cont)
Power Supply Output Specifications

Parameter Specification
-15v

Load Range

Static 0-7A

Dynamic #1 . AI=5A(0.5A/us)

Dynamic #2 No load — full load (0.5A/us)
Max. Bypass Capacitance in load for 30-ms 1000 uF
turn-on
Overvoltage Crowbar (blows fuse) 17.4—20.5V (22V abs. max. output)
Current Limit at 25°C 10~13.3A (-0.03A/°C)
Backup Fuse (series with raw dc) S5A
Adjustment Range +5% min.
Regulation

Line and Static Load 1%

Dynamic Load #1 +2.5%

Dynamic Load #2 3%

Ripple and Noise 3% peak-to-peak

1000 Hour Drift +0.25%

Temperature (0—60°C) +1%

BUSDCLOLand BUSACLOL
Static Performance at Full Load
(for 230V connection, double below voltages)

BUS DC LO L goes to high 74—80 Vac line voltage
BUS AC LO L goes to high - ' 8—11V higher
BUS AC LO L drops to low 80—86 Vac line voltage
BUS DC LO L drops to low 7—-10V lower
Hysteresis (contained in above specifications) 3—4 Vac
Output voltages still good 70 Vac line voltage
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Table 14-2 (Cont)
Power Supply Output Specifications

Parameter Specification

BUS DCLOL and BUS ACLO L (Cont)

Dynamic Performance
Worst case on power-up is high line, POWER ON
full load.
I SLOWEST OUTPUT
| ! COMES UP
[
| |
i
30ms__
ll'-MA)( : BUSDC LO L
I
|
2ms
"M'N"} BUS AC LO L
|
|
ms
NOMINAL - 1094
Worst case on power-down is low line, - iy
full load.
' POWER DOWN
]
: 25ms !
‘ MIN « FASTEST OUTPUT
| ! GOES DOWN
1 [
1
: Sms :
M MIN®] '
! , , BUS AC LO L
|
‘ :
1
:"%Tr:"‘- 1ms MIN ——s
' ' BUS DC LO L
11-1099
Output Characteristics
Open Collector : 50 mA sinking capability
+0.4V max. offset
Pull-Up Voitage on Unibus 5V nominal, 18052 impedance
Rise and Fall Times 1 us max.

Outputs shall remain in O state
subsequent to power failure until power
is restored despite Unibus pulling
voltagés remaining.

14-9



Table 14-3
Mechanical and Environmental Specifications

Parameter Specification
Weight '
DC Regulator 7 Ib approx.
Power Chassis Assembly including AC 18 Ib approx.
Regulator Module
Dimensions 16.50 in. length
5.19 in. width
3.25 in. height
Cooling Means Integral S in. fan
Minimurh Cooling Requirements 375 CFM through heat sink
' 250 CFM over caps, chokes, and transformer
Rated Heat Sink Temperature 95°C max.
Shock, Non-Operating 40G (duration 30 ms) 1/2 sine in each of
six orientations )
Vibration, Non-Operating 1.89G RMS average, 8G peak; varying from
) 10 to 50 Hz, 8 dB/octave roll-off 50—200 Hz;
each of six directions
Ambient Temperature 0 to +60°C operating
-40 to +71°C storage
Relative Humidity 95% max. (without condensation)
Altitude 10K ft

Output parametérs are specified at the pins of .the 9-pin Mate-N-Lok connector (Figure 14-5) which plugs into the
output connector on the 5409728 module. All output voltages are given with respect to the common ground pin on
this connector. IR drops in the distribution wiring are minimized to achieve good regulation at the load.

Pin1 BUSACLOL

Pin 2 Common

Pin 3 +5V output

Pin 4 LTCL (Clock Signal)
Pin § +15V output

Pin6 BUSDCLOL

Pin 7 Not used

Pin 8 Not used

Pin 9 -15V output

©® ©

- ® ® 6
©)
_L@ ® ©

NOTES: 1. The circuit connected to pins 7 and 8 is not used in the PDP-11.
2. Pin 2 is not connected to chassis within the power supply. Chassis ground is made at the
backplane.

Figure 14-5 Output Connector, 5409728 Regulator Module
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CHAPTER 15
POWER SUPPLY DETAILED DESCRIPTION

15.1 INTRODUCTION

The power supply discussion is divided into two sections: the ac input and the dc regulator module. A detailed
description to the circuit component level is provided for each section. The ac input circuit description discusses the
power supply interconnections, power control, power switch, transformer, power control circuit breaker, and the
power supply thermostat. The dc regulator module description discusses the generation of the three power supply
voltages.

15.2 ACINPUT CIRCUIT

A detailed ac interconnection diagram is shown in Figure 15-1. Schematic representations are shown in Figures 15-2
and 15-3.

The line cord, single pole breaker, RF} capacitor, and connections for transformer 115V or 230V wiring are
contained in the power control unit. To select 115V or 230V input, use the BCOSH or BC05J power control unit,
respectively.

A 3-section ganged keyswitch is employed and mounted on the console. One section interrupts the power to the
transformer primary. A second section is wired to two 3-pin Mate-N-Lok connectors, if the PDP-11 cabinet power
control bus is plugged into one of these connectors, the keyswitch will turn on the whole cabinet as well as the

" computer. The other three-pin Mate-N-Lok is provided for daisy-chaining in the cabinet power control system. The
third section of the keyswitch is for Panel Lock and is described in Chapter 4.

The transformer is rated for 47—63 Hz and is equipped with two windings that are connected by the power control
in parallel for 115V operation and in series for 230V. The fans are connected across half of the primary so that they
are always provided with 115V nominal. There is an electrostatic shield between primary and secondary of the
transformer. :

The power control circuit breaker contains a single-pole thermal circuit breaker that protects against input overload
and is reset by pressing a button on the rear of the power control box.

The thermostat is mounted on the power supply heat sink. If the heat sink temperature rises to about 100°C, the
thermostat will open one side of the primary circuit and de-energize the power supply. It will automancally reset at
about 64°C.

153 DC REGULATOR MODULE OPERATION

Regulator module 5409728-0-0, J revision is discussed. A block diagram of this module is shown in Figure 15-4. The
center-tapped output of the power transformer is applied to positive and negative rectifier and filter circuits. The
rectifier circuits produce +39V and -39V nominal raw dc voltages which are unregulated but well filtered by the
input storage capacitors.
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Figure 15-2 115V Connections — Simplified Schematic Diagram
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Figure 15-3 230V Connection Diagram

15-3



Sl

CENTER TAPPED
AC FROM
TRANSFORMER
SECONDARY

SERIES

Figure 15-4 Regulator Module Block Diagram

REERIES > +15V OUTPUT
VOLTAGE OVER CURRENT
DETECTION DETECTION
T
OVER CURRENT VOLTAGE
DETECTION DETECTION
SWITCHING
REGULATOR +15V OUTRUT
OVER VOLTAGE
CROW BAR
SCALING »  AcLO OPEN COLLECTOR
POSITIVE NG RESISTORS .| DETECTION CURRENT SINK [=DC LO L
IMI
LIMITING AUXILLIARY
*| resisToRrs [*1 ‘ac/oc Lo [~ e _l
RECTIFIER REFERENCE »  bcLo OPEN COLLECTOR | o ac (0 L
DIODE DETECTION CURRENT SINK
RESISTOR-ZENER .
CLIPPER >LcL
NEGATIVE _ ;
RECTIFIER, FILTER, (=) RAW DC J 5\ TCHING REGULATOR » * ~15V OUTPUT
AND FUSE
VOLTAGE
DETECTION
OVER VOLTAGE
CROW BAR
OVER CURRENT
DETECTION

11-1046



The +39V dc is used by an efficient switching regulator circuit to produce the +5 Vdc output. Provisions for
overcurrent detection are incorporated in the regulator circuit so that excess current is limited when there is a
malfunction in the load. The +5V output is also protected against overvoltage by a crowbar circuit which limits the
output to under 7V; before the output gets to this value the crowbar circuit blows the fuse in the output circuit of
the rectifier.

The -39 Vdc is used by the -15V circuit, which is similar in operation to the +5V regulator circuit. The -15V
crowbar circuit limits the output to -22V.

The LTC L Real-Time Clock synchronizing signal is generated by a simple Zener clipper that is fed from the
transformer secondary.

The BUS AC LO L and BUS DC LO L signals are used to warn the Unibus of imminent power failure. Circuits on the
regulator module detect the transformer secondary voltage and generate two timed TTL-compatible open-collector
signals that are used for power fail functions by devices on the Unibus.

15.3.1 Generation of Raw DC Voltages

As stated in the previous paragraph, the center-tapped transformer secondary voltage is rectified and filtered prior to
being fed to the three dc regulators. '

" The circuitry is shown in Figure 15-S. Bridge rectifier D14 is mounted on the heat sink and input capacitors C1 and
C2 are mounted on the bottom of the regulator module. These capacitors filter the input dc and are large enough to
provide power storage for at least 25-ms when the input power is shut off or fails.

R4S
, 4.7k
Wi-3 NSS-3514 1/2W
/ A AN~
47286\.,'31(: J1=1 ; F1,15A
—63Hz - ,
FROMS D= « D14 N\ p » TO+5V
TRANSFORMER REGULATOR CIRCUIT
SECONDARY
Wi-2 RS5
/" : 2.7K
2w (LTeL
c2 c1 N QUTPUT
24K pF 24KpF_l_ D13
50V SOV~ & \N748a
N - 3.9A
AR
=
Y v , " R4 47K
TO AC LO ‘ A
A R&irs®
F2.10A o TO-15V REGULATOR

CIRCUIT
n-i74e

Figure 15-5 Rectifier and LTC L Circuits

Two fuses are used to protect the regulator and load during faults. A 15A fuse protects both the +6V and +15V
" otuputs and a SA fuse protects the -15V output. The fuses will not normally blow when a regulator output is
shorted because the three outputs are electronically overcurrent protected. However, the appropriate fuse will blow
in case of +5V or - 15V overvoltage crowbar or in case of failure in one of the overcurrent circuits.
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The resistor across each fuse provides a slow (100 — 150 seconds) discharge of C1 or C2 after the power is turned off
in case a fuse blows. The capacitors are placed ahead of the fuse to limit the energy in any fault and thus better
protect the outputs.

15.3.2 LTC L Circuit

The LTC L Real-Time Clock synchronizing signal (Figure 15-5) is generated by a Zener clipper circuit. The output
waveform is a square (clipped sine) wave at line frequency. For the positive half of the output sine wave, D13 clips
at about +3.9V and for the negative half D13 clips at its forward voltage of -0.7V.

15.3.3 BUS AC LO L and BUS DC LO L Circuits

The circuitry shown in Figure 15-6 is used to generate the timed Unibus power status signals specified in Table 14-2.
These signals are used for power fail functions. The transformer secondary voltage is rectified by D1 and D2 and
filtered by C9 and R1, R14.
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TRANSFORMER SECONDARY oz 'tk | FlOki%  Fiokiw  Fiokiw oK%
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" J2-6 pocoL
S : OUTPUT
Qi7 fis 3RS

+10V XA55 xAs5 3 1K1%
8US
J2-1
AC LO L § b R b R10 Q19
OUTPUT 310K $75k | 2N1309
Q15 s | 1% Ji%
XAS5 = =
XAS55 1{5‘“’
R
Q14 105 0
2N1309 1% 2N1308
Q13 ; =
2N1308 RI3 iR7
470 $1K 1%

i
IF

= . 11-176

Figure 15-6 BUS AC LO and BUS DC LO Circuits

Circuit parameters are chosen so that the voltage across C9 rises slower than the thrée regulated output voltages on
power-up, and decays faster than the three regulated output voltages on power-down.

Two differential amplifier circuits are used to detect power status: Q17, Q18 is used to generate BUS DC LO L; and
Q15, Q16 is used to generate BUS AC LO L. The differential amplifiers share a common reference Zener diode D3,
which is fed approximately 1 mA by R3. )

As C9 charges subsequent to power-up, first Q17, Q18, and then Q15, Q16 change state; the reverse is true during
power-down. When C9 starts to charge, Q17 and Q16 are on and Q15 and Q18 are not conducting. As C9 charges
further, Q18 starts to conduct into R7 and raises the voltage on the cathode of D3. This acts as positive feedback
and snaps Q17 off and Q18 on more solidly. A few milliseconds later, the voltage across C9 has risen sufficiently for
the same process to take place in differential amplifier Q15, Q16. The status of each differential amplifier is
followed by the germanium transistor open-collector output stages Q19, Q20 for BUS DC LO L, and Q13, Q14 for
BUS AC LO L. These stages clamp the Unibus at about +0.4V until the differential amplifier circuits sequentially
signal them across R11 and R12 that power is up. The outputs then rise to about +5V as dictated by the Unibus
loading and pull-up termination resistors.



The sequence is as follows:

power-up > then BUSDCLOL=0-then BUSACLOL=0
0 = high (+3V)
power-down = BUSACLOL=1-BUSDCLOL=1

1 =low (+0:4V)

Any time that BUS DC LO L or BUS AC LO L go low, there is sufficient storage in capacitors C1 and C2 to
maintain output voltage long enough to permit the power fail circuit to operate. The open collector stages are
designed. to clamp the Unibus to 0.4V maximum, even when there is no ac input to the regulator. They are
inherently biased on by R11 and R12 until the differential amplifiers signal that power is OK.

15.3.4 +15V Regulator Circuit

The +15V regulator shown in Figure 15-7 is a simple series regulator. The pass transistor Q1 is a high-gain power
Darlington type and is mounted on the heat sink. Base drive current is supplied to Q1 via R38. Q3 limits the value of
this current to the required value by shunting it away from the Q1 base. Q4, the voltage detector amplifier, biases on
Q3 and thus limits current in Q1. The +15V output voltage is sampled on the viewing chain R34, 35, 36 and
compared to the voltage across reference Zener D8, which is fed by R37. If the output tries to increase from the
regulfated value, the emitter of Q4 is made more negative (relatively) than its base and conduction through Q4
increases. This increases the conduction through Q3 and causes Q1 to shut down sufficiently to restore the output
voltage to the regulated value. Ambient temperature compensation of the voltage detector is essentxally flat since D8
has a +2 mV/°C temperature coefﬁcxent and the base emitter junction of Q4 has a- -2 mV/°C temperature
coefficient.

o TO PWR OK CIRCUIT

—_—
(NOT USED IN PDP-11/05)
R33
0.39 Q1
2w 42500 1ous
+28v FROM RECTIFIER =5 <+§5V. 1A OUTPUT
Q2 ?gg . 3 ggg “& IN753A +| cie
1% 62V Ry 4Tt
20v
R3S
100 R36
. 464 pe
-~CW ooy
C’S-L
ROBB Q3 SSODFI
10K [
foR3 = *AGS
10K 3

11-0968

Figure 15-7 +15V Regulator Circuit

R35 is the +15V voltage adjustment potentiometer and C18 is a high frequency stabilization capacitor. Q2 is the
overload detector; when the output current reaches 1.5A nominal, the voltage across R33 is sufﬁc:1ent to cause Q2 to
conduct which removes base drive from Q1 and causes the regulator to current limit.

15.3.5 +5V Regulator Circuit

The +5V regulator is similar to the +15V regulator in that the sampled output voltage is compared to the voltage
across a reference Zener by a voltage detector transistor, which in turn controls the drivers for the main pass
transistor. An over-current circuit is used also. The +5V regulator circuit is shown in Figure 15-8.
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Figure 15-8 +5V Regulator Circuit

The viewing chain consists of R49, R50, and R51. The reference Zener is D9, which is fed by R44. Q10 is the
detector amplifier. The pass transistor Q6 and first stage driver Q7 are mounted on the heat sink. The predriver Q8 is
turned on by R46. The current is diverted from the base of Q8 by off-driver Q9, which is controlled by Q10. The
+15V and +5V regulators are similar in operation; i.e., a tendency for the output voltage to rise results in more
conduction through Q10 and resultant limiting of conduction through Q6.

Here the similarity ends. The +5V regulator operates in the switching mode for increased efficiency. To get the
regulator to switch, positive feedback is applied to the voltage detector input via R47. Thus the whole regulator acts
as a power Schmitt trigger and is either completely turned on or turned off, depending on whether the output
voltage is too high or too low. When Q6 is on, it supplies current through filter choke L1 to the output smoothing
capacitor C7 and the load. When Q6 is off, the L1 current decays through commutating diode D10, which becomes
forward biased by the back emf of L1. The waveform across D10 is a 30V nominal rectangular pulse train. The
filtered output across C7 is thus +5 Vdc with about a 200-mV peak-to-peak 10-kHz nominal sawtooth of
super-imposed ripple. At the crest of the ripple, Q6 turns off and at the valley Q6 turns on. This switching mode of
operation limits the dissipation in the circuit to the saturated forward losses of Q6 and D10 and the switching losses
of Q6. The resultant high efficiency allows the use of a small heat sink and relatively few power transistors.

R50 is the voltage adjustment potentiometer. R51 is a positive temperature coefficient wire-wound resistor that
compepsates for the fact that the Q10 base-emitter junction and the reference diode D9 both have negative voltage
temperature coefficient. QS current, limited by R39 and R40, detects the overcurrent signal generated across resistor
R41, which is in series with the Q6 collector.
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Output fault current is limited to a safe value because conduction of QS makes the reference voltage across D9
decrease to zero. This causes Q10 to conduct and shuts down the regulator. C5 is an averaging capacitor, which is
necessary in the circuit because the current through R41 is pulsating.

High frequencies bypass capacitors are used on the input and output of the regulator (C3 and C6, respectivély). Cais
used to slow down the turn-on of Q6 to allow D10 to recover from the on state without a large reverse current spike.

If a malfunction causes the output voltage to increase beyond about 6.8V nominal, Zener diode D2 conducts and
fires silicon-controlled rectifier Q11. This crowbars the output voltage to a low value through D11 and blows the
fuse F1 in the rectifier circuit through R52.

15.3.6 -15V Regulator Circuit

The -15V regulator circuit is shown in Figure 15-9. It is essentially the complement of the +5V regulator circuit and
differs only in the following minor details.

a.  The crowbar device is a Triac Q27 instead of an SCR. No temperature compensating resistor is required
because Q26 and D4 track each other, as in the +15V regulator (paragraph 15.3.4).

b.  The detailed interconnection of the drivers and the circuit values are different.

c.  The -15V output voltage is adjusted by potentiometer R26.
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CHAPTER 16
POWER SUPPLY MAINTENANCE

16.1 INTRODUCTION

Information is provided in this chapter to maintain the power supply. This consists of adjustments, circuit
waveforms, troubleshooting, and parts identification. The adjustments consist of three output potentiometers. The
circuit waveforms provide a guide to proper operation at various places in the circuit. The troubleshooting section
provides rules, hints, and a troubleshooting chart as a maintenance aid in isolating power supply malfunctions.
Finally, the parts identification section provides a directive to obtaining parts information for the entire power
supply unit through a parts location directory to the mechanical engineering drawings in the Engineering Drawing
Manual.

16.2 ADJUSTMENTS

Three adjustments to the power supply adjust the three dc output voltages: +15V, +5V, and -15V. A small
screwdriver is all that is required. Clockwise adjustment of any of the potentiometers increases voltage, and the
potentiometers are located on the top side of the dc regulator module. The potentiometer designations are:

a. R35-+15V
b. RS50-+5V
c. R26--15V

In performing any of these adjdstments note the following:

CAUTION
1. Do not adjust voltages beyond their 105 percent rating
and adjust slowly in order to avoid overvoltage crowbar,
which will blow dc output fuses.

2. Do use a calibrated voltmeter; preferably a digital
voltmeter. Voltages should be adjusted to their center
values: +15.0, +5.0, and -15.0, all under load at the dc
cable termination on the system computer backplane.

16.3 CIRCUIT WAVEFORMS

The two basic regulator circuits used on the dc regulator module generate +5V and -15V. Figure 16-1 shows six
waveforms of the +5V regulator circuit taken at two points (A and B) in the circuit (Figure 15-8). Waveforms a, b,
and c are taken at point A, which is the +5V circuit, Q6 transistor output. Waveforms d, e, and f are taken at point
B, which is +5V power supply output (J2-3). Figure 16-1 also indicates the load conditions and time scales for each
waveform. Figure 16-2 shows six waveforms of the -15V regulator circuit taken at two points (C and D) in the
circuit (Figure 15-9). Waveforms a, b, and c are observed at point C, which is the -15V circuit, Q22 transistor
output. Waveforms d, e, and f are observed at point D, which is the ~15V power supply output (J2-9). The load
conditions and time scales of the respective waveforms are indicated in Figure 16-2. These waveforms were taken on
a Tektronix Model 453 Oscilloscope. All waveforms are with respect to J2-2, power common.
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Figure 16-1 +5V Regulator Circuit Waveforms
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16.4 TROUBLESHOOTING

Troubleshooting information for the power supply consists of troubleshooting rules, hints, and a troubleshooting
chart. This information provides a maintenance aid to isolating power supply malfunctions (drawing
D-CS-5409728-0-1). :

16.4.1 Troubleshooting Rules

Troubleshooting rules for the power supply are as follows:
a.  Make certain that power is turned off and unplugged before servicing the power supply. -

b.  Ensure that input capacitors C1 and C2 are discharged before servicing the power supply. A 10 to 1002,
10W resistor can be used to hasten the discharge of the capacitors. (Be sure power is off.)

c.  The dc regulator module is not internally grounded to the chassis; therefore, shorts to ground can be
located after disconnecting the dc output cable to the system unit.

d.  The dc output fuses F1 and F2 can be replaced without removing the dc regulator module. Before
unsoldering fuses, observe cautions described in Steps a and b.

e.  For proper operation, all hardware must be secured tightly to about 12 inch-pounds (i.e., capacitors,
chokes, semiconductors). All hardware should be replaced with identical hardware replacement parts.

f.  The dc regulator module may be removed from the top of the power chassis assembly while the latter is
still bolted to the computer chassis. The dc regulator module is held in place by six screws.

g.  When replacing power, semiconductor components that are secured to the heat sink, apply a thin coat of
Wakefield #128 compound or Dow Silicon Grease to the heat sink contact side (bottom) of the
semiconductor. Insulating wafers are not required.

16.4.2 Troubleshooting Hints

CAUTION
Unplug computer before servicing.

The most likely source of power supply malfunction is the dc regulator module. A quick remedy for a malfunction
may be to replace this entire module. The problem, however, could be a short in the system unit or possibly a
defective component or other problem in the ac input circuit.

The +5V and - 15V regulators contain overvoltage detection circuitry. If R50 or R26 are adjusted too far clockwise,
the corresponding crowbar circuit will trip and blow fuses. To correct this condition: adjust the potentiometer fully
counterclockwise, replace the blown fuse, and re-adjust per Paragraph 16.2.

Make a visual examination of the circuitry. Check for burnt resistors, cracked transistors, burnt printed circuit board
etch, oil leaking from capacitors, and loose connections. A visual check can be a quick method of locating the cause
of a malfunction.

16.4.3 Troubleshooting Chart

In checking the various areas of the power supply, the rules listed in Paragraph 16.4.1 should be followed. The
waveforms referenced in Paragraph 16.3 provide a comparison for the troubleshooting readings. Table 16-1 provides
the dc regulator troubleshooting chart.
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Table 16-1

Troubleshooting Chart
Problem Cause
No +5V and +15V output F1 opened*
D14 or transformer opened*
+5V adjusted too high*
+5V Output Too Low Q5,D9,Q10,Q9,Q11,D12,0r D10
Shorted CS or C7 shorted

R49, R50, R46, or R44 opened

Q6,Q7, Q8, or D11 shorted
A9,Q10, or D9 opened*

R51, or R50 opened

+15V Output Too High Q1 shorted
' E8 opened
R3S or R36 opened

No =15V Output F2 opened
D14 or transformer opened

-15V Output Too Low -15V adjusted too high*

Q25, D4, Q26,Q21, Q27, D7 or DS shorted
C14 or C12 shorted

R22, R26, R25, or R29 opened

: Q22, Q23, Q24, or D6 shorted
Q25, Q26, or D4 opened

BUS AC LO L Will Not Go High Q13, Q14, or Q15 shorted
Q16 or D3 opened

R7, R3, R6, or R8 opened
C9 shorted

BUS AC LO L Will Not Go Low Q13,Q14, or Q16 opened
and/or acts erratically on Q15 or D3 shorted
power-on/power-off R12, R13, R7, or R10 opened

BUS DC LO L Will Not Go High Q19, Q20, or Q18 shorted
Q17 or D3 opened

R7, R2, or R6 opened

C9 shorted

BUS DC LO L Will Not Go Low Q19, Q20, of Q17 opened
Q17 or D3 opened

R7, R3, or R6 opened

C9 shorted

*These causes make the crowbar fire, which in turn, blows the appropriate fuse.
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Table 16-1 (Cont)

Troubleshooting Chart
Problem Cause

BUS DC LO L Will Not Go Low Q19, Q20, or Q17 opened
and/or acts erratically on Q18 or D3 shorted
power-on/power-off R9, R10, R11, or RS opened
No LTC L Signal R55 opened

D13 shorted
LTC L Going Too High D13 opened

16.5 PARTS IDENTIFICATION

Parts identification for the power supply is provided in the Engineering Drawing Manual. This includes the assembly
drawings with associated parts lists, which list the respective unit parts, their part designation, and their DEC part
numbers. These drawings and the respective drawing numbers are as follows: '

a.

b.

Power Supply Chassis: E-1A-5309816-0-0

Power Control Board 115V: C-1A-5409824-0-0
230V: C-IA-5409825-0-0

DC Regulator Module: E-IA-5409728-0-0
D-CS-5409728-0-1 (schematic)

Power Supply Assembly and Fan: D-AD-7003731-0-0

AC Input Box Assembly: D-UA-H400-0-0

Line Set 115 Vac 7A: C-UA-BCO5H-0-0
230 Vac 5A: C-UA-BC05J-0-0
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APPENDIX A
INTEGRATED CIRCUIT DESCRIPTIONS

A.1 INTRODUCTION

The MSI and LSI integrated circuits (ICs) which are shown in the engineering drawings are discussed in the following
paragraphs. The descriptions include a pin location diagram, simplified logic diagram, and truth table. These
descriptions are intended as maintenance aids for troubleshooting to the IC level. Table A-1 lists the ICs by part
number, name, and respective paragraph number.

Table A-1

Integrated Circuits
Manufacturer DEC Name Para.
Part Number Part Number
8266 1909934 2-Input, 4-Bit Digital A2
. Multiplexer
7413 » 19-09989 Dual NAND Schmitt Triggers A3
7473 19-05587 Dual J-K Master-Slave ’ A4
» . Flip-Flops
7474 : 19-05547 Dual D-Type, Edge-Triggered AS
Flip-Flops
7475 ' 19-09050 4-Bit Bistable Latch A.6
7489 19-10396 64-Bit Read/Write Memory ‘ A7
74121 19-10230 Monostable Multivibrator A8
74150 19-10153 Data Selector Multiplexer A9
74153 - 19-09927 Dual 4-Line-to-1-Line Data A.10
' ' Selectors/Multiplexers
74154 19-09701 4-Line-to-16-Line Decoders/ CAdL
Demultiplexers




Table A-1 (Cont)

Integrated Circuits
Manufacturer DEC Name Para
Part Number Part Number
74157/748158 19-10655/ Quadruple 2-Line-to-1-Line A.12
19-10656 Multiplexer
74174/74175 19-10652/ D-Type Flip-Flops, Hex/Quad A.13
19-10651 with Clear
74181 19-09982 Arithmetic Logic Unit/Function A.l14
Generator (ALU) -
74182 19-10019 Look-Ahead Carry Generator A.15
74193 19-10018 Synchronous 4-Bit Up/Down A.l16
Counter (Dual Clock with Clear)
74194 19-10623 4-Bit Bidirectional Universal A.17
Shift Registers
7528 19-10687 Dual Sense Amplifiers with A.18
Preamplifier Test Points
9602 19-09374 Dual Retriggerable Monostable A.19
Multivibrator with Clear
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A.2 8266 2-INPUT, 4-BIT DIGITAL MULTIPLEXER

w
o]

Sy &

Truth Table
Select Lines Output
So S, t 0,1,2,3)
o | 1| ®
1 0 A
1 1 1
SELECT
VCC INPUTS QUTPUTS INPUTS INPUT
16 b4 1514413412411 104 9
Az 82 F2 Fo Bo Ao So
A3 B3 F3 Fq By Ay Sy
iFr42pF43 P49 M5 e 4 7M1 8
———rt \y—— ‘“——— SELECT GND
INPUTS OQUTPUTS INPUTS INPUT H-109
Ao Bo Ay By A2 B2 Az B3
o o o °
r--——-—_—-—--- NI GEND TUN S - eoae eme e aas Ny GEND GEED G -1
| |
| |
o1 )c |
I |
I |
| |
| |
| |
| |
| |
| |
| |
| |
L GEND G GUEP GNP CIED GEED GIND IR SIS NS - GEER D G S - G TEND S D GUED D S - D D J
fo fy f2 f3
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A.3 7413 DUAL NAND SCHMITT TRIGGERS

Vee 20 2C NC 2B 2A 2Y

— P PH""H"YH°*H ® |
|
ST
ST
1
v Hz2HsHa2HsHs 7T

1A 18 NC 1C 10 1Y GND

POSITIVE LOGIC: Y= ABCD

11-1114
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A.4 7473 DUAL J-K MASTER-SLAVE FLIP-FLOPS

@@&5@3
3

- l -
- [ T 1
Q Q Q Q
rqCLEAR CLEARPA
J CLOCK K K CLOCK J

L 'T__] "[.
=
OOOOOOO

CLOCK CLEAR Vee CLOCK CLEAR J

TRUTH TABLE

(EACH FLIP-FLOP)
in tn+1

J K Q

] [*] Qn

] 1 [*]

1 o] 1

1 1 Qn

tn = Bit time before clock puise.
tn+1= Bit time after clock puise.

T —1 X [ — ]
A O
L P9 .

L F:>—<><>—C1
J&—? _I -0 K

n-1zs

A-S



A.5 7474 DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOPS

2 2 2
Ve¢ CLEAR 2D  CLOCK PRESET  2Q 2Q
14 13 12 11 10 9
|
CLEAR PRESET
I D Q CLOCK Q@
cLock Q D Q-
PRESET CLEAR
b g
1
1 2 3 4 5 6 7
1 10 1 1 1Q 1Q GND
CLEAR CLOCK PRESET
POSITIVE LOGIC: LOW INPUT TO PRESET SETS Q TO LOGICAL 1
LOW INPUT TO CLEAR SETS Q TO LOGICAL O
PRESET AND CLEAR ARE INDEPENDENT OF CLOCK

11-0766

Truth Table (Each Flip-Flop)

tn tn~i-l
Input Output Output
D Q Q
0 0 1
1 1 0
Notes: 1. t_=bit time before clock pulse.
2.t ,, = bit time after clock pulse.
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A.6 7475 4-BIT BISTABLE LATCH

Truth Table
(Each Latch)

o -Q

NOTES: 1.t n= bit time before clock
negative-going transition.

2. t,+1 = bit time after clock
negative-going transition.

_  cLock -

10 20 20 1-2 GND 3?™ . 30 4Q

16 15 14 13 12 1 10 S

- | J
9 Q Q Q Q Q Q Q
|

CLOCK D D cLock| | Jcock D D CLOCK

1 2 3 4 5 6 7 8
19 10 2D  CLOCK V¢ 30 4D 40

3-4
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A.7 7489 64-BIT READ/WRITE MEMORY

Function Table

ME WE Operation Condition of Outputs

L L Write Complement of Data Inputs

L H Read Complement of Selected Word
H L Inhibit Storage Complement of Data Inputs

H H Do Nothing High

SELECT INPUTS
Ay
Vee B8 c D

DATA SENSE - DATA SENSE
INPUT OUTPUT INPUT QUTPUT

4 4 3 3
e s el s el dn o]
8 Cc D 04 sS4 D3
A s3
ME _WE DI St D2 S2
4 HzHs3sH+HsHsMH7Me [

A ENABLES

SELECT MEM WRITE DATA SENSE DATA SENSE GND
INPUT S~/ INF;UT OUT1PUT INPZUT OUTzF’UT

A-8
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A.8 74121 MONOSTABLE MULTIVIBRATOR

TIMING PINS
- NC

tal ts 2 fd o] e L8 —

ol
| -

= LT
r—B_/
o
—]
it HeH3sHeHsHes H 7
Q NC At A2 B Q@ GND

14-4919

TRUTH TABLE
tn INPUT [tn,q INPUT

OUTPUT
Al

>
n
>
P
N
w

INHIBIT

INHIBIT

INHIBIT
ONE SHOT
ONE SHOT
ONE SHOT
ONE SHOT
INHIBIT

INHIBIT

INHIBIT

INHIBIT

INHIBIT

INHIBIT

00+~ -00-~-000-0|®

XXO = =2X=-XO0OO0XOXxX-—

OX = = =>XOXXO0xXO0—~
OO0+« =-00~w2 22000 -

-+ O0OXOX~==X0O0XO0-—-
-a X OXO = > OX =X -

1= Vin(y) 2 2V
0= Vin (0) £0.8V

A9



A9 74150 DATA SELECTOR MULTIPLEXER

DUAL-IN-LINE PACKAGE  (TOP VIEW)

DATA INPUTS DATA SELECT
. A Al

¢ 8 9 10 11 12 13 14 15 A B C

24123122 2142019 18 17 16 15 14 13

Eg E9 Eio Eny Ej2 E3 Eig E5 A B8

Ee Es E4 Ez E2 Ej Ep S w D

1 2 3 4 5 6 7 8 9 10 " 12
7 6 5 4 3 2 1 O STROBE W D GND

N Y, OUT DATA
Y PUT SELECT
DATA INPUTS

POSTIVE LOGIC

W=S|(ABCDEQ + ABCDE + ABCDE + ABCDE 3 + ABCDE 4 + ABCDE g+ ABCDE g+ ABCDE 7
+ABCDE g + ABCDE g + ABCDE 0 +ABCDE1 + ABCDE 2+ ABCDE13+ABCDE; 4 + ABCDE 1 5)

12-0324
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TRUTH TABLE

Output

w

Inputs
Ey | E3 |E4 |Eg |Eg |E; |Eg |Eg (Eqq | Eyy [ Eqy |Eq3 | Eqq [Eys

D C B A|Strobe | Eg | E,

0 0 0
0 0 O

logical 1 or logical 0.

When used to indicate an input condition, x
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A.10 74153 DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

STROBE

-

DATA
INPUTS

>

1A

18 *—
ic *~—
1D ]

rF
CONTROL _
INPUTS - OUTPUTS
——IE »—4%
| 2A 3—
2B
DATA _ -
INPUTS 2c ] ZYJ
—1 :
STROBE C{::> J
LOGIC DIAGRAM
16 15 14 13 12 11 10 9
CONTROL INPUT | STROBE | QUTPUT [ 1T 1 [ 1 I 1 [ 1 [ 1 ] ]
E F G Y Vee 2G E 2D 2C 2B 2A 2Y
LOwW LOwW LOW A
HIGH | LOW LOW B :>
LOW HIGH LOW [of
HiGH HiGH Low ° 1G F iD iC iB 1A 1Y GND
DON'T CARE HIGH LOwW T T T TT 11 TT TT1 T
{ 2 3 4 5 6 7 8
TRUTH TABLE (EACH HALF) PIN LOCATOR
(TOP VIEW OF IC)
8E-0138



A.11 74154 4-LINE-TO-16-LINE DECODERS/DEMULTIPLEXERS

DUAL -IN-LINE PACKAGE (TOP VIEW)

OUTPUTS
Al

INPUTS
A

Ve

2322 212019181716 1514 13

24

61 15 14 13 12

(c}-

n

10

12

10

/  GND

v

OUTPUTS

H-0636

TRUTH TABLE

YlrrrrrIrrIZTISNIENTIT O X T
hAl - B B B - - B - B o - - . R . . - - -~
ROl I =l o< o< o< el o< o< sl o« o< o< o R B . o o -
SlrrrrrrrrrzsTarrczTT T
bl B - B B - B O N B N O R B . O N N O
mHHAHHHHHHHHLHHHH\HHHH
u9HHHHHHHHHLHHHHHHHHH
Ble |z xrxzrcrosrxaxszcssxszszcx
W7HHHHHHHLHHHHHHHHHHH
vlrrrxrxrsoarrrmrxrzozosoTox
W I ZIZAQIEIIIITIITIIITITITT
¢lETrITaIrIN@T@IoIEZTEDIToEo DD
3HHHLHHHHHHHHHH,HHHHH
NI DTAaIIIITIDIIISIEIIIILR T
ol - R O O O O O O R o
clurnrrrzrrroxxsrsozxrxs oo T:
€] d T d T wd D DD I X XX
Ml arzTaazrDaoaT T X x X
CLLLLH,HHHLLLLWHHHXXX
MDLLLLLLLLHHHHHHHHXXX
8
QLLLLLLLLLLLLLLLLHLH
PORN I B R RS IS B I I R I B B B B B B I I -~

H = high, L = low, X = irrelevant
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A.12 74157/745158 QUADRUPLE 2-LINE-TO-1-LINE MULTIPLEXER

SELECT“—)- |5)ENABLE
1A 18 2A 28 3A 3B 4A 4A
(2) (3) (5) (6) (11) (10) (14) (13)
1 1 1

Pin 16 =V¢oc

Pin 8 =GND
(4) (7) (9)

1Y 2Y 3y
745158 DIAGRAM

TRUTH TABLE

INPUTS OUTPUT Y|OUTPUT W
ENABLE | SELECT | A B 74157 745158
H X X X L H
L L L X L H
L L H X H L
L H X L L H
L H X H H L
H=High level, L=Low level,X=Irrelevant
74157 LOGIC DIAGRAM
1A 0(2)
1 (4) v
18 & (3)
*—]
28 O (5)
1 (7 2y
6
2B O( )
—
3A 0(11)
o .,
28 <:}(10)
>—
(14)
4A O
lan “2)
1
e 012
. >
SELECT oL ,—Do—
(15) Pi - 8=
ENABLE O in 16 =Ve, Pin 8= GND

=13t



A.13 74174 HEX/74175 QUAD D-TYPE FLIP-FLOPS WITH CLEAR

o3) (2)
TRUTH TABLE A DA Qaf——°0Qa TRUTH TABLE
INPUT |OUTPUTS INPUT |OUTPUTS
'n fn*1 ——glcLock , tn faet
o |o & CLEAR D |aQ @
H H L ____._? H H L
L L H L L H
tn = Bit time before (4) (5) tn =Bit time before
clock pulse. B o- Dg Qgl—oQpg clock puise.
tn+128it time after tn+1=Bit time after
clock puise. clock puise.
olcLock
CLEAR
lh——J
¢ o8 oe O HToae P P HCN
QgjcLock CLK Qpf—o
CLEAR CLEAR
1 10
b 4™ oo Qp (10) % L) 0 Qp] (7)
QI CLOCK dcik Qgl—o
CLEAR . CLEAR
7 J
12 10
g 413 g aglZoqg 2 be Qcfo
olcLock QCLK Qg p—o
CLEAR CLEAR
.p——j 0_____3
14 1
L) o QF (15) o L3 oy Qo (15)
(9) (9)
CLOCK 0— cLock o— \ -
)3 acLock QCLK Qpf—o
- CLEAR l:"'"/ CLEAR
cLearo (r | cLEAR il ‘
Pin (16)= V¢ ¢, Pin (8)= GND Pin (16)= Ve, Pin (8)=GND
-1z =13
74174 Diagram 74175 Diagram



A.14 74181 ARITHMETIC LOGIC UNIT/FUNCTION GENERATOR (ALU)

Active-Low Data

M=H - M = L; Arithmetic Operations
Selection Logic C,=0 C, =1
S S, S S Functions Cn =0=L Cn =1=H
L L L L F=A F= A MINUS 1 F=A
L L L H F=AB F = AB MINUS 1 F=AB
L L H L F=A+B F= ABMINUS 1 F=AB
L L H H F=1 F = MINUS 1 (2’s COMP) F=ZERO _
L H L L F=A+B F=APLUS (A +B) F=APLUS (A +B)PLUS |
L H L H F=B F= ABPLUS (A + B) F=ABPLUS (A + B) PLUS 1
L H H L F=A®B F= A MINUS B MINUS 1 F= AMINUS B
L H H H F=A+B F=A+B F=(A+B)PLUS 1
H L L L F=AB F=APLUS (A +B) F=APLUS (A +B)PLUS |
H L L H F=A®B F=APLUSB F= APLUS B PLUS 1
H L H L F=B F= ABPLUS (A +B) F= ABPLUS (A + B) PLUS 1
H L H H F=A+B F=A+B F=(A+B)PLUS 1
H H L L F=0_ F=APLUS A F=APLUS APLUS 1
H H L H F=AB F=ABPLUS A F = ABPLUS A PLUS 1
H H H L F=AB F=ABPLUS A F=ABPLUS APLUS 1
H H H H F=A F=A F=APLUS 1
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PIN DESIGNATIONS

Designation Pin No. Function
A3, A2, Al, A0 19,21, 23,2 WORD A INPUTS
B3,B2,B1, B0 18,20, 22,1 WORD B INPUTS
S3,82,81, S0 3,4,5,6 FUNCTION-SELECT INPUTS
Ca 7 CARRY INPUT
M 8 MODE CONTROL INPUT
F3,F2,F1,F0 13,11, 10;9 FUNCTION OUTPUTS
A=B 14 COMPARATOR OUTPUT
P 15 CARRY PROPAGATE OUTPUT
Chta 16 CARRY OUTPUT
G 17 CARRY GENERATE OUTPUT
Vee 24 SUPPLY VOLTAGE
GND 12 dROUND
INPUTS OUTPUTS
Vee A4 B A2 B2 A3 B3 © Cneg P AsB F3 ‘
2423422 21 {20 19} 18 | 17| 16 15 | 14 | 13
At BI A2 B2 A3 B3 G Cn+q P AB
- BO F3
A0 S3 S2 .S1 SO Cn M FO Fi F2
T HzHsHeHsHeH7HeH s HioHnHiez
BO AO S3 S2 St SO Ch M FO Fi1 Fz2 G©ND
l INPUTS . OUTPUTS l

12-0321
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o

O

3
s2
1 ¢

SO

LA
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A.15 74182 LOOK-AHEAD CARRY GENERATOR

Equations: INPUTS OUTPUTS
Eioinimiciminin
Cpay =Gy + PGy + P PoCy ' T ]
Cptz =G+ PG +PyP Gy + PoP PoC P2 82 Cn Cnex Cnvy G
G =G5 +P3G, +P3P,G; +P3P,P,G, -T & Ca+z
.1.).=- P3P, P, Pt Go PO G3 P3 P
i 2 3 V 4 5 [ 6 » 7 V 8
61 P Go PO G3 3 P GND
INPUTS QUTPUT
12-0326
PIN .DESl(.;NATIONS
Designation Pin No. . Function

G0,G1,G2,G3 3,1,14,5 ACTIVE-LOW CARRY GENERATE INPUTS

P0,P1,P2,P3 4,2,15,6 ACTIVE-LOW CAkRY PROPAGATE INPUTS

C, 13 CARRY INPUT

Crtx Crntys itz 12,11,9 CARRY OUTPUTS

G 10 ACTIVE-LOW CARRY GENERATE OUTPUT

P 7 . ACTIVE-LOW CARRY PROPAGATE OUTPUT

Vee 16 SUPPLY VOLTAGE

GND 8 GROUND
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@1 vl
w O

@ ot
NN

ol vl

¥ YUY YRYY YUV
[’

L

\J

|

@l

Cn+z

Cn+y

Cn+x

A-

(3]

0
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A.16 74193 SYNCHRONOUS 4-BIT UP/DOWN COUNTER (DUAL CLOCK WITH CLEAR)

J OR N DUAL-IN-LINE PACKAGE (TOP VIEW)

INPUTS INPUTS
QUTPUTS

v DATA CLEAR ,——A—— LOAD DATA DATA

ce A BORROW CARRY c D

16 15 14 13 12 1" 10 9

[ ] ]

A CLEAR CARRY c
‘BORROW LOAD
B )
COUNT COUNT
Qg Qp DOWN UP Q¢ Qp

1 2 3 4 ] 6 7 8
DATA Qg Qa COUNT COUNT Q Qp GND
B “A DOwN UP , °© 0

B
INPUT
OUTPUTS INPUTS OUTPUTS

LOGIC: LOW INPUT TO LOAD SETS Qu=A,Qg=8,Qc=C,AND Q=D

11-0640
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DATA

BORROW

OUTPUT

‘CARRY

INPUT A ©

DOWN

COUNT

uP o— |

COUNT

Y Y

DATA

J

OUTPUT

INPUT B

DATA

© OUTPUT Q4

INPUT C

o OUTPUT Qg

DATA
INPUT D

CLEAR ©

© OUTPUT Q¢

LOAD o—<{>

© QUTPUT Qp

1H-0641



A.17 74194 4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS

Ve¢e Q@ Q9 Q¢ Qp cLock st SO
1sr-15—14}-13L-12-—11 — 10 o
1
Qa Qg Qc  Qp crLock Si
CLEAR S0
R A B c D L
tt42td43t4at4s 464 7H 8
CLEAR SHIFT A B c D SHIFT GND
RIGHT ~v -~ LEFT
SERIAL PARALLEL SERIAL
INPUT INPUTS INPUT

A-23
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A.18 7528 DUAL SENSE AMPLIFIERS WITH PREAMPLIFIER TEST POINTS

TRUTH TABLE DEFINITION OF LOGIC LEVEL
INPUTS | OUTPUT INPUT H L X
A s w At VID> VT max|Vio<VT MiN|IRRELEVANT
H H H S VI>ViH MIN [VI<ViL Max|IRRELEVANT
L X L A is a differential voltage (V|p) between Al and A2. For
ID ve
these circuits Vip is considered positive regardless of
X L L which terminal is positive with respect to the other.
-2
OUTPUTS
v STROBE STROBE
CcC 1P 1S 1w 2W 2S 2P GND
45143412 "TH10H 9
r i
DA
tHaH3H 4 stHetH 7H{ 8’
Cext 1A 1A2 -VRgfr -VREF 2A1 2A2 V¢
POSITIVE LOGIC: W=AS




A.19 9602 DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR WITH CLEAR

INPUTS INPUTS OUTPUTS
Vec ~ CLEAR - \ - .
Je L] 14 13 12 14 10 9 b
1 o)
CLEARDP— —QCLEAR
0 1
Nd Tl
1
-
1
e 3slafisitef 171181
- v CLEAR ~ ~ GND
INPUTS INPUTS OUTPUTS
TRUTH TABLE
A 8 1 o]
Wt Ly
{ LjJJul U

H=HIGH LEVEL
L=LOW LEVEL
4= LOW TO HIGH TRANSITION
4§ =HIGH TO LOW TRANSITION

11-1130
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APPENDIX B
COMPUTER CONNECTORS

Table B-1 lists the computer connectors, the connector type, part number, pin and signal designations, and the
associated connector cable. This includes the connectors for the SCL cable that interfaces the computer (Berg)
connector to an LA30 or Model 33 ASR Teletype equivalent (Mate-N-Lok) connector. The power supply connectors
are described in Part 4 of this manual.

Table B-1
Connectors
Connector Type Part Number Designations Cable
Pin Signals
SCL 40-pin Berg 549949 BB -15V 70-8820
Connector (Female) \Y SER 0+ (20 mA)
1270090-0 T CLK IN (TTL)
(Male) DD SER IN — (20 mA)
R READER RUN - (20 mA)
N CLK DISAB(TTL)
L SER 0 - (20 mA)
C +5V
D SERO(TTL)
F READER RUN + (20 mA)
RR "SERIN (TTL)
NN 20 mA INTERLOCK
LL SERIAL IN + (20 mA)
Teletype 6-pin 1209340 2 SERO - 70-8360
or LA30 Mate-N-Lok 3 -15V
Connector | (Female) 4 -15V
5 SERO+
6 READER RUN
7 SER IN
Console 40-pin 549949 PP DAK H BCO8R-03
Berg (Female) BB SWI15(1)H
Connector 1270090-0 DD SW14(1)H
'FF SWI3(1)H
13 SW12(1)H
LL SWI11(1)H

B-1



Table B-1 (Cont)

Connectors
Connector Type Part Number Designations Cable
Pin Signals
Console NN SWI10(1)H
(cont) RR SWO09(1)H
T SWO08(1)H
J SWo07(1)H
L SW06(1)H
N SWO5(1)H
R SWo04(1)H
T SWO03(1)H
v SWO02(1)H
X SWo1l(1)H
Z SWO00(1)H
HH SCAN ADRSO1 (1) L
KK SCAN ADRS 02 (1) L
MM SCAN ADRS 03 (1) L
SS SCAN ADRS04 (1) L
cc PUPL
C RUNL
E KEY LOAD ADRS (1) L
H KEY EXAM (1) L
K KEY CONT (1)L
M KEY HLT ENB(1) L
P KEY START (1) L
S KEYDEP(1) L
Unibus M920 or AAl INITL
M930 AA2 POWER (+5V)
ABI INTRL
AB2 GROUND
ACl D00 L
AC2 GROUND
AD1 D02 L
AD2 DOl L
AE1 D04 L
AE2 D03 L
AF1 D06 L
AF2 DOS L
AH1 D08 L
AH2 DO7L
AJl DIOL
Al2 D09 L
AK1 Di2L
AK2 DIl L
ALl Di4L
AL2 DI3L
AM1 PAL
AM2 DI5SL
ANI1 GROUND

B-2 -



Table B-1 (Cont)

Connectors

Connector Type Part Number Designation Cable
Pin Signals

Unibus AN2 PBL

(cont) AP1 GROUND
AP2 BBSY L
ARl GROUND
AR2 SACKL
ASl GROUND
AS2 NPRL
ATl GROUND
AT2 BR7L
AUl NPG H
AU2 BR6L
AVl BG7H
AV2 GROUND
BAl BG 6 H
BA2 POWER (+5V)
BBl BGSH
BB2 GROUND
BC1 BRSL
BC2 GROUND
BD1 GROUND
BD2 BR4L .
BEl GROUND
BE2 BG4 H
BF1 ACLOL
BF2 DCLOL
BH1 AO1L
‘BH2 AOOL
BJ1 AO3L
BJ2 AO2L
BK1 AOSL
BK2 AO4L
BL1 AOQ7L
BL2 AO6L
BM1 AO9L
BM2 AO8L
BN1 AllL
BN2 AlOL
BP1 AlI3L
BP2 Al2L
BRI AlS5L
BR2 Al4L
BS1 Al7L
BS2 Al6L
BT1 GROUND
BT2 ClL

. BU1 SSYNL

B-3



Table B-1 (Cont)

Connectors
Connector Type Part Number | __ Designation Cable
Pin Signals
Unibus BU2 COL
(cont) BV1 MSYN L
BV2 GROUND
AC Remote | Two 3-pin DEC 1 Power Request Power
Power Mate-N-Loks 2-09350-03 2 Emergency shutdown Supply
Turn-On (J6 and J7) (Plug is 3 Ground AC Cable
Connector DEC 12-09351)
Line Cord AC Line (110V)
Connector Plug BCOSH
. (230V)
BCOSJ

B4
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