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CHANGE DESCRIPTION

1 Page 1-12, figure 1-9. At the “PIN INDICATION" columns for the 86-pin con-
nector, swap the ““FOIL SIDE" and “"COMPONENT SIDE" column titles.

2 Page 4-8, table 4-3. In the "PROGRAM PROCEDURE PART NO.” column,
change "02116-91764" to read “02116-91792", change '02116-91765"
to read "'02116-91792", change ““02116-91766' to read 02116-91793",
and change ""02116-91767"" to read '02116-91793".

3 Page 4-49, figure 4-4. Add pin 58 where signal RF2 leaves timing generator card
A106.

4 Page 4-85, figure 4-21. Change signal designation CF2 to TF2.

5 Page 4-88, figure 4-26. Change signal designation CF1 to CF1.

6 Page 4-125, 4-129, 4-133, and 4-137, figures 4-49, 4-51, 4-53, and 4-55, respectively.
Change the designation of the signal leaving A108-8 and entering A20-70 from
SLM to SLME.

7 Pages 4-127, 4-131, and 4-135, figures 4-50, 4-562, and 4-54, respectively. Change the
designation of the signal leaving A108-32 and entering A20-76 from SRM to
SRME.

8 Page 4-134, paragraph 4-307, line 7. Change signal designation SRM to SRM.

9 Page 4-182, paragraph 4-446, line 1. Change instruction designation CL6 to CLO.

10 Make the following changes to the manual for computers having serial number 959-.

a. Updating pages 5-88A and 5-88B of this supplement. Detach and insert
these pages immediately following page 5-88 of the manual.

b.  Updating pages 5-90A/5-90B and 5-90C/5-90D of this supplement.
Detach and insert these pages immediately following page 5-90 of the
manual.

c. Updating page 5-91A of this supplement. Detach and insert this page
immediately following page 5-91 of the manual.

d. Page 6-36, table 6-12. Change figure reference "‘6-12"' in the “FIG. &
INDEX NO.” column to read “6-12A-"". Add “11; 0490-0892; Relay;
2.26K ohm coil, 10A, 120VAC, (K2); 28480; 0490-0892; 1" in the
applicable columns of the table.

e. Updating page 6-37A of this supplement. Detach and insert this page
immediately following page 6-37 of the manual.

f. Updating pages 6-38A and 6-38B of this supplement. Detach and insert
these pages following page 6-38 of the manual.

g. Page 6-49, table 6-19. Add “0490-0892; Relay, 2.25K ohm coil; 28480;
0490-0892; 1" and "’0811-2735; Resistor, Fxd, WW, 2500 ohms, 3%, 10W;
28480; 0811-2735; 1”" in the appiicable columns of the table.

h. Manual title page. Change the referenced serial number prefix to 959-.
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CHANGE

11

DESCRIPTION

Make thefollowing changes to the manua! for computers having serial number prefix

977-.

Page 5-73, table 5-23 and figure 5-32. At reference designation R83 of
table 5-23, change the entry to read “R83; 0757-0198; Resistor, Fxd,

Met Flm, 100 ohms, 1%, 1/2W; 28480; 0757-0198". In figure 5-32, change

the revision code from ‘683" to “1025".

Updating pages 5-88A and 5-88B of this supplement. Detach and insert
these pages immediately following page 5-88 of the manual.

Updating pages 5-90A/5-90B, 5-90C/5-99D, and 5-90E/5-90F of this
supplement. Detach and insert these pages immediately following page
5-90 of the manual.

Updating pages 5-91A and 5-91B of this supplement. Detach and insert
these pages immediately following page 5-91 of the manual.

Page 6-26, table 6-8. At index number 15, change the entry to read
"15; 0757-0198; Resistor, Fxd, Met Fim, 100 ohms, 1%, 1/2W, (R83);
28480; 0757-0198; 1.”

Page 6-28, figure 6-8. Change the revision code from ‘638" to “1025"".
Page 6-36, table 6-12. Change figure reference 6-12"" in the “FIG. &
iNDEX NO.” column to read ““6-12A-". Add 11, G450-0892; Reiay,
2.25K ohm coil, 10A, 120VAC, (K2); 28480; 0490-0892: 1" in

the applicable columns of the table.

Updating page 6-37A of this supplement. Detach and insert this page
immediately foilowing page 6-37 of the manual.

Updating page 6-38A and 6-38B of this supplement. Detach and insert
these pages immediately following page 6-38 of the manual.

Page 6-49, table 6-19. Make the following changes in the applicable
columns of the table:

(1) Add “0490-0892; Relay, 2.25K ohm coil; 28480; 0490-0892; 1.”
(2)  For HP part no. 0686-2215, change the TQ from 2" to “1".

(3) Add “0757-0198; Resistor, Fxd, Met FIm, 100 ohms, 1%, 1/2W;
28480; 0757-0198; 1”.

(4) Add “"0811-2735; Resistor, Fxd, WW, 2500 ohms, 3%, 10W, 28480;
0811-2735; 1".

Manual title page. Change the referenced serial number prefix to 977-.

us-3
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SECTION I
GENERAL INFORMATION

1-1.  INTRODUCTION.

1-2. Volume Two is the second in a series of three
volumes that document the Hewlett-Packard Model 2116B
Computer (figure 1-1). Volume Two contains detailed
descriptions, instructions, and diagrams for installation,
maintenance, troubleshooting, and repair of the computer.
Unless otherwise stated in this manual or in future supple-
ments, Volume Two is applicable to 2116B Computers
having serial-number prefix 944- and higher.

1-3.  Volume Two is a reference work intended for users
who are familiar with the circuit theory and maintenance
procedures of the 2116B or similar computers in the
Hewlett-Packard line. Also, a thorough understanding of
the information presented in Volume One, Specifications
and Basic Operation Manual for the Model HP 2116B
Computer, is essential to using and understanding the
material presented in this volume.

1-4. This volume has two purposes. First, it provides
general information, installation instructions, and overall
maintenance data for the computer. Second, it provides
testing, troubleshooting, and repair instructions for four
major functional sections of the computer. These sections
are the control, arithmetic, memory, and power supply
sections (see figure 1-2). The I/O section is documented
separately in Volume Three, Input/Output System Oper-
ation Manual for the Model 2116B Computer. Computer
optional features are documented in separate manuals and

supplements.

1-5.  The sections and appendices of Volume Two con-
tain the following information:

a. Section I, General Information. Section I contains
information for users who require a knowledge of the physi-
cal makeup of the computer and an understanding of its
maintenance features. Included are a description of the vari-
ous electronic assemblies that comprise the computer, an
explanation of controls and indicators, a description of
identification numbers used in the computer, a description
of standard accessory equipment supplied with the com-
puter, an explanation of the principal built-in maintenance
features, and a list of recommended servicing equipment.

b. Section II, Installation. Section II describes unpack-
ing procedures, provides primary power data, explains
initial inspection procedures, and presents other infor-
mation required for installing the computer.

c. Section III, Theory of Operation. Section III
describes the circuit theory of the control, arithmetic,
memory, and power supply sections.

d. Section IV, Troubleshooting. Section IV presents
step-by-step procedures for testing the computer. The
results of these tests form the basis of fault-localizing pro-
cedures, which use servicing diagrams presented in the
section. These diagrams, together with logic equations and
timing charts, aid in the rapid isolation of computer faults.

e. Section V, Maintenance. Section V provides
preventive-maintenance instructions and adjustment
information. Also included are schematic diagrams, parts
location diagrams, wiring data, and other data required for
testing, troubleshooting, maintenance, and repair.

f. Section VI, Replaceable Parts. Section VI contains
lists of replaceable parts. These lists give the name of each
part, and specify the characteristics of electronic
components. The parts lists also give manufacturers’ names,
manufacturers’ part numbers, and the total quantity of
each part installed in the computer. The parts lists and
total-quantity figures apply to the basic computer
configuration.

g. Appendix A, Basic Logic Symbols. Appendix A
describes the logic symbols used in this manual. The expla-
nations also apply to logic symbols in manuals for optional
devices, provided the manuals were written by Hewlett-
Packard. Also furnished in Appendix A are diagrams and
other data for the integrated circuits used in the computer.
For data on integrated circuits in optional devices, refer to
the manual for the device concerned.

h. Appendix B, Backdating Information. Appendix B
provides backdating information, making Volume Two
applicable to computers with serial-number prefixes lower
than 944-.

i. Updating Supplements. If required, updating sup-
plements are included with Volume Two. These make
Volume Two applicable to computers with serial-number
prefixes higher than 944-,

1-6. GENERAL DESCRIPTION.

1-7.  COMPUTER ASSEMBLIES.

1-8. The major assemblies that make up the computer
are listed in table 1-1 and shown in figures 1-3, 1-4, and 1-5.
The following paragraphs describe these assemblies.

1-9. CIRCUIT CARDS. As the term is used with the
2116B Computer, a circuit card is an assembly consisting of
electronic components mounted on an insulating card. An

11
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Figure 1-2. Major Functional Sections of the 2116B Computer

etched-foil paitern on the card makes connections between
the components. The entire unit, referred to as a card,
plugs into a connector in the computer. A similar unit
which is permanently wired to other assemblies, is referred
to as a board.

1-10.  The computer logic circuits are made up entirely
of card assemblies, which plug into fixed connectors in the
card cage. In some cases a second connector, on the end of
a flexible cable, fits on the front end of the card. Each
card assembly is assigned a reference designation beginning
with the letter “A”, to which is added a number in-
dicating tne card-cage slot in which the card is installed.
Each card also has a part number. If more than one card of
a given type is used, each of the cards has the same part
number but a different reference designation.

1-11.  Cards with reference designations Al through A22
contain principally the memory-section circuits, and the
cards are installed in the top row of card slots in the card
cage. Cards A101 through Al20, containing principally the
control-section and arithmetic-section circuits, are situated
in the center row of card-cage slots. Cards A201 through
A222, containing principally 1/O-section circuits, are in-
stalled in the bottom row of slots.

1-12.  The cards shown in figure 1-3 are those used for
the basic computer configuration. For optional features,
additional cards may be installed in the card cage.

1-13. Two more cards, part of the basic computer con-
figuration, are part of the power supply section and are

1-2

situated in the power supply at the back of the computer
cabinet.

1-14. DISPLAY BOARD ASSEMBLY. The display
board assembly, reference designation A501, provides a
visual indication of computer operating conditions, and
displays the contents of the principal computer registers.
The unit mounts in the computer door assembly, as shown
in figures 1-3 and 1-1. Connection to the display board as-
sembly is made by the display cables (figure 1-3), which plug
onto the front ends of arithmetic-section and control-
section cards in the card cage. An additional cable, referred
to as the strip cable, connects the display board assembly
with the power supply section. On the back of the display
board are three switches, used for troubleshooting purposes,
and two spare lamps.

1-15. CONTROL PANEL ASSEMBLY. The control
panel assembly, reference designation A502, mounts the
operator’s controls. The unit is situated immediately
beneath the display board assembly, as shown in figures 1-3
and 1-1. The controls on the panel are principally of the
push-switch type, some with internal indicating lamps. Con-
nection to the control panel assembly is made by the con-
trol cable (figure 1-3), which plugs onto the front end of
front panel coupler card A101. Additional connections are
made by wires in tne strip cable, which connect with the
power supply section and with power fail interrupt card Al
in the card cage.
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Table 1-1. Major Electronic Assemblies, Basic Computer Configuration

DESIGNATION PART NO. QTY NOMENCLATURE
Al 02116-6175 1 Power fail interrupt card
A2 02116-6300 1 Memory module decoder card
A12,A13 02116-6298 2 Sense amplifier card
Al14,A15 02116-6266 2 Driver /switch card
Al6,A18 02116-6265 2 Inhibit driver card
A20 02116-6069 1 Direct memory logic card
Al101 02116-6208 1 Front panel coupler card
A102,A103,A104,A105 02116-6026 4 Arithmetic logic card
A106 02116-6281 1 Timing generator card
A107 02116-6027 1 Instruction decoder card
A108 02116-6029 1 Shift logic card
Al121 : 02116-6284 1 Overvoltage protection assembly
A201 02116-6041 1 I/O control card
A202 02116-6194 1 I/O address card
A301 02116-6014 1 Logic supply regulator card
A302 02116-6015 1 Memory supply regulator card
A303 - 1 Capacitor board assembly
A304 - 1 Large heat sink assembly
A305 - 1 Small heat sink assembly
A306 - 1 Componeiit board assembly
A307 - 1 Component board assembly
A308 - 1 Component board assembly
A309 - 1 Component board assembly
A310 - 1 Component board assembly
A311 - 1 Transformer assembly
A312 - 1 AC input section
A400 02116-6288 1 Core stack assembly
A402 02116-0096 1 Temperature sensing assembly
A501 02116-6043 1 Display board assembly
AB02 021160005 1 Control panel assembly
NOTE: Assemblies for optional features are not listed in this table.

1-16. POWER SUPPLY ASSEMBLY. The power supply
assembly, reference designation A300, is at the rear of the
computer cabinet (figure 1-4). Access to this part of the
computer is gained by removing the card cage retaining
screws, sliding out the card cage, and swinging the cage
open. When sliding the card cage back into the cabinet, it is
necessary to first squeeze together the two tab catches.

1-17.  The power supply, made up of 12 subassemblies,
provides the regulated and unregulated dc voltages required
by the computer. The power supply also provides regulated
dc voltages for plug-in cards in the card cage which are as-
sociated with optional devices. All optional units external to
the computer cabinet furnish their own ac and de voltages,
derived from a separate connection to the ac power line.

1-18. CORE STACK ASSEMBLY. The core stack assem-
bly, reference designation A400, is at the rear of the card

cage (figure 1-5). The unit provides the computer with its
core storage capability. The associated temperature sensing
assembly, reference designation A402, controls the level of
certain operating voltages (+32 and +22 volts) in accord-
ance with the air temperature near the stack.

1-19. BACKPLANE CONNECTORS. The backplane
connectors are at the rear of the card cage (figure 1-5). The
connectors receive the plug-in cards installed in the card
cage, and provide connections to the cards.

1-20. CONTROLS AND INDICATORS.

1-21.  The locations of operator’s controls and indicators
are shown in figures 1-6 and 1-7. The reference designation
of each control and indicator, together with a description
of the purpose of each, is given in tables 1-2 and 1-3.

1-3
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Figure 1-5. Rear View of Card Cage
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Table 1-2. Indicators on Display Board Assembly A501
ILLUSTRATION
CALLOUT PANEL REFERENCE
(FIGURE 1-6) MARKING DESIGNATION | DESCRIPTION USE
1 T-REGISTER A501DS1 thru Indicator Displays the contents of the
MEMORY DATA A501DS16 lamps T-register.
2 P-REGISTER A501DS17 thru Indicator Displays the contents of the
PROGRAM COUNTER | A501DS32 lamps P-register.
3 M-REGISTER A501DS33 thru Indicator Displays the contents of the
MEMORY ADDRESS A501DS48 lamps M-register
4 A-REGISTER A501DS49 thru Indicator Displays the contents of the
ACCUMULATOR A501DS64 lamps A-register.
5 B-REGISTER A501DS65 thru Indicator Displays the contents of the
ACCUMULATOR A501DS80 lamps B-register.
6 EXTEND A501DS86 Indicator Lights when the Extend FF
lamp is set.
7 OVERFLOW A501DS85 Indicator Lights when the Overflow FF
lamp is set.
8 FETCH A501DS84 Indicator Lights when the computer is in
lamp the fetch phase.
9 INDIRECT A501DS83 Indicator Lights when the computer is in
lamp the indirect phase.
10 EXECUTE A501DS82 Indicator Lights when the computer is in
lamp the execute phase.
11 PARITY HALT A501DS81 Indicator Used by an optional feature. Re-
lamp fer to Memory Parity Check Oper-

ating and Service Manual (part

no. 12591-9001).

1

10

2019171

Figure 1-6. Display Board Assembly A501, Indicators

1-7



Section 1

Model 2116B
Volume Two

5
4

/6
3

7
2

8
1

9
12

10
11
2019-172
Figure 1-7. Control Panel Assembly A502, Controls and Indicators
Table 1-3. Controls and Indicators, Control Panel Assembly A502
ILLUSTRATION
PANEL REFERENCE .
CALLOUT DESCRIPTION USE
(FIGURE 1.7) MARKING DESIGNATION
1 PRESET A5025108 Lighted push-switch When pressed, the switch places the
and (momentary action)* computer in the fetch phase. It also re-
A502DS108 sets the entire I/O system and the

I/O interface card.

Interrupt Card Al.

power-fail interrupt system by:

. Clearing the Interrupt Control FF
on I/O Control Card A201.

. Clearing the Flag FF and Control
FF on each I/O interface card.

. Setting the Flag Buffer FF (if
any) and the Flag FF on each

. Clearing the Flag Buffer FF, Flag
FF, and IRQ FF on Power Fail

1-8
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Table 1-3. Controls.and Indicators, Control Panel Assembly A502 (Cont)

ILLUSTRATION
CALLOUT

TeTT

PANEL
MARKING

REFERENCE
DESIGNATION

DESCRIPTION

USE

RUN

HALT

LOAD
MEMORY

A5028107
and
A502DS107

A5025106
and
A502DS106

A5028105

Lighted push-switch
(momentary action)*

Lighted push-switch
(momentary action)

Push-switch
(momentary action)*

The indicator lights when a power-

fail interrupt occurs as a result of low
line-voltage applied to the computer,
or as a result of low line-voltage applied
to the 2150B I/O and Memory Ex-
tender (if used). The indicator also
lights in the event of overheating in
any of the following:

a. Memory module decoder card A2.
b. Large heat sink assembly A304.

Small heat sink assembly A305.

. 2160A Power Supply Extender (if
used).

e. 2150B I/0 and Memory Extender
(if used).

o o

The indicator also lights when power
is initially applied to the computer.
After being lighted for any reason, the
indicator remains lighted until the
PRESET switch is pressed. The

lamp immediately relights if an
undervoltage or overheating
condition continues.

When pressed, starts the program in
the phase (fetch, indirect, or execute)
indicated on display panel A501. The
address of the instruction performed
(or continued) is displayed in the
P-register before the push-switch

is pressed. While the program is
running, the RUN indicator is
lighted.

When pressed, stops the program at
the end of the current phase. The
HALT indicator is lighted when the
program is not running.

When pressed, stores the contents of
the SWITCH REGISTER switches
(S-register) in the core storage lo-
cation specified by the M-register.
Then increments the P-register

by 1, sets the contents of the
M-register equal to the contents of
the P-register, and leaves the com-
puter in fetch phase.

1-9
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Table 1-3. Controls and Indicators, Control Panel Assembly A502 (Cont)

ILLUSTRATION
PANEL REFERENCE
CALLOUT DESCRIPTION USE
KI
(FIGURE 1.7) MARKING | DESIGNATION
5 LOAD A A502S104 Push-switch When pressed, loads the contents of
(momentary action)* the S-register into the A-register.
6 LOAD B A5025103 Push-switch When pressed, loads the contents of
(momentary action)* | the S-register into the B-register.
7 LOAD A502S102 Push-switch When pressed, loads the contents of
ADDRESS (momentary action)* | the S-register into the M-register and
P-register, and leaves the computer in
fetch phase.
8 DISPLAY A5025101 Push-switch When pressed, displays in the T-
MEMORY (momentary action)* | register the contents of the core stor-

age location specified by the M-
register. Then advances the P-register
by 1, sets the contents of the
M-register equal to the contents of
the P-register, and leaves the com-
puter in fetch phase.

9 SINGLE A502S100 Push-switch When this switch is pressed, the
CYCLE (momentary action)* computer performs one machine
cycle in the phase indicated on
display panel A501. The address
of the instruction performed is
1 less than the number displayed

in the P-register.

10 SWITCH A502580 Toggle switches Provides the means for manually
REGISTER through entering data, addresses, or instructions
AbB02815 into the computer. The low-order bit

is SWITCH REGISTER switch 0. A
switch is set to the up position for
logic 1, to the down position for logic
0. After a number is entered, one of
the following push-switches is pressed:

a. LOAD ADDRESS.
b. DISPLAY MEMORY.
c. LOAD MEMORY.

d. LOAD A.
e. LOAD B.
11 POWER A502S5109 Lighted push-switch The switch turns the computer on or
and (push-on, push-off) off. The indicator is lighted when the
A502DS109 computer is on, extinguished when the
computer is off.
12 LOADER A502S8110 Toggle switch In the ENABLED position, allows

the program to reference the pro-
tected area in memory where the
binary loader program is stored.

*Inoperative when a program is running,

1-10
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1-22. IDENTIFICATION.
1-23. COMPUTER SERIAL NUMBER.

1-24. The computer is identified by an 8-digit
(000—00000) serial number marked on the rear of the
computer (see figure 1-8). The first three digits are a serial-
number prefix used to indicate design changes. If the serial-
number prefix on the computer does not agree with the
prefix number on the title page of this manual, look for
manual-change information in Appendix B of this volume

or in a supplement accompanying this volume.
1-25. COMPUTER MODEL NUMBER.

1-26.  The computer model number (2116B) is marked
beneath the serial number on the back of the computer.
The model number is also marked on the front door of the
computer.

1-27. OPTION NUMBERS.

1-28.  On the rear of the computer, beneath the model
number, is marked the identifying number of each factory-
installed optional feature. When optional features are
supplied for installation in the field, the installation instruc-
tions require that the appropriate option number be
marked in the same place as for a factory-installed option.

1-29. To determine the meaning of option numbers,
refer to a Hewlett-Packard sales catalog, or request the

Section I

nearest Hewlett-Packard Sales and Service office to furnish
a list of optional features for the 2116B. (Sales and Service
Offices are listed in the back of this manual.)

1-30. ASSEMBLY PART-NUMBERS.

1-31. The majority of the electronic assemblies in the
computer are plug-in circuit cards. A typical card, of the
type installed in the card cage, is shown in figure 1-9. In the
illustration, the part number is in the upper left corner of
the card. Also shown in the illustration are the identifying
numbers and letters of the card pins, and the means used
for identifying integrated circuits (microcircuits) mounted
on the card.

1-32.  Assemblies other than circuit cards usually are not
marked with their part number. Part numbers for these
assemblies are found in section VI of this volume, where all
electronic assemblies are identified by their location in the
computer and their appearance.

1-33.  CIRCUIT-CARD REVISION CODES.

1-34.  Marked beneath the part number on each circuit
card is a revision code (see figure 1-9). The first character of
the code is a letter which identifies the etched-foil patiern
on the card. The next three digits, referred to as a date
code, identify the electrical characteristics of the card with
components mounted. The date code 1s followed by a 1- or
2-digit number which identifies the Hewlett-Packard division
which manufactured the assembly.

COMPUTER
SERIAL
NUMBER,

MODEL NUMBER,
AND OPTION
NUMBERS.

2019-173

Figure 1-8. Rear View of Computer, Showing Identifying Numbers

1-11
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Figure 1-9. Typical Card-Cage Circuit Card

1-35. DOCUMENTATION OF EQUIPMENT IMPROVE-
MENTS.

1-36.  When factory changes are made in the design and
construction of the computer, manuals issued with the
computer cover the changes by means of an updating
supplement.

1-37.  The factory may request that changes be made to
the computer after it is in the field. When instructions are
issued for making such a change, updating supplements or
change sheets are issued for all manuals affected by the
change.

1-38.  STANDARD ACCESSORIES.

1-39.  Standard accessories for the 2116B Computer
consist of a rack mounting kit and an accessory kit (figure
1-10). The accessory kit contains an ac power cable, an
extender card, an extender cable, and a paper-tape loading
instruction card. The rack mounting kit and accessory kit
are furnished with the computer, and need not be ordered
separately.

1-40. RACK MOUNTING KIT.

1-41. The rack mounting kit allows the computer to be
installed in a standard 19-inch equipment rack.

1.12

1-42. AC POWER CABLE.

1-43.  The ac power cable is a heavy-duty electrical cable,
10 feet in length, used for supplying 115-volt or 230-volt
power to the computer. The cable has a 3-prong male
connector, NEMA type 5-15P, for insertion into a NEMA
type 5-15R or 5-20R female connector serving as the source
of ac power for the computer. If local building codes pro-
hibit use of the NEMA 5-15P connector, it must be replaced
with an acceptable type.

1-44. EXTENDER CARD.

1-45. The extender card allows circuit cards in the card
cage to be extended for troubleshooting.

-1-46. EXTENDER CABLE.

1-47. The extender cable allows cards that have a cable
plugged to their 48-pin connector to be used with the
extender card.

1-48. TAPE-LOADING INSTRUCTION CARD.

1-49.  An instruction sheet, encased in clear plastic,
provides information on how to load binary paper tapes
into the computer. The computer is shipped with the
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RACK MOUNTING
KIT (5060-6236)

EXTENDER CARD
(02116-6040}
\,

EXTENDER CABLE
(02115-6047)

AC POWER
CABLE (5060-2267)

TAPE LOADING
INSTRUCTION CARD
(5080-6599)

2019-187
Figure 1-10. Accessory Kit (02116-6296) and Rack Mounting Kit (5060-6236)
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required binary-tapeloader program stored in core memory.
Included on the instruction card is a listing of the loader
program, which may be manually reloaded into the com-
puter if the original stored program is destroyed.

1-60. MAINTENANCE.
1-51.  PRINCIPAL MAINTENANCE FEATURES.
1-52. Maintenance features for adjusting and servicing

the computer are shown in figures 1-11 and 1-12. A brief
description of each feature is given in table 1-4.

Model 2116B
Volume Two

1-53. MAINTENANCE TOOLS, MATERIALS, AND
EQUIPMENT.

1-54. TOOLS. A standard electronics tool kit will
provide the tools required for normal servicing of the
computer. The kit must include a soldering iron designed
for removing and installing 14-pin integrated circuits, and a
rubber bulb with a suction tube for withdrawing molten
solder. Also required is a torque wrench, capable of indi-
cating 15 inch-pounds, with 3/8-inch, 7/16-inch, and
9/16-inch sockets.

Table 1-4. Computer Maintenance Features

ILLUSTRATION
AND CALLOUT PANEL REFERENCE
NUMBER MARKING DESIGNATION | DESCRIPTION USE
Fig. 1-11 (1,10) - - Card retainer Keeps circuit cards in place.
Fig. 2-11 = A121TP1 Test jack Ground-return test point.
+32 A121TP2 Test jack +32 volt supply test point.
+22 A121TP3 Test jack +22 volt supply test point.
Fig. 1-11 (1, 10) +12 A121TP4 Test jack +12 volt supply test point.
F?g. 1-11 (2) +4.5 Al121TP5 Test jack +4.5 volt supply test point.
g;g' 13 22; -2 A121TP6 Test jack -2 volt supply test point.
Fig: 111 (5) -12 A121TP7 Test jack -12 volt supply test point.
Fig. 1-11 (6) -22 A121TP8 Test jack -22 volt supply test point.
Fig. 1-11 (7) INSTRUCTION A5015113 Slide switch Prevents the Pregister contents from
Fig. 1-11 (8) being changed, thereby causing the
Fig. 1-11 (9) same instruction to be executed
Fig. 1-11 (11) repeatedly.
PHASE A5018112 Slide switch Causes the computer to remain in
the phase existing at the time the
Fig. 1-11 (12) switch is set.
MEMORY A501S8111 Slide switch Turns memory section off. Makes
. all memory locations appear as if
Fig. 111 (13) containing zeroes. °
- A300J1 Power connector | AC power input to computer.
Fig. 112 (1) - - Foam air filter Filters cooling air.
Fig. 1-12 (2) - - Foam air filter Filters cooling air.
Fig. 1-12 (3) - - Identification Used to identify computer model
Fig. 1-12 (4) label number and serial number to deter-
mine technical-manual effectivity.
Optional features installed in the
computer are also listed on this
label.
Fig. 1-12 (5) - A300J2%* Cable connector Connector for cable to optional
power supply extender and/or
memory and I/O extender.

*The manual for the 2160A Power Supply Extender refers to this connector on the 2116B as J2.

1-14
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Figure 1-11. Maintenance Features of Display Board Assembly A501 and Card Cage

1-55. If changes are made to backplane wiring, the
following wiring tools are required:

a. A-MP TERMI-POINT Strip-Fed Service Tool, Amp
part no. 69525-1.

b. A-MP TERMI-POINT Mandrel for above tool, Amp
part no. 69551-1, used with no. 26 wire (American Wire

Gauge), 7 strands, wire insulation thickness 0.022 to 0.045
inches, wiring-post size 0.031 x 0.062 inch.

c. A-MP TERMI-POINT Pull Test Tool, Amp part no.
69358-2, 2.25 1bs test force, for 0.031 x 0.062 inch wiring
post.

d. A-MP TERMI-POINT Extraction Tool, Amp part
no. 69357-3, used for removing Amp 1-330495-5 clip.

1-15
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Figure 1-12. Maintenance Features at Rear of Computer

1-56. In addition to the wiring tools, the following tool
is required if a contact in a backplane socket must be
replaced: A-MP TERMI-TWIST Contact Replacement Tool,
Amp part no. 69514-1, for 0.031 x 0.062 inch wiring post.

1-567.  The A-MP tools may be obtained from Amp Incor-
porated, Harrisburg, Pennsylvania. However, these tools are
rarely required and it may be preferable to have backplane

1-16

wiring work done by Hewlett-Packard service personnel. A
list of Hewlett-Packard Sales and Service Offices is fur-
nished at the back of this volume.

1-568. PARTS AND MATERIALS. Spare parts that may
be required for the computer are listed in section VI of this
volume. Part numbers and ordering information are
included.
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1-59. Materials and chemicals normally used for elec-
tronics service work must be available to the serviceman.
These must include heat-conductive silicone compound
(Dow-Corning No. 5 Silicon Dielectric Compound, or equiv-
alent).

1-60. SERVICING EQUIPMENT. Equipment recom-
mended for maintenance, troubleshooting, and repair of the

Section I

computer is listed in table 1-5. Equipment equivalent to
that specified may be substituted.

1-61. FIELD OFFICE ASSISTANCE.

1-62. Should servicing assistance be required, contaci
the nearest Hewlett-Packard Sales and Service Office. These
offices are listed at the back of this volume.

Table 1-5. Recommended Test Equipment and Servicing Devices

Vacuum cleaner

transformer voltage to 98 volts rms (196 volts for a
230-volt computer), and able to furnish the
power required by the computer (1000 to
1600 watts, depending on the optional
features installed).

Centigrade General-purpose type, accurate to

thermometer +1° C.

High-pressure 25-50 psi pressure

air source

Must have flexible hose with small nozzle,
vacuum port for hose, and pressure port
for hose.

INSTRUMENT CRITICAL SPECIFICATIONS RECOMMENDED HP MODEL
Dual-trace Rise time: < 10 ns. Vertical deflec- HP 180A Oscilloscope with 10004A
oscilloscope tion: 1 volt/division and 10 volts/ Probe and the following plug-in units:
division (including attenuator probe). . .
Horizontal sweep speed: 0.1 micro- HP 1801 A Dual Channel Vertical Ampli-
seconds/division to 1 second/division. fier
HP 1820A Time Base or HP 1821 A Time
Base and Delay Generator
Digital At least 4-digit readout. Minimum HP 3439A Digital Voltmeter with HP 3441A
voltmeter input resistance: 10 megohms. Full- Range Selector
scale ranges: 9.999 and 99.99V de.
AC voltmeter Expanded-scale or digital-readout type, HP 3445A AC/DC Range Unit. (Also per-
capabie of reading the ac voliage supplied forms functions of HF 3441 A Range
to the computer to * 1%. Voltage range Selector listed above. Requires HP 3439A
must be at least 100-115 volts (for a 115- Digital Voltmeter.)
volt computer), or 200-230 volts (for a
230-volt computer).
Multimeter Accuracy: t 3% of full scale. Full-scale HP 427A
ranges: 100 mV to 300V (dc and ac),
10 ohms center-scale to 10 megohms
center-scale.
Logic probe Indication: logic true > +1.4 volts. HP 10525A
Variable auto- Capable of reducing computer input line- None

HP 0440-0004

None

None

NOTES:

1.  The logic probe is optional. Operating voltage for the probe can be obtained from the +4.5 volt test jack on
overvoltage protection assembly A121. Insert a plug into the test jack and connect the probe, using the
alligator clip on the adaptor supplied with the probe. Use care not to cause a short.

2. Ambient-temperature and humidity specifications of test equipment must suit the computer environment.

1-17/1-18
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SECTION I

INSTALLATION

2-1. INTRODUCTION.

2-2.  This section presents instructions for installing the
HP 2116B Computer. Included are procediires for initial
inspection, setting up, and making a performance test of
the computer. Also described are claims procedures and
methods of repacking the computer for shipment.

2-3. INSPECTION OF SHIPMENT.

2-4. The computer and its accessories may be shipped in
more than one container. When the shipment is received,
check the carrier’s papers to ensure that they indicate the
same number of containers that has been received.

2-5.  If external damage to the shipping carton or cartons
is evident, or if a carton is water-stained, ask the carrier’s
agent to be present when the carton is opened.

2-6. When ready to unpack the shipment, open the
carton or cartons, and find the envelope marked
“CUSTOMER RECORDS”. One of the items in this enve-
lope is a list of the equipment shipped. Check this against
the original ordering papers sent to Hewlett-Packard to
ensure that all items correspond.

2-7. Unpack the carton or cartons, and examine each
item for external damage. Look for such things as broken
controls, dented corners, bent panels, and scratches. Also
check the rigid foam-plastic cushioning material (if used)
for signs of deformation which could indicate rough
handling in transit.

2-8.  Open the door of the computer, and check for loose
parts inside the computer. Remove the card cage retaining
serews (shown in figure 1-3), pull out the card cage, and
swing it to the right. Examine the interior of the computer
for loose parts or other signs of damage. Press upward on
the air filters beneath fans A304B2 and A305B3 (figure
1-4) to ensure that the filters are fully seated.

2-9. If the above examination reveals damage to the
computer or its accessories, follow the damage-claim pro-
cedure described in paragraph 2-43. Retain the shipping
containers and packing materials for examination in the
settlement of claims, or for future use.

2-10. Upon completing the inspection for damage in
transit, proceed with a physical inventory of the material
received, as described in the following paragraphs.

2-11. PHYSICAL INVENTORY.
2-12.  MANUALS.

2-13.  Check the manuals furnished with the shipment to
ensure that all manuals listed in the “CUSTOMER
RECORDS” envelope have been received.

2-14. EQUIPMENT.

2.15.  Check the model number marked on the front
door of the computer to ensure that a 2116B has been
received.

2-16.  Check the model number marked on the back of
the computer (figure 1-8) to ensure that a 2116B is indicated.
Also check the serial number on the back of the computer
and the number given in the “CUSTOMER RECORDS*
envelope to ensure that the numbers conform. Compare the
list of optional features marked on the back of the computer
to be sure that it includes all optional features listed in the
“CUSTOMER RECORDS” envelope.

2-17.  Insofar as possible, check to ensure that each equip-
ment item listed in the “CUSTOMER RECORDS” envelope
has been received. In the case of certain optional features, it
may be necessary to refer to the Operating and Service Man-
ual for the optional feature to determine how to identify it.
If an option consists of more than one physical unit, make
sure that all parts have been received.

2-18. PROGRAM TAPES.

2-19.  Check the punched tapes received with the ship-
ment to ensure that all those listed in the “CUSTOMER
RECORDS” envelope have been received.

2-20. INSTALLATION PROCEDURE.
2-21. ENVIRONMENTAL REQUIREMENTS.

2-22. The computer must be installed in a location
where the ambient temperature is 0° to 55° C (32° to
131° F) when the computer is operating. Relative humidity
must be 50 to 95 percent within the temperature range 25°
to 40° C; no moisture condensation, water drips, or spray
can be permitted. When the computer is turned off, the per-
missible temperature range is -40° to 75° C (-40° to 167°F).

2.23.  To maintain proper cooling, there must be at least
two inches of clear space to the rear and sides of the
computer, and three inches above the computer. Clearance
at the back must be at least five inches to permit passage
of cooling air and to prevent sharp bends in cables entering
the computer.

2-1
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[ JUMPERS (115 VOLTS)
U (]
|
EARTH
GROUND
NEMA 5-15R
AC HIGH
AC NEUTRAL POTENTIAL
(115 VOLTS)
A311T1
NOTE: JUMPERS SHOWN CONNECTED FOR EARTH
115-VOLT OPERATION. FOR 230 VOLTS, GROUND
BOTH JUMPERS ARE CONNECTED AS INDICATED
BY DASHED LINES. NEMA 5-20R
2019-149 2019-151
Figure 2-1. Location of Voltage-Change Jumpers Figure 2-2. NEMA 5-15R and 5-20R Female Connector,
Mating Side

2-24. POWER REQUIREMENTS.

2-25. The computer operates from a power source sup-
plying a nominal ac voltage of 115 or 230 volts rms
110 percent, single-phase. The required power frequency is
47.5 to 70 Hz. The power consumption ranges from 1000
to 1600 watts, depending on the optional features included
in the computer. Note that optional features not within the
computer cabinet, and which make separate connection to
the power line, have their own power specifications, and the
power they require is additional to that consumed by the
computer.

2-26. Movable jumpers in the computer permit use of
the 2116B on either 115- or 230-volt power lines. The
computer is shipped with these jumpers connected in
accordance with the customer’s order. However, before the
computer is connected to the power line, the jumpers must
be checked to ensure that they are correctly connected.
This is done as follows:

a. Make sure the computer power cable is not plugged
into a voltage source.

2-2

b. Swing the card cage out of the computer cabinet.

c. Remove the plate covering transformer A311T1,
by pulling out the four white studs in the plate. The plate is
shown in figure 1-4.

d. Locate terminal strip A311TB1. This terminal strip
is mounted on the power transformer, and is the top
terminal strip on the left side of the transformer.

e. Check the jumpers on the terminal strip to ensure
that they are properly connected. (See figure 2-1.)

f. Replace the transformer cover.

2-27. AC POWER OUTLET AND EXTERNAL
GROUND. '

2-28. The ac outlet which will supply power to the
computer must be checked to ensure that it furnishes the
voltage for which the computer is connected. Furthermore,
the ac outlet and its associated wiring and fuses (or circuit
breakers) must be capable of carrying at least 15 amps for a
115-volt computer, or 7 amps for a 230-volt computer.
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2-29. The ac power cable supplied with the computer
fits a NEMA (National Electrical Manufacturers Associa-
tion) type 5-15R or 5-20R female power outlet (figure 2-2).
If the computer is to be installed in a building, make sure
the local electrical codes permit use of this type of elec-
trical outlet for the line voltage and load current used by
the computer. (The 5-15R or 5-20R connector must not be
used for 230-volt operation.) If necessary, change the plug
on the ac power cable to fit an acceptable type of outlet, as
described in paragraph 2-34.

2-30.  Check at the ac outlet with a voltmeter to be sure
the required voltage is supplied, and that it is single-phase.
If the computer is connected for 115-volt operation, the
voltage must be 103.5 to 126.5 volts ac (rms). For 230-volt
operation, the voltage must be 207 to 253 volts ac (rms).
Bear in mind that the electrical load imposed by the com-
puter and its optional features may reduce the line voltage
below its no-load value.

2-31.  If the voltage is in the correct range, check the ac
outlet to ensure that it is correctly wired with respect to
high-potential ac voltage, ac neutral, and earth ground. Use
a low impedance voltmeter, 20,000 ohms per volt or
less, for making these measurements. If the outlet is
improperly wired, correction must be made by a qualified
electrician, and local electrical codes must be observed if
the installation is in a building.

2-32.  If the electrical system has only two wires (that is,
if there is no separate earth ground wire), the computer will
operate with the earth ground lead in the ac power cable
unconnected. However, for safety reasons, it is strongly
recommended that attachment be made to a good earth
ground. This connection must be made through the earth
ground wire in the ac power cable used by the computer.

2-33.  For installation in a ship, airplane, motor vehicle,
or train, the earth ground wire in the computer ac power
cable must be connected to the hull or metal frame of the
vehicle.

2-34. ACPOWER CABLE.

WARNING

If the connector at either end of the
5060-2267 AC Power Cable is changed,
the replacement connector must be cor-
rectly wired to the cable. If the connector
is incorrectly wired, fuse A312F1 in the
computer will not remove voltage from
the computer ac circuits when the fuse
blows. The resulting high voltage at ex-
posed terminals inside the computer pre-
sents a hazard to the computer serviceman.
A similar precaution applies when an
extension cable is used.

2-35.  Check AC Power Cable 5060-2267 to be sure it is
long enough to connect the computer with the ac outlet to
be used. If necessary use a longer cable or add an extension
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cable. Also, make sure the connector on the cable fits the
ac outlet. Any added cabling must have three conductors,
with each conductor no. 14 American Wire Gauge or
heavier, and connectors must be rated at 15 amps or more.

2-36. If an exiension cord is used, or if the connector at
either end of AC Power Cable 5060-2267 has been
removed, make sure that fuse A312F1 remains on the
high-potential side of the power line. This is done as
follows:

a. Plug the power cable into the back of the computer.
Do not make connection with the ac power source.

b. Plug the extension cord, if used, into the power
cable. Do not make connection with the ac power source.

c. Extend the card cage.

d. Remove the bottom panel, situated beneath the
backplane connectors (figure 1-5). Do this by removing the
screws at the sides of the card cage which hold the panel in
place.

e. Set an ohmmeter to the R x 1 scale, and zero the
meter.

f. Connect one lead of the ohmmeter to the high-
potential prong of the male connector which will plug into
the ac source.

g. Connect the other ohmmeter lead to terminal
A200TB1-9, at the bottom of the card cage. Figure 1-5
shows the location of this terminal strip. Terminal 9 is the
farthest terminal on the strip from the card cage hinges.

h. Check the ohmmeter reading. If an open circuit is
indicated, press the POWER switch (A5025109) on the
control panel assembly. When the POWER switch is closed,
the ohmmeter reading should be approximately zero (see
figure 2-3). If the reading is approximately two ohms or if
it is infinity, the power cable connections are incorrect.
Make the necessary corrections as described in step “m”
below.

i. If the preceding test is satisfactory, press the
POWER switch once. The ohmmeter should indicate
infinity. If the reading is not infinity, the power cable
connections are incorrect.

j. If the preceding step is satisfactory, remove the
ohmmeter lead from the high potential prong of the power
connector, and connect it to the ac neutral prong of the
connector.

k. Check the ohmmeter reading. Approximately two
ohms should be indicated. If the resistance is zero or
infinity, the power cable connections are incorrect.

1. If the preceding step is satisfactory, check the resist-
ance between the earth ground prong of the power con-

2-3
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MUST BE CONNECTED AS SHOWN, PLACING FUSE
A312F1 ON THE HIGH POTENTIAL SIDE OF THE
LINE.

2. d7 THIS SYMBOL INDICATES CONNECTION
TO THE COMPUTER FRAME.
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Figure 2-3. AC Distribution Diagram

nector and the frame of the computer. Zero ohms should
be indicated. If the reading is infinity, the power cable is
incorrectly wired.

m. If any of the preceding measurements is incorrect,
make the necessary changes in connector wiring. If an
extension cord is used, change connections in one of the
extension-cord connectors, rather than in the factory-wired
5060-2267 AC Power Cable. After making the correction,
repeat the entire check procedure, starting with step e
above.

n. After completion of the test, replace the
bottom panel.

2-37. MOUNTING.

WARNING

If the 2116B is mounted in a rack which
has slide-out drawers, heavy doors, or
heavy protruding devices, the rack must
be bolted to the floor or heavily weighted
at the base. Otherwise, when the 2116B
card cage is extended, there is danger of
the rack tipping forward. This possibility
does not exist when the 2116B is placed
on a bench or table top.

2-38. The computer is designed either for bench instal-
2-4

lation or for mounting in a standard 19-inch equipment
rack. When installed on a shelf, bench, or table, the com-
puter need not be fastened down except for shipboard,
aircraft, or other mobile use. For these mobile installations,
shock mounts must be used. When installed in a rack,
mount the computer in accordance with the instructions
included in the rack-mounting kit. The entire rack must be
shock mounted in mobile installations.

2-39.  After the computer has been mounted, install and
connect optional devices which are external to the
computer. (Internal devices are factory-installed.)

2-40. Set the LOADER switch to the PROTECTED
position and connect the computer and external devices to
the ac power source. Then perform steps a, f, and g of para-
graph 5-24. When this has been completed, make a perform-
ance check of the computer and all optional features as
explained in the next paragraph.

2-41. PERFORMANCE CHECK.

2-42. The performance check of the computer consists
of two parts. The first part is a pretest checkout of com-
puter controls and program-loading ability. This is referred
to as the basic checkout. The second part is a performance
test, using diagnostic programs. Instructions for both the
basic checkout and diagnostic test are given in section IV of
this volume. Performance checks of optional devices are
described in the manuals for the devices.
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2-43. CLAIMS.

2-44.  If the computer is incomplete or damaged when
received, or if it fails to meet specifications, notify the
nearest Hewlett-Packard Sales and Service Office. (Sales and
Service Offices are listed in the back of this volume.) If
damage occurred in fransit, notify the carrier also. Hewlett-
Packard will arrange for replacement or repair without
waiting for settlement of claims against the carrier.

2-45. REPACKAGING FOR SHIPMENT.
2-46.  SHIPMENT USING ORIGINAL PACKAGING.

2-47.  The same containers and materials used in factory
packaging can be used for reshipment of the computer.
Alternatively, containers and packing materials may be
obtained from Hewlett-Packard Sales and Service Offices. If
the computer is being sent to the factory for servicing,
attach a tag to the computer with the return address and
indicating the type of service required, the computer model
number, and the fuil serial number of the computer. Mark
the container “FRAGILE” to assure careful handling. In
any correspondence, refer to the computer by model num-
ber and full serial number.

2-48.  SHIPMENT USING NEW PACKAGING.

2-49. The following instructions should be followed
when packaging the computer with commercially available
materials:

a. Wrap the computer in heavy paper or sheet plastic.
If shipping the computer back to the factory, first attach a
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tag to the computer with the return address and indicating
the type of service required, the computer mode! number,
and full serial number.

b. Use a strong shipping container. A double-wall car-
ton of 350-pound test material is adequate.

c. Use enough shock absorbing material (3- to 4-inch
layer) on all sides of the computer to provide a firm
cushion and to prevent movement inside the container. Use
particular care to protect corners, the control panel, and
the display panel.

d. Seal the shipping container securely, and mark it
“FRAGILE”.

e. In any correspondence with the factory, refer to
the computer by model number and full serial number.

2-50. WARRANTY.

2-51.  The terms of the warranty for the HP 2116B
Computer are described in the warranty notice inside the
front cover of this manual. For any additional information
concerning the warranty, contact the nearest Hewlett-
Packard Sales and Service Office.

2-5/2-6
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Section III

SECTION Ili

THEORY OF OPERATION

31. INTRODUCTION.

3-2.  This section explains the theory of operation of the
2116B Computer. The discussion is conducted at the
block-diagram level, with circuit-diagram analysis of com-
plex nondigital circuits. Complex logic circuits are also
given detailed treatment in this section. However, complete
coverage of logic circuits is reserved for section IV of this
volume, where troubleshooting charts together with the
logic diagrams in section V present a fully detailed view of
computer functioning. Throughout the theory discussions
the term “current flow” refers to electron flow.

33. REFERENCE INFORMATION.

3-4. The following paragraphs present general infor-
mation which is required for understanding the theory
discussions in this section.

3-5.  ABBREVIATIONS.

3-6.  Abbreviations of flip-flop names, and abbreviated
designations of signals, are defined in table 5-7.

3-7. BINARY VOLTAGE LEVELS.

3-8. The binary signal levels in the computer are
approximately +2.3 volts and +0.2 volts. The levels may
vary from these approximate amounts, depending on the
type of integrated circuit providing the signal, its condition,
and its load. The minimum and maximum input and output
voltages for each type of integrated circuit are specified in
table A-7.

3-9. In this manual, the +2.3 volt logic level is referred
to by term “true”, and the +0.2 volt level is referred to as
“false”.

3-10. LOGIC CIRCUITS.

3-11.  The logic circuits principally employ positive logic.
That is to say, all inputs to an “and” or “nand” gate must
be +2.3 volts for coincidence to occur. Similarly, if any
input to an “or” or ‘“nor” gate is +2.3 volts, the output is
+2.3 volts for an “‘or” gate or +0.2 volts for a “nor” gate.
The output from the “set” side of a flip-flop is approxi-
mately +2.3 volts when the flip-flop is set, and +0.2 volts
when the flip-flop is reset.

3-12. The logic symbols used in this manual are
described in appendix A.

3-13. SIGNAL NAMES.
3-14.  Signals are named in one of the following ways:
a. As a condition which either exists or does not exist.

b. In accordance with the name of a flip-flop or panel
switch which is the source of the signal.

c. In accordance with the name of the bus which
carries the signal.

d. As a command or order, expressed in the imperative
grammatical mode.

3-15.  Since most circuits in the computer employ posi-
tive logie, signal names are positive-true. The following
paragraphs describe the expression “positive-true name” as
applied to each of the four types of signal names.

3-16.  When a signal is named in accordance with a con-
dition, the signal level is +2.3 volts when the condition
exists, and +0.2 volts when the condition does not exist.
For instance, the MRT signal is +2.3 volts during memory
read time, and +0.2 volts at other times. Similarly, the
“not” OPO signal is +2.3 volts when a one-phase instruction
is not being performed.

3-17. When a signal is named in accordance with the
flip-flop which is its source, the signal taken from the set
side of the flip-flop is +2.3 volts when the flip-flop is in the
set condition, and +0.2 volts when the flip-flop is in the
reset condition. For instance, when the Flag Buffer FF is in
the set state, the FBFF signal is +2.3 volts.

3-18.  When a signal is named in accordance with the bus
which carries it, the signal is +2.3 volts when the bus carries
alogic 1, and +0.2 volts when it carries a logic 0.

3-19.  When a signal is named in the imperative mode, it
becomes +2.3 volts to bring about the action commanded.
For instance, the Flag FF is cleared when the CLF (clear
flag) signal changes from +0.2 volts to +2.3 volts.

3-20. FUNCTIONAL SECTIONS.

3-21. From a functional standpoint, the computer con-
sists of five sections. These are the control section, arithme-
tic section, memory section, input/output section, and
power supply section. Various optional devices can
augment these sections by extending their capabilities. The
circuit theory of the optional features is dealt with in the
technical manual for the device concerned.
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3-22.  The physical grouping of electronic assemblies in
the computer corresponds to the functional sections. As
figure 1-3 shows, the circuit cards for the memory, control,
arithmetic, and I/O sections are grouped together in the
card cage in accordance with function. On the back of the
card cage (figure 1-5), behind the memory cards, the core
stack assembiy is mounted. The power supply is instalied in
the back of the computer cabinet. Controls and indicators
for the various functional sections are mounted on the door
assembly (figures 1-6 and 1-7).

3-23.  Figure 3-1 illustrates the internal makeup and
functional relationships of the five major computer
sections.

3-24. CONTROL SECTION.

3-25.  The control section directs the overall functioning
of the computer. The control function is exerted by pulse
signals which result from decoded instruction words read
from the memory section. These control signals are fur-
nished at a rate, and have a duration, that is determined by
the timing circuits.

3-26.  TIMING CIRCUITS.

3-27.  The timing circuits consist of the basic timing
circuits and the memory timing circuits. These are
described in the paragraphs which follow.

3-28. BASIC TIMING CIRCUITS. The basic ‘timing
circuits make up part of timing generator card A106. They
consist of an oscillator, a frequency divider, time-strobe
generator circuits, and a time period generator. These are
illustrated in block diagram form in figure 3-2, and
described in the following paragraphs.

3-29.  Oscillator. A crystal-controlled Colpitts oscillator,
consisting of transistor A106Q1 and its associated com-
ponents (figure 3-3), produces a 10-MHz signal which is the
fundamental timing element within the computer. The out-
put of the oscillator is amplified by A106Q2, buffered by
A106Q3, and furnished to the frequency divider. The out-
put of A106Q3 is shown in figure 4-16.

3-30.  Frequency Divider. The frequency divider consists
of flip-flops CF1 and CF2 (figure 3-4). The J and K inputs
to each of these flip-flops are connected to 4.5 velts. The
flip-flops therefore function as divide-by-two counters, each
triggered by a negative-going input to pin 1. The CF1 FF
receives the output of the 10-MHz oscillator, and furnishes
a square wave with a period of 200 ns. The CF2 FF receives
this signal, and provides a square wave with a period of
400 ns. (See figure 4-15.)

3-31. Two “and” gates combine the outputs of the CF1
and CF2 FFs to produce the CL1 and CL2 signals. (See
figure 4-15.)

3-32. Time_Strobe Circuits. The time strobe circuits
(figure 3-4) produce two signals, TS and TSA. The
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signals occur simultaneously, and have a duration of 45 to
50 ns. The TS pulse is used in the control and arithmetic
sections when a short pulse, synchronized with computer

timing, is required. The TSA pulse is used for the same

purpose by certain optional devices. The timing of TS and
TSA, relative to other computer timing pulses, is illustrated

A

in figure 4-15.

3-33.  The TS and TSA pulse are produced by the “not”
output of the CF1 FF, “anded” with the same signal
delayed approximately 50 ns. The delay results from
capacitor A106C6, the value of which is selected to pro-
duce the required wait after the CF1 FF becomes reset. The
termination of the TS and TSA pulses occurs when the
CF1 FF is set.

3-34. The two “and” gates A106MC42A and
A106MC75B perform corresponding functions for the TS

“and TSA signals, respectively.

3-35.  If a component in the discharge path of A106C6 is
changed, it. may also be necessary to change the capacitor
itself in order to retain the required 45-50 ns duration of
TS and TSA. (Components in the discharge path are
A106MC52A, A106MC52B, and A106MC52R2.) The value
of A106C6 typically ranges between 100 and 180 pF.

3-36.  Time Period Generator. The time period generator
consists of a ring counter and associated “and” gates (figure
3-5). The unit produces eight basic pulses, synchronized
with the 10-MHz oscillator, and used for timing purposes
throughout the computer. These pulses are referred to as
clock pulses, and are designated “T0” through “T7”. They
are furnished in the sequence in which they are numbered,
with each pulse rising as the preceding one falls. After pulse
T7, pulse TO is again produced without interruption of the
sequence. Each pulse has a duration of 200 ns. The eight
pulses, lasting for 1.6 microseconds, make up the basic
machine cycle of the computer. This cycle starts at the
beginning of pulse TO, and ends at the end of pulse T7.

3-37.  As well as identifying the clock pulses, the terms
“T0” through “T7” designate the time periods correspond-
ing to the pulses. For example, time period T3 is the time
during which the T3 pulse is true.

3-38.  In addition to the TO through T7 pulses, the time
period generator also produces double-length pulses, lasting
for 400 ns. These are named in accordance with the two
sequential clock pulses during which they are furnished.
For instance, the TOT1 pulse is true during time periods TO
and T1.

3-39.  One more pulse produced is the T7S pulse, which
is true during the last quarter of time period T7.

3-40. The various pulses furnished by the time period
generator are included in figure 4-15. The T6 pulse is used
only by cards A109 and A110, which comprise the optional
Extended Arithmetic Unit. Microcircuits on these two cards
contain TTL gates which receive the T6 pulse. The input
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circuits to the gates furnish resistive paths to -2 volts.
These resistances function as pull-down resistors, required
for development of the T6 pulse. If the A109 and A110
cards are not installed, the absence of pull-down resistors
results in the T6 pulse remaining permanently true.

3-41.  The ring counter consists of eight latch flip-flops.
Of these, two are set at any given time, and the remaining
six are clear. The two set flip-flops are always adjacent to
each other (as the flip-flops are shown in figure 3-5), except
that once during each cycle the two set flip-flops are the
T7T0 FF and the TOT1 FF.

3-42.  The ring counter is operated by the CL1 and CL2
signals, which trigger alternate flip-flops in the counter.
From the CL1 and CL2 waveform in figure 4-15, it can be
seen that the flip-flops operate in a leap-frog fashion. That
is, the positive-going edge of each CL1 and CL2 pulse clears
the trailing flip-flop of the two that are set, and sets the
flip-flop immediately ahead of the other flip-flop.

3-43.  When power is applied to the computer, the flip-
flops in the ring counter assume a random state. Within one
machine cycle (four CL1 pulses and four CL2 pulses), the
ring counter is in the required condition, with two adjacent
flip-flops set and the remaining flip-flops clear. At this time
the clock pulse furnished is T6, and for this reason the
clock pulses in figure 4-15 begin with T6. The circuits
which bring about the initial condition are the following
A106 “nand” gates: MC124A, MC124B, and MC62C. The
“nand” gate MC104A is enabled only during an ISZ
instruction; operation of this gateé is dealt with in the
explanation of the ISZ instruction in section IV.

3-44. MEMORY TIMING CIRCUITS. The memory
timing circuits, on timing generator card A106, provide
pulse signals for controlling the transfer of data to and from
the core stack assembly. The signals are generated from
clock pulses, panel controls, and pulses received from the
instruction decoder. Through the use of gates, the memory
timing circuits produce from these inputs the required
pulses for controlling core-memory writing and reading.
Since the memory timing signals are produced by simple
gating circuits, detailed discussion of the circuits is
unnecessary. It should be noted, however, that the MWL
pulse remains permanently true if neither of the following
cards is installed: card A3 (Parity Error Option) and card
A21 (Memory Protect Option). As with the T6 pulse, pull-
down resistors on the optional cards are required for pro-
duction of the MWL pulse.

3-45. CONTROL SECTION REGISTERS.

3-46.  The registers in the control section are the transfer
register (T-register), memory address register (M-register),
program address register (P-register), and instruction regis-
ter (I-register).

3-47. T-REGISTER. The T-register receives 16-bit words
which will be stored in, or which have been read from, the
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core memory section (see figure 3-1). The various stages of
the T-register are on four arithmetic logic cards, with refer-
ence designations A102, A103, A104, and A105.

3.48. M-REGISTER. The M-register specifies the core

memory address in which a word will be stored, or from
a word will be retrieved (see ficure 3-1). The various

which a word will b rieveg rgure o-1). 1n1e
stages of the M-register are on arithmetic logic cards A102,
A103, A104, and A105.

3-49. P-REGISTER. The P-register specifies the core
memory address from which the next instruction word will
be read (see figure 3-1). When the P-register contents are
used, they are gated onto the R bus, passed through the
arithmetic gates, and gated into the M-register. From here,
the address is forwarded to the memory section. The
various stages of the P-register are on arithmetic logic cards
A102, A103, A104, and A105.

3-50. I-REGISTER. The IL-register is a 6-bit register
which receives bits 15 through 10 of each instruction word
read from the core memory section (see figure 3-1). The
I-register holds these bits while they are decoded by the
instruction decoder. The register is on instruction decoder
card A107.

3-51. INSTRUCTION DECODER.

3-52.  The instruction decoder examines each instruction
word read from the memory section, and produces control
pulses in accordance with the type of instruction indicated.
These pulses activate flip-flops, gates, and registers in the
memory, arithmetic, control, and I/O sections to bring
about the functions required by the instruction.

3-53. When an instruction word is read from the mem-
ory section, it is placed in the T-register (see figure 3-1).
Bits 15 through 10 are forwarded to the 6-bit I-register, and
from there to the instruction decoder. Bits 9 through 0 of
the T-register are furnished directly to the instruction
decoder.

3-54.  During the course of each instruction, the instruc-
tion decoder gates register contents onto the R bus or S
bus, loads registers from the T bus, and activates the arith-
metic gates to bring about the required functions.

3-55.  In the case of a memory reference instruction, the
instruction decoder brings about the reading of the required
word from the memory section. This is done by activating
the memory timing circuits with appropriate control pulses.
The word read is placed in the T-register. This destroys the
instruction word itself. However, six bits of the word
remain in the I-register. These bits, together with various
flip-flops set earlier in the instruction, control the computer
during the remainder of the instruction.

3-56.  The instruction decoder is on instruction decoder
card A107 and shift logic card A108.
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3-57. PHASE GENERATOR.

3-58. The phase generator produces four pulse-type
signals which determine the basic function performed by
the computer during each 1.6-microsecond machine cycle.
The four signals are named phase 1, 2, 3, and 4, in accord-
ance with the four types of machine cycle. These machine
cycles serve the following purpose:

a. Phase 1, referred to as the fetch phase, is the
machine cycle in which an instruction word is obtained
from the memory section. This is the first phase of each
instruction, and in some cases the entire instruction is
completed during this machine cycle.

b. Phase 2, called the indirect phase, is used when
indirect addressing is indicated by the instruction word.
(Bit 15 of the word, when logic 1, specifies indirect
addressing.) Indirect addressing is used only with memory
reference instructions. In instruction words of this type,
bits 9 through 0 normally are an operand address in the cur-
rent page. With indirect addressing, however, the 16-bit
word in the memory location indicated by these bits is
itself used as an address. Another reference is then made to
the memory section to obtain the operand. In this case,
15 bits are available for specifying the address; therefore
any page can be referenced. The computer is in phase 2
for the machine cycle during which the 15-bit address word
is used. Multiple-step indirect addressing is also possible. If
bit 15 of the word obtained during phase 2 is logic 1,
another phase 2 machine cycle is performed, and the word
acquired in the first phase 2 is used as the address from
which another address word is obtained. Phase 2 machine
cycles continue until a word is acquired in which bit 15 is
logic 0. This word is the address of the operand, and a final
phase 2 is performed fo acquire this operand.

c. Phase 3, the execute phase, is a machine cycle in
which the computer operates as indicated by the instruc-
tion word acquired in the preceding fetch phase.

d. Phase 4, the interrupt phase results from an
interrupt by an I/O device. Phase 4 suspends the computer
program for performance of an instruction stored at the
core location corresponding to the type of interrupt.
Another use of phase 4 is for the execution of a program
jump when ac line voltage fails.

3-59.  An additional phase, phase 5, is used by the direct
memory access system. Since DMA is an optional feature,
phase 5 is explained in the Operating and Service Manual
for DMA.

3-60. Phase 2, if performed, follows phase 1 or a prior
phase 2. Phase 3 follows phase 1 or phase 2. The last phase
of an instruction is phase 1 (for a single-phase instruction),
or phase 3 (for a multiple-phase instruction). Phase 4 can
come between any two phases.
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3-61. Lamps on display board assembly A501 light when
the computer is in the fetch, indirect, or execute phase.
Because of the speed of operation of the computer, these
lamps serve a useful function only when the computer is
stopped or when it is being stepped with the SINGLE

CYCLE switch.

3-62. The phase generator is on timing generator card
A106.

3-63. ARITHMETIC SECTION.

3-64. The arithmetic section of the computer performs
the addition, subtraction, or other data manipulation for
each instruction requiring such operations. The data ma-
nipulation is performed by three major circuit groups: the
accumulators, the computational registers, and the arithme-
tic gates. (See figure 3-1.)

3-65. ACCUMULATORS.

3-66. The computer has two. accumulators: the
A-register and the B-register. Each accumulator holds a
16-bit data word before during, and after data manipulation
is performed on the word.

3-67. Normally, only one accumulator is used during the
course of an instruction, the accumulator in use being
specified by the instruction word. However, the other
accumulator can be addressed in the same manner as a core
storage location, thereby permitting inter-accumulator
operations. For instance the contents of the A-register can
be compared with the contents of the B-register, using a
single instruction. Also, either accumulator can be addressed
by an instruction which does not involve the other
accumulator. In this type of operation the data in the
addressed accumulator is treated as if it were in a core

3-68.  The address of the A-register is 00000 (octal). The
address of the B-register is 00001 (octal).

3-69.  The various stages of the two accumulators are on
arithmetic logic cards A102, A103, A104, and A105.

3-70. COMPUTATIONAL REGISTERS.

3-71.  Three 1-bit computational registers aid in perform-
ing data manipulation and recording the results obtained.
The registers are the Overflow, Extend, and Carry FFs. The
Overflow FF is used to hold control information, and to
record positive arithmetic overflows from the accumulators.
The Extend FF detects negative arithmetic overflows from
the accumulators, and links the two accumulators during
rotate instructions. The Carry FF detects and stores certain
control and bit conditions.

3-72.  Lamps on dispiay board assembiy A501 light when
the Overflow or Extend FF is set.

3-7
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3-73. The Overflow, Extend, and Carry FF’s are on
shift logic card A108.

3-74.  ARITHMETIC GATES.

3-75.  The principal data-manipulations in the computer
are performed by the arithmetic gates (figure 3-1). The
gates use timing and control signals to regulate the transfer
of data from the R and S buses to the T bus. In doing this,
the gates can perform any of the following arithmetic
operations:

a. Add the number on the R bus to the number on the
S bus.

b. Add 1 or 2 to the number on the R bus.

¢. Combine the number on the R bus with the number
on the S bus, using any of the following logic functions:
“and”, inclusive “or”, exclusive “or”.

d. Complement the number on the R bus.

e. Shift the number on the R bus to the right one
position, to the left one position, or to the left four
positions.

f. Transfer data unchanged from the R or S bus to the
T bus.

3-76.  After passing through the arithmetic gates, data
can be loaded into the T-register, P-register, M-register,
A-register, or B-register, or Overflow FF.

3-77. MEMORY SECTION.

3-78. The 2116B memory section employs a core
storage unit of the conventional -coincident-current
parallel-readout type. In its basic configuration, the com-
puter has one 8,192-word (8K) core stack assembly. As an
optional feature, one more 8K core stack assembly can be
installed in the computer cabinet. Furthermore, one or two
additional 8K core stacks can be added to the system in a
cabinet external to the computer.

3-79.  The discussion which follows deals with 2 memory
section incorporating either one or two 8K core stack
assemblies. For the circuit theory of systems which include
one or two additional stacks (24K or 32K systems), refer to
the Operating and Service Manual for the 2150B Input/
Output and Memory Extender.

3-80. The core stack assembly includes provisions for
storing a parity bit with each word. Use of this feature is
optional, and the circuit theory is covered in the Operating
and Service Manual for the 12591A Parity Error Option.

3-81.  Before reading the theory discussion of the
memory section, the reader must be familiar with the
principles of core storage memories. An explanation of
this type of storage device can be found in most text books
dealing with the basics of digital computers.

3-8
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3-82. CORE STACK ASSEMBLY.

3-83. The 8K core stack is made up of a diode matrix,
and ferrite cores which provide 8,192 word-storage
locations. The diode matrix, at the top of the assembly,
consists of 256 diodes on a mounting board. Below this are
five additional mounting boards with core matrices installed
on the top and bottom of each board. The construction is
such that for each word there is more than one core on a
physical plane. -

3-84. Each word-location in the core stack assembly
consists of 17 ferrite cores. Of these, 16 are used for storing
a data word, while the remaining core is reserved for a
parity bit. If the parity-check feature is not installed, the
17th core remains unused.

3-85. ORGANIZATION OF DATA.

3-86. The word-locations in the core stack assembly are
divided into two 4K groups, referred to as the upper
module and lower module. In the basic 8K core stack assem-
bly, word-ocations in the lower module are assigned
addresses from 00000 through 07777, while the upper
module contains locations 10000 through 17777. The terms
“lower” and “‘upper” refer to the octal addresses pertaining
to the two modules, rather than the physical relationship
of the modules.

3-87.  Each 4K module is divided into four “pages”, each
consisting of 1,024 words.

3-88.  Figure 3-6 shows the octal addresses in each

a anmd

module and page.

1ST 8K
CORE STACK

2ND 8K
CORE STACK

[~ 00000 to 01777
02000 to 03777
04000 to 05777
L- 06000 to 07777

20000 to 21777
22000 to 23777
24000 to 25777
26000 to 27777

LOWER MODULE
4,096 WORDS -
(4 PAGES)

™ 10000 to 11777
12000 to 13777

30000 to 31777
32000 to 33777

UPPER MODULE

4,096 WORDS
14000 to 15777 34000 to 35777
(4 PAGES)
L_ 16000 to 17777 36000 to 37777
2019-179

Figure 3-6. Organization of Data in Core Stack Assembly
3-89. MEMORY READ OPERATIONS.

3-90. When a word is to be read from the core stack
assembly, its address is first placed in the 16-bit M-register
(refer to figure 3-1). The address is then forwarded to the
memory section, the word is acquired from the specified
word-location, and the T-register receives the word read.
This operation is performed for each of the three basic
types of readout operation, which are as follows:

a. Readout of a word for display in the T-register.

b. Readout of an instruction word to be performed by
the computer.

c. Readout of an operand which will be used by the
program.
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3-91. READOUT FOR DISPLAY. When a word is to be
displayed in the T-register the computer must not be
running, otherwise the word will not remain in the register
long enough for visual perception. The readout for display
is brought about by seiiing into the SWiTCH REGISTER
switches the address of the required word. Then the LOAD
ADDRESS switch is pressed, followed by the DISPLAY
MEMORY switch. When the LOAD ADDRESS switch is
pressed, the number in the switch register is placed on the S
bus. From there it passes unchanged through the arithmetic
gates, and is loaded into the M-register.

3-92.  Next, the DISPLAY MEMORY switch is pressed.
The address decoding gates in the memory section decode
the contentis of the M-register, and the word at the specified
address is read from memory, sensed by the sense ampli-
fiers, and placed in the T-register. The word is then avail-
able for visual inspection in the T-register display lamps.

3-93. The memory readout operation leaves zeros in the
16 ferrite cores at the addressed location. Therefore, it is
necessary to rewrite the word in these cores. This is done
immediately after the memory readout has taken place, and
occurs without manual intervention by the operator.
Immediately after the memory readout operation the
M-register still indicates the addressed location, and the
memory timing circuits restore the word in the memory
section by attempting to store logic 1 in each bit position
of the addressed word-location. However, the inhibit
circuits prevent this in the ferrite cores that originally
contained logic 0. The word that was read out is in the
T-register, and from this word the inhibit circuits determine
the cores that must remain in the logic 0 state.

3-94. INSTRUCTION-WORD READOUT. The second
type of memory readout occurs when the computer
acquires an instruction word to be performed by the
program. The P-register contains the address of the instruc-
tion, and at the start of each phase-1 machine cycle the
P-register contents are gated onto the R bus, passed through
the arithmetic gates, and loaded into the M-register (figure
3-1). When the address passes through the arithmetic
gates, logic 1 is added to the number. As well as being
loaded into the M-register, the modified address is placed
in the P-register in preparation for acquisition of the next
instruction word.

3.95. When the address of the instruction word to be
acquired is loaded into the M-register, it is decoded in the
memory section, and the word is read from its memory
location and rewritten as before. In this case, after the word
is placed in the T-register, bits 15 through 10 are forwarded
to the I-register, and the I-register and T-register contents
are decoded to determine the kind of instruction to be
performed. ‘

3-96. In the type of memory readout previously
described, a word was acquired from the memory section
for display purposes. This operation was not followed by
decoding of the word by the instruction decoder. It is the
decoding process which brings about actions in the com-
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puter under control of the instruction, and this is the
distinguishing feature between words treated as data and
words which are handled as instructions. The difference in
the way words are treated after they are read from the
memory section is controlled by the phase generator.

3-97. OPERAND READOUT. The third method of
addressing a core memory location is used by memory
reference instructions. Instructions of ihis type acquire an
operand from the memory section, and perform an arithme-
tic or logic operation using the operand. The operand word
is acquired either by direct addressing or by indirect
addressing, as designated by bit 15 of the instruction word.
If bit 15 is logic 0, the operand is acquired from the
memory section by direct addressing. If the bit is logic 1,
indirect addressing is employed. '

3.98.  Direct Addressing. When direct addressing is used,
the computer enters phase 3 (the execute phase) after
acquiring the instruction word in phase 1. In phase 3 the
operand is acquired from the memory section, and acted
upon in accordance with the type of instruction being
performed.

3-99.  When direct addressing is used, the operand must
be obtained either from memory page zero, or from the
same memory page in which the instruction word is
located. Bit 10 of the instruction word identifies the page
to be used, logic 0 indicating page zero and logic 1 the
current page.

3.100. When the instruction word is acquired from the
memory section, it is placed in the T-register (figure 3-1).
When the word is decoded and found to be a memory
reference instruction, bits 9 through 0 of the T-register are
gated onto the S bus, passed unchanged through the arith-
metic gates, and are loaded into the M-register. This takes
place near the end of phase 1. If the memory page being
referenced is the current page, positions 15 through 10 of
the M-register retain the contents they had when the
instruction word was acquired. These bits designate the
core stack, module, and page to be referenced, and since
they remain unchanged, the operand is obtained from the
page in which the instruction word is stored. If bit 10 of
the instruction word indicates page zero, bits 15 through 10
of the M-register are cleared, and page zero of the basic core
stack assembly is referenced.

3-101.  After the M-register is loaded, the computer
enters phase 3, and the referenced word is acquired from
the memory section and placed in the T-register. The use
then made of the operand depends on the type of instruc-
tion being performed.

3-102. Indirect Addressing. With indirect addressing, the
instruction word is acquired from the memory section and
placed in the T-register as before. The M-register is also
loaded with the operand address in the same manner as for
direct instruction addressing. However, because bit 15 of
the instruction word is logic 1, the computer enters
phase 2 (the indirect phase) after the completion of phase

3-9
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1. In phase 2 the referenced word is acquired from page
zero or the current page and placed in the T-register as
before. However, the word acquired is not treated as an
operand to be operated on by the instruction, nor is it
handled as an instruction word. Instead, it is forwarded to
the M-register and treated as an address word. This time,
bits 14 through 0, rather than 9 through 0, are routed
from the T-register to the M-register. Consequently, any
address in any of the core stack assemblies can be
referenced.

3-103. When the word is acquired from the memory
section during phase 2, it is placed in the T-register in the
normal way. Bit 15 of the word is then checked to deter-
mine whether another indirect addressing operation is to be
performed. If bit 15 is logic 1, the new word is treated as an
address word, the word is forwarded to the M-register, and
another phase 2 machine cycle is performed. The computer
continues to perform phase 2 machine cycles until a word is
acquired in which bit 15 is logic 0. The computer then
enters a phase 3 machine cycle, and the word acquired in
the last phase 2 cycle is treated as an operand.

3-104. MEMORY WRITE OPERATIONS.

3-105. Memory write operations are very similar to
memory read operations. First, bits 9 through 0 of the
instruction word are routed from the T-register to the
M-register. M-register bits 15 through 10 are cleared if page
zero is being referenced. Following this, the word to be
written is gated onto the T-bus and loaded into the
T-register. Then, the word currently stored in the addressed
memory location is read out by placing the ferrite cores at
that location in the zero state. However, instead of being
placed in the T-register, the word read from the memory
section is discarded. (That is, no flip-flops are set by the
pulses from the sense amplifiers.) Finally, the word former-
ly placed in the T-register is written in the addressed
location. This is done in the same manner as rewriting a
word that has been read out of the memory section.

3-106. DETAILED DISCUSSION OF MEMORY
SECTION.
3-107. BLOCK DIAGRAM ANALYSIS. When memory

reading or writing is performed, the address decoding gates
(figure 3-1) examine bits 11 through O of the M-register to
determine the word-location to be referenced. These 12 bits
can indicate any octal address from 0000 through 7777,
corresponding to the 4,096 locations in the lower or upper
module of the core stack assembly.

3-108.  Bits 11 through 6 of the M-register indicate the Y
drive-line to be used (see figure 3-7). These bits are decoded
to yield their octal equivalent, in the form of two octal
digits. Bits 11, 10, and 9 give the most-significant-digit
(MSD), and bits 8, 7, and 6 give the least-significant-digit
(LSD). Together, these two digits identify one of the 64 Y
drive-lines in the core stack assembly.

3-109.  Bits 5 through 0 of the M-register are decoded in
a manner similar to that used for bits 11 through 6, to yield
a 2-digit octal number identifying the X drive-line.

3-10
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Figure 3-7. Significance of M-register Contents

3-110.  Bits 14 through 12 of the M-register are also
examined in the memory section to identify completely the
memory location to be referenced. Bit 12 identifies the
module, logic 0 indicating the lower module and logic 1
the upper module. Bits 13 and 14 designate the core stack
assembly, if more than one is installed.

3-111.  Y-Line Selection. Figure 3-8 illustrates in block
diagram form the selection of the Y-line for core stack
assembly A400. The address decoding gates shown in the
diagram receive bits 11 through 9 or 8 through 6 of the
M-register. Each set of three bits results in an output pulse
from one of the eight gates to which the bits are furnished.
The YO/1 signal is an enable pulse, and is always present
when decoding takes place for memory module 0 or 1.
These are the lower and upper modules in core stack
assembiy A400. For core stack assembly A401 (if used) the
corresponding signal is Y2/3. These two signals determine
which of the two Y driver/switch cards will be used, and
thereby determine the core stack to be addressed.

3-112. As a result of the decoding process, a pulse is
furnished to one of the eight drivers and another pulse to
one of the eight switches. Thus, for each 2-digit octal
number (MSD and LSD), one Y driver and one Y switch are
selected. A total of 64 combinations is possible.

3-113.  When the selected driver and selected switch each
receive an input pulse, electron-current flows from the
switch to the driver (when reading), or from the driver to
the switch (when writing). This current flows through the
addressed Y-line, which is numbered in accordance with the
MSD and LSD which select it.

3-114. The Y-lines pass through the ring-shaped ferrite
cores shown in figure 3-8. Each core in the illustration
represents the 16 cores of a word location. It will be noted
that every Y-line is shown passing through two cores, repre-
senting two 16-bit words. One of these words is in the
upper module of the core stack assembly, and the other is
in the lower module. The X-line (described later) passes
through the same cores, and determines which of the two
words will be read out. For one of the two words the X-line
current aids the Y-line current, resulting in all cores being
set to the zero state (if not already in that condition),
causing readout of the word. For the second word, the
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Figure 3-8. Y-Line Selection Circuits, Core Stack A400, Block Diagram
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X-line current opposes the Y-line current, preventing read-
out of the word. It is this technique which permits the use
of an 8k core stack assembly, rather than a 4k stack.

3-115. In addition to the two 16-bit words indicated by
each core in figure 3-8, each Y-line also passes through the
ferrite cores for other words. Because the cores for these
words are not traversed by the selected X-line, readout does
not take place.

3-116.  The diodes in figure 3-8 are in the diode matrix,
on the core stack assembly. When reading, the bottom
diode in each pair permits electron flow from the switch to
the driver, and the top diode offers a high-resistance path
to minimize current flow through it. When writing, the
roles of the two diodes are reversed.

3-117.  Each switch in figure 3-8 has two outputs. These
are designated CC (common cathode) and CA (common
anode) in accordance with the diode electrodes to which
they connect. Each CC or CA designation is followed by
the identifying number of associated switch, 7 through 0.

3-118.  The drivers each have one output, identified by
the letter C (core), followed by the identifying number of
the driver. :

3-119. It is important to note that the diode matrix
shown in figure 3-8 does not represent a plane of the core
stack assembly. The matrix in figure 3-8 has an 8 x 8
configuration, while the core-plane matrix is 64 x 64.
Figure 3-9 shows a core-plane matrix, and indicates the
manner in which the Y- and X-lines are connected. The
numbered Y-lines in figures 3-8 and 3-9 correspond.

3-120. X-Line Selection. The X-line circuits for core
stack assembly A400 are shown in figure 3-10. They differ
from the Y-line circuits in the following respects:

a. The address decoding gates receive bits 5 through 3,
or 2 through 0, of the M-register.

b. Instead of the YO/1 enable pulse, either an X0 or an
X1 pulse is furnished to each gate. (For core stack assembly
A401, the corresponding signals are X2 and X3.)

c. For the cores in the upper module, X-line read or
write current is in the reverse direction from that in the
Y-lines.

3-121. As pointed out earlier, a reversed-current tech-
nique with the X-lines permits the selection of a word in
either the lower or upper module, using only a single pair of
X and Y drive lines. The current reversal is brought about
by the X0 and X1 pulses. If bit 12 of the M-register is logic
0, indicating the lower module, the X0 pulse is furnished to
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the X address decoding gates. If bit 12 is logic 1, the X1
pulse if furnished.

3-122.  Table 3-1 shows the direction of the current flow
for all operating combinations.

3-123. LOGIC DIAGRAM ANALYSIS. Figure 3-11 is a
logic diagram showing read and write operations at one
address in the lower module and one address in the upper
module. In addition to a portion of the basic core stack
assembly, A400, portions of the following circuit cards are

shown:

a. Driver/switch cards A14 and A15.
b. Inhibit driver cards A16 and A18.

c. Sense amplifier cards A12 and A13.

3-124.  Of the two driver/switch cards, A14 is used for
the Y-lines, and A15 for the X-lines. Inhibit driver card A18
provides inhibit current for the lower module in the core
stack assembly, and A16 provides for the upper module.
Sense amplifier card A13 is used with the lower module,
and A12 with the upper module.

3-125. Lower Module Read Operation. The following
paragraphs describe a typical memory readout operation,

using address 05270 (octal). Figure 3-12 shows the timing
relationships.

3-126.  Bits M11 through M6 designate the Y-line to be
used, and bits M5 through MO identify the X-line. These
bits are furnished to driver/switch cards Al4 and Al
(figure 3-11) by direct memory logic card A20, which
receives them from the M-register. The bits are furnished to
the driver/switch card as soon as they are loaded into the
M-register. This occurs at the end of T7TS of a phase 1,
phase 2, or phase 3 machine cycle. During the last phase of
the instruction, the M-register normally receives its contents
from the P-register. The number has 1 added to it (2 fora
program skip) before it is received by the M-register, and
the number indicates the address of the next instruction to
be performed. In the case of a program jump, the address
is received from the T-wregister, rather than from the
Pregister.

3-127.  If the M-register is loaded during phase 1 (fetch
phase), the number received is one of the following:

a. The address of the next instruction (if the current

- instruction is a single-phase instruction).
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Figure 3-10. X-Line Selection Circuits, Core Stack A400, Block Diagram
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Table 3-1. Electron Flow in Drivers and Switches

Y-LINE ELECTRON FLOW

X-LINE ELECTRON FLOW

MODULE READ WRITE READ WRITE
Lower Switch to driver Driver to switch Switch to driver Driver to switch
Upper Switch to driver Driver to switch Driver to switch Switch to driver

b. The address of an address word (if the next phase is .

indirect phase).

c. The address of an operand (if the next phase is
execute phase).

3-128.  If the M-register is loaded in phase 2 (indirect
phase), the number received is the address of an address
word (if the next phase will be another phase 2), or the
number is the address of an operand (if the next phase will
be execute phase).

3-129.  The 12 low-order M-register bits are furnished to
the X and Y address decoding gates on the driver/switch
cards. The Y0/1 and XO signals, also forwarded to these
gates, become true at the end of T7TS. These last two sig-
nals are a result of decoding M-register bits 14, 13, and 12
by memory module decoder card A2, and the signals desig-
nate the lower module of core stack assembly A400. (In the
present example, bits 14,13, and 12 are 000.)

3-130. At TOTS the X and Y address decoding gates are
strobed by the MRT signal from the memory timing
circuits. As a result, the following switches and drivers
receive true inputs: Y driver 5B, Y switch 2A, X driver 7B,
X switch QA. Electron flow then takes place in the Y-lines
and X-lines in the direction indicated by the ‘“‘read lower”
arrows in figure 3-11.

3-131.  The simultaneous flow of current in the Y-lines
and X-lines results in 16 ferrite cores experiencing full
readout current. These cores are in the lower module. In
the upper module, the cores at the corresponding address
(octal 10000 greater) experience opposing Y and X cur-
rents, and no readout takes place. Additional cores in each
module are also traversed by the selected Y-line and X-line.
These experience only half the required readout current.
This is insufficient to set the cores to the logic O state, and
no readout takes place.

3-16

3-132. At the addressed location, cores in the logic 1
state are transferred to logic 0. The sense line running
through each of these cores generates a voltage, which is
forwarded to one of the 16 sense amplifiers. If a core
contained logic 0 before being read out, no voltage is
generated.

3-133.  Each sense line crosses the core plane diagonally,
reversing direction when it emerges from the plane, to cross
again in the opposite direction. Because of this method of
wiring the core plane, the sense line in some cases passes
through a core in one direction, and in other cases in the
opposite direction. As a result, the voltage between the two
ends of the sense winding could be of either polarity,
depending on the direction in which the core is traversed.
In other words, the ends of the sense line which are positive
and negative depend on the address being read out.

3-134. For each module, 16 sense amplifiers are used,
one amplifier for each bit read out. If the bit read is logic
1, the sense amplifier furnishes a true signal to the sense
amplifier output gate. (See figure 3-11.)

3-135. At T2, the pulse from each conducting sense
amplifier is gated into the T-register. The MST pulse accom-
plishes this gating, using the X0 pulse as an enable. The
sense amplifiers for the upper module remain cut off at this
time because no cores in the upper module experience full
readout current. Since these amplifiers indicate logic 0’s,
their outputs must not be gated into the T-register. The X1
pulse, indicating the upper module, remains false when the
lower module is being read, accomplishing the desired pur-
pose by disabling the output gates for the upper-module
sense amplifiers.

3-136.  The T-register, formerly cleared at TOTS by the
RST pulse, receives the logic 1’s from the lower-module
sense amplifiers, and the appropriate positions of the regis-
ter are set. Register positions corresponding to sense ampli-
fiers not yielding a logic 1 remain in the reset state.
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Figure 3-12. Memory Readout, Timing Diagram
3-137.  Subsequent use made of the word in the field opposing the field created by the Y-line and X-line.

T-register depends on whether it is an instruction word,
address word, or operand word, as explained earlier.

3-138. Lower Module Write Operation. The following
paragraphs describe a typical memory write operation,
using address 05270 (octal). Figure 3-13 shows the timing
relationships.

3-139. When a memory write operation is performed,
the word to be written is in the T-register. This word can
either be one that has just been read from the memory
section, or it can be a new word which is to be stored. In
either case, the machine cycle in which writing takes place
begins by reading out a word from the addressed location.
This word is either discarded, or placed in the T-register.
The readout operation clears all ferrite cores at the
addressed location to logic 0. When writing is performed,
cores in which logic 1 is to be stored are set by a current
pulse in the Y-line and X-line. For each core that is to store
logic O, current flow in an inhibit line produces a magnetic

The cores traversed by the activated inhibit lines therefore
remain in the logic 0 state acquired during readout.

3-140. Starting in the last half of T3, the memory timing
circuits provide an MIT pulse to the inhibit driver cards (fig-
ure 3-11). Inhibit driver card A18, used for the lower mod-
ule, also receives a true X0 input. Of the 16 inhibit drivers
on this card, some receive a logic 1 from the T-register, and
the others receive a logic 0. (These bits are furnished on the
TR lines.) If an inhibit driver receives logic 0, current flows
in the corresponding inhibit line for the duration of the MIT
pulse.

3-141.  As well as being supplied to the inhibit driver
cards, the MIT pulse is furnished to driver/switch cards A14
and A15. The memory address used during readout con-
tinues to be supplied to the address decoding gates on these
cards. Consequently, application of the MIT pulse results in
selection of the previously addressed driver. Note, however,
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Figure 3-13. Memory Write, Timing Diagram

that of each pair of amplifiers in the driver, the opposite
one is selected from that used for reading. As a result,
current will flow in the opposite direction through the
Y-line and X-line than was the case with reading.

3-142.  After selection of the Yand X drivers, operations
await the selection of a Y and X switch. This occurs at T4,
when the memory timing circuits provide the MWT signal
to the two driver/switch cards. Here, as with the driver, the
same switch is selected as was the case with reading, but the
opposite amplifier of each pair is used.

3-143.  Current now flows in the Y-line and X-line for
the duration of the MWT pulse. This current flow is in the
opposite direction from that used for reading, and the cores
of the selected word are set to the logic 1 state if they do
not receive inhibit current.

3-144.  Upper Module Read and Write Operations. Read-
ing and writing in the upper module of the core stack
assembly are similar to the corresponding operations in the
lower module. However, because M-register bit 12 is logic 1,
the X1 signal is furnished in place of the X0 signal. As a
result, the X drivers and switches selected for reading or
writing are the opposite ones in each pair from those used
in lower module operations. Consequently, the X-line cur-
rent flows in the opposite direction. The Y-line current
remains unchanged.

3-145. SCHEMATIC DIAGRAM ANALYSIS. In.the ex-
planation which follows, table 3-2 identifies the reference
designations of memory cards for various addresses.

3-146. Memory Module Decoder. Memory module
decoder card A2 decodes bits 12 through 14 of the
M-register to determine the core stack assembly to be used

3-18

(if more than one is installed), and to determine whether
the upper or lower module will be referenced. An
additional function of the card is to prevent memory read-
out for locations which are protected by the LOADER
switch. The schematic diagram for A2 card is in section V.

3-147.  In the basic computer configuration, a single core
stack assembly is installed. The memory module decoder
card furnishes the Y0/1, X0, and X1 signals required for
reading or writing in this stack. The signals are decoded by
“and” gates MC15A, MC35A, and MC35C. The remaining
gates in this group are used only when additional storage
capacity is installed.

3-148.  The large gates at the bottom of the schematic
diagram are used for memory protection., Gate MC27
experiences coincidence when the upper module of the
basic core stack assembly is addressed. Gate MC77 then
experiences coincidence if the LOADER switch is at the
PROTECTED position and M-register bits 11 through 6 are
all logic 1. Figure 3-7 shows that the high-order octal digits
of the address are then 177. When these conditions exist,
the “not” MPT signal becomes false and no reading or
writing can take place in addresses 17700 through 17777.

3-149.  Gate MC37 is used for memory protection when
two core stacks are installed. In this situation, gate MC27
is disabled by the false input to pin 1. If a memory
extender is used, gate MC47 is used if it has a single stack,
MC57 if it has two stacks.

3-150.  Driver/Switches. In the basic computer config-
uration, two driver/switch cards are used. One has reference
designation Al4, and is used for the Y-lines. The other is
A15, and is used for the X-lines. If a second core stack
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Table 3-2. Memory Card Assignments
SENSE INHIBIT
STACK AND ADDRESS RANGE DRIVER/SWITCH AMPLIFIER DRIVER
MODULE (OCTAL) CARD CARD CARD
A400 lbwer i 00000-07777 Al4 (Y drive) Al13 Al8
A15 (X drive)
A400 upper 10000-17777 A14 (Y drive) Al12 Al6
A15 (X drive)
A401 lower 20000-27777 A8 (Y drive) All A6
A9 (X drive)
A401 upper 30000-37777 A8 (Y drive) Al0 A4
A9 (X drive)

assembly is installed, two additional cards, A8 and A9,
serve the Y-lines and X-lines, respectively, in the second
stack. All four cards are identical, and have the same part
number ($2116-6266).

3-151. Each card has eight drivers and eight switches.
These correspond to the drivers and switches shown in
figure 3-8 and 3-10. Each card also has two address
decoding gates for every driver (one gate for reading and
one for writing), and two decoding gates for every switch
(again, one for reading and one for writing).

3-152.  Figure 3-14 shows one of the drivers, one of the
switches, and their associated address decoding gates. Also
shown is part of the core stack assembly. Transistors Q33,
Q32, Q31, Q35, and Q34, and the components immediately
associated with them, constitute the switch. Transistors
Q58, Q57, Q56, and the associated components, are the
driver. The driver and switch shown in figure 3-14 corres-
pond, respectively, to MSD 5 and LSD 6.

3-153. “Nand” gates MC106A and MC106B are the
address decoding gates for the driver. They are enabled
when the X or Y MSD is 5. For the driver/switch card used
with the Y-line, MC106B is used when reading, and
MC106A when writing. This use of different gates is neces-
sary because current must flow through the driver in
opposite directions for the read and write operations, and
the gates serve to establish the direction of current flow.

3-154. When the lower module is addressed, the gates on
the driver/switch card for the X-line function in the same
manner as the gates on the Y-line card. However, when the
upper module is referenced, MC106A and MC106B reverse
their functions. That is, MC106A is used when reading, and
MC106B when writing. As a result, current in the X-line
flows in the opposite direciion from that used when
addressing the lower module.

3-155.  The address decoding gates for drivers not shown
in figure 8-14 function in the same manner as MC106A and
MC106B, but each pair of gates is associated with a dif-
ferent MSD.

3-156. Turning now to the address decoding gates for
the switches, figure 3-14 shows that these are MC56A and
MC56B if the LSD is 6. On the Y-line driver/switch card,
MC56B 'is used when reading, MC56A when writing. These
functions are the same for the X-line card when the lower
module is referenced, but are reversed for the upper
module.

3-157.  Tables 3-3 and 3-4 list the address decoding gates
used for the various memory addresses. It will be noted that
the data in the body of the two tables is identical. The
difference between the tables is in the column headings,
and for operations in the lower module even the column
headings are essentially identical.

3-158.  Examining, now, the driver circuits, in the driver
shown in figure 3-14 current flow takes place either
through transistor Q56 or transistor Q57 when reading or
writing is conducted. If the read or write operation is
initiated by “nand” gate MC106A, Q56 conducts. If
MC106B initiates the operations, Q57 conducts. In the first
case, the output pulse from the “nand” gate is coupled
across transformer T11, and the resulting negative pulse at
the base of Q56 causes current flow in the Y-line or X-line
when the switch at the other end of the line is activated.
When transistor Q57 is used, the pulse from the ‘“nand”
gate MC106B is first amplified by Q58. The circuits of the
remaining drivers on the card are identical with the driver
shown in figure 3-14.

3-159. In the switch circuit in'figure 3-14, parallel tran-
sistors Q34 and Q35 conduct when Q57 in the driver circuit
conducts. Transistor Q31 in the switch conducts when Q56
in the driver conducts.
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Table 3-3. Address Decoding Gates for Y-lines
Y MSD ADDRESS DECODING GATE* Y LSD ADDRESS DECODING GATE*
READ WRITE READ WRITE
7 MC126B MC126A 7 MC66B MC66A
6 MC116B MC116A 6 MC56B MC56A
5 MC106B MC106A 5 MC46B MC46A
4 MC107B MC107A 4 MC47B MC47A
3 MC97B MC97A 3 MC37B MC37A
2 MC96B MC96A 2 MC36B MC36A
1 MC86B MC86A 1 MC26B MC26A
0 MC76B MC76A 0 MC16B MC16A
NOTE:
*Reference designation prefix is A14 for octal addresses 00000 through 17777, A8 for 20000 through 377717.

Table 3-4. Address Decoding Gates for X-lines

X MSD ADDRESS DECODING GATE* X LSD ADDRESS DECODING GATE*
READ LOWER, WRITE LOWER, READ LOWER, WRITE LOWER,
WRITE UPPER READ UPPER WRITE UPPER READ UPPER
7 MC126B MC126A 7 MC66B MC66A
6 MC116B MC116A 6 MC56B MC56A
5 MC106B MC106A 5 MC46B MC46A
4 MC107B MC107A 4 MC47B MC47A
3 MC97B MC97A 3 MC37B MC37A
2 MC96B MC96A 2 MC36B MC36A
1 MC86B MC86A 1 MC26B MC26A
0 MC76B MC76A 0 MC16B MC16A
NOTES:
“Lower” and “upper” refer to the lower and upper modules in the core stack assembly.
*Reference designation prefix is A15 for octal addresses 00000 through 17777, A9 for 20000 through 37777.

3-20




Model 2116B
Volume Two

Section IIT

PART OF A14 (Y), OR A15 (X) DRIVER/SWITCH CARD (02116-6266)

L}
M8 (Y), OR M2 (X) |
M7 (Y), OR M1 (X) T
M6 .’V\yOR Mo 1)(‘-—————I- ‘!_\' +22V —O—mm—
| :E R1 2 R2 2R3 — 3 R51 CR14
I <220 [220 3 220 > 1K cce
MC56A MC56B ¢
-2V Q34 ]
0 14 5V* |
\ [ Lcasskczekc27l cogal c29 S R49 RS2 Q35 |
1 +4.5V +4.5V 0.01 | 0.01 | 0.0t 1 0.01 | 0.0 > 100 38.3 L -
| { | ad PART OF A400 CORE STACK
R119 ASSEMBLY (02116-6288
3111272 Q66 19g 065 22V —4 — — )
£ I
| = SR46 CR13 I
{0 ] CA6 | |
Q31
+4.5V Q33 F;gs | I |
(¥ "
J 032 R47S - l
bON 28.7 T |
L | xory
DRIVE
Rs0 | €45 i LINE I | I
825 0.22
MC17E '__l_ | | l
MWT 9
-2v =
MC17F
O | l
¥ 560 N ' ] |
! MC17D -/ __Lj‘ 1
2V
N DR | |
£R113
i 22 l
v MC17A cn | |
YO0/1 (Y}, OR X0 (X) Py v 0.0022 cR32 a2y ]
4 _
I R115 MC17C 4 " | I
MC77D
| 560 I I
R90 Q56
| -2V MC178 +4.5V 100 I
A <
& Tile
| - cR22
o 3
1 R94 R93
100 100 c5
MC67F W —2V —anA—yg AA
[ ]
I T12 R91
I MC67D ey 258 L as7 {316
c12 . 1
0001 L -
R92
121 I
MC67A . 22y l
+4.5V* CR34
mIT MC67C
MC77C $R95
(Y), OR X1 (X) > 147
GND (Y), MC106A MC1068
IRns mce7s +4.5V
560
—2v
‘;moslmog: R110 I
$ 220 3220 9 220 |
M11 (Y), OR M5 (X)
I MC87D
M10 (Y), OR M4 (X) [—Ly
M9 (Y), OR M3 (X)
e e o e e —— e — e ————— —— —_—— —_—— e

DWG REV A

Figure 3-14. Driver and Switch, Schematic Diagram
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3-160. Included on each driver/switch card is a circuit
which prevents memory reading or writing during power
turn-on. Random computer conditions during power se-
quencing thus are unable to cause destruction of data in the
core stack assembly. The circuit is included in figure 3-14,
and consists of transistors Q65, Q66, and Q67, and their
associated components. When the PON signal is present, the
+4.5V* voltage is available, and is furnished as an oper-
ating voltage to the address decoding gates for all drivers on
the card. During power turn-on PON is false and the +4.5V*
voltage becomes zero volts. Under this condition the driver
gates do not function, and no driver can be activated. The
PON signal does not protect stored data during power shut
down because it remains true for about 8 ms after removal
of ac line voltage. The regulated dc voltages, on the other
hand, may start to shut down in as little as 1 ms. For this
reason the program should always be stopped before power
is turned off.

3-161. The PON signal is applied to the base of tran-
sistor Q67, which functions as a driver for Q66 and Q65.
When the PON signal is true, Q66 and Q65 in parallel
permit current to flow to +4.5 volts. When PON becomes
false, Q67 cuts off. Transistors Q66 and Q65 cut off in
turn, and the core stack assembly can no longer receive
Y-line or X-line current. Because the bases of Q66 and Q65
are returned to +4.5 volts, these transistors cut off very
rapidly when Q67 ceases conduction.

3-162.  Sense Amplifiers. In the basic computer con-
figuration, two sense amplifier cards are used. Their refer-
ence designations are A13 and A12. Card A13 is used with
the lower memory module, and A12 is used with the upper
module. If a second core stack assembly is installed, two
more sense amplifier cards, A11 and A10, are used. Card
A1l is for the lower module of core stack A401, and A10Q is
for the upper module. All four cards are alike.

3-163.  Installed on each card are 17 sense amplifiers. The
circuits are identical, therefore only one will be described.
Figure 3-15 is a schematic diagram of the sense amplifier
used with the low-order bit read from the core stack
assembly.

3-164.  The purpose of the sense amplifier is to detect
and amplify the voltage induced on a sense line when a
ferrite core containing logic 1 is read out. This voltage is at
least 35 mV. If the core contains logic 0, the voltage
induced in the sense line will be less than 9 mV.

3-165.  As noted earlier, the voltage induced in the sense
line can be of either polarity, depending on the direction in
which the sense line passes through the ferrite core being
read.

3-166.  The sense amplifier consists of a differential
preamplifier, followed by a 2-transistor dual amplifier,
succeeded by an emitter-follower output stage. When read-
out of a logic 1 occurs, half the sense line voltage appears
across resistor R7 and half across R6. These two voltages
are applied to the two inputs of MC1, the differential pre-
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amplifier. Pin 8 or pin 6 of MC1 furnishes a negative-going
puise to the base of transistor Q1 or Q2. Normally, these
transistors are in the cutoff condition. Assuming Q1 receives
the negative input, it conducts, and applies a positive-going
pulse to Q3. As a result, emitter-follower Q3 furnishes a
positive pulse to MC17A. This pulse has a duration of about
200 ns .

3-167. The MST pulse gates the logic 1 from the sense
amplifier into the T-register.

3-168.  Included on each sense amplifier card is transistor
Q164 and its associated components. This transistor serves
to establish the bias current for the 17 integrated-circuit
preamplifiers on the card.

3-169.  Inhibit Drivers. In the basic computer config-
uration, two inhibit driver cards are used. One, with refer-
ence designation Al8, is employed with the lower module
of A400, the basic core stack assembly. The second, A16, is
used with the upper module.

3-170. If a second core stack assembly (A401) is
installed in the computer, two additional inhibit drivers
cards are used. These have reference designations A6 and
A4. Card A6 is used with the lower module A401, and
card A4 is used with the upper module.

3-171.  Each card contains 17 inhibit drivers. Since the
circuits of all are identical, only one will be described.
Figure 3-16 is a schematic diagram of the inhibit driver used
for the low-order bit of the word being written.

3-172.  The function of the inhibit driver is to prevent
setting the applicable ferrite core to logic 1 if bit 0 of the
T-register is logic 0. This is done by producing a current in
the inhibit winding of the appropriate plane in the core
stack. The magnetic field associated with the current
opposes the magnetic field produced by the Y-line and
X-line, thereby preventing a change in the state of the
ferrite core. The inhibit current flows when the MIT pulse
is true.

3-173. The MIT pulse is gated with the X0, X1, X2, or
X3 signal, in accordance with the inhibit driver card in use.
By this means, inhibit current is allowed to flow only in the
memory module being written in. The signals are associated
with the following modules:

a. X0 is true when writing in the lower module of
A400.

b. X1 is true when writing in the upper module of
A400.

c. X2 is true when writing in the lower module of
A401.

d. X3 is true when writing in the upper module of
A401.

3-174.  The gated MIT pulse passes through “nand” gate
MC17A if T-register position O contains logic 0. The false
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Figure 3-15. Sense Amplifier, Schematic Diagram
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Figure 3-16. Inhibit Driver, Schematic Diagram
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output of the “nand” gate is inverted and applied to the
base of parallel transistors Q2 and Q3. Transistor Q1 serves
as a speed-up transistor. When NPN transistors Q2 and Q3
conduct, inhibit current flows through the inhibit line to
the +32 volt source.

3-175. At the end of the MIT pulse, transistors Q2 and
Q3 return to the cutoff state. Diode CR1 provides a path to
maintain current flow as the magnetic field around the
inhibit line collapses. This protects transistors Q2 and
Q3 against excessive voltage induced by the collapsing
field.
3-176. INPUT/OUTPUT SECTION.

3-177.  The circuit theory of the input/output section is
presented in Volume III, Input/Output System Operation
Manual for the Model 2116B Computer. Additional infor-
mation is given in the Operating and Service Manuals and
Interface Kit Manuals for I/O devices used by the
computer. A further source of information is: A Pocket
Guide to Interfacing Hewlett-Packard Computers, (part no.
5950-8718).

3-178. POWER SUPPLY SECTION.

3-179. The power supply section of the 2116B com-
puter provides the regulated and unregulated dc voltages
required by the computer. Protective circuits are included,
which remove dc power from the computer in the event of
excessive heat in the computer cabinet, low ac line-voltage,
excessively high dc voltage, or excessive de current.

3-180. Optional devices which install in the computer
cabinet receive their operating voltages from the 2116B
power supply section. If these optional features require
more power than the power supply section is capable of
furnishing, an auxiliary power source (referred to as a
power supply extender), installed in a separate cabinet,
provides additional dc power. The externally-furnished
voltages connect in parallel with the corresponding dc
voltages produced in the 2116B power supply.

3-181.  All optional devices which are not within the
2116B computer cabinet provide their own operating
voltages, derived from a separate connection to the ac
power line.

3-182. The power supply section furnishes the following
de voltages to other sections of the computer:

a. -2 volts regulated.

b. +4.5 volts regulated.
c. +7 volts unregulated.
d. +12 volts regulated.

e. -12 volts regulated.
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f.  +22 volts regulated.
g. -22 volts regulated.

h. +32 volts regulated.
i. +35.5 volts unregulated.

3-183.  Additional dc voltages are produced for use
within the power supply section itself.

3-184. AC DISTRIBUTION.

3-185. The distribution of ac power in the computer is
shown in figure 3-17. All components shown in the illus-
tration are in the power supply section, with the exception
of POWER switch A502S109 and fans A200B1, A200B2,

and A200B3. The POWER switch is on control panel assem-
bly A502, and the fans are at the bottom of the card cage.

3-186.  The ac operating power for the computer, single-
phase 115 or 230 volts, is furnished to connector A300J1
(figure 3-17). POWER switch A502S109 applies or removes
this power from the power supply section. The switch is of
the push-on, push-off type. One push is required to close
the switch, a second to open it.

3-187. When the POWER switch is pressed on, ac power
is applied through resistor A300R1 to transformer A311T1
and to the six fans in the computer cabinet. The trans-
former furnishes low-voltage ac to all power supplies.
Resistor A300R1 reduces the initial ac line current as
power supply filter capacitors acquire a charge. (The power
supplies use solid-state rectifiers, which require no warmup
time.)

3-188. When the filter capacitors become substantially
charged, relay A312K1 energizes and resistor A300R1 is
shorted out. Full ac voltage is then applied to transformer
A311T1, and power control circuits make dc voltages
available to the computer in a predetermined sequence.

3-189. DC POWER CONTROL.

3-190.  Figure 3-18 shows the manner in which de power
is applied to and removed from the computer.

3-191.  As noted earlier, when the POWER switch is
closed ac voltage is furnished to the computer power
transformer. Figure 3-18 shows that other contacts of the
switch connect the coil of relay A312K1 to the unregulated
+4.5 volt source. When the filter capacitors for +4.5 volts
and -5.6 volts become substantially charged, relay A312K1
energizes and full ac line voltage is applied to the power
transformer. Also, contacts 2 and 1, of A312Kl1 furnish
+4.5 volts through normally-closed thermal switches to
power fail card Al. Circuits on this card produce a true
PSO signal, which is forwarded to logic supply regulator
card A301. This card, together with memory supply regu-
lator card A302, controls the application of the seven
regulated voltages to the computer.
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Figure 3-18.

DC Power Control,

Wiring Diagram
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3-192. Regulated -2 volts is furnished to the computer
when filter capacitors charge sufficiently to allow the -2
volt voltage regulator to function. The de power control
circuits then furnish the computer with the remaining six
regulated voltages. These are supplied in a predetermined
sequence. Then, if all thermal switches shown in figure 3-18
are closed, the computer is ready for use. The computer is
in the halted condition, and the following indicators are
lighted: POWER, PRESET, HALT, and FETCH. Register
display lamps on display board assembly A501 are lighted
or off in a random pattern.

3-193.  If one or more thermal switches are open during
the power-on sequence, or if any of the regulated voltages is
not furnished, the dc shut-down sequence is initiated.
Shut-down starts about 300 ms after regulated +4.5 volts is
first made available. If unregulated +4.5 or -5.6 volts is not
furnished, the dc power-on sequence does not start and
relay A312K1 remains de-energized.

3-194. When the POWER switch is pressed to turn off
the computer, unregulated +4.5 volts is removed from the
coil of A312K1. However, diode A312CR10 provides a
path for the current induced in the relay coil by its own
collapsing magnetic field, holding the relay energized a
short time longer. The diode also eliminates arcing at
contacts 3 and 4 of the POWER switch, and prevents the
application of voltage spikes to power fail card A1. When
POWER switch contacts 3 and 4 open, +4.5 volts is immedi-
ately removed from pin 52 of power fail card A1. The PSO
signal becomes false about 8 ms later, and the power
control circuits remove dc voltages from the computer in a
predetermined sequence. As well as furnishing a false PSO
signal, card Al also generates a power-fail program inter-
rupt, and if programmed to do so the computer stores
register contents and performs other actions in preparation
for later startup. The 8 ms delay in producing the PSO
signal is the time available for the power-fail program.
During this time voltage regulators are able to maintain dc
levels despite the falling voltage from filter capacitors. As a
nominal and conservative figure, at least 200 instructions
can be performed in this time.

3-195. In the event of complete loss of ac line-voltage,
or if the line voltage drops below 100 to 102 volts rms (200
to 204 volts for a 230-volt computer), power fail interrupt
card Al generates a power-fail interrupt. Then, when filter
capacitors have discharged to the extent that one of the
voltage regulators can no longer maintain the required
voltage level, the dc shut-down sequence is performed.
When the line voltage returns to normal dc voltages are
again supplied, but the computer is halted.

3-196. Thermal switches A305S1, A304S2, and A2S1
in figure 3-18 remove dc power from the computer in
the event of overheating during operation. When over-
heating occurs, one of the thermal switches opens, +4.5
volts is removed from card Al, and a power-fail interrupt
oceurs. Eight milliseconds later the PSO signal becomes
false, and the dc shut-down sequence is initiated. In this
case, relay A312K1 remains energized, ac distribution in
the computer remains unchanged (figure 3-17), and the fans
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in the computer cabinet maintain their cooling function.
When the thermal switch closes the normal dc power-on
sequence is performed, but the computer is halted.

3-197. In addition to low line voltage and overheating, a
third fault can cause dc power shut-down. If one of the de
regulated voltages fails, partial or complete shut-down of
the remaining regulated voltages takes place.

3-198.  Specific information on the de turn-on and shut-
down sequence is presented later in this section.

3-199. +7 VOLT POWER SUPPLY.

3-200. The +7 volt power supply is a full-wave bridge
rectifier, furnishing unregulated and unfiltered dc power.
The circuit is shown in the A300 power supply schematic in
section V. This voltage is used for lighting all lamps on
display panel assembly A501 and control panel assembly

A502, with the exception of the POWER indicator. No
other use is made of the +7 volt power.

3-201.  +4.5 VOLT AND -2 VOLT POWER SUPPLIES.

3-202. The +4.5 volt and -2 volt power supplies furnish
the operating voltages required by the logic circuits in the
computer. (Logic elements on power fail interrupt card Al
and certain I/O interface cards require +12 volts as well.) A
block diagram of the +4.5 and -2 volt power supplies is
presented in figure 3-19. The diagram is simplified to the
extent that the +4.5 volt and -2 volt power sources are
shown as independent units, whereas in actuality they both
derive their power from a single tapped secondary on the
power transformer. Unregulated voltages shown in figure
3-19 are approximate, and will vary in accordance with
component differences, the amount of current required for
optional devices, and power-line voltage variations.

3-203.  The +4.5 volt power source and the +4.5 volt reg-
ulator make up the +4.5 volt power supply. The power
source provides approximately 7.9 volts unregulated dc.
Of this, 3.4 volts is dropped across the +4.5 volt regulator,
leaving regulated +4.5 volts across Ra, the computer circuits
which use this voltage. These circuits are situated on cards
in the card cage.

3-204.  The -2 volt source and the -2 volt regulator make
up the -2 volt power supply. The power source provides
approximately 10.1 volts unregulated dc. Of this, 3.6
volts is dropped across the regulator. The resulting 6.5 volts
is applied across Rb, which represents the load imposed by
the CTLlogic circuits in the card cage. Although it furnishes
6.5 volts, the output of the regulator is at a potential
of -2 volts with respect to ground; therefore the regulator
and its power source are referred to as the -2 volt regulator
and -2 volt power source. As well as being applied to Rb, the
output of the -2 volt regulator is furnished to Re, which
represents the pull-down resistors in the card cage. In some
cases these resistors are discrete components, and in other
instances they form part of integrated circuits in micro-
packs. Also to be considered as part of Rc are paths from
-2 volts to ground within the power supply section itself.
These paths to ground in the power supply result ina cur-
rent of 0.5 to 0.75 amp.
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Figure 3-19. +4.5 Volt and -2 Volt Power Supplies, Simplified Block Diagram

3-205.  The +4.5 and -2 volt regulators can each furnish a
maximum current of 22.5 amps. In figure 3-19 it will be
noted that the +4.5 volt regulator is between the power
source and ground, rather than in the more usual position
between the power source and the high potential end of the
load. The reason for this is that the top end of Ra and Rb
are electrically common, and if the +4.5 volt regulator were
in the common return of Ra and Rb to the power sources,
the +4.5 volt regulator would be required to handle up to
45 amps. Also, the +4.5 volt regulator would not be able to
control the +4.5 volt output without affecting the outputof
the -2 volt regulator. Another reacting element between the
two power supplies is the common current which flows
through Re and Ra. Both Re and Ra may include circuits on
optional cards. If Rc becomes sufficiently small in resistance

because of added cards, the current through Re will exceed -

the normal current through Ra. Current then ceases to flow
through the +4.5 volt regulator, and excessive current flows
through Ra. As a result, the voltage across Ra rises above
4.5 volts. To prevent difficulty from this effect, resistor
A310R23 is installed in the power supply. This resistor
draws current from the +4.5 volt power supply in addition
to that drawn by Ra, and as a result the current through
Rc will not exceed that through Ra and A310R23.

3-206. Included in figure 3-19 is the coil of A312Kl.
The bottom end of this coil connects to the negative
terminal of the -2 volt source, which has a potential of
-5.6 volts with respect to ground. The top end of the coil
connects to +4.5 volts. The potential across the coil is
therefore about 10.1 volts.

3-207.  The overvoltage protection circuits for the +4.5
and -2 volt power supplies prevent damage to components
due to excessively high output voltage from the power
supply. If, because of a fault in the voltage regulator, the

power supply output voltage rises, the overvoltage protection
circuit permits heavy current to flow. The excessive current
causes current limiting in the voltage regulator, and the
voltage is no longer applied to the computer load. If the
defect in the voltage regulator prevents current limiting,
the power supply fuse blows, again removing dec voitage
from the load circuits.

3-208. SCHEMATIC-DIAGRAM ANALYSIS OF +4.5
AND -2 VOLT POWER SOURCES. Figure 3-20 is a
schematic diagram of the +4.5 volt and -2 volt power
sources. Included in the diagram is a portion of the regu-
lator for each of these two voltages.

3-209.  Both power sources use a single tapped secondary
winding of transformer A311T1. The +4.5 volt power
source consists of the center portion of the winding, diades
CR1 and CR2, capacitors C5, C6, A303C14, and A303C15,
and resistor A303R26. Fuses F14 and F11 provide over-
load protection.

3-210. Silicon diodes CR1 and CR2 form a full-wave
rectifier, providing approximately 7.9 volts dc which is
filtered by A303C14 and A303C15. Capacitors C5 and C6
bypass rf noise spikes produced each ac cycle when diode
conduction cuts off. Resistors A303R26 and A310R23 dis-
charge the filter capacitors when power is removed from the
computer.

3-211.  The -2 volt power source used the entirety of
each half of the secondary winding shown in figure 3-20.
Silicon diodes CR3 and CR4 form a full-wave rectifier, with
capacitors C4 and C7 serving to bypass voltage spikes.
Capacitors A303C17 and A303C18 are filter capacitors, and
resistor A303R27 discharges these two capacitors when
power is removed. Fuses F13 and F12 provide overload
protection.
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Figure 3-20. +4.5 Volt and -2 Volt Power Sources, Schematic Diagram
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3-212. SCHEMATIC-DIAGRAM ANALYSIS OF +4.5
VOLT VOLTAGE REGULATOR. The +4.5 volt regulator
consists of portions of large heal sink assembly A304, a
portion of logic supply regulator card A301, resistors
A310R8 through A310R11, and resistors A307R45 and
A308R17. The circuit is shown in figure 3-21. Included in
the schematic diagram are the circuits for +4.5 volt current
limiting.

3-213.  The voltage regulator is of the series type. By
varying the voltage drop across transistors Q1, Q2, Q3, and
‘Q4, the regulator maintains a fixed voltage across the +4.5
volt computer load. When fully loaded, the +4.5 volt regu-
lator and filter capacitors maintain a regulated +4.5 volt
output for at least one millisecond after removal of the ac
line voltage. :

3-214. = The +4.5 volt sense input to the regulator is
applied to the base of transistor Q30. This transistor and
Q31 form a differential amplifier, with resistor R66 pro-
viding the means for adjusting the level of the regulated
+4.5 volts to the required voltage. Resistors R67 and R65
keep the adjustment of the base voltage of Q31 within
normal range, and provide for a vernier action in the adjust-
ment of R66.

3-215.  Assuming the +4.5 sense voltage rises above
normal, conduction through Q30 decreases, conduction
through Q31 increases, and the voltage applied to the base
of transistor Q32 becomes less negative. As a result, con-
duction in Q32 decreases, and the voltage at the base of
Q10 becomes less negative. The voltage applied to the bases
of Q1, Q2, Q3, and Q4 moves in the positive direction, and
these transistors conduct less heavily. As a result, the
voltage drop across Q1, Q2, Q3, and Q4 increases, and the
regulated +4.5 volts returns toward normal.

3.216.  If the regulated +4.5 volts decreases in value, the
opposite action to that described above takes place.

3-217.  Resistors A310R8 through A310R11 serve to
equalize the current through the four series regulator tran-
sistors. Because of minor differences among these transis-
tors, one will conduct more than the others. If counter-
measures are not taken, this transistor will heat up slightly
more than the others, conduct more as a result, and thermal
runaway will take place, destroying the transistor. Then the
transistor which conducts next-most-heavily will destroy
itself, and so on. Resistors A310R8 through A310R11 pre-
vent this current hogging. If a transistor conducts more than
the others, the increased voltage drop across its emitter
transistor, opposes the increase in bias current, preventing
runaway. Each transistor establishes its own state of balance.

3-218. The regulator circuit requires the following
operating voltages: +20, +23.3, +9, and -12.4 volts. These
voltages, used only within the power supply itself, are
produced by simple full-wave rectifiers and zener-diode
circuits, which require no discussion.

3-219. SCHEMATIC-DIAGRAM ANALYSIS OF +4.5
VOLT CURRENT LIMITER. Transistor Q33 (figure 3-21)

Section III

is used to control current limiting. The current limiting
circuit also uses some of the components employed for
voltage regulation. If an excessive load is imposed on the
+4.5 volt power supply, Q33 reduces current flow through
Q1, Q2, Q3, and Q4, preventing overheating and damage to
componenis. The reduced current through the load reduces
the voltage across the load. The voltage regulating circuits
oppose this tendency, but the current limiter over-rides the
voltage regulator, and the +4.5 volt supply breaks out of
regulation in the downward direction. As a result, dc shut-
down takes place.

3-220. Resistor A310R11 (figure 3-21) is in the ground
side of the +4.5 volt circuit. The voltage drop across the
resistor is applied to transistor Q33, and if excessive current
is drawn from the +4.5 volt scurce, Q33 conducts heavily.
Voltage at-the base of Q32 becomes less negative, causing
decreased conduction through Q32. The base of Q10
becomes less negative, moving the bases of Q1, Q2, Q3, and
Q4 in the positive direction. This results in decreased con-
duction by Q1, Q2, Q3, and Q4.

3-221.  Transistor Q33 functions as an analog circuit,
rather than a switching circuit.

3-222.  Resistor R69 is the current-limiting adjustment
(CLA). It is adjusted to cause current-limiting at the proper
point. If components in the current-limiting circuit are
changed, readjustment of R69 may be necessary; however,
this adjustment requires special loading and test equipment,
and must not be performed in the field. If adjustment is
needed, logic supply regulator card A301 must be returned
to the factory, where suitable equipment for making the
adjustment is available.

3-223. +4.5 VOLT SHUT-DOWN. The +4.5 volt power
supply is shut down as a result of any of the following:

a. The computer has been turned off by means of the
POWER switch.

b. Overheating in the computer cabinet or in the
2160B Power Supply Extender (if used) has caused a ther-
mal switch to open.

c. AC line voltage has become zero volts.
d. AC line voltage has become abnormally low.

e. The output of the -2 volt power supply has dropped
below normal or become zero volts.

3-224.  When shut-down of the +4.5 volt supply occurs,
the flow of current through the computer load is stopped
by the +4.5 volt current limiter. If the computer has been
turned off, or if ac line voltage has lowered or become zero,
the +4.5 volt current is cut off before the +4.5 volt filter
capacitors have appreciably discharged. If shut-down occurs
because of reason “b” or ‘“‘e” above, the +4.5 volt power
source continues to function, and the +4.5 volt filter
capacitors remain fully charged.
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Figure 3-21. +4.5 Volt Voltage Regulator, Current Limiter, and Shut-Down Circuits, Schematic Diagram
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3-225.  After dc shut-down resulting from any cause,
bypass capacitors on cards in the card cage must discharge
before +4.5 volts is completely removed from the computer
circuits. About 70 ms is required to discharge these bypass
capacitors. (In the case of the +12 volt power supply,
several seconds is required if this circuit is only Ilighiiy
loaded by optional devices.)

3-226. When shut-down occurs because of a fault econ-
dition (that is, for any reason other than operation of the
POWER switch), the +4.5 volt power is automatically
restored if the fault clears. However, a POFP pulse is
generated during dc power turn-on. As a result, the program
does not restart, and the computer will be in the same state
as when power is applied by operating the POWER switch.

3-227. Examining in detail the first two methods of
bringing about dc shut-down, if the computer is turned off
or if a thermal switch opens the PSO signal becomes false
(see figures 3-18 and 3-21). The voltage at the base of
transistor Q33 moves in the negative direction, bringing
about heavy conduction in §Q33. As a result, transistors @1,
Q2, Q3, and Q4 are cut off. When the PSO signal becomes
false, power fail interrupt card Al produces a power fail
interrupt, and if programmed to de so the computer stores
the contents of registers and performs other functions in
preparation for later start-up. (If the program is not running
when the power fail interrupt occurs, the power fail program
is not performed.)

3-228. The third type of shut-down for the +4.5 volt
supply occurs when the ac line voltage drops to zero or
becomes abnormally low. First, a power fail interrupt takes
place when the line voltage drops below a point which is
between 100 and 102 volts rms. (In a 230-volt computer

this point is between 200 and 204 volts rms.) The interrupt.

is produced by power fail interrupt card Al. If the line volt-
age continues to drop, or if it has become zero volts almost
instantly, the various power supply regulators endeavor to
maintain their output voltage levels, drawing upon the
energy stored in the filter capacitors. A point will be reached
when one of the regulators will be unable to maintain its
output voltage. The regulator in which this first occurs
depends on the loading imposed on each power supply by
the various opfional devices installed in the computer.
If line voltage is still being furnished when a dc voltage
drops out of regulation, rectifier ripple will appear on the
output of the dc voltage. After the first dc voltage has
dropped below its regulated value, other dc voltages are shut
down in the manner described later in this section.

3-229. Turning to the last method of shutting down the
+4.5 volt supply, if the -2 volt power supply output be-
comes abnormally low or fails completely, the voltage
applied to diode CR55 becomes less negative. As a result,
grounded-base transistor Q34 conducts, leading to the
cutting off of Q1, Q2, Q3, and Q4.

3-230.  When shut-down of the +4.5 volt power supply
occurs because the computer has been turned off or
because the ac line voltage has become zero, relay A312K1

Section I1I

de-energizes. Abnormally low ac line voltage may also
de-energize A312K1, depending on the ac level reached.

3-231.  Further information on the shut-down and turn-
on of the +4.5 volt power supply is provided later in this
section, when the shuit-down and turn-on sequence of
power supplies is dealt with.

3-232.  SCHEMATIC-DIAGRAM ANALYSIS OF +4.5
VOLT OVERVOLTAGE PROTECTION CIRCUIT. The
+4.5 volt overvoltage protection circuit prevénts excessive
voitage from being applied to the compuier load. This high
voltage could result from failure of the +4.5 volt voltage
regulator.

3-233.  The overvoltage protection circuit is shown in
figure 3-22. When the regulated +4.5 volts is at its normal
value, the voltage across the series circuit consisting of
zener diode CR2, resistor R1, and resistor R2, is insuf-
ficient to cause avalanche breakdown in the diode.
However, if the voltage rises to between +5 and +8 volts,
CR2 enters the breakdown region. The resistance of CR2
decreases, and the voltage drop across R2 increases. As a
result, silicon-controlled rectifier Q1 conducts at saturation,

. placing a low resistance across the computer load and

making the voltage across the load above 0.9 volts. The
heavy current drawn from the +4.5 volt power supply causes
current limiting of the power supply output. (Since the
voltage regulator may be defective, the current limiter may
also be inoperative. If this is the case, the heavy current
will result in a blown fuse.) The loss of +4.5 volts across the
computer load leads to de shut-down.

Q1
+4.5V —§
CR1A 'K)
NOTE: REFERENCE DESIGNATION =
PREFIX IS A121.

2019-196
Figure 3-22. +4.5 Volt Overvoltage Protection Circuit,
Schematic Diagram

3-234. Diode CR1 prevents current from flowing in the
reverse direction through the +4.5 volt power supply. This
might occur when another dc voltage is shorted to +4.5
volts. One of the supplies will force current in the reverse
direction through the other supply, the power supply
receiving the reverse current depending on the voltage and
internal impedance of the two supplies concerned. Diode
CR1 provides a low resistance path to protect the +4.5 voit
power supply from damage due to this cause.
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Table 3-5. Overvoltage Limits
NOMINAL
REGULATED VOLTAGES THAT ACTIVATE
VOLTAGE THE OVERVOLTAGE PROTECTION CIRCUITS
+4.5 +5.0 To +8.0
-2.0 -2.5 To -8.0
+12.0 +13.0 To +18.0
-12.0 -13.0 To -18.0
+22.0 +23.0 To +28.5
-22.0 -23.0 To - 28.5
+32.0 +36.8 To +42.8
3-235.  Overvoltage protection is provided for all regu- the same amount. Tables 5-2 and 5-3 show the variation in

lated voltages furnished to the computer. Table 3-5
lists the voltage required to activate each protection circuit.

3-236. SCHEMATIC-DIAGRAM ANALYSIS OF VOLT-
AGE REGULATOR, CURRENT LIMITER, AND OVER-
VOLTAGE PROTECTION CIRCUIT FOR -2 VOLTS. The
voltage regulator, current limiter, and overvoltage protec-
tion circuit for the -2 volt power supply are similar to
those used for +4.5 volts, and therefore require no addi-
tional circuit theory discussion. When fully loaded, the -2
volt regulator and filter capacitors maintain a regulated
-Z voit output for at ieast one miliisecond after removai of
the ac line voltage.

3-237. +12, -12, +22, -22, and +32 VOLT POWER
SUPPLIES.
3-238. The remaining five regulated power supplies

closely resemble the +4.5 and -2 volt supplies. Therefore,
no circuit-theory discussion is furnished for these supplies.
It must be pointed out, however, that the +22 volt, -22 volt,
and +32 volt outputs vary in accordance with the air tem-
perature near the core stack assembly. The circuits for
bringing this about are shown in section V in the overall
interconnection diagram and the schematic diagram for the
A300 power supply. Two thermal sensing resistors, situated
on temperature sensing assembly A402, change resistance in
accordance with the air temperature near the core stack
assembly. As a result, on card A302 the voltage at the base
of A302Q54A (for the +22 volt supply) and the base of
A302Q61A (for the +32 volt supply) changes in accordance
with the temperature. This leads to a variation in the
output voltages of the two power supplies, counteracting
the change in corestack operation which results from the
temperature variation. The output of the -22 volt supply
also varies in accordance with temperature. This results from
the application of +22 volts to one end of resistor R158 in
memory supply regulator card A302. As the +22 volt output
changes, the -22 volt regulator varies the -22 volt output by
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+22, -22, and +32 volts as temperature changes. As with the
+4.5 and -2 volt power supplies, the filter capacitors and
regulators for +12, -12, +22, -22, and +32 volts maintain a
normal regulated output voltage for at least one millisecond
after removal of the ac line voltage.

3-239. POWER TURN-ON AND SHUT-DOWN.

3-240. The seven regulated voltages used by the logic
and memory circuits are applied to and removed from the
computer load circuits in a controlled sequence. These
seven voltages are -2, +4.5, +12, -12, +22 -22 and +32
volts. Two further outputs are provided by the power sup-
ply; these are +7 volts unregulated and +35.5 volts unregu-
lated. Neither of these voltages enters in the turn-on or shut-
down sequence. Additional subsidiary voltages are produced
for use within the power supply section itself. Like +7 volts
and +35.5 volts, these do not enter into the controiled
furn-on or shut-down sequence.

3-241. When the POWER switch is pressed on, the seven
controlled voltages are applied to their respective loads in a
predetermined sequence. Similarly, when the computer is
turned off the controlled voltages are shut down in an
orderly manner. In the event of failure of some of the
controlled voltages, certain other voltages are shut down. If
a thermal switch opens, all controlled voltages are removed
in the same sequence as when the POWER switch is pressed
off.

3-242.  The turn-on or shut-down of the seven controlled
voltages is accomplished by making the series regulator
transistors for each voltage conduct or cut off. In the case
of the +4.5 volt power supply, the series regulator tran-
sistors are in the ground return to the power source (figures
3-20 and 3-21, A304Q1 through A304Q4), and it is here
that the voltage source is connected to or cut off from the
computer load. The series regulator transistors for the
remaining six controlled voltages are in the ungrounded
(high potential) side of the applicable power supply output.



Model 2116B
Volume Two

3-243. TURN-ON SEQUENCE. The power supply
turn-on sequence is illustrated in figures 4-89 through 4-92
in Section IV. When the POWER switch is pressed on, the
first voltage furnished at full level to the computer load is
-2 volts. This voltage is followed by +4.5 volts. Other
voltages are furnished in the sequence indicated.

3-244.  The waveforms shown in figures 4-89 and 4-90
are for computer turn-on with filter capacitors initially
discharged. When power is turned off the series regulator
transistors cut off each power supply from its load, and
several minutes is required to fully discharge the filter
capacitors. Therefore, if the computer is turned on after
being off for only a brief time, the waveforms differ some-
what from those shown, and the time required for each
voltage to reach operating level is shorter. Further, the
waveforms illustrated are for power supplies which are
loaded to their maximum capability. With lighter loading,
waveforms and timing will differ from those shown, both
for turn-on and shut-down.

3-245.  The turn-on sequence is determined by the con-
nections between the control circuits for each power
supply. This is illustrated in figure 3-23. Each block in the
figure represents the power supply named. Before it can
furnish an output, every power supply except that for -2
volts must receive the output voltage furnished by the
power supply shown to its left. The +12 volt supply
requires an input from both the +32 and -12 volt supplies.
Figure 4-90 shows that the +12 volt supply reaches oper-
ating level before the +32 volt supply, even though the +12
volt supply requires an input from the +32 volt supply. The
reason for this is that the +12 volt supply does not require
full voltage from the +32 supply in order to furnish full
output.

3-246. -2 Volt Turn-On. When the POWER switch is
pressed on, the various subsidiary voltages in the power
supply section become available as soon as their filter
capacitors charge. The filter capacitors for-2 and +4.5 volts
also start to charge (figure 5-44). The series regulator tran-
sistors for -2 volts (A304Q5 through A304Q8) begin to
conduct, as do the corresponding transistors for +4.5 volts
(A304Q1 through A304Q4).
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3-247.  The -12.4 volt power source generates 17.9 volts,
from which 4.5 volts normally is subtracted as a result of
the series-opposing connection between the +4.5 and-12.4
volt power supplies. At first, however, while the +4.5 volt
bus is near ground potential, the -12.4 volt power supply
furnishes nearly -17.9 volis. This voltage is applied to
resistor R88 on logic supply regulator card A301 (figure
5-44). At this time the PSO signal is not furnished because
+4.5 volts is not being supplied to power fail interrupt card
A1, which generates PSO. Current flows through resistor
R88 and through transistor Q5 on card Al (figure 5-8), to
the +4.5 volt bus, which is near ground potential. Current
flow through resistor R88 begins to charge capacitor C54.
As it charges, the capacitor bypasses current around zener
diode CR58, preventing the diode from entering avalanche
breakdown.

3-248.  The potential at the anode of CR58 is negative as
C54 commences to charge from the -12.4 volt source. This
negative voltage is applied to the bases of transistors Q33
and- Q38. Diodes CR56 and CRb57, together with associated
resistors, form an “or” gate. This gate allows application of
the potential at the anode of CR58 to Q33 and Q38, while
preventing shorting together the -2 volt and +4.5 volt sense
voltages.

3-249.  The negative potential at the bases of Q33 and
Q38 causes these transistors to conduct, bringing about
current limiting in the series regulator transistors for +4.5
and -2 volts. As a result, the +4.5 and -2 volt outputs are
reduced in amplitude after rising for about 20 milliseconds
(figure 4-89). However, the +4.5 volt filter capacitors at the
input to the series regulator transistors continue to charge,
and the +4.5 volt bus continues to rise above ground level.
As the +4.5 volt bus becomes more positive, the -17.4 volt
output becomes less negative. At the same time, capacitor
C54 continues to charge. A point is reached at which the
voltage across C54 is sufficiently great to permit zener
diode CR58 to break intc avalanche conduetion. The bases
of Q33 and Q38 become less negative, current limiting
ceases, and the filter and bypass capacitors at the outputs
of the +4.5 and -2 volt series regulator transistors begin to
charge again. The output filter capacitor for +4.5 volts is
A303C16, and that for -2 volts is A303C8. The bypass
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capacitors for these voltages are situated on various circuit
cards in the card cage. When these filter and bypass ca-
pacitors are completely charged, the full +4.5 and -2 volts
are applied to the computer load circuits. Note in figure
4-89 the change in the rate of rise of +4.5 volts when -2
volts reaches about -1.75 volts. This results from transistor
Q34 being cut off.

3-250. The -2 volt output is applied through diodes
CR55 and CR54 to the emitter of transistor @34 on card
A301. This is a grounded-base PNP transistor with the
potential of the base positive with respect to the emitter;

consequently, the transistor normally is cut off. However,

if the 2-volts power supply is inoperative, the base of
Q34 is negative with respect to its emitter and Q34

conducts heavily. As a result, current limiting in transistors
A304Q5 through A304Q8 prevents the +4.5 volt power
from reaching the computer load circuits. Thus, if -2 volts is
not furnished during turn-on, neither is +4.5 volts. If the -2
volt power supply is operative, Q34 continues to monitor
this source after power turn-on, and Q34 shuts down the
+4.5 volt supply if -2 volts fails.

3-251. When +4.5 volts rises to its full potential after
turn-on, the PSO signal from card Al also rises to +4.5
volts. At this time the 4.5 volt drop across CR58 results in a
potential at the bases of Q33 and Q38 which keeps these
transistors cut off. As a result, current limiting does
not take place. However, if a thermal switch is open during

power turn-on, the PSO signal is false (figure 3-18). With
PSO false, the 4.5 volt drop across CR58 results in a negative

potential at the bases of Q33 and Q38 (relative to the
emitter of each {ransistor), and the current limiting which
occurs during turn-on remains in effect. Consequently, +4.5
and -2 volts are not applied to the computer load circuits.

3-252. 12, +22, -22, +12, and +32 Volt Turn-On. The
controlling elements in the turn-on process for -12, +22,
-22, +12, and +32 volts are gates MC1B and MC1A on logic
supply regulator card A301 (figure 5-44). Gate MC1A
monitors the seven regulated voltages during computer
coincidence and its true output keeps transistor Q43 cut
off. If one of the voltages fails, Q43 conducts and brings
about shut-down of -12 volts. When -12 volts is shut down,
the +22, -22, +12, and +32 volt supplies also are shut down
(figure 3-23). Shut-down is brought about by cutting off
the series regulator transistor for the voltage concerned.

3-253. During turn-on, a means must be provided for
bypassing this voltage monitoring system until all power
supplies are operative. Gate MC1B performs this function.
When +4.5 volts is available, capacitor C56 starts to charge.
While it is charging, the output of MC1B is true and Q43 is
cut off. The capacitor becomes substantially charged in
about 0.3 second. At this time the output of MC1B
becomes false, and MC1A must then furnish a true output
in order to prevent shut-down. The output of gate MC1A is
true if all seven regulated voltages are available.
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3-254.  The seven regulated voltages monitored by gate
MCI1A are furnished to the gate in the following manner:

a. +4.5 volts is furnished to one end of resistor R113,
the other end of which is connected to the gate.

b. -2 volts affects the gate by shutting down the +4.5
volt supply if -2 volt failure occurs.

c. +12 volts if furnished through two resistors and a
zener dropping diode to pin 1 of the gate, with diode
CR63 functioning as a clamp.

d. -12 volts affects the gate by shutting down the +12
volt and +32 volt supplies if -12 volt failure occurs.

e. -22 volts affects the gate by keeping transistor Q44
cut off, thereby permitting the application of +4.5 volts
through resistor R113 without significant drop in voltage.

f. +22 volts affects the gate by shutting down the -22
volt supply if +22 volts fails.

g. +32 volts is furnished through two resistors and a
zener dropping diode to pin 14 of the gate, with diode
CR62 functioning as a clamp.

3-255.  When power turn-on takes place, the -12 volt
output starts to rise. However, Q43 on card A301 begins to
conduct as various filter capacitors charge, and current
limiting takes place for -12 volts. As a result, the voltage

across the -12 vglt load returns toward zere lﬂgure A.QM
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Then, when the +4.5 volt output is available, gate MC1B
cuts off Q43, and -12 volts again commences to increase.
The series regulator transistor for this voltage functions as a
constant current source, and the voltage rise is almost linear
as filter and bypass capacitors charge from the regulator

_ output. The filter capacitor is A303C10, and the bypass

capacitors are installed on various circuit cards in the card
cage.

3-256.  The-12 volt output is applied to the +22 volt and
+32 volt regulators through temperature sensing resistors
R220 and R221 on temperature sensing assembly A402.
When -12 volts starts to rise, the +22 volt and +32 volt
outputs also commence to rise. Because of the differing
current limit adjustments for the +22 and +32 volt supplies,
the different loads, and the different amounts of capaci-
tance requiring charging, the two voltages rise at a different
rate from each other and from the -12 volt output. The
final level of the +22 and +32 volt supplies is determined by
the temperature near the core stack assembly. This temper-
ature affects resistors R220 and R221, changing the voltage
applied from the -12 volt source to the +22 and +32 volt
regulators. (See tables 5-2 and 5-3 in Section V.)

3-257.  The output from the +32 and -12 volt supplies
are applied to the +12 volt regulator circuit. When the +32
volt output becomes slightly positive, the +12 volt output
commences to rise.
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3-258. The output of the +22 volt power supply is
applied to the -22 volt regulator. As a result, -22 volts
increases as +22 volis rises and as the -22 volt output filter
capacitor and bypass capacitors charge. The ultimate level
of the -22 volt output is determined by the final level of the
+22 volt output, which in turn is established by the temper-
ature near the core stack assembly.

3-259.  As the interior of the computer cabinet warms up
during operation, and as ambient temperature changes, the
resistance of R220 and R221 on A402 changes. This brings
about a change in the +22 and +32 volt outputs. The shift
in the +22 volt level, in furn, causes the -22 volt output to
change. The voltages decrease in magnitude with rising
temperature, and thereby minimize the effects of tempera-
ture change on the ferrite cores in the core stack assembly.
The change in -22 and +22 volts affects the X and Y drive
current provided by the driver switch cards (A8, A9, A14,
and A15). The change in +32 volts affects the inhibit
current furnished by the inhibit driver cards (A4, A6, A16,
and A18).

3-260. SHUT-DOWN SEQUENCE. Power shut-down can
be a result of any of the following:

a. Pressing the POWER switch off.

b. AC power-line failure (excessively low line voltage
or no line voltage).

c. Failure or overloading of one of the seven con-
trolled voltages, which may lead to shut-down of some or
all of the other controlled voltages.

d. Overheating which causes one of the thermal
switches to open.

3-261. When a controlled voltage fails or is overloaded,
or when a thermal switch opens, only dc shut-down takes
place. When this occurs, the affected voltage or voltages are
cut off by their series regulator transistors, but the ac
circuits and the dc power sources remain in operation.

3-262.  Shut-Down by Power Switch. When the POWER
switch is pressed off, relay A312K1 de-energizes (figures
3-17 and 3-18), and filter capacitors throughout the power
supply begin to discharge. At the moment the switch opens,
+4.5 volts is removed from pin 52 of power fail interrupt
card Al. A power-fail interrupt occurs. The POFP pulse pro-
duced during shut-down stops the program (if running).
The POFP pulse also turns off the I/O system and inter-
rupt priority system. If the program is stopped by the POFP
pulse during a memory reference instruction, memory write
errors may occur. Therefore, it is advisable to stop the pro-
gram before pressing the POWER switch off.

3-263. Approximately 8 milliseconds after contacts 3
and 4 of the POWER switch open, the PSO signal becomes
false. This false signal, furnished to pin 11 of logic supply
regulator card A301, starts the dc power supply shut-down
sequence (figures 4-91 and 4-92).
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3-264. The false PSO signal is forwarded through zener
diode CR58 and other components to the base of transistor
Q33 on card A301. The 4.5 volt drop across the zener
diode results in the application of a negative voltage to
Q33. As a result, series regulator transistors Q1 through Q4
in large heat sink assembly A304 cut off the flow of current
from the +4.5 volt supply. :

3-265.  The false PSO signal is also furnished to the base
of transistor Q38, stopping the flow of current from the -2
volt supply by cutting off transistors Q5, Q6, Q7, and Q8 in
large heat sink assembly A304.

3-266. To shut down the remaining conirolled voltages,
the false PSO signal is applied to gate MC1A on logic supply
regulator card Al. The gate no longer experiences coinci-
dence, transistor Q43 conducts, and the -12 volt series
regulator transistor stops the flow of current from the -12
volt power source. With the loss of -12 volts, the remaining
controlled voltages are shut down. (See figure 3-23.)

3-267. When dc shut-down occurs for each controlled
voltage, the filter capacitors on the input side of the series
regulator transistors discharge through resistors provided
for the purpose.

3-268. When the filter capacitors for -5.6 volts have
discharged sufficiently, relay A312K1 de-energizes, and the
power supply subsidiary voltages are turned off. To fully
discharge all filter capacitors, approximately 3 minutes is
required.

3-269.  Shui-Down Due to AC Power-Line Failure. If the
ac line-voltage drops below a level between 100 and 102
volts rms (200 to 204 volts for a 230-volt computer), a
power-fail program interrupt occurs. If programmed to do
so, and if the computer is running, the computer then
performs a power-fail program. The dc voltage regulators
and filter capacitors can maintain normal dc voltage for at
least 1 millisecond after complete ac line voltage failure.
During this time the power faii program can perform at
least 200 instructions. At the end of the program the com-
puter halts if so programmed. (To avoid loss of data in core
storage, a programmed halt should be performed.) If the ac
line voltage has dropped below about 80 volts rms
(160 volts for a 230-volt computer), or has failed com-
pletely, filter capacitors discharge and the power supply
series regulator transistors can no longer maintain the
required voltage levels. The voltage which drops out of
regulation first, and the ac line voltage at which this occurs,
depends on the loading of the various regulators. This, in
turn, depends on the quantity and type of optional devices
which have been installed in the computer.

3-270.  When the first voltage drops out of regulation,
other controlled voltages which depend on the affected
voltage are shut down. Figure 3-23 illustrates the require-
ment of each controlled power supply with respect to out-
puts from other supplies. If any power supply drops out of
regulation, the supplies to the right in the illustration are
shut down. Also, if any supply to the right of the -12 volt
supply loses regulation, -12 volts is shut down, resulting in
all supplies shown to the right of the -12 supply being shut
down.
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3-271. A condition that could result from a continued
abnormally low line voltage is that certain controlled
voltages are shut down, while others continue to be fur-
nished to the computer load.

3-272.  When +12 volts is shut down, and if +4.5 volts is
still available, power fail interrupt card Al produces a
power on/off pulse (POFP). This pulse turns off the I/O
system and the interrupt priority system, and stops the
computer if it is running.

3-273. If the ac line voltage becomes sufficiently low or
if it drops to zero, relay A312K1 de-energizes (figure 3-18).
When line voltage returns to normal, the computer under-
goes the normal power-on sequence and will then be ready
for use, but will not be running.

3-274.  If the ac line voltage is low enough to cause dc
power shut-down, but is not sufficiently low for A312K1
to de-energize, power transformer A311T1 continues to
furnish voltage to the subsidiary rectifiers in the power
supply. The series regulator transistors for the controlled
voltages maintain the shut-down condition. Upon restor-
ation of normal ac line voltage, the normal power turn-on
sequence takes place except that relay A312K1 has
remained energized and resistor A3O0OR1 remains shorted
out.

3-275.  Shut-Down Due to Failure of a Controlled
Voltage. If one of the controlled power supplies (+4.5, -2,
+12, 12, +22, -22, or +32 volts) experiences failure, other
controlled supplies may be shut down. Figure 3-23 illus-

trates the requirement of each controlled power supply

with respect to outputs from other supplies. A power fail
interrupt occurs when shut-down of this type takes place.

(Since a regulated dc voltage has failed, the power fail pro-

gram may not function correctly.)

3-276.  When +12 volts is shut down, and if +4.5 voits is
still available, power fail interrupt card Al produces a
power on/off pulse (POFP). This pulse turns off the I/O
system and the interrupt priority system, and stops the
computer if it is running.

3-277.  Failure of a voltage regulator circuit might result
in a subnormal voltage from one of the controlled supplies.
If small, the drop in voltage may not be enough to disable
MC1A on card A301. If this occurs, all power supplies
continue to furnish voltage to the computer. The worst case
is for +32 volts. This voltage is applied to gate MC1A
through zener voltage-dropping diode CR64, rated at 17.8
volts. Subtracting this amount from 32 volts leaves 14.2
volts. Clamp diode CR62 establishes a potential of +4.5
volts at the junction of the two diodes. Therefore, the +32
volt output must drop below 22.3 volts in order to bring
about a decrease in potential at the junction of the diodes.
This effect produces the following result during power turn-
on. The +32 volt output rises more slowly during turn-on
than the other controlled voltages. However, it need reach
only 22.3 volts to furnish a full input to gate MC1A, per-
mitting this gate to function before the output of gate
MC1B becomes false.
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3-278.  Another result of voltage regulator failure could
be an abnormally high voltage from the power supply. If
the voltage becomes sufficiently high, the overvoltage pro-
tection circuit imposes a short on the power supply output
(see table 3-5). As a result of the short, shut-down takes
place for the affected voltage. This, in turn, may shut down
other controlled voltages, as illustrated in figure 3-23. As
previously noted, if shut-down occurs for any power supply
to the right of the-12 volt supply in the illustration, the -12
volt supply itself is shut down, resulting in shut-down of all
supplies shown to the right of the -12 volt supply.

3-279.  Shut-Down Due to Open Thermal Switch. When

a thermal switch opens, a power-fail interrupt occurs. The
PSO signal becomes false (figure 3-18) and as a result, the
seven controlled voltages are shut down by their series regu-
lator transistors. However, relay A312K1 remains energized
and the fans continue to function. The +7 volt lamp voltage
and the subsidiary voltages produced for use within the
power supply section continue to be available. If there is
sufficient cooling to permit the thermal switch to close
after dc shut-down, the computer undergoes the normal
power turn-on sequence except that A312K1 is already en-
ergized. The computer is available for use after this turn-on,
but is not running.

3-280. PON SIGNAL. A power-on-normal (PON) signal
is furnished by power fail interrupt card A1 when +4.5 and
-2 volts are available to the computer. The PON signal
becomes true approximately 0.1 second after these voltages
are furnished to the computer load, and the signal remains
true while both voltages are available,

3-281.  When it is false, the PON signal protects stored
data by preventing memory readout during the transient
conditions of power turn-on. The false PON signal also
prevents certain operations of I/O devices, such as drum
or disc writing, during power turn-on and shut-down.

3-282.  The PON signal is furnished to driver switch cards
A8, A9, Al4, and A15. Here the PON signal, when false,
prevents activation of core memory X and Y drive lines.
Memory readout therefore cannot occur. The PON signal
also affects the state of the “not” memory-normal-switch
“not” MNS) signal furnished to timing generator card
A106. When PON is false, “not” MNS is true, and control
signals used for writing and reading in core memory remain
false, providing further protection against destruction of
stored data.

3-283.  The function of the PON signal on I/O interface
cards is described in the operating and service manual for
the device concerned.

3-284.  As noted, the PON signal becomes true approxi-
mately 0.1 second after +4.5 and -2 volts are furnished to
card Al (figure 5-7) during turn-on. The potential of Q3 is
then approximately +2.5 volts with respect to grofmd.
Since the collector connects to +4.5 volts, the base of the
transistor is negative with respect to its collector and the
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transistor conducts. Capacitor C5 commences to charge.
After approximately 0.1 second, the capacitor is suffi-
ciently charged fo cause the PON signal to become true.
The switching action of driver MC17A steepens the leading
edge of the PON signal from the exponential charge-curve
of capacitor C5.

3-285. POFP PULSE. During de turn-on and shut-down
a power on/off pulse (POFP) is produced by power fail
interrupt card Al. The pulse is produced for any power
shut-down, regardless of cause, which shuts down the +12
volt power supply.

3-286. The POFP pulse ensures that the computer is
halted, that it is in the fetch phase, and that the I/O system
and interrupt priority system are turned off. To bring about
these conditions, the POFP pulse sets or clears flip-flops as
follows:

a. POFP resets the Run 1 and Rur 2 FFs on timing
generator card A106. This ensures that the computer is
halted.

b. POFP sets the Phase 1 FF on timing generator card
A106. This places the computer in the fetch phase.

c. POFP initiates reset of the Interrupt Control FF on
i/G control card A201, and reset of the Flag and Control
FFs on each I/O interface card. This turns off the I/O
system.

d. POFP resets the Flag FF on power fail interrupt
card Al. This disables the priority line for all devices that
have a lower interrupt priority than that of the power fail
interrupt. Since the power fail interrupt has the highest
priority, the entire priority system is disabled. Before the
computer is started, the interrupt priority system is made
effective by pressing the PRESET switch, thereby resetting
the Fiag F'F on card Al.

3-287. A single POFP pulse is produced each time the
computer is turned on or off. The pulse is also produced
when +12 volts fails or when +12 volts is shut down by an
open thermal switch or by failure of another voltage. The
POFP pulse, which is true for about 40 milliseconds, is
produced by transistors Q2, Q3, and Q4 and their associ-
ated components, on card Al (figure 5-7). When +4.5 volts
and -2 volts become available during power turn-on the base
of Q3 is negative with respect to its emitter, and the
transistor conducts. Before +12 volts is furnished, the base
of Q4 is more positive than its collector, and the transistor
is cut off. Transistor Q2, however, conducts heavily and
furnishes nearly +4.5 volts to pin 6 of gate MC57B. As a
result, the POFP signal becomes true. The frue output of
Q2 also resets the Flag FF on card Al. When +12 volts is
furnished to the cathode of CR7, Q2 cuts off and the POFP
pulse becomes false.

3-288.  During shut-down, the POFP pulse becomes true
when +12 volts is removed from the cathode of diode CR7.
The pulse remains true untii +4.5 volis is shut down.
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3-289. POWER-FAIL INTERRUPT CIRCUITS. If the ac
line-voltage drops below a level between 100 and 102 volts
rms {200 to 204 volts if the computer is connected for
230-volt operation), a power-fail interrupt occurs. The
priority of this interrupt is 4, and it causes a program jump
to core-memory address 00004. From that point, operations
depend on whether a power-fail interrupt program is stored
in memory. The program is written to suit the needs of the
particular installation, but in general it stores the contents of
registers and performs other actions in preparation for later
start-up at the point of program termination.

3-290. The circuits which initiate the power-fail inter-
rupt are on power fail interrupt card Al (figure 5-7). Pins
79 and 80 of this card receive a voltage furnished by a
center-tapped secondary winding on transformer A311T1
in the power supply section. With normal ac line-voltage,
pins 79 and 80 receive 18 volts ac rms, with the voltage at
the two pins 180 degrees out of phase. This ac voltage is
rectified by diodes CR1 and CR2, which together constitute
a full-wave rectifier. Resistor R3, with capacitors C2 and
C3, fiiter the rectified voitage.

3-291.  The rectified voltage, is applied to a voltage
divider made up of resistors R6, R7, and R8. Potentiometer
R7 is adjusted so that with normal ac line-voltage iransistor
Q7 conducts and Q8 is cut off. The collector source for Q8
is pin 3 of gate MC97B, which normally is slightly negative.

3-292.  If the ac line-voltage becomes excessively low Q7
cuts off, Q8 conducts, and gate MC97B experiences
coincidence. As a result, a power-fail interrupt occurs. Fur-
ther discussion of the circuits which produce the interrupt
is presented in paragraph 4-81.

3-293. GROUND CIRCUITS.
3-294. AC NEUTRAL.
3-295.  In keeping with international safety regulations,

the power-line ac neutral input to the computer is not
connected to the computer frame.
3-296. FRAME GROUND.

3-297.  Schematic diagrams which show frame ground
connections are the following:

a. A300 power supply assembly schematic (figure 5-44).
b. A502 control panel assembly schematic (figure 5-47).

¢. Overall interconnection diagram (figure 5-49).

3-298.  The earth-ground conductor in the ac power
cable is connected to the frame of the computer at the base
of connector A300J1.
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3-299. The power supply dc ground-return circuit is
connected to the computer frame at the anode of diode
A308CR9. This diode bolts to a metal bracket attached to
the computer frame. Ne insulating washer is used for
mounting the diode, and its anode is therefore electrically
connected to the mounting bracket.

3-300.
power supply dc ground-return circuit at point E2, where
the ground strap from the power supply bolts to the frame
of the card cage. DC ground return is also connected to the
card cage frame in overvoltage protection assembly A121.

The frame of the card cage is connected to the

3-301. The door is connected to the dc ground-return
circuit at a lug beside POWER switch A5025109.

3-302. CARD GROUND.

3-303. For each eiched-circuit card in the card cage,

ground connection is made at backplane pins 1, 2, 85, and
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86. In most cases, these pins serve for both dc ground-
return and signal ground-return. In some instances,
additional pins are used for signal ground-return in order to
eliminate coupling due to voltage drop in common ground
returns.

3-304.  Cards which have a 48-pin connector on the front
use pins 1, A, 24, and BB of the conneclor for signal
ground-return. In some cases additional pins also are
employed.

3-305. BUS BARS.

3-306.  Three square bus bars are installed on the right
side of the power supply section. At the top, they curve
over capacitor board assembly A303. At the bottom,
flexible metal straps are attached to make connection with
the card cage. The front bus bar carries regulated +4.5 volts.
The middle bus bar is at ground potential. The rear bus bar
carries regulated -2 volts.
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SECTION 1V

TROUBLESHOOTING

41. INTRODUCTION.

4-2.  This section of the manual contains testing and
troubleshooting data for the computer’s control section,
arithmetic section, memory section, input/output section,
and power supply section. The test data is used to check
the overall performance of the computer. The trouble-
shooting data is used to check the computer sections at the
circuit level.

4-3. TEST DATA.

4.4, Test data for the computer consists of the basic
checkout (paragraph 4-9) and the diagnostic checkout
(paragraph 4-17). Performing the basic checkout test pro-
cedure is the first step of computer testing. This procedure
consists of step-by-step instructions for using front panel
switches and indicators to make a preliminary check of the
computer’s performance before more detailed testing is
attempted. Trouble symptoms detected in making this
check are analyzed to establish which circuit function is
most probably causing the trouble indication. References
are provided to detailed troubleshooting data for the sus-
pected circuit. If no trouble symptoms are detected in the
course of performing the basic checkout procedure, the
computer is assumed to be capable of loading, storing, and
at least partially executing diagnostic test programs.

4-5.  Performing the diagnostic checkout test procedure
is the next step of computer testing. Diagnostic test pro-
grams are used to dynamically check the operation of the
circuits in the control, arithmetic, memory, and input/
output sections of the computer. Trouble symptoms are
indicated by error halts displayed at the front panel. By
carefully analyzing the error halt condition, the cause of
the trouble can be traced to one or more instructions in the
test program which the computer failed to process. Refer-
ences are provided to detailed troubleshooting data for the
circuits suspected of causing the failure. If no error halts are
detected in the course of performing the diagnostic check-
out procedure, the computer is assumed to be ready to
resume normal operation.

4-6. 'TROUBLESHOOTING DATA.

4.7.  The troubleshooting data in this section is used for
checking the computer at the circuit level to isolate trouble
symptoms, which are detected during the course of com-
puter testing, to a replaceable assembly or part. Trouble-
shooting data included in this section consists of a program
instruction index and troubleshooting reference guide, logic
equations, circuit descriptions, test procedures, and trouble-
shooting diagrams. The purpose and use of this data is
explained in paragraphs 4-38 through 4-55.

4-8.  Troubleshooting data contained in other sections of
this manual and in other manuals is described in paragraphs
4-56 through 4-59.

4-9. BASIC CHECKOUT.
4-10. GENERAL.

4-11.  The basic checkout test procedure is performed
using operating switches and indicators to check the overall
performance of the computer. This test procedure should

and as required thereafter as part of a regularly scheduled
preventive maintenance program, as the first step of
troubleshooting, and after repairs or modifications are
made to the computer. The basic checkout should always
be performed prior to attempting to perform the diagnostic
checkout. Successful completion of all test steps in the
basic checkout procedure ensures that the computer is
operational to the extent that diagnostic test programs can
be loaded into memory and at least partially executed.

4-12. REQUIRED TEST EQUIPMENT.

4-13. No test equipment is required for performing the
basic checkout procedure. However, it is recommended that
the following test equipment, or its equivalent (refer to
table 1-5), be prepared for operation in the event it is
required for troubleshooting:

a. HP 180A Plug-In Oscilloscope Main Frame.

b. HP 1801A Vertical Amplifier (plug-in for HP
180A).

c. HP 1820A Time Base (plug-in for HP 180A).

d. HP 10004A Miniature Resistive Divider Probes

e. HP 3439A Plug-in Digital Voltmeter.
f. HP 3441A Range Selector (plug-in for HP 3439A).
g. HP 427A Multi-Function Meter.

h. HP 10525A Logic Probe.
41
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4-14. TEST PROCEDURE.

4-15.  The basic checkout procedure consists of a series
of tests that check the operation of key circuit functions in
the computer. The purpose of these tests is to provide an
expedient means of detecting obvious trouble symptoms.
The results of each test, when compared to expected nor-
mal resuits, provides an indication as to whether or not the
circuit under test is functioning normally. Instructions are
included for analyzing trouble symptoms, and references
are provided to troubleshooting data for the circuits most
likely to be causing the trouble indication. Troubles
encountered during the performance of the basic checkout
must be corrected before diagnostic testing is attempted.

4-16. Instructions for performing the basic checkout
procedure are contained in the following steps:

Note

If computer power is on at the start of
this procedure, check the status of all
front panel indicators before turning off
the power. If possible, check the indi-
cators while the computer is in the run
mode, and again while the computer is in
the halt mode. Carefully note and record
any trouble symptoms which are
observed, as well as those reported by the
computer operator. This information may
prove useful in the troubleshooting
process.

a. At the front panel of the computer, press and
release the POWER switch to turn off power.

b. Open the door assembly and remove the four re-
taining screws securing the card cage to the mainframe.
Fully extend the card cage from the cabinet and swing it
out to the servicing position.

WARNING

Dangerous ac line voltage is present in the
computer even though the POWER
switch has been turned off at the front
panel. Protective panels and covers
installed on the power supply, on the
bottom of the card cage, and over the
wiring side of the POWER switch are
designed to prevent personal contact with
components that are wired directly to the
hot side of the ac line. Use caution when
servicing in these areas even though the
protective panels and covers are in place.
If it is necessary to remove a protective
panel or cover during servicing, first turn
off all ac line voltage from the computer
by disconnecting the power cord from ac
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power input connector A300J1 at the
rear panel of the computer. If it is neces-
sary to apply power to the computer
while a protective panel or cover is
removed, use extreme caution to avoid
contact with the exposed area. Refer to
paragraph 5-7 for additional safety infor-
mation before proceeding.

c. Inspect the electrical assemblies and parts com-
prising the door assembly, backplane, and power supply for
visible indications of trouble, such as burned wiring, broken
wiring connections, loose or improper cable connections, or
plug-in cards installed in wrong slots or improperly seated
in mating connectors. Also inspect for excess dirt accumu-
lations or foreign matter that could restrict airflow through
the cabinet and cause overheating. Take immediate action
to correct any condition that may be the cause of trouble.
Note those conditions that do not require immediate cor-

_ rective action, but which should be serviced when regularly

scheduled preventive maintenance is performed.

d. At the front panel of the computer, check that the
LOADER switch is in the PROTECTED position. On the

.display board located behind the front panel, check that

the MEMORY, PHASE, and INSTRUCTION switches are in
the NORM position. If these switches are not set as
specified, set them to the NORM position before
proceeding.

Note

If the 12588A Power Failure Interrupt
With Automatic Restart Option (option
008) is installed, the computer program
may start automatically when power is
turned on. To prevent this from hap-
pening, press and hold either the HALT
switch or the PRESET switch whenever
the POWER switch is pressed and released
to turn on power.

e. Press and release the POWER switch to turn on
power. Check that fans A300B1 at the top of the power
supply, A304B2 and A305B3 on the bottom of the heat
sink assemblies, and A200B1, A200B2, and A200B3 on the
bottom of the card cage are operating properly. Check each
fan for abnormal airflow and audible indications of defec-
tive motor bearings, fan blade obstructions, or other indi-
cations of abnormal operation. If all fans are operating
normally, proceed to step “f”. Otherwise, select the appli-
cable step from those following and proceed as directed:

(1) If all fans are inoperative, press and release the
POWER switch to turn off power. Check the
condition of fuse A312F1 (see figure 4-93). If
the fuse is blown, replace jt and repeat step “‘e”
above. If the fuse blows again, refer to para-
graph 4-502 and troubleshoot for a short in the
ac distribution circuits. If the fuse was intact
when checked, refer to paragraph 4-504 and
troubleshoot for an open condition in the ac
distribution circuits.
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Table 4-8. Program Instruction Index and Troubleshooting Reference Guide (Continued)

INSTRUCTION

MNEMONIC

TYPE

DEFINITION AND DESCRIPTION

REFERENCES

PARA.

GRAPH

FIGURE

MAC

Special

Macroinstruction. This instruction provides up io
2048 entries to macroinstruction subroutines. It

is used only by special options and special soft-
ware, and is not included as one of the instructions
in the basic instruction set for the computer.

The basic computer processes a MAC instruction

in the same manner as a NOP instruction.

T A E-N
NA NA

MIA

Input/Output

Merge Input into A-Register. The contents of the
buffer register on the interface card residing in
the addressed I/O channel are merged with the
contents of the A-register by performing the
inclusive “or” function. The results of the
merger are stored in the A-register. The previous
contents of the A-register are lost.

4-418 4-73

Input/Output

Merge Input into B-Register. The contents of the
buffer register on the interface card residing in
the addressed I/O channel are merged with the
contents of the A-register by performing the
inclusive “or” function. The results of the
merger are stored in the B-register. The previous
contents of the B-register are lost.

4-418 4-73

NOP

Register
Reference
(SRG)

No Operation. No processing operation is performed.

Only a memory cycle occurs.

4-259 4-46

OTA

Input/Output

Output from A-Register. The contents of the
A-register are loaded into the buffer register on
the interface card residing in the addressed I/O
channel. If the buffer register has less than 16
bit positions, the least significant bits from

the A-register are normally loaded. The contents
of the A-register remain unaltered.

4-430 4-75

OTB

Input/Output

Output from B-Register. The contents of the
B-register are loaded into the buffer register on

the interface card residing in the addressed 1/0
channel. If the buffer register has less than 16

bit positions, the least significant bits from the
B-register are normally loaded. The contents of the
B-register remain unaltered.

4-430 4-15

RAL

Register
Reference
(SRG)

Rotate all A-Register bits Left one place. The
bit in position 15 is rotated around to bit
position 0.

4-287 4-51

RAR

Register
Reference
(SRG)

Rotate all A-Register bits Right one place. The
bit in position O is rotated around to bit
position 15.

4-293 4-52

4-21
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(2) If one or more but not all fans are inoperative,
press and release the POWER switch to turn off
power. Disconnect the power cord from ac
power input connector A300J1 at the rear
panel of the computer and check the wiring to
the inoperative fan (see figure 3-17). If defec-
tive wiring is not the cause of the trouble, re-
place the inoperative fan, and repeat step “e”’.

CAUTION

Do not continue with this procedure
unless all fans are operating normally.
Loss of air flow from an inoperative or
improperly operating fan may cause over-
heating which could result in serious
damage to computer components. Turn
off power and do not attempt further
operation until the trouble has been
corrected.

f. Make a general inspection of the indicators on the
front panei of the computer. Then seiect the appiicabie
step from those following and proceed as directed:

(1) If all indicators are off, refer to paragraph
4-504 and troubleshoot the ac distribution cir-
cuits. (Bear in mind that fans are receiving ac
power.)

(2) If only the POWER indicator is on and all other
indicators are off, replace fuse A311F10 (see
figure 4-93). If fuse replacement fails to correct
the trouble, refer to paragraph 4-506 and
troubleshoot the +7-volt lamp supply circuit.

(3) If at least some of the indicators are on, check
whether the indicators listed in table 4-1 are
providing normal indications. If all indicators
are normal, proceed with step “g”. If an ab-
normal indication is encountered, take the cor-
rective action specified in the table.

g. At the front panel of the computer, press and

" release the PRESET switch and check that the PRESET

indicator goes off. If the indication is normal, proceed to

step ““h”. If the indication is abnormal, refer to paragraph

4-81 and troubleshoot the circuits associated with the
PRESET switch.

Section IV

Note

Throughout this manual, displays by
binary indicators 0 through 15 of the
T-REGISTER MEMORY DATA display,
P-REGISTER PROGRAM COUNTER
display, M-REGISTER MEMORY
ADDRESS display, A-REGISTER
ACCUMULATOR display, and B-REGIS-
TER ACCUMULATOR display are
expressed as six digit octal numbers. For
example, a sixteen bit binary display of 0
000 110 111 010 101 (corresponding to
indicators 15 through 0O as viewed from
left to right at the computer front panel,
with indicators that are on representing a
binary 1, and indicators that are off
representing a binary 0) is expressed as
006725. Settings for the switches in the
SWITCH REGISTER are also expressed
as six digit octal numbers. For example,
the setting 1 011 100 001 111 000 for
switches 15 through 0 (as viewed from
left to right at the front panel, with
switches set to the up position represent-
ing a binary 1, and switches set to the
down position representing a binary 0) is
expressed as 134170.

h. Set the SWITCH REGISTER to 000000 (switches
15 through 0 in the down position), and in turn, press and
release the LOAD MEMORY, LOAD A, LOAD B, and
LOAD ADDRESS switches. Then set the SWITCH REG-
ISTER to 177777 (switches 15 through O in the up posi-
tion). Press and release the LOAD A switch and check the
A-REGISTER ACCUMULATOR display for an indication
of 177777 (indicators 15 through O on). If the indication
is normal, proceed to step “i”. If all indicators in the dis-
play fail to go on, refer to paragraph 4-86 and troubleshoot
the circuits associated with the LOAD A switch. If only
one of the indicators in the display fails to go on, replace
the associated indicator lamp. If lamp replacement fails to
correct the trouble, refer to paragraph 4-86 and trouble-
shoot the circuits associated with the unresponse indicator.

i. Set the SWITCH REGISTER to 000000 (switches
15 through O in the down position). Press and release the
LOAD A switch and check the A-REGISTER ACCUMU-
LATOR display for an indication of 000000 (indicators 15
through O off). If the indication is normal, proceed to step
“j”. If all indicators in the display fail to go off, refer to
paragraph 4-86 and troubleshoot the circuits associated
with the LOAD A switch. If only one of the indicators in
the display fails to go off, refer to paragraph 4-86 and
troubleshoot the circuits associated with the unresponsive
indicator.
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Table 4-1. Front Panel Indicator Initialization, Checkout and Trouble Analysis

NORMAL
INDICATOR INDICATION IF INDICATION IS ABNORMAL

POWER On Replace POWER indicator lamp A502DS109. If lamp replace-
ment fails to correct the trouble, refer to paragraph 4-68 and
troubleshoot the circuits associated with the POWER indicator.

RUN Off Press and release the HALT switch. If the RUN indicator remains
on, refer to paragraph 4-71 and troubleshoot the circuits associated
with the RUN indicator. If pressing the HALT switch turns off the
RUN indicator, refer to paragraph 4-512 and troubleshoot the
circuits associated with the Power On/Off Pulse (POFP) signal.

HALT On Press and release the HALT switch. If the HALT indicator is now
on, refer to paragraph 4-512 and troubleshoot the circuits associ-
ated with the Power On/Off Pulse (POFP) signal. If the HALT
indicator remains off, replace indicator lamp A502DS107. If
lamp replacement fails to correct the trouble, refer to paragraph
4-76 and troubleshoot the circuits associated with the HALT
indicator.

FETCH On Press and release the PRESET switch. If the FETCH indicator
is now on, refer to paragraph 4-512 and troubleshoot the cir-
cuits associated with the Power On/Off Pulse (POFP) signal. If
the FETCH indicz tor remains off, replace indicator lamp
A501DS84. If lamp replacement fails to correct the trouble,

wnfow + i H 1
refer to paragraph 4-167 and troubleshogct the circuits associated

with the FETCH indicator.

INDIRECT Off Press and release the PRESET switch. If the indicator is now off,
refer to paragraph 4-512 and troubleshoot the circuits associated
with the Power On/Off Pulse (POFP) signal. If the INDIRECT
indicator remains on, refer tc paragraph 4-171 and troubleshoot
the circuits associated with the INDIRECT indicator.

EXECUTE Off Press and release the PRESET switch. If the EXECUTE indicator
is now off, refer to paragraph 4-512 and troubleshoot the circuits
associated with the Power On/Off Pulse (POFP) signal. If the
EXECUTE indicator is still on, refer to paragraph 4-176 and
troubleshoot the circuits associated with the EXECUTE indicator.

PRESET On Replace indicator lamp A502DS108. If lamp replacement fails
to correct the trouble, refer to paragraph 4-81 and trouble-
shoot the circuits associated with the PRESET indicator.

PARITY Off Refer to the operating and service manual for the HP 12591A
HALT Parity Exror Option (manual part no. 12591-9001) and trouble-
shoot the circuits associated with the PARITY HALT indicator.
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j. Set the SWITCH REGISTER to 177777. Press and
release the LOAD B switch and check the B-REGISTER
ACCUMULATOR display for an indication of 177777.1
the indication is normal, proceed to step “k”. If all indi-
cators in the display fail to go on, refer to paragraph 4-92
and troubleshoot the circuits associated with the LOAD B
switch. If only one of the indicators in the display fails to
go on, replace the associated indicator lamp. If lamp
replacement fails to correct the trouble, refer to paragraph
4.92 and troubleshoot the circuits associated with the
unresponsive indicator.

k. Set the SWITCH REGISTER to 000000. Press and
release the LOAD B switch and check the B-REGISTER
ACCUMULATOR display for an indication of 000000. If
the indication is normal, proceed to step “1”. If all indi-
cators in the display fail to go off, refer to paragraph 4-92
and troubleshoot the circuits associated with the LOAD B
switch. If only one of the indicators in the display fails to
go off, refer to paragraph 4-92 and troubleshoot the circuits
associated with the unresponsive indicators.

1. Set the SWITCH REGISTER to 177777. Press and
release the LOAD ADDRESS switch and check both the
P-REGISTER PROGRAM COUNTER display and the
M-REGISTER MEMORY ADDRESS display for an indi-
cation of 177777. If the indication by both displays is
normal, proceed to step “m”. If all indicators in either or
both displays fail to go on, refer to paragraph 4-98 and
troubleshoot the circuits associated with the LOAD
ADDRESS switch. If only one indicator in either display
fails to go on, replace the associated indicator lamp. If lamp
replacement fails to correct the trouble, refer to paragraph
4-98 and troubleshoot the circuits associated with the
unresponsive indicator.

m. Set the SWITCH REGISTER to 000000. Press and
release the LOAD ADDRESS switch and check both the
P-REGISTER PROGRAM COUNTER display and the
M-REGISTER MEMORY ADDRESS display for an indi-
cation of 000000. If the indication by both displays is
normal, proceed to step “n”. If all indicators in either or
both displays fail to go off, refer to paragraph 4-98 and
troubleshoot the circuits associated with the LOAD
ADDRESS switch. If only one indicator in either display
fails to go off, refer to paragraph 4-98 and troubleshoot the
circuits associated with the unresponsive indicator.

n. Set the SWITCH REGISTER to 177777. Press and
release the LOAD MEMORY switch and check the
T-REGISTER MEMORY DATA display for an indication
of 177777. If the indication is normal, proceed to step “o”.
If all indicators in the display fail to light, refer to para-
graph 4-106 and troubleshoot the circuits associated with
the LOAD MEMORY switch. If only one indicator in the
display fails to go on, replace the associated indicator lamp.
If lamp replacement fails to correct the trouble, refer to
paragraph 4-106 and troubleshoot the circuits associated
with the unresponsive indicator.
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o. Set the SWITCH REGISTER to 000000. Press and
release the LOAD MEMORY switch and check the
T-REGISTER MEMORY DATA display for an indication
of 000000. If the indication is normal, proceed to step “p”’.
If all indicators in the display fail to go off, refer to
paragraph 4-106 and troubleshoot the circuits asscciated
with the LOAD MEMORY switch. If only one of the
indicators in the display fails to go off, refer to paragraph
4.106 and troubleshoot the circuits associated with the
unresponsive indicator.

p. Set the SWITCH REGISTER to 177770 and press
and release the LOAD ADDRESS switch. While observing
the P-REGISTER PROGRAM COUNTER display and the
M-REGISTER MEMORY ADDRESS display, press and
release the LOAD MEMORY switch seven times and check
that both displays are incremented by a count of one each
time the LOAD MEMORY switch is pressed and released.
(Both displays should indicate 177777 after the LOAD
MEMORY switch has been pressed and released seven
times.) Then press and release the LOAD MEMORY switch
again. (Both displays should now indicate 000000.) If
the indications by both displays were normal, proceed
to step “q’’. If an indication by either or both displays
was abnormal, refer to paragraph 4-106 and troubleshoot
the circuits associated with the LOAD MEMORY switch.
(Check the circuits associated with the carry bit signals
as the first step of troubleshooting if either or both dis-
plays failed to ‘“wrap around” from 177777 to 000000
when the LOAD MEMORY switch was pressed and re-
leased the eighth time.)

q. Set the SWITCH REGISTER to 177770 and press
and release the LOAD ADDRESS switch. While observing
the P-REGISTER PROGRAM COUNTER display and the
M-REGISTER MEMORY ADDRESS display, press and
release the DISPLAY MEMORY switch seven times and
check that both displays are incremented by a count of one
each time the DISPLAY MEMORY switch is pressed and
released. (Both displays should indicate 177777 after the
DISPLAY MEMORY switch has been pressed and released
seven times.) If the indication by both displays is normal,
proceed to step “r”. If the indication by either or both
displays is abnormal, refer to paragraph 4-116 and trouble-
shoot the circuits associated with the DISPLAY MEMORY
switch.

r. Set the SWITCH REGISTER to 177770 and press
and release the LOAD ADDRESS switch. While observing
the P-REGISTER PROGRAM COUNTER display and the
M-REGISTER MEMORY ADDRESS display, press and
release the SINGLE CYCLE switch seven times and check
that both displays are incremented by a count of one each
time the SINGLE CYCLE switch is pressed and released.
(Both displays should indicate 177777 after the SINGLE
CYCLE switch has been pressed and released seven times.)
If the indication is normal, proceed to step “‘s”. If the
indication by either or both displays is abnormal, refer to
paragraph 4-124 and troubleshoot the circuits associated
with the SINGLE CYCLE switch.
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Note

Use care when performing steps ‘“‘s” and
“t” following to prevent the absolute
loader program from being destroyed. If
this should happen, reload the required
instructions in the protected area of
memory using the procedure presented in
paragraph 4-27 and repeat steps “s” and
“t” before proceeding to step “u”.

s. Using the verification procedure presented in para-
graph 4-28 and the information presented in table 4-4 or
4.5, as applicable, check the status of all 64 instructions in
the Basic Binary Loader program located in the protected
area of memory. If all instructions are correct, proceed to
step “t”. If an incorrect program instruction is encoun-
tered, attempt to load the correct instruction into the ap-
plicable memory location using the instruction loading pro-
cedure presented in paragraph 4-27 and the information
presented in table 4-4 or 4-5. Then reverify the contents in
the memory location to ensure that the instruction was
loaded properly. If the contents of the memory location
are still incorrect, troubleshoot the circuits comprising the
memory section of the computer. Refer to paragraph 4-156
and check the memory timing circuits as the first step of
troubleshooting. '

t. Again, using the verification procedure presented in
paragraph 4-28 and the information presented in table 4-4
in the protected area of memory (addresses Om7700
through Om7713). If all 12 instructions are still correct,
proceed to step “u”. If any one or all of the instructions are
now incorrect, refer to paragraph 4-478 and troubleshoot
the circuits associated with memory write circuits.

Note

Make sure the LOADER switch has been
reset to the PROTECTED position before
proceeding.

u. At the front panel of the computer, proceed as
follows:

Note

Steps (1) through (8) below contain a
step-by-step procedure for manually
loading a test program into the computer
memory in preparation for performing
steps “v” through “y”. The test program
consists of five instructions that can be
stored in any five consecutive memory
locations in a memory page (other than
protected, reserved, or unaccessible loca-
tions). The memory locations specified
for these instructions are typical, and
may be changed to any unused area in
memory to prevent destroying program
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data or instructions already stored in the
specified locations. Therefore, if a start-
ing address other than 004000 is used,
refer to the information given in figure
4-1 and modify the octal values accord-
ingly for the SWITCH REGISTER set-
tings given in steps (1), (6), and (8).

(1) Set the SWITCH REGISTER to 004000 (typ-
ical address for the first instruction of the pro-
gram) and press and release the LOAD AD-
DRESS switch.

(2) Set the SWITCH REGISTER to 002400 (CLA)
and press and release the LOAD MEMORY
switch.

(3) Set the SWITCH REGISTER to 060001 (LDA)
and press and release the LOAD MEMORY
switch.

(4) Set the SWITCH REGISTER to 006400 (CLB)
and press and release the LOAD MEMORY
switch.

(5) Set the SWITCH REGISTER to 164000 (LDB,
I) and press and release the LOAD MEMORY
switch.

(6) Set the SWITCH REGISTER to 026000 (JMP)
and press and release the LOAD MEMORY
switch.

(7) Set the SWITCH REGISTER to 177777, and in
turn, press and release the LOAD A switch and
the LOAD B switch.

(8) Set the SWITCH REGISTER to 004000 (the
starting address of test program), and press and
release the LOAD ADDRESS switch. Then pro-
ceed to step “v”.

v. Refer to table 4-2. While observing the front panel
for the indications specified in the table, press and release
the SINGLE CYCLE switch exactly nine times. If all indi-
cations are normal, proceed to step “w”. If an indication
associated with the FETCH, INDIRECT, or EXECUTE
indicators is abnormal, refer to paragraph 4-164 and
troubleshoot the phase logic circuits. If an indication associ-
ated with either the A-REGISTER ACCUMULATOR
display . or the B-REGISTER ACCUMULATOR display is
abnormal, determine which instruction failed to process.
Then refer to the listing for the instruction in table 4-8 for
applicable troubleshooting references.

w. Check the M-REGISTER MEMORY ADDRESS
display for an indication of 004000 (the staring address
used for test program at step “u” (1) ab