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CHANGE

1

DESCRIPTION

a. Change 1 updates the manual to cover computers with serial number prefixes
1108A, 1124A, 1127A, and 1131A. To update the manual, remove the super-
seded pages listed below in the REMOVE columns and insert the new pages

(attached to this updating supplement) listed in the INSERT columns.

REMOVE INSERT REMOVE
Title page Title page - 6-34A/6-34B
Blank A 6-35 thru 6-38 6-35 thru 6-38
XV, XVi XV, XVi — 6-38A/6-38B
XiX, XX XiX, XX 6-39, 6-40
1-1,1-2 1-1, 1-2 6-43 thru 6-48 6-43 thru 6-48
2-1 thru 2-6 2-1 thru 2-6 - 6-48A/6-48B
3-11, 3-12 3-11, 312 6-49 thru 6-54 6-49 thru 6-54
6-b, 6-6 6-5, 6-6 7-5 thru 7-10 7-5 thru 7-10
6-9 thru 6-12 6-9 thru6-12 — 7-108A/7-108B
6-17, 6-18 6-17,6-18 7-265 thru 7-274 | 7-265 thru 7-274
6-21 thru 6-26 6-21 thru 6-26 7-279 thru 7-282 | 7-279 thru 7-282
6-31 thru 6-34 6-31 thru 6-34

o After completing step “’a’’, check the contents of the manual against the List

of Effective Pages, located on page A. When all new pages are properly
inserted, discard the superseded pages. Retain this updating supplement

(yellow pages) with the manual for future reference.

Model 2116C
Volume Two
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COMPUTER

Serial Numbers Covered

This manual applies directly to Model 2116C Computers
having serial numbers prefixed 980-, 998-, and 1047A-.
When the updating supplement dated 15 August 1971 is
incorporated, this manual also covers 2116C Computers
having serial numbers prefixed 1108A-, 1124A-, 1127A-,
and 1131 A. Computers with higher prefix numbers will be
covered in later updating supplements.

Options Covered

This manual covers options 005, 006, 007, and 015 as well
as the basic computer. For additional information concerning
options 005, 006, and 007, refer to the 12615A Installation

Manual (part no. 12615-90001).

Note

To order additional copies of this manual, specify part
number 02116-91756.

Printed: JULY 1971

02116-91756 COPYRIGHT HEWLETT-PACKARD COMPANY 1971
11000 WOLFE ROAD, CUPERTINO, CALIFORNIA, U.S.A. Changed: 15 AUGUST 1971
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Section |

SECTION |

GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. Volume Two is the second in a series of three
volumes that document the Hewlett-Packard Model 2116C
Computer (figure 1-1). Volume Two contains information
on installation, maintenance, troubleshooting, and repair of
the computer. Unless otherwise stated in future supple-
ments, information in Volume Two is applicable to 2116C
Computers having serial-number prefix 980- and higher.

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

1-4. Included in this volume are circuit theory descrip-
tions, and testing, troubleshooting, and repair instructions,
for the five major functional sections of the computer.
These sections are the control, arithmetic, memory, input/
output, and power supply sections (figure 1-2).

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

a. Section I, General Information, Section I contains
general information on the physical makeup of the com-
puter. Included are a description of the various electronic
assemblies which comprise the computer, an explanation of

MEMORY
SECTION
{ oL
VOLUME | L To6AND
ONE
ARITH. POWER SUPPLEMENTS
CONTROL
METIC T SUPPLY
SECTION SECTION SECTION
INPUT/OUTPUT SECTION “
L VOLUME
! } THREE AND
SUPPLEMENTS
INPUT/QUTPUT DEVICES

2107-23
Figure 1-2. Major Functional Sections of the

2116C Computer

controls and indicators, a description of identification
numbers used in the computer, a description of standard
accessory equipment supplied with the computer, an
explanation of the principle built-in maintenance features,
and a list of servicing equipment required.

b. Section II, Installation. Section II describes
unpacking procedures, provides primary power data,
explains initial inspection procedures, and presents instruc-
tions for installing the computer.

c. Section III, Theory of Operation. Section III
describes the circuit theory of the control, arithmetic,
memory, input/output, 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 proce-
dures, which use servicing diagrams presented in the
section. These diagrams, together with logic equations and
logic diagrams in section VII, aid in the rapid location of
computer faults.

e. Section V, Maintenance. Section V provides pre-
ventive-maintenance instructions and adjustment
information.

f. Section VI, Replaceable Parts. Section VI contains
lists and illustrations of replaceable parts. The lists give the
name and part number of each part, and specify the charac-
teristics 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. Parts information for optional
features is covered in the manual concerned.

g. Section VII, Diagrams. Section VII consists of logic
diagrams, parts location diagrams, wiring information and
logic equations. Also included are definitions of the abbre-
viations used for signal names, and information on inte-
grated circuit packs.

h. Appendix A, Basic Logic Symbols. Appendix A
describes the logic symbols used in this manual. The explan-
ations also apply to the logic symbols in manuals for
optional devices, provided the manuals were written by
Hewlett-Packard.

i. Updating Supplement. An updating supplement
may be included with Volume Two. Updating supplements
are used to correct errors in the existing documentation and
provide additional documentation for computers having
serial number prefixes other than those specified on the
title page at the front of the manual.

11
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1-6. GENERAL DESCRIPTION. 1-9. CIRCUIT CARDS. As the term is used with the

2116C Computer, a circuit card is an assembly consisting of
1-7. COMPUTER ASSEMBLIES. electronic components mounted on an insulating card. An

etched-foil pattern on the card makes connections between
1-8. The major electronic assemblies that make up the the components. The entire unit, referred to either as a
computer are listed in table 1-1 and shown in figure 1-3, circuit card or a card, plugs into a connector in the com-
1-4, and 1-5. The following paragraphs describe these puter. A similar unit which is permanently wired to other
assemblies. assemblies is referred to as a board.

Table 1-1. Major Electronic Assemblies@

REFERENCE
DESIGNATION PART NO. QTY NOMENCLATURE
Card Cage Assembly
A6 02116-6175 1 Power Fail Interrupt Card
A13 02116-63248 1 Memory Data Buffer Card
A14 02116-63212 1 Memory Address Decoder Card
A20 021 16-63207@ 1 Sense Amplifier Card
A21 02116-63211 1 X-Y Driver/Switch Card
A22 02116-63210 1 Inhibit Driver Card
A101 02116-6208 1 Front Panel Coupler Card
A102, A103, A104, A105 02116-6026 4 Arithmetic Logic Card
A106 02116-63220 1 Timing Generator Card
A107 02116-6027 1 Instruction Decoder Card
A108 02116-6029 1 Shift Logic Card
A121 02116-63218 1 " Overvoltage Protection Assembly
A201 02116-6041 1 1/0 Control Card
A202 02116-6194 1 1/O Address Card
A218@ 02116-6047 1@ Resistance Load Card
Power Supply Assembly .
A301 02116-6014 1 Logic Supply Regulator Card
A302 021 16-63214@ 1 Memory Supply Regulator Card
A303 02116-63236 1 Capacitor Board Assembly
A304 02116-63237 1 Large Heat Sink Assembly
A305 02116-63238 1 Small Heat Sink Assembly
A306 02116-63229 1 Component Board Assembly
A307 02116-63242 1 Component Board Assembly
A308 02116-63235 1 Component Board Assembly
A309 02116-63240 1 Component Board Assembly
A310 02116-63241 1 Component Board Assembly
A311 02116-63225 1 Transformer Assembly
A312 02116-63228 1 AC Input Section
Door Assembly
A501 02116-6043 1 Display Board Assembly
Ab02 02116-01115 1 Control Panel Assembly

Optional assemblies are not listed.

The resistance load card is installed in the lowest-numbered unused card slot between 203 and 218
inclusive. If all these slots are in use, the resistance load card is not installed.

Sense amplifier card with part number 02116-63207 is interchangeable with part number 5060-8320.

Computers with serial number prefix 1127 A and above use a Memory Supply Regulator Card with
part number 02116-63267.

®e O
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Figure 1-3. Interior View of Computer, Card Cage Closed

1-10.  The computer logic circuits are made up entirely
of cards, 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 is
assigned a reference designation beginning with the letter
“A” followed by a number indicating the 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 A1 through A22

" contain principally the memory-section circuits, and the

cards are installed in the top row of slots in the card cage.

Cards A101 through A120 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 I/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. Figure
7-2 shows the complete card complement.

1-13. Two additional cards, not shown in figure 7-2 but
part of the basic computer configuration, are situated in the
power supply at the back of the computer cabinet.

X,
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1-14. DISPLAY BOARD ASSEMBLY. The display
board assembly, reference designation A501, provides a
visual indication of computer operating conditions and dis-
plays the contents of the principal computer registers. The
unit mounts in the computer door assembly, as shown in
figures 1-3 and 1-6. Connection to the display board assem-
bly 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 pur-
poses, and two spare lamps.

1-15. CONTROL PANEL ASSEMBLY. The control
panel assembly, reference designation A502, contains the
computer operating controls. The unit is situated imme-
diately beneath the display board assembly, as shown in
figures 1-3 and 1-7. The controls on the panel are prin-
cipally push-type switches, and some have internal
indicating lamps. Connection to the control panel assembly

Model 2116C
Volume Two

is made by the control cable (figure 1-3), which plugs onto
the front end of the front panel coupler card A101. Addi-
tional connections are made by wires in the strip cable,
which connect with the power supply section and with
power fail interrupt card A6 in the card cage.

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 card
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 assemblies, pro-
vides the regulated and unregulated dc voltages required by
the computer. The power supply also provides dc voltages
for plug-in cards in the card cage which are installed as
optional devices. Most optional units external to the com-
puter cabinet furnish their own ac and dc voltages, derived
from a separate connection to the ac power line. When an

10

2107-304

Figure 1-6. Display Board Assembly A501, Indicators
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external device does obtain a dc operating voltage from the
computer, the voltage is furnished through the 48-pin con-
nector of the interface card in the computer. (An example is
the +12 and -12 volts used by the model 2752A
Teleprinter.)

1-18. 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.

1-19. CONTROLS AND INDICATORS.

1-20.  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.

1-21. IDENTIFICATION.
1-22.  COMPUTER SERIAL NUMBER.

1-23.  The computer is identified by an 8-digit or 9-digit
and one letter (000-00000 or 0000A-00000) serial-number
marked on the rear of the computer (item 4, figure 1-11).
The first three or four 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

Section I

title page of this manual, manual-change information is
supplied in a supplement accompanying this volume. The
letter, when used, designates the country in which the com-
puter was manufactured (‘““A” indicates the United States).
The remaining five digits are a sequential suffix number that
changes with each computer.

1-24. COMPUTER MODEL NUMBER.

1-25. The computer model number (2116C) 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.

1-26. OPTION NUMBERS.

1-27.  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.

1-28. To determine the meaning of option numbers,
refer to a Hewlett-Packard sales catalog, or request the
nearest Hewlett-Packard Sales and Service Office to furnish
a list of optional features for the 2116C. (Sales and Service
Offices are listed in the back of this manual.)

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 tamps Displays the contents of the T-register.
MEMORY DATA A501DS16
2 P-REGISTER A501DS17 thru Indicator lamps Displays the contents of the P-register.
PROGRAM COUNTER A501DS32
3 M-REGISTER A501DS33 thru Indicator lamps Displays the contents of the M-register.
MEMORY ADDRESS A501DS48
4 A-REGISTER A501DS49 thru Indicator lamps Displays the contents of the A-register.
ACCUMULATOR A501DS64
b5 B-REGISTER Ab501DS65 thru Indicator lamps Displays the contents of the B-register.
ACCUMULATOR A501DS80
6 PARITY HALT Ab01DS81 Indicator lamp Used by an optional feature. Refer to Mem-
ory Parity Check Operating and Service
Manual (part no. 12591-9001).
7 EXECUTE AB01DS82 Indicator lamp Lights when the computer is in the execute
phase.
8 INDIRECT AB01DS83 Indicator lamp Lights when the computer is in the indirect
phase.
9 FETCH AB01DS84 Indicator lamp Lights when the computer is in the fetch
phase.
10 OVERFLOW A501DS85 Indicator lamp Lights when the Overflow FF is set.
1 EXTEND Ab501DS86 Indicator lamp Lights when the Extend FF is set.

1.7
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* SOME COMPUTERS WITH SERIAL NUMBER PREFIX 980-
HAVE A LIGHTED, PUSH-TYPE POWER SWITCH INSTEAD
OF THE TOGGLE-TYPE POWER SWITCH WHICH IS SHOWN.

2107-305
Figure 1-7. Control Panel Assembly A502, Controls and Indicators
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Table 1-3. Controls and Indicators on Control Panel Assembly A502
ILLUSTRATION
CALLOUT PANEL REFERENCE
(FIGURE 1-7) MARKING DESIGNATION DESCRIPTION USE
1 LOAD A A5025104 Push-switch When pressed, loads the contents of the S-register
(momentary action)* into the A-register.
2 LOAD B A5025103 Push-switch When pressed, loads the contents of the S-register
{momentary action)* into the B-register.
3 LOAD A5025102 Push-switch When pressed, loads the contents of the S-register
ADDRESS {(momentary action)* into the M-register and P-register, and places the
computer in fetch phase.

4 DISPLAY Ab5025101 Push-switch When pressed, displays in the T-register the contents

MEMORY (momentary action)* of the core storage 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 places the computer in fetch
phase.

5 SINGLE AB02S100 Push-switch When this switch is pressed, the computer performs

CYCLE (momentary action)* one machine cycle in the phase indicated on display
panel A501. The address of the instruction per-
formed is displayed in the M-register.

6 SWITCH A502S1 Toggle switches Provides the means for manually entering data,

REGISTER through addresses, or instructions into the computer. The
Ab502S516 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 en-
tered, one of the following push-switches is pressed:
a. LOAD MEMORY,
b. LOAD A.
c. LOAD B.
d. LOAD ADDRESS.
e. DISPLAY MEMORY.
7 POWER (A502S109 ‘ Toggle switch The switch turns the computer on or off. (Indicator
and (Lighted push-switch}** | s lighted when the computer is on, extinguished
A502DS109) when the computer is off.)**

8 LOADER AB02S110 Toggle switch In the ENABLED position, allows the program to
read or write in the protected area in memory
where the binary loader program is stored.

9 PRESET A5025108 Lighted push-switch When pressed, the switch places the computer in the

and (momentary action)* fetch phase and extinguishes the PRESET indicator
A502DS108 (if lighted). The switch also resets the entire 1/O
system and the power-fail interrupt system by:
a. Clearing the Interrupt Control FF on 1/O Con-
trol Card A201.
b. Clearing the Control FF on each 1/O interface
card.
c. Setting the Flag Buffer FF (if any) and the Flag
FF on each /O interface card.
d. Clearing the Flag Buffer FF and Flag FF on
Power Fail Interrupt Card A6.
*Inoperative when a program is running.
**Used on some computers having serial number prefix 980-.
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Table 1-3. Controls and Indicators on Control Panel Assembly A502 (Continued)

ILLUSTRATION
CALLOUT
(FIGURE 1-7)

PANEL
MARKING

REFERENCE
DESIGNATION

DESCRIPTION USE

9 (Cont)

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

Interior of the 2116C cabinet.

Large heat sink assembly A304.

Small heat sink assembly A305.

2160A Power Supply Extender (if used).
21508 1/0 and Memory Extender (if used).
2151A 1/0 Extender (if used).

bl < o

The PRESET indicator always lights for the condi-
tions specified above, regardless of whether the
computer is running. 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
indicator immediately relights if an undervoltage or
overheating condition continues.)

10 RUN A5025107

A502DS107

Lighted push-switch
and {momentary action)*

When pressed, the switch starts the program in the
phase (fetch, indirect, or execute) indicated on dis-
play panel A501. The address of the instruction
performed (or continued) is displayed in the P-
register before the switch is pressed. While the pro-
gram is running, the RUN indicator is lighted.

11 HALT Ab025106

A502DS106

Lighted push-switch
and {momentary action)

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

12 LOAD
MEMORY

A5025105

Push-switch
{(momentary action)*

When pressed, stores the contents of the SWITCH
REGISTER switches (S-register) in the core storage
location specified by the M-register. Then incre-
ments the P-register by 1, sets the contents of the
M-register equal to the contents of the P-register,
4nd places the computer in the fetch phase.

*Inoperative when a program is running.

1-29. ASSEMBLY IDENTIFICATION.

1-30. The majority of the electronic assemblies in the
computer are plug-in etched-circuit cards and are identified
by a part number and revision code. A typical card of the
type installed in the card cage, is shown in figure 1-8. In the
illustration, the identification block which consists of the
trademark, part number, and revision code, is in the upper
left corner of the card. (Table 1-4 gives a detailed explana-
tion of this identification block.) Also shown in the illustra-
tion are the identifying numbers and letters of the card
pins, and the means used for identifying integrated circuits
(microcircuits) mounted on the card.

1-31.  Assemblies other than circuit cards usually are not
marked with their part number and do not have revision
codes. Part numbers for these assemblies are found in
section VI of this volume, where electronic assemblies are

1-10

identified by their location in the computer and their
appearance.

1-32.  CIRCUIT-CARD REVISION CODE.

1-33. Marked beneath the part number on each circuit
card is a revision code (see figure 1-8). The first character of
the code is a letter, known as the revision notice, which
identifies the etched-foil pattern on the card. The next
three or four digits, known as a series notice or date code,
identify the electrical characteristics of the card with parts
mounted. The date code is followed by a one or two digit
number, known as the division prefix number, which
identifies the Hewlett-Packard division which assembled the
completed card. The entire revision code is either stamped
on the card with marking ink, or it appears in etched metal
letters. If both a stamped and an etched code are used, the
stamped revision code supersedes the etched revision code
and indicates a parts difference.
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1-34. DOCUMENTATION OF EQUIPMENT IMPROVE-
MENTS.

1-35. 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 sup-
plement.

1-36.  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.

1-37. STANDARD ACCESSORIES AND SERVICE
ITEMS.
1-38.  Standard accessories for the 2116C Computer con-

sist of an accessory kit and a rack mounting kit (figure 1-9).
The accessory kit contains an ac power cable, an extender
card, two extender cables, and a punched-tape loading
instruction card. The accessory kit and rack mounting kit
are furnished with the computer, and need not be ordered
separately.

1-39.

1-40.  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
prohibit use of the NEMA 5-15P connector, it must be
replaced with an acceptable type.

AC POWER CABLE.

1.41. EXTENDER CARD.

1-42.  The extender card allows circuit cards in the card
cage to be extended for troubleshooting.

1-43. EXTENDER CABLE,

1.-44. Two types of extender cables are supplied. They

allow cards that have a cable plugged to their 48-pin con-
nector to be used with the extender card.

1-45.

1-46.  An instruction sheet, encased in clear plastic, pro-
vides information on how to load binary punched tapes

1-11

TAPE-LOADING INSTRUCTION CARD.
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RACK MOUNTING
KIT (5060-6236)

EXTENDER CARD
(02116-63216)

EXTENDER CABLE
(02116-63251)

EXTENDER CABLE
{02115-6047)

AC POWER CABLE
(5060-8323)*

ABSOLUTE BINARY LOADER £
1 o ha SOSEL THPE SAIRNA IRGTRE, YA

TAPE LOADING
INSTRUCTION CARD
(5080-6599)

* AC POWER CABLE 5060-8323, USED WITH COMPUTERS HAVING SERIAL NUMBER
PREFI1X 1047A- AND ABOVE, IS FURNISHED IN ACCESSORY KIT 02116-63266.
AC POWER CABLE 5060-2267 (NOT SHOWN), USED WITH COMPUTERS HAVING
SERIAL NUMBER PREFIXES BELOW 1047A-, IS FURNISHED IN ACCESSORY KIT
02116-63221. EXCEPT FOR THIS DIFFERENCE, THE TWO ACCESSORY KITS
ARE IDENTICAL.

2107-306
Figure 1-9. Accessory Kit (02116-63266) and Rack Mounting Kit (5060-6236)
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into the computer. Included on the instruction card is a
listing of the loader program, which may be manually
reloaded into the computer if the original stored program is
destroyed. The computer is shipped with the required
binary-tape loader program stored in core memory.

1-47. RACK MOUNTING KIT.

1-48.  The rack mounting kit allows the computer to be

Section I

installed in a standard 19-inch equipment rack.

1-49. MAINTENANCE.

1-50. PRINCIPAL MAINTENANCE FEATURES.

1-561.  Facilities for adjusting and servicing the computer

are shown in figures 1-10 and 1-11. A brief description of
each feature is given in table 1-4,

2107-307

Figure 1-10. Maintenance Features of Display Board Assembly A501 and Card Cage

1-13
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1*
2

* COMPUTERS WITH SERIAL NUMBER PREFIX 1047A- AND ABOVE HAVE A
THREADED-TYPE POWER CONNECTOR (SHOWN) COMPATIBLE WITH AC
POWER CABLE 5060-8323. COMPUTERS WITH SERIAL NUMBER PREFIXES
BELOW 1047A- HAVE A TWIST-TYPE POWER CONNECTOR COMPATIBLE
WITH AC POWER CABLE 5060-2267. .

2107-308

Figure 1-11. Maintenance Features at Rear of Computer
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Table 1-4. Computer Maintenance Features

ILLUSTRATION K
AND CALLOUT PANEL REFERENCE
NUMBER MARKING DESIGNATION DESCRIPTION USE

Fig. 1-10 (1,9) - — Card retainer Keeps circuit cards in place.

Fig. 1-10 (2) - A121TP1 Test jack Ground-return test point.

Fig. 1-10 (3) +20 A121TP2 Test jack +20 volt supply test point.

Fig. 1-10 (4) +12 A121TP3 Test jack +12 voit supply test point.

Fig. 1-10 (5) +4.5 A121TP4 Test jack +4.5 volt supply test point.
Fig. 1-10 (6) -2 A121TPS Test jack -2 volt supply test point.

Fig. 1-10 (7) -12 A121TP6 Test jack -12 volt supply test point.
Fig. 1-10 (8) -20 A121TP7 Test jack -20 volt supply test point.

Fig. 1-10 (10) INSTRUCTION A501S113 Slide switch Prevents the P-register contents from being
changed, thereby causing the same instruction to
be executed repeatedly.

Fig. 1-10 (11) PHASE A501S5112 Slide switch Causes the computer to remain in the phase ex-
isting at the time the switch is set.

Fig. 1-10 (12) MEMORY A501S5111 Slide switch Turns memory section off. Makes all memory
locations appear as if containing zeros.

Fig. 1-11 (1) — A300J1 Power connector AC power input to computer.

Fig. 1-11 (2) - — Air filter Filters cooling air.

Fig. 1-11 (3) - - Air filter Filters cooling air.

Fig. 1-11 (4) - - Identification Used to identify computer model number and

label serial number to determine technical-manual effec-

tivity. Optional features installed in the computer
are also listed on this label.

Fig. 1-11 (5) - A300J2* Cable connector Connector for cable to optional power supply

: extender, or memory and /0 extender.
*The manual for the 2160A Power Supply Extender refers to this connector on the 2116C as J2.

1.52. MAINTENANCE TOOLS, PARTS, MATERIALS,

b. A-MP TERMI-POINT Mandrel for above tool, Amp

AND EQUIPMENT.

1-53. TOOLS. A standard electronics tool kit will pro-
vide the tools required for normal servicing of the com-
puter. The kit must include a.soldering iron designed for

removing and installing 14-pin and 16-pin integrated cir- -

cuits, and a rubber bulb with suction tube for withdrawing
molten solder. Also required is a torque wrench, capable of
indicating 15 inch-pounds, with 3/8-inch, 7/16-inch, and
9/16-inch sockets.

1-54, If changes are made to backplane wiring, the fol-
lowing wiring tools are required:

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

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 Ibs 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.

1-55. In addition to the wiring tools, the following tool
is required if a contact in a backplane connector must be
replaced: A-MP TERMI-TWIST Contact Replacement Tool,
Amp part no. 69514-1, for 0.031 x 0.062 inch wiring post.

1.15
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1-56. 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
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.

1-57. 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. When ordering components which install on cir-
cuit cards, refer to section VII for part numbers.

1-58.  Materials and chemicals normally used for elec-
tronics service work must be available to the serviceman.

Model 2116C
Volume Two

These must include heat-conducting compound; a suitable
type is Wakefield 120-2 Thermal Joint Compound (HP part
no. 6040-0239).

1-59. SERVICING EQUIPMENT. Equipment recom-
mended for maintenance, troubleshooting, and repair of the
computer is listed in table 1-5. Equipment equivalent to
that specified may be substituted.

1-60. FIELD OFFICE ASSISTANCE.

1-61. Should servicing assistance be required, contact
the nearest Hewlett-Packard Sales and Service Office. These
offices are listed at the back of this volume.

Table 1-5. Recommended Servicing Devices

INSTRUMENT - CRITICAL SPECIFICATIONS RECOMMENDED HP MODEL
Dual-trace Rise time: <10 ns. Vertical deflection: 1 volt/division and 10 HP 180A Oscilloscope with 10004A Probe
oscilloscope volts/division (including attenuator probe, if used). and the following plug-in units:

Honzz;\;fal_ _sweep speed: 0.1 microsecond/division to 1 HP 1801A Dual Channel Vertical Amplifier
s it HP 1820A Time Base or HP 1821A Time
Base and Delay Generator.

Digital At least 4-digit readout. Minimum input resistance: 10 HP 3439A Digital Voltmeter with HP

voltmeter - megohms. Full-scale ranges: 9.999 and 99.99V dc. 3441A Range Selector

AC voltmeter

Expanded-scale or digital-readout type, capable of reading
the ac voltage supplied to the computer to £1%. Voitage
range must be at least 100-115 volts (for a 115-voit
computer), or 200-230 volts (for a 230-volt computer).

HP3445A AC/DC Range Unit. (Also
performs functions of HP 3441A Range
Selector listed above. Requires HP 3439A
Digital Voltmeter.)

Multimeter Accuracy: £3% of full scale. Fullscale ranges: 100 mV to HP 427A
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-voltage to 98 volts None
transformer 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 £1°C, HP 0440-0004
thermometer
High-pressure 25-50 psi pressure None
air source
Vacuum cleaner Must have flexible hose with small nozzle, vacuum port for None
hose, and pressure port for hose.
IC test clip 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.

1-16
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SECTION I

INSTALLATION

2-1. INTRODUCTION.

2-2. This section presents instructions for installing the
HP 2116C Computer. Included are procedures for initial
inspection and performance testing 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
number of containers that has been received.

2-5. If damage to a shipping carton 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, Cuper-
tino, to ensure that all items correspond.

2-1. 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 screws (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. If one
of these filters has dropped off, install it by pressing it
upward beneath the fan. The notch in the filter frame must
be at the back of the computer.

2-9. If the above examination reveals damage to the
computer or its accessories, follow the damage-claim proce-
dure described in paragraph 2-45. 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 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 2116C has been
received.

2-16.  Check the model number marked on the back of
the computer (figure 1-11, item 4) to ensure that a 2116C
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 compare.
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.  Check to ensure that each equipment 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 Manual 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 tapes listed in the “CUSTOMER
RECORDS” envelope have been received.

2-20. INSTALLATION PROCEDURE.
2-21. MANUAL UPDATING.

2-22.  Before installing the computer, perform any up-
dating that may be required for Volumes One, Two, and
Three of this technical manual. First, check the first four
digits of the serial number marked on the back of the
computer (item 4, figure 1-11). If this serial-number prefix
is higher than 1047A-, one or more updating supplements
are furnished with Volumes One, Two, or Three, Follow the
updating instructions given in the supplements, Then mark
the serial number of the computer on the title page of each
volume.

2-1
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2-23. ENVIRONMENTAL REQUIREMENTS.

2-24,  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).

2-25.  Computer dimensions are shown in figure 2-1. To
maintain proper cooling, there must be at least two inches
of clear space at the 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. Heat dissipated
by the computer is 5500 BTU per hour. Internal fans pro-
duce an airflow of 600 cubic feet per minute through the
computer cabinet,

{SEE NOTE V\ /‘\
19.75 16.75

(502) (425,5)

32
(812,8)

/ (425,5)

1. DIMENSIONS ARE IN INCHES, MILLIMETER
EQUIVALENTS IN PARENTHESIS.

2. DIMENSIONS ARE APPROXIMATE.
3. DOOR THICKNESS INCREASES THIS

DIMENSION TO 21.13 INCHES
(537 MILLIMETERS).

2107-11
Figure 2-1. Computer Dimensions

2-26. POWER REQUIREMENTS.

2-27.  The computer operates from a power source sup-
plying an ac voltage of 115 or 230 volts rms +10 percent,
single-phase. The required power frequency is 47.5 to 66
Hz. (As an optional feature, 400-Hz operation is available.
Tolerance for this frequency is +40 Hz.) Power consump-
tion for all voltages and frequencies ranges from 1000 to
1600 watts, depending on the optional features included in

2-2
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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. For the computer itself, there is a line-
current surge of about 100 amperes at power turn-on.

2-28.  If the computer is ordered with option 015 to en-
able operation from a 230-volt power source, jumpers are
used to modify the power supply. The computer is shipped
with these jumpers connected in accordance with the cus-
tomer’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.

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

c. Remove the transformer cover by pulling out the
four white studs in the cover. The cover 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. (See
figure 2-2.)

e. Check jumpers B and C on terminal strip A311TB1
to ensure that they are properly connected. (The trans-
former cover also provides instructions on connetcing the
jumpers.)

f. Locate terminal strip A311TB8 (figure 2-2).

g. Check jumper D on terminal strip A311TB8. For
115-volt operation, jumper D is installed between
A311TB8-1 and A311TB8-7. For 230-volt operation,
jumper D is removed and resistor A311R20 is connected
between A311TB8-1 and A311TB8-7. (On computers with
serial number prefix 1131A and above, resistor A311R21 is
connected in series with A311R20.)

h. Replace the transformer cover.

2-29. AC POWER OUTLET AND EXTERNAL
GROUND.

2-30.  The ac outlet which will supply power to the com-
puter must be checked to ensure that it furnishes the cor-
rect voltage for the computer, Furthermore, the ac outlet
and its associated wiring and fuses (or circuit breakers)
must be capable of carrying at least 15 amperes for a 115-
volt computer, or 7 amperes for a 230-volt computer.

2-31. The ac power cable supplied with the computer
fits a NEMA (National Electrical Manufacturers Associ-
ation) type 5-15R or 5-20R female power outlet (figure
2-3). If the computer is to be installed in a building, make
sure the local electrical codes permit use of this type of
electrical outlet for the line voltage and load current used
by the computer. (The 5-15R or 5-20R outlet must
never 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 2-36.

15 AUG 1971
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NOTES:

1. REFERENCE DESIGNATION PREFIX IS A311.
2. JUMPERS B, C, AND D SHOWN CONNECTED FOR 4. FOR COMPUTERS WITH SERIAL NUMBER PREFIX

115-VOLTS.

3. FOR 230-VOLT OPERATION JUMPERS B AND C

ARE BOTH CONNECTED BETWEEN TERMINALS
TB1-2 AND TB1-3, AND JUMPER D IS REMOVED.

1131A AND ABOVE, RESISTOR R21 IS ADDED IN
SERIES WITH RESISTOR R20.

2107-12B
Figure 2-2. Location of Voltage-Change Jumpers

2-32.  Check at the ac outlet with a voltmeter to be sure 2-33.  If the voltage is in the correct range, check the ac
the required voltage is supplied, and that it is single-phase. outlet to ensure that it is correctly wired with respect to
If the computer is connected for 115-volt operation, the high-potential ac voltage, ac neutral, and earth ground. Use
voltage must be 103.5 to 126.5 volts ac (rms). For 230-volt a low impedance voltmeter, 20,000 ohms per volt or less,
operation, the voltage must be 207 to 253 volts ac (rms). for making these measurements. If the outlet is improperly
Bear in mind that the electrical load imposed by the com- wired, correction must be made by a qualified electrician,
puter and its optional features may reduce the line voltage and local electrical codes must be observed if the installa-

below the no-load value.

15 AUG 1971

tion is in a building.
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2-34.  If the electrical system has only two wires (that is,
if there is not 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 im the ac power cable used by the
computer.

2-35.  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.

2-36. AC POWER CABLE.
WARNING

If the connector at either end of the ac
power cable (part no. 5060-2267 or
5060-8323) is changed, the replacement
connector must be correctly wired to the
cable. The procedure for checking the
connections is described in paragraph
2-38 below. If the connector is incor-
rectly wired, fuse A312F1 in the com-
puter will be in the neutral side of the
power line. As a result, when the fuse
blows ac high potential will remain in
certain  circuits in the computer,
presenting a hazard to the serviceman,

2-37.  Check the ac power cable to be sure it is long
enough to connect the computer with the ac outlet to be
used. The cable is 10 feet (3 meters) long. If necessary, use
a longer cable or add an extension cable. Also, make sure
the connector on the cable fits the ac outlet. Any added
cabling must have three conductors, each no. 14 American
wire gauge (AWG) or heavier, and connectors must be rated
at 15 amperes or more,

2-38.  If an extension cord is used, or if the connector at
either end of the ac power cable has been removed, make
sure that fuse A312F1 remains on the high-potential side of
the power line. This is done as follows. (Read the entire
procedure before starting.)

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 and remove the protective
cover from assembly A312. (See figures 1-4 and 7-33.)

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

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

24
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AC HIGH
AC NEUTRAL POTENTIAL
(115 VOLTS)
EARTH
GROUND
NEMA 5-15R
(15 AMPS MAX.)
AC HIGH
AC NEUTRAL POTENTIAL
(115 VOLTS)
EARTH
GROUND
NEMA 5-20R
(20 AMPS MAX.)
2019-151

Figure 2-3. NEMA 5-15R and R-20R Female
Connectors, Mating Side

f. Connect the other ohmmeter to terminal A of relay
A312K2.

g. Check the ohmmeter reading. If an open circuit is
indicated, actuate the POWER switch to close the switch
contacts (see figure 2-4). With the POWER switch contacts
closed, the ohmmeter reading should be approximately
zero. If the reading is not approximately zero ohms, the
power cable connections are incorrect. Make the necessary
corrections as described in step “1” below.

h. If the test in step “g” is correct, actuate the
POWER switch once again to open the switch contacts. The
ohmmeter should indicate infinity. If the reading is not
infinity, the power cable connections are incorrect.

i. If step “h” 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.

15 AUG 1971
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DETAIL A
A300J1 (MATING SIDE) 30001 (MATING 1081
NOTE 1 AND DETAIL A PART OF
(SEE ) A5025109 FOR COMPUTERS WITH PREFIX
(SEE NOTE 2 AND NUMBERS BELOW 1047A
AC HIGH DETAIL B)
POTENTIAL AC HIGH AC
AC A312F1 POTENTIAL NEUTRAL
15AT BRASS COPPER
NEUTRAL A312FL1A 5A 5 ( ) ( )
IL
A300C1A A312C2A ﬁ%z.?f
0.005 0.005 295K EARTH
GROUND
EARTH (BRASS)
GROUND,L
], A300C1B lA:«HZCZB JUMPER A311R20
0.005 0.005 A311D 2.5K
(SEE (SEE
A312FL1B NOTE 3) NOTE 6)
NOTES:
1. FOR SAFETY REASONS, THE AC LINE MUST BE
CONNECTED AS SHOWN, PLACING FUSE A312F1 ON THE HIGH
POTENTIAL SIDE OF THE AC LINE. CONNECTIONS SHOWN DETAIL B
ABOVE ARE FOR THE THREADED-TYPE CONNECTOR USED ON
COMPUTERS WITH PREFIX NUMBER 1047A- AND ABOVE. [POWER]
CONNECTIONS FOR THE TWIST-TYPE CONNECTOR USED ON PART OF A5025109
COMPUTERS WITH PREFIX NUMBERS BELOW 1047A- ARE
SHOWN IN DETAIL A. 5 6
2. CONNECTIONS SHOWN ABOVE ARE FOR A TOGGLE-TYPE
POWER SWITCH. CONNECTIONS FOR THE PUSH-TYPE POWER Q10
SWITCH USED ON SOME COMPUTERS WITH PREFIX NUMBER 7 8
980- ARE SHOWN IN DETAIL B. A312F1 ——O  O—— A312K2-A
3. JUMPER A311D SHOWN CONNECTED FOR 115-VOLT OPERATION.
4, RESISTANCES ARE IN OHMS, CAPACITANCES ARE IN MICRO- FOR COMPUTERS
FARADS. EQUIPPED WITH
PUSH-TYPE POWER SWITCH
5. 7 THIS SYMBOL INDICATES CONNECTION TO THE COM-
PUTER MAINFRAME.
6. FOR COMPUTERS WITH SERIAL NUMBER PREFIX 1131A AND
ABOVE, RESISTOR A311R21 IS ADDED IN SERIES WITH RESIS-
TOR A311R20 AND THE VALUE OF EACH RESISTOR IS 3.3K.

2107-310C

Figure 2-4. AC Power Connector Check Diagram

j. Check the ohmmeter reading. The indication should
be between 2,000 and 10,000 ohms. If the resistance is
zero or infinity, the power cable connections are incorrect.

k. If step *j” is satisfactory, check the resistance
between the earth ground prong of the power connector
and the frame of the computer. Zero ohms should be indi-
cated. If the reading is infinity, the power cable is incor-
rectly wired.

1. 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
ac power cable. After making the correction, repeat the
entire procedure, starting with step “d”.

2-39. MOUNTING.
WARNING

If the 2116C is mounted in a rack which
has slide-out drawers, heavy doors, or

15 AUG 1971

heavy protruding devices, the rack must
be bolted to the floor or heavily weighted
at the base. Otherwise, when the 2116C
card cage is extended, there is danger of
the rack tipping forward. This possibility
does not exist if the rack has no protru-
sions, or if the 2116C is placed on a
bench or table.

2-40.  The computer is designed either for bench installa-
tion or for mounting in a standard 19-inch equipment rack.
When rack mounted, the computer fits within the normal
22-inch rack depth. When installed on a shelf, bench, or
table, the computer 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 instruc-
tions included with the rack-mounting kit. In mobile instal-
lations the entire rack, rather than the computer itself,
must be shock mounted.

2-41,  After the computer has been mounted, install and
connect optional devices which are external to the com-
puter, (Internal devices are factory-installed.)

25



Section II

2-42,  Set the LOADER switch to the PROTECTED
position and connect the computer and external devices to
the ac power source. Turn on the computer and all other
electrical devices which will load the computer power line,
Measure the power line voltage under this maximum load
condition to ensure that at least 103.5 volts (rms) is
supplied (or 207 volts for a 230-volt computer). Then
perform the dc voltage checks using the procedure specified
in Section V of this volume. When this has been completed,
make a performance check of the computer and all optional
features.

2-43. PERFORMANCE CHECK.

2-44,  Computer performance is checked by performing
the basic checkout and diagnostic checkout procedures
presented in Section IV of this volume. Basic checkout
consists of using front panel controls and indicators to
check the overall performance of key circuit functions
within the Dbasic computer, particularly those circuits
involved in program loading. Diagnostic checkout consists
of using test programs to dynamically check logical opera-
tions performed by the basic computer. Performance
checks of optional circuits and devices are described in
separate  manuals included with the computer
documentation.

2-45.  CLAIMS.

2-46.  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 transit, notify the carrier also. Hewlett-
Packard will arrange for replacement or repair without
waiting for settlement of claims against the carrier. In the
event of damage in transit, retain the packing carton and
packaging materials for inspection.

2-47. REPACKAGING FOR SHIPMENT.
2-48,  SHIPMENT USING ORIGINAL PACKAGING.

2-49.,  The same containers and materials used in factory
packaging can be used for reshipment of the computer.
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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 specifying the return address,
the type of service required, the computer model number,
and the full serial number of the computer. Mark the
container “FRAGILE” to assure careful handling. In any
correspondence, refer to the computer by model number
and full serial number.

2-50.  SHIPMENT USING NEW PACKAGING.

2-51. 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
tag to the computer with the return address and indicating
the type of service required, the computer model number,
and full serial number.

b. Use a strong shipping container. A double-wall
carton 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 the corners and front of the
computer,.

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

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

2-52.  WARRANTY.

2-53. The terms of the warranty for the HP 2116C
Computer are described inside the front cover of this
manual, For any additional information concerning the
warranty, contact the nearest Hewlett-Packard Sales and
Service Office,
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SECTION III

THEORY OF OPERATION

31. INTRODUCTION.

3-2. This section explains the theory of operation of
the 2116C 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 VII present a fully detailed view of
computer functioning.

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 the signal lists in
section VII.

3-7. BINARY SIGNAL 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 7-1.

3-9. In this manual, +2.3 volt logic level is referred to
by the term “true,” and the +0.2 volt level is referred to as
“false.,7

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. When coincidence
does occur at the inputs to these gates, the output of the
“and” gate becomes +2.3 volts and the output of the
“nand” gate becomes +0.2 volts. Similarly, if any input to
an “or” or “nor” gate is +2.3 volts, the “or”” gate output
will be +2.3volts and the “nor” gate output will be
+0.2 volts. The output from the ‘“‘set” side of a flip-flop is
approximately +2.3 volts when the flip-flop is set, and
+0.2 volts when the flip-flop is clear.

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, ampli-
fier, 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 positive
logic, signal names are positive-true. The following para-
graphs describe the expression ‘“positive-true name” as
applied to the four types of signal names enumerated
above.

3-16.  When a signal is named in accordance with a condi-
tion, 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 (memory read time) signal is +2.3 volts
during memory read time, and +0.2 volts at other times.
Similarly, the “not”> OPO (one phase operation) 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 set,
and +0.2 volts when the flip-flop is clear. 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. COMPUTER FUNCTIONAL SECTIONS.

3-21.  From a functional standpoint, the computer con-
sists of five sections. These are the control section, arith-
metic section, memory section, input/output section, and
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power supply section. Various circuit options can augment
these sections by extending their capabilities. Circuit
options are covered in supplementary operating and service
manuals.

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. The power supply is
in the back of the computer cabinet, behind the card cage.
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
relationships of the five major computer sections. Para-
graphs 3-24 through 3-120 describe the function of the
various blocks shown in the diagram. The remainder of
section III provides a more detailed explanation of com-
puter functions, making use of block diagrams, logic
diagrams, and schematic diagrams.

3-24. OVERALL BLOCK DIAGRAM DISCUSSION.
3-25. CONTROL SECTION.

-3-26.  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.

3-27. TIMING CIRCUITS. The timing circuits consist of
the basic timing circuits and the memory timing circuits.
Both sets of circuits are on timing generator card A106.

3-28.  Basic Timing Circuits. The basic timing circuits
produce pulses which control the rate of computer
functions. The pulses are produced in a 1.6-microsecond
cycle, under control of a 10-MHz oscillator. Principally,
eight pulses are produced (figure 3-2). These 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, TO is produced without interruption of the
sequence. Each pulse has a duration of 200 nanoseconds.
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.

3-29. As well as identifying the clock pulses, the terms
“T0” through “T7” designate the time periods corre-
sponding to the pulses. For instance, time period T3 is the
time during which the T3 pulse is true.

3-30. In addition to the clock pulses, the basic timing
circuits also produce double-length pulses, lasting for 400
nanoseconds. These coincide in time with two consecutive
clock pulses, and are named in accordance with the clock
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pulses during which they are furnished. For instance, the
TOT1 pulse is true during time periods TO and T1.

3-31. Two further pulses produced by the basic timing
circuits are the Time Strobe (TS) pulse, and the Time
Strobe A (TSA) pulse. These are 45- to 50-nanosecond
pulses, occurring simultaneously, produced at the end of
each clock pulse. The trailing edge of each TS and TSA
pulse coincides with the trailing edge of each clock pulse.
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.

3-32. Memory Timing Circuits. The memory timing
circuits are on timing generator card A106, and they
provide pulse signals for controlling the transfer of data to
and from core storage. The signals are generated from clock
pulses, panel controls, and pulses received from the instruc-
tion decoder. Through the use of gates, the memory timing
circuits produce from these inputs the required pulses for
controlling core-storage writing and reading.

3-33. CONTROL SECTION REGISTERS. The registers
in the control section are the transfer register (T-register),
memory address register (M-register), program address reg-
ister (P-register), and instruction register (I-register).

3-34. T-Register. The T-register receives 16-bit words
which will be stored in, or which have been read from, the
memory section (see figure 3-1). The various stages of the
T-register are on four arithmetic logic cards, with reference
designations A102, A103, A104, and A105.

3-35. M-Register. The M-register specifies the core
memory address in which a word will be stored, or from
which a word will be retrieved (see figure 3-1). The various
stages of the M-register are on arithmetic logic cards A102,
A103, A104, and A105.

3-36.  P-Register. The P-register specifies the core mem-
ory 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 arith-
metic gates, and gated into the M-register. From here, the
address is forwarded to the memory section.

3-37.  I-Register. The I-register is a 6-bit register which
receives bits 15 through 10 of each instruction word read
from the 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.

3-38. INSTRUCTION DECODER. 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.
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Figure 3-2. Clock Pulses

3-39. 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.

3-40. To bring about the functions required by each
instruction, the instruction decoder gates register contents
onto the R bus or S bus, loads registers from the T bus, and
activates the arithmetic gates.

3-41.  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.

3-42. The instruction decoder is on instruction decoder
card A107 and shift logic card A108.

3-43. PHASE GENERATOR. The phase generator, situ-
ated on timing generator card A106, 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
accordance with the four types of machine cycle. These
machine cycles serve the following purpose:
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a. Phase 1, referred to as the fetch phase, is the
machine cyle in which an instruction word is obtained from
the memory section. This is the first phase of each instruc-
tion, 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. With
indirect addressing, however, the word in the memory loca-
tion indicated by these bits is itself used as an operand
address. Another reference is then made to the memory
section to obtain the operand. The computer is in phase 2
for the machine cycle during which the 16-bit operand-
address word is obtained from the memory section.
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
operand-address word is obtained. Phase 2 machine cycles
confinue until a word is acquired in which bit 15 is a
logic 0.

¢. Phase 3, the execute phase, is a machine cycle in
which the computer acquires an operand from core storage.
During the latter part of phase 3 the computer operates on
the operand as indicated by the instruction word acquired
in the preceding fetch phase,

d. Phase 4, the interrupt phase, results from an inter-
rupt initiated by an optional device or it is the result of a
power fail inferrupt. Phase 4 interrupts the computer
program for performance of an instruction stored at the
core memory location corresponding to the type of inter-
rupt. These core locations, in descending interrupt priority,
are as follows:

(1) Core location 00004 (octal), power fail inter-
rupt.

(2) Core location 00005 (octal), memory protect
interrupt or memory parity error interrupt.

(3) Core locations 00006 and 00007 (octal), inter-
rupt occurring after all words have been trans-
ferred in a DMA (direct memory access)
operation. Core location 00006 is used at the
end of a DMA channel 1 operation, and location
00007 is used at the end of a channel 2
operation,

(4) Core locations 00010 through 00077 (octal),
interrupts from I/O devices.

3-44,  In phase 4 the address corresponding to the type
of interrupt is placed in the M-register (figure 3-1). The
computer then enters the fetch phase, acquires an instruc-
tion word from the specified address, and acts in accord-
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ance with the instruction. Normally this instruction is JSB,
and it takes the computer to a subroutine corresponding to
the type of interrupt. At the end of the subroutine the
computer will usually be returned to the program that was
interrupted, the return address having been stored by the
JSB instruction. In the case of a power fail interrupt,
however, the power fail subroutine must end with an HLT
instruction, otherwise data in core storage may be de-
stroyed during power shut-down. If there is no power fail
subroutine in the computer, core location 00004 (octal)
must contain an HLT instruction,

3-45.  An additional phase, phase 5, is used for DMA
operations. This phase is used each time the DMA system
reads or writes a word in core memory.

3-46. The computer can be in only one phase at a time.
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).

3-47. The FETCH, INDIRECT, or EXECUTE lamp on
display board assembly A501 lights 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.

3-48. ARITHMETIC SECTION.

3-49. The arithmetic section of the computer performs
the addition, subtraction, or other data manipulation for
each instruction requiring such operations. The data mani-
pulation is performed by three major circuit groups: the
accumulators, the computational registers, and the arith-
metic gates.

.3-50. ACCUMULATORS. The computer has two accu-
mulators: the A-register and the B-register. Each accumula-
tor holds a 16-bit data word before, during, and after the
performance of data manipulation on the word.

3-51. When using an instruction that uses an accumu-
lator, only one accumulator is normally used. That accumu-
lator being specified by bit 11 of the instruction word.
However, the address portion of the instruction word can
specify the address of the other accumulator, thereby per-
mitting inter-accumulator operations. For instance, the
contents of the A-register can be compared with the
contents ‘of the B-register, by using a Compare A (CPA)
instruction with the address portion of the instruction
specifying the B-register address.

3-52.  The address of the A-register for inter-accumulator
operations is 00000 (octal). The address of the B-register is
00001 (octal).

3-53.  The various stages of the two accumulators are on
arithmetic logic cards A102, A103, A104, and A105.
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3-54. COMPUTATIONAL REGISTERS. Three 1-bit
computational registers aid in performing 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 a carry from position 15 of the
accumulators, and links the two accumulators during
ELA/B and ERA/B instructions. The Carry FF, when set,
indicates that a program skip will take place.

3-55.  Lamps on display board assembly A501 light when
the Overflow FF or Extend FF is set.

3-56. The Overflow, Extend, and Carry FFs are on shift
logic card A108.

3-57. ARITHMETIC GATES. The principal data-
manipulations in the computer are performed by the arith-
metic gates (figure 3-1). The gates use timing and control
signals to regulate the transfer of 16-bit (parallel) data
words 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.

c. Combine the number on the R bus with the number
on the S bus, using any of the following logic functions:

(1) “And.”
(2) Inclusive “or.”
(3) 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.

3-58.  After passing through the arithmetic gates, data
can be loaded into the T-register, P-register, M-register,
A-register, B-register, Overflow FF, Extend FF, or
Carry FF.

3-59. MEMORY SECTION.

3-60. Before reading the theory discussion of the mem-
ory 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.

3-61. The 2116C memory section employs core storage
units of the conventional coincident-current parallel-
readout type. Employment of a single wire for sensing
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and for write inhibiting permits the use of only three wires
through each core, rather than the more usual four wires.

3-62. In its basic configuration, the computer has one
8,192-word (8K) core stack. This core stack, together with
its associated sense amplifiers, is situated on sense amplifier
card A20. To complete the memory section, X-Y driver
switch card A21, and inhibit driver card A22, are provided.
As optional features, one, two, or three additional sense
amplifier cards, each with an attendant X-Y driver card and
an inhibit driver card, can be installed in the computer.
Each additional set of three cards furnishes 8K of added
storage capacity.

3-63. The discussion which follows deals with a memory
section incorporating the full storage capacity (32K) of
which the 2116C is capable. If the computer has only 8K,
16K, or 24K of storage capacity, references to memory
cards and storage addresses beyond the installed - capacity
do not apply.

3-64. Each core stack includes provisions for storing a
parity bit with each word. Use of the parity bit is an optional
feature, and the circuit theory of this facility is covered in
the Operating and Service Manual for the Parity Error Option.

3-65. CORE STACK CONSTRUCTION. Each 8K core
stack is made up of ferrite cores which provide 8,192
word-storage locations. Each word location consists of 17
ferrite cores. Of these, 16 are used for storing a word, while
the remaining core is reserved for the parity bit. If the
circuit card for the Parity Error Option is not installed, the
17th core remains unused.

3-66. ORGANIZATION OF DATA. The word locations
in each core stack are divided into two 4K groups, referred
to as the lower module and the upper module. (The terms
“lower” and ‘“upper” refer to address assignments, rather
than to the physical arrangement of word locations in each
core stack.) The octal addresses in each module of each
core stack are listed in table 3-1. In the table, core stacks
are identified by the reference designation of the sense
amplifier card on which they are installed. It will be noted
that the lowest address in the table is 00002. Addresses
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00000 and 00001 are used for addressing the A-register and
B-register, respectively.

3-67. In each module word locations are divided into
four pages, each containing 1,024 (decimal) words. The
eight pages in each core stack are illustrated in figure 3-3.

3-68. ADDRESSING METHOD. Memory addressing
utilizes two address formats. These are described in the
following paragraphs.

3-69.  Full Address Word. Figure 3-4 shows the address
word used by the computer. Bit 15 is the direct/indirect
(D/I) bit. The function of this bit is described in a later
paragraph. Bits 14 and 13 designate the core stack to be
used. Bits 12, 11, and 10 identify the page in the stack. Bits
9 through 0 specify the location within the page. Table 3-2
lists the address range (first and last address) of each page
of the four core stacks.

3-70.  Addressing by Instruction Word. Memory refer-
ence instructions specify a partial core address. This permits
the 16-bit instruction word to include in its structure an
operation code as well as a memory address. The format is
shown in figure 3-5. Bit 15 is the direct/indirect bit, and
bits 14 through 11 constitute the operation code. Bits 9
through .0 identify the address within the page (see table
3-2). The page to be used can be specified in any of three
ways, as described below:

a. In the first method, bit 10 of the instruction word
(the zero/current bit) is logic 1, and the direct/indirect bit
is logic 0. The instruction makes reference to a location in

Table 3-1. Stack and Module Address Assignments

CORE MODULE

STACK LOWER UPPER
A20 00002 thru 07777 | 10000 thru 17777
A19 20000 thru 27777 | 30000 thru 37777
A10 40000 thru 47777 | 50000 thru 57777
A9 60000 thru 67777 | 70000 thru 77777

LOWER
MODULE
4,09
WORDS
PAGE 0

THIRD STACK
(ON CARD A10)

FOURTH STACK
(ON CARD A9)

jw

1

SECOND STACK
(ON CARD A19)

FIRST STACK
{ON CARD A20)

2107-40

Figure 3-3. Core Stack Pages

3-6



Model 2116C

Volume Two Section III
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 [}
olooolooo|ooo|ooo0O|00OO olooo|oo0oO0O|00OO|O0OOO|OOO

LY_';\f—J\_V_}\ v 4 LY_J\ A4 'W—’\ Y 4
D/l CORE PAGE ADDRESS 7] OPERATION zic ADDRESS
STACK WITHIN CODE WITHIN
PAGE PAGE
2107-41 2107-42
Figure 3-4. Format of Address Word Figure 3-5. Format of Memory Reference Instruction Word

Table 3-2. Core Storage Addresses

ADDRESS WORD (BINARY)

ADDRESS ADDRESS RANGE (BINARY)

STACK | MODULE | PAGE RANGE D/I | STACK PAGE ADDRESS WITHIN PAGE

(OCTAL) 15 |14 13| 12 11 10 9 8 7 6 5 4 3 2 1 0

A20 Lower 0 00002 0/1 | O 0 0 0

0 6 9 b 0o 0o o B T @
01777 onfe By 0 o0 0 1 gt F o 1 1 1 il
A20 Lower 1 o2000 (on B @ @ o 1 o B @ @ o o o OGS
03777 |on S EGEEOE o 1 1 EEE R 1 1 1 [
A20 Lower 2 os000 |onfle @,8 1 o o/ @8 © © o o o D 0L 0
05777 |on @ @ @ 1 o 14 4 4 1 1 1 ¥
A20 | Lower 3 o000 o/ [lBEEEEE 1 1 o S G @ 0 o o @ g
o777 |on @i 6 1 1 1 [ Gk & 1 1 1 4
A20 Upper 4 10000 onf®8 ® & o o o°"'®H B O o o o a4 @ ©0

11777 onl@isB_+ o0 o0 1 (74 F 4. 1 1 1 F 8

A20 Upper 5 122000 [0 }® © 4 o 1 o © @6 0 0 0 0 6 0 0
13777 (o1 f@ @ & o 1 1 gdd: 4 1 1 1 [ §E 4

A20 Upper 6 14000 0/1 | O 0 1 1 0 o0 8 O 0 0 o 0 o
15777 0/1 | O 0 1 1 0 1 1 101 1 1 1 i 1 1

A20 | Upper 7 16000 |on B 1 1 o B@ @ g 0o o o (@ G0
17777 0/ o 0 1 1 1 1 1 1 i 1 1 1 1 : 1

o

A19 Lower 0 20000 |o/n EEEREEENEE 0 o o SEEEGEEEE 0 o o FENEE A
21777 0/1 0 1 0 0 0 1 1 1 1 1 1 1 1 1 1

A19 Lower 1 22000 onlo ¢ @& o 1 o @W ©B 0O o0 o0 o0 .0 OB B
23777 o1 |o 1 0 o0 1 1 1 1 T 1 1 1 1. 1t
A19 Lower 2 24000 onje. ¥ © 1 0 0.6 @ ® o O o0 O o 0
25777 oo 1 0 1 o 1 1 o 1 1 1 1 1
A19 Lotver 3 26000 (on f@ 1 6 1 1 o @ ‘@ @ o o o 0 O &
27777 0/1]0 1 0 1 1 1 1 1 1 1 1 1 1 1 1
A19 Upper 4 30000 |onfe %t 1 o o o '@ @ © o o O .0 @
1 1 1 1 149

31777 onfd® 1+ 1 o0 0 1 {3 9

A19 Upper 5 32000 lonloe 1 1 o 1 o 0 ©
33777 |on PO 4 o0 1 1 Bg g

-0
o
o
o
o
o

A19 Upper 6 34000 0/1 | 0O 1 1 1 0 o 0 0
35777 0/1 | 0O 1 1 1 0 1 1 1

-0
-0
- o
- o
-0
-0

A19 Upper 7 36000 o [EEEEE 1 1 o BBEGEEEE 0 o0 o [ ARG
37777 o O e 1 1 1 BE Gs s 1 1 1
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Table 3-2. Core Storage Addresses (Continued)

ADDRESS WORD (BINARY)
ADDRESS ADDRESS RANGE (BINARY)
STACK | MODULE | PAGE | RANGE | D/I | STACK PAGE ADDRESS WITHIN PAGE
(octaL) [ 5 (14 13|12 11 10| 9 8 7 6 5 4 3 2 1 0
A10 Lower 0 40000 0/1 |1 @ 0 o 0o O0.6 0 OB o0 0 0 6 B°
41777 0/1f 1 0 0 0 O0 1 1 1 1 1 1 1 1000 1
A10 Lower 1 42000 o/1 | 1 g 0 0 1 o ©® O 0o 0o o _ D O
43777 o/1 ] 1 0O 0 o0 1 1 1 1 1 1 1 1 1 1 1
A10 Lower 2 44000 onkEd B g 1 0O 0 0 0 0 o0 0 o0 O 0
45777 o/1] 1 a o 1 o 1 1 1 1 1 1 1 1 1 1
A10 Lower 3 46000 o/1] 1 0.6 1 1 O 0 0o o o0 o0 O 0
47777 01 ] 1 0 o0 1 1 1 1 1 1 1 1 1 1 1
A10 Upper 4 50000 o/1] 1 0 =1 0 o 0 0 0o o0 o 0 0
51777 o1 ] 1 0. 1 o 0 1 1 1 1 1 1 1 1 1 1
A10 Upper 5 52000 0/1 | 1 0 1 0o 1 o . 0.8 B 0 0 0.0 0 D
53777 oMl -0 1 0o 1 1 1 1 1 1 1 1 1 1 1
A10 Upper 6 54000 0/1 | 1 0. 1 1 o o0 © 6 0 o o0 o0 06 o @
55777 o/1 ] 1 0 1 1 o 1 1 1 1 1 1 1 1 1 1
3
A10 Upper 7 56000 01| 1 6 1 1 1 o6 O 6 o o o0 @D O 0
57777 orf1 o 1 1 1 i 1 1 1 1 1 1 T
A9 Lower 0 60000 o1 1. 0 0o 0O O O oO 0 o 9 0 9
61777 o/1 | 1 1 0 O 0 1 1 1 1 1 1 1 1 T
A9 Lower 1 62000 o] 1 i 0 o0 1 o, 06 0 0O 0 o0 0 0 o
63777 0/1 ] 1 1 0 o0 1 1 1 1 1 1 1 1 1 1 1
A9 Lower 2 64000 o1 |1 1 0 1 O o0 O 0 o 0o O ©0 0 0O
65777 o1 | 1 1 0o o 1 1 1 1 1 1 1 1 1 1
A9 Lower 3 66000 onfl 6 1 1 o.®8 ©® B8 0 0 0 _ 0 04O 0
67777 o1 | 1 e 4 1 1 1 1 1 1 1 1 1 1 1
A9 Upper 4 70000 o] 1 1 1 o0 0o O O O O 0O o O O 0 O
71777 o/ | 1 1 o o 1 1 1 1 1 1 1 1 1 1
A9 Upper 5 72000 o1} 1 1 1 0 1 0 n 09 o 0B 6 B
73777 o1 | 1 1 i 0 1 1 1 1 1 1 1 t 1 1
A9 Upper 6 74000 |on PR 1 o0 o[ "B BT 0 o o @ W W
75777 onfsr 1 1 1 0 1 8 e 1 1 1 i & 1
Ay Upper 7 76000 [onf1 1 1 1 1 o 0 0 0 o0 o oy
77777 o fd 4 i 1 1 1 1 41 1 1 1
NOTE: Core stacks are identified by the reference designation of the card on which they are mounted.

the current page. That is, to the page in which the instruc-
tion word itself is located.

b. In the second addressing method, the zero/current
bit is logic 0, and the direct/indirect bit is logic 0. The
instruction makes reference to page 0 of the core stack on
card A20. The octal address is therefore in the range 00002
through 01777, with bits 9 through O of the instruction
word specifying the low-order 10 bits of the address.

3-8

¢. The third addressing method used by memory refer-
ence instructions is indirect addressing. In this type of
operation the zero/current bit of the instruction word can
be logic 0 or logic 1; the direct/indirect bit is logic 1. The
instruction acquires a 16-bit word from page 0 or the cur-
rent page, as determined by the zero/current bit. If bit 15
of the acquired word is logic 0, bits 14 through 0 of the
word are used as a full address word for carrying out the
memory reference operation specified by the instruction
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word. By this means any word-location in the memory
section can be referenced. If bit 15 of the acquired word is
logic 1, another 16-bit word is acquired, using the word-
location specified by the first word read from the memory
section. The new word, in turn, is used as an address word.
This process continues until a 16-bit word is obtained in
which bit 15 is logic 0. This full address word is then used
by the instruction to carry out its particular memory refer-
ence operation.

3-71. MEMORY READ OPERATIONS. 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 by the T-register
lamps.

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

c. Readout of an operand which will be used by an
instruction.

3-72. Readout for Display. When a word is to be dis-
played in the T-register the computer must be stopped
because the controls which bring about readout are dis-
abled when the computer is running. The readout for
display is brought about by setting into the SWITCH REG-
ISTER switches the address of the required word. The
LOAD ADDRESS switch is pressed, then 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.

3-73. When the DISPLAY MEMORY switch is pressed,
the address decoding gates in the memory section decode
the contents of the M-register, and the word at the specified
address is read from memory by a selected driver and
switch. The word is sensed by the sense amplifiers, and
placed in the T-register. The word is then available for
visual inspection in the T-register display lamps.

3-74. 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. Imme-
diately after the readout operation the M-register still indi-
cates 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
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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 O state.

3-75.  Instruction-Word Readoiit. The second type of
memory readout occurs when the computer acquires an
instruction  word to be performed. At the end of the
preceding instruction, the address of the next instruction
word is placed in the M- and P-registers. When the new
instruction starts, the contents of the M-register are
decoded in the memory section, and the word is read from
its memory location and rewritten. 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. The readout and decoding of the instruc-
tion word take place in phase 1, the fetch phase.

3-76.  In the type of memory readout described earlier, 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 computer under
control of the instruction, and this is the distinguishing
feature between words treated as data and words which are
handled as instructions. A word acquired during phase 1 is

decoded; words acquired during other phases are not
decoded.

3-77.  Operand Readout. The third method of addressing
a core memory location is used by memory reference
instructions. Instructions of this type acquire an operand
from the memory section, and perform an arithmetic 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.

3-78. When direct addressing is used, the computer
enters phase 3 (the execute phase) after acquiring and
decoding 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.

3-79. When direct addressing is used, the operand must
be obtained either from page 0 of the first core stack, or
from the page in which the instruction word is located. Bit
10 of the instruction word identifies the page to be used,
logic 0 indicating page 0 and logic 1 the current page.

3-80.© 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 O 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
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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 0, bits 15 through 10 of
the M-register are cleared, and page O of the first core stack
is referenced.

3-81.  After the M-register is loaded, the computer enters
phase 3, and the referenced word is acquired from the
memory section, The use then made of the operand
depends on the type of instruction being performed.

3-82. Near the end of phase 3, the M-register is loaded
with the address of the next instruction. This is done by
passing the P-register contents through the arithmetic gates
(figure 3-1) into the M-register. As the number passes
through the arithmetic gates, it is incremented by 1. As well
as being loaded into the M-register, the incremented
number replaces the original contents of the P-register,
keeping the P-register contents current as the program
advances.

3-83.  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 instruc-
tion 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 1. In phase 2
the referenced word is acquired from page O 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 O, are routed from the T-register to the
M-register. Consequently, any address in any core stack
can be referrenced.

3-84. 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 full computer 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 address.

3-85. MEMORY WRITE OPERATIONS. Memory write
operations are very similar to memory read operations.
During the processing of a memory reference instruction,
such as Store the A-register (STA), bits 9 through O of the
instruction word (brought from memory to the T-register
during phase one) are routed from the T-register to the
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M-register during phase 1 (figure 3-1). This establishes the
memory address of the data to be manipulated during
phase 3 of the memory reference instruction. During
phase 3, the word to be written into memory is gated onto
the T-bus and into the T-register. A memory cycle is
initiated and during the read portion of this cycle the data
in the addressed memory location is inhibited from being
gated into the T-register. During the write portion of the
memory cycle the new data currently in the T-register is
gated into the addressed memory location via the inhibit
driver circuits thus destroying the old data in that location
and replacing it with new data. The same phase 3 opera-
tions take place when the LOAD MEMORY switch is
pressed.

3-86. PROGRAM FOLDOVER. If the computer has less
than 32K of storage capacity, an attempt to read or write at
an address beyond the installed capacity will result in
reading or writing from an address that is within the in-
stalled capacity. In doing this, the computer ignores the
high-order bits of the address, and uses only the bits which
apply to the installed capacity. This effect, referred to as
foldover, can occur only with improper indirect addressing
within an operating program (such as a program configured
for a 32K computer being run on a 24K computer) or with
improper addressing from the switch register by the person
operating the computer. Once foldover has occurred, and
the program has returned to direct addressing, the com-
puter will read or write in the normal manner but in the
area it has been forced into by the foldover effect. If the
program has no data checking routines, no error conditions
will occur and the program will continue to operate using
the data in the foldover area of memory.

3-87. INPUT/OUTPUT SECTION.

3-88.  The general theory of the input/output section is
covered in Volume III, 2116C Computer Input/Output
System Operation. Detailed circuit theory is dealt with later
in this section.

3-89. POWER SUPPLY SECTION.

3-90. The power supply section of the 2116C computer
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 exces-
sive heat in the computer cabinet, low ac line-voltage,
excessively low or high dc voltage, or excessive dc current.

3-91. Optional circuit cards which install in the com-
puter cabinet receive their operating voltages from the
2116C power supply section. If these optional cards 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, pro-
vides additional dc power. The externally-furnished voltages
connect in parallel with the corresponding dec voltages
produced in the 2116C power supply.
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3-92.  Optional I/O devices and extender units provide
their own ac and dc operating voltages, derived from a
separate connection to the ac power line,

3-93.  The power supply section furnishes the following
dc voltages to other sections of the computer:

a. -2volts regulated.

b. +4.5 volts regulated.

c. +7 volts unregulated.

d. +12 volts regulated.

e. -12volts regulated.

f.  +20 volts regulated.

g. -20 volts regulated.

h. +32 volts regulated.

i. +35 volts unregulated.
3-94.  Additional dc voltages are produced for use within

the power supply section itself.

3-95.  AC DISTRIBUTION. The distribution of ac power
in the computer is shown in figure 3-6. All components
shown in the illustration are part of the power supply
assembly, with the exception of POWER switch A5025109
and fans A200B1, A200B2, and A200B3. The POWER
switch is on control panel assembly A502, and the fans are
at the bottom of the card cage assembly.
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installed, is furnished to connector A300J1 (figure 3-6).
POWER switch A5025109 applies or removes this power
from the power supply section. As noted in figure 3-6, early
computers are equipped with a push-type POWER switch.
One push on the face of this type switch causes its movable
contacts to lock in the ‘“on” position; a second push
releases these contacts allowing them to return to the “off”
position. (All switch and relay contacts shown in figure 3-6
are in the off or de-energized position.) The push-type
POWER switch assembly includes indicator lamp
A502DS109 (not shown in figure 3-6). This lamp, located
behind the switch face, operates from the +12-volt supply
and lights to indicate when computer power is turned on. It
extinguishes when computer power, and hence the +12-volt
supply, is turned off. Later computers are equipped with a
conventional two-position toggle-type POWER switch.
Power status for these computers is indicated by ON and
OFF panel markings corresponding to the appropriate
setting of the toggle.

3-97. AC Power Turn-On. When the POWER switch is
actuated to turn on computer power, ac power is applied
through fuse A312F1 to the coil of relay A312K2. The coil
is designed for 115-volt ac operation; for 230-volt use, resis-
tor A311R20 reduces the applied voltage to a suitable level.
The contacts of A312K2 apply ac line voltage to the
primary of transformer A311T1 and to the six cooling fans

3-96. The ac operating power for the computer, single- in the computer. The transformer then furnishes low-
phase 115 volts or single-phase 230 volts if option 15 is voltage ac power to all power supplies. Resistor A300R1
5.6V —————¢
A312
CRIoy A3
A5025109
(SEE NOTE 3 AND INSERT B}
“sV —O [on] N ) ,
]
TO THERMAL
A300J1 (MATING SIDE) Oy ™ SWITCH LINE
(SEE NOTE 1 AND INSERT A} 5.6V 2 10
5 |
v
AC HIGH CNI\
POTENTIAL 3+ 6
oy v
NC
A312F1 A300R1 ASNTBT  priMARY cOIL:
A312FL1A 154 6 9 2 7 %'}” A31IT1 *
—OM\_O— AT AN o
1 1)
FANS
i FANS (e JUMPER B
4 7
L asoocta L A312c20 0",/‘ A30081 (NOTE 2)
™ T~ A304B2 |t——
0.005 0.005 2]
EARTH
GROUND
JUMPER D - (2)
(NOTE 2) | A312K2 A305B3 3
A20081 —
77 N A300C18 N A312C28 INOTE 6) A20082 JUMPER C
0.005 0.005 A200B3 ‘ N (NOTE 2)
A311R20
2.5K s (4)
A312FL1B NOTES:
INSERT A INSERT B 1. FOR SAFETY REASONS, THE AC LINE MUST BE
CONNECTED AS SHOWN, PLACING FUSE A312F1 ON THE
A300J1 (MATING SIDE) HIGH POTENTIAL SIDE OF THE AC LINE. CONNECTIONS SHOWN
PO OWBERS BELOW 1047ae ABOVE ARE FOR THE THREADED-TYPE CONNECTOR USED ON
A5025109 COMPUTERS WITH PREFIX NUMBER 1047A- AND ABOVE.
AC HIGH AC 2 ’ CONNECTIONS FOR THE TWIST-TYPE CONNECTOR USED ON
PoTENTIAL NEUTRAL 5.6V A312K1-2 COMPUTERS WITH PREFIX NUMBERS BELOW 1047A- ARE
(BRASS) (COPPER) 41 3 SHOWN IN INSERT A,
4.5V ——C0Q | 2. JUMPERS B, C, AND D SHOWN CONNECTED FOR 115-VOLT
5. ' s OPERATION,
Q10 3. CONNECTIONS SHOWN ABOVE ARE FOR A TOGGLE-TYPE
; 8 POWER SWITCH. CONNECTIONS FOR THE PUSH.TYPE POWER
EARTH A312F1 —O O—— A312K1-6 SWITCH USED ON SOME COMPUTERS WiTH PREFIX NUMBER
GROUND (FOR COMPUTERS 980- ARE SHOWN IN INSERT B.
(BRASS) WITH PUSHTYPE SWITCH) 4. RESISTANCES ARE IN OHMS, CAPACITANCES ARE IN
MICROFARADS.
5. s#7 THIS SYMBOL INDICATES CONNECTION TO THE
COMPUTER MAINFRAME.
6. FOR COMPUTERS WITH SERIAL NUMBER PREFIX 1131A AND
ABOVE, RESISTOR A311R21 IS ADDED IN SERIES WITH RESIS-
TOR A311R20 AND THE VALUE OF EACH RESISTOR IS 3.3K.
2107-43B

Figure 3-6. AC Distribution

15 AUG 1971
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reduces the initial ac line current as power supply filter
capacitors acquire a charge.

3-98. When filter capacitors become substantially
charged, -5.6 and +4.5 volts become available; relay
A312K1 then energizes and resistor A300R1 is shorted out.
Full ac voltage is applied to transformer A311T1, and
power control circuits make dc voltages available to the
computer in a predetermined sequence.

3-99. AC Power Shut-Down. When the POWER switch is
actuated to turn off computer power, +4.5 volts is removed
from the coil of A312K1. Diode A312CR10 provides a
path for the current induced in the relay coil by its own
collapsing magnetic field. Because of this path for current,
arcing at the contacts of the POWER switch is eliminated,
and voltage spikes are not applied to the transistor at the
end of the thermal switch line. Approximately 50 milli-
seconds after the POWER switch is actuated, relay A312K1
de-energizes. Contacts 3 and 6 of the relay then remove
actuating voltage from the coil of relay A312K2; relay
A312K2 de-energizes about 15 milliseconds later, removing
ac power from transformer A311T1 and the fans. It will be
noted that contacts 3 and 6 of relay A312K1 are in parallel
with the ac power contacts of the POWER switch. Because
of this parallel connection, A312K2 remains energized until

Model 2116C
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A312K1 de-energizes. This prevents the autorestart option
(if installed in the computer) from attempting to turn on
power during the power-off process.

3-100. DC POWER CONTROL. Figure 3-7 shows the
manner in which dc power is applied to and removed from
the computer.

3-101. DC Power Turn-On. As noted earlier, relay
A312K1 energizes when ac power is initially turned on.
Contacts 2 and 1 of the relay furnish +4.5 volts through
normally-closed thermal switches to power fail interrupt
card A6. Circuits on this card produce a true PSO signal,
which is forwarded to logic supply regulator card A301.

3-102.  After the PSO signal becomes true, regulated -2
volts is furnished to the computer. The de power control
circuits then furnish the computer with the remaining five
regulated voltages. These are supplied in a predetermined
sequence. Then, if all thermal switches shown in figure 3-7
are closed, the computer is ready for use. The computer is
in the halted condition, and the following indicators are
lighted; PRESET, HALT, FETCH and POWER if included.
Register display lamps on display board assembly A501 are
lighted or off in a random pattern.

3-103.  If one or more thermal switches are open during
the power-on sequence, or if any of the regulated voltages is

PART OF A101
FRONT PANEL
COUPLER CARD

PART OF A300
POWER SUPPLY

1. P101 1S THE 48-PIN CONNECTOR WHICH
PLUGS ON THE END OF CARD A101.
XA101 1S THE 86-PIN CONNECTOR FOR
CARD A101.

FOR EACH SWITCH.

2.  THERMAL SWITCHES OPEN WHEN TEMPERATURE
RISES ABOVE THE TEMPERATURE INDICATED

— 1 — — — —
I _l PART OF
A312K1 I
P101-2 XA10\1\- 84  A100TB1-8 20— 1 PART OF 2160A
< 7/ O~ I POWER SUPPLY
PART OF EXTENDER
A5025109 (IF USED)
(SEE INSERT A) A312CR10 K r—
5 P101-19 XA101-79  A100TB1-5 A300J21  J3-1 _l
[OFF] pa AN A 9 < =y —
2 b 4 A100E1 ,* s P8 ' 3
L > 7 S, GV—‘ (REI\’AUO%PEEDR@ I | $1 4
-5, \
[oN] P101-M | | XA101-39 + A303C17(-) 2160A USED) , “ (_1
¢ +4.5V Q< &-== -~
I 22 A303C14(+) A30022  J3-2
L mrp L
PART OF A304 PART OF A305
LARGE HEAT SMALL HEAT
| SINK ASSEMBLY SINK ASSEMBLY |
A100S1 A100TB1- 2 I S2 ! I S1 I
N /
/ —O \%ﬁ 7/ \%}
75+ 5°C XA304-29 755 C XA304-28 XA305-20 85+5 C xA305-19
I _—
PART OF A6 I A301 LOGIC SUPPLY A302 MEMORY SUPPLY INSE
POWER FAIL INTERRUPT CARD REGULATOR CARD REGULATOR CARD | RTA
= = A100TB1- 1 | e — - 1 PART OF
52 51| —O {11 33— ! A5025109
1 — , Pso —_ - —_ l (FOR COMPUTERS
NOTES: WITH PUSH-TYPE

P101-Z2 ﬁJ_D—1 2 P101-19
3 0i P101-M

2107-48A

3-12

Figure 3-7. DC Power Control Circuits
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not furnished, the dc shut-down sequence is initiated.
Shut-down starts about 300 ms after regulated +4.5 volts is
made available. If +4.5 or -5.6 volts is not available, relay
A312K1 remains de-energized and the dc power-on
sequence does not start.

3-104. DC Power Shut-Down. When the ac power is
initially turned off, relay A312K1 remains energized for
about 50 milliseconds as the magnetic field about the relay
coil collapses. However, the open contacts of the POWER
switch (figure 3-7) immediately remove +4.5 volts from
pin 52 of power fail interrupt card A6. As a result, card A6
generates a power fail program interrupt. Then, if pro-
grammed to do so and if it is running, the computer stores
register contents and performs other actions in preparation
for later startup. (Itis advisable to stop the program before
turning power off, otherwise information in core storage
may be destroyed during dc power shut-down. Also to pro-
tect data in core storage, the power-failure program should
end with an HLT instruction. If there is no power-failure
program in the computer, core storage location 00004
should contain the HLT instruction.)

3-105. In the event of complete loss of ac line voltage,
power fail interrupt card A6 generates a power fail inter-
rupt. Then, when filter capacitors can no longer maintain
the required voltage levels, the dc shut-down sequence is
performed. The filter capacitors and voltage regulators can
maintain full voltage, under maximum dc load conditions,
for at least 1 millisecond after complete and sudden failure
of ac line voltage. Therefore, the power-fail interrupt pro-
gram must be completed within this time. When the ac line
voltage returns to normal, dc voltages are again supplied to
the computer circuits, but the computer is halted. This halt
condition exists regardless of whether the computer was
running prior to dc shut-down,

3-106.  If the ac line voltage drops below a level which is
between 100 and 102 volts rms (200 to 204 volts for a
230-volt computer), a power fail interrupt occurs, Then, if
the computer is running and a power-fail interrupt program
is stored in the memory section, the program is performed.
If the ac line voltage continues to fall and drops below
approximately 75 volts rms (150 volts for a 230-volt com-
puter), dc shut-down takes place and dc voltages are
removed from the computer circuits. When line voltage
returns to normal dc voltages are re-applied, but the com-
puter is halted. 3

3-107.  Thermal switches A305S1, A304S2, and A100S1
(figure 3-7) remove dc power from the computer in the
event of overheating during operation. When overheating
occurs, one of the thermal switches opens, +4.5 volts is
removed from card A6, and a power-fail interrupt takes
place. 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 3-7), and the fans 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.
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3-108. In addition to low line voltage and overheating, a
third fault can cause dc power shut-down. If one of the dc
regulated voltages fails, partial or complete shut-down of
the remaining regulated voltages takes place.

3-109.  Specific information on the dc turn-on and shut-
down sequence is presented later in this section.

3-110. +7 VOLT POWER SUPPLY. The +7 volt power
supply furnishes unregulated and unfiltered dc voltage. 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 which, if present, is
powered by +12 volts). No other use is made of the +7 volt
power.

3-111. +4.5 VOLT AND -2 VOLT POWER SUPPLIES.
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 A6
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 3-8. The diagram is simplified to the
extend that the common, tapped transformer secondary
used by both power supplies is not indicated. Unregulated
voltages shown in figure 3-8 are approximate, and will vary
in accordance with component differences, the amount of
current required for optional devices, and the power-line
voltage.

3-112. The +4.5 volt power source and the +4.5 volt
regulator make up the +4.5 volt power supply. The power
source provides approximately 7.9 volts unregulated de. 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.

3-113.  The -2 voltsource and the -2 volt regulator make
up the - 2 volt power supply. The power source provides
approximately 10.1 volts unregulated dec. 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 CTL logic 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 out-
put of the -2 volt regulator is furnished to Rec, which repre-
sents the pull-down resistors in the card cage. In some cases
these resistors are discrete components and in other in-
stances they form part of integrated circuits in micropacks.
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 in a current of
0.5 to 0.75 amp.

3-114. The -2 volt power supply can furnish up to 22.5
amps. The +4.5 volt supply furnishes 22.5 amps, plus the
current drawn from the -2 volt supply. (In figure 3-8, note
that the current through Re also flows through Ra.) When
optional circuit cards are installed, these current limitations

3-13
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Figure 3-8. +4.5 Volt and -2 Volt Power Supplies, Block Diagram

must be taken into consideration. If an attempt is made to
draw excessive current from the +4.5 volt or -2 volt power
supply, de shut-down takes place. 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 connected together inside integrated
circuits, 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 not be able to control the +4.5 volt output
without affecting the output of the -2 volt regulator.
Another reacting element between the two power supplies
is the common current which flows through Rc and Ra.
Both Rc and Ra may include circuits on optional cards. If
Rc becomes sufficiently small in resistance because of
added cards, the current through Rec 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
and shut-down takes place. 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 normally flowing through
Ra and A310R23.

3-115. Included in figure 3-8 is the coil of A312K1.
Although one end of this coil is connected to +4.5 volts,
the voltage across the coil is 10.1 volts, the output of the
~2 volt power source.

3-116. The overvoltage protection circuits for the +4.5
and -2 volt power supplies prevent damage to components

3-14

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 protec-
tion circuit permits short-circuit current to flow. The
increased current from the power supply causes current
limiting, protecting the power supply from damage. When
the short is imposed across the computer load, the voltage
across the load drops to zero, and this loss of voltage
initiates dec power shut-down.

3-117.  +12, -12, +20, AND -20 VOLT POWER SUP-
PLIES. The +12, -12, +20, and -20 volt power supplies
furnish regulated voltages to the following circuit cards:

a. +12 volts is supplied to:

(1) Power fail interrupt card A6.

(2) Sense amplifier cards A9, A10, A19, and A20.
(3) I/O address card A202.

(4) I/0 interface cards A203 through A218.

(5) I/O-1 extender driver card A219.

(6) I/O-2 extender driver card A220.

b. -12 volts is supplied to:

(1) Power fail interrupt card A6.

(2) Sense amplifier cards A9, A10, A19, and A20.
(3) I/O control card A201.

(4) I/O interface cards A203 through A218.

(5) I/O-1 extender driver card A219.

(6) 1I/O-2 extender driver card A220.
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¢. +20 volts is supplied to:

(1) Power-failure auto-restart card A6.

(2) Inhibit driver cards A7, A12, A17, and A22.

(3) X-Y driver/switch cards A8, All, Al8, and
A21,

d. -20 volts is supplied to:

(1) Power-failure auto-restart card A6. .
(2) X-Y driver/switch cards A8, All, Al8, and
A21. ’

3-118.  Figure 3-9 is a block diagram portraying each of
the power supplies, +12, -12, +20, or -20 volts. The +20
and -20 volt outputs vary in accordance with the air
temperature in the computer cabinet. This change in
voltage counteracts the changes in core stack operation
resulting from temperature change.

Section III

3-124.  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 3-10, and described in the following
paragraphs.

cLOCK
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HALF-TIME-
PULSE TIME PERIOD
GENERATOR GENERATOR
CIRCUITS
TS AND TSA CLOCK
PULSES PULSES
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SOURCE REGULATOR
OVERVOLTAGE COMPUTER
PROTECTION LOAD
CIRCUIT CIRCUITS
2107-47

Figure 39. +12, -12, +20, or -20 Volt Power
Supply, Block Diagram

3-119. +35 VOLT POWER SUPPLY. The +35 volt
power supply furnishes filtered, unregulated dc to circuit
cards A203 through A218. This voltage is also furnished to
I/O-1 extender driver card A219, and to I/O-2 extender
driver card A220.

3-120. +32 VOLT POWER SUPPLY. The +32 volt
power supply furnishes regulated +32 volts to power fail
interrupt card A6 for use when the auto-restart option is
installed. The voltage is also furnished to logic supply regu-
lator card A301. -

3121. DETAILED THEORY, CONTROL SECTION.
3-122. TIMING CIRCUITS.
3-123. BASIC TIMING CIRCUITS. It has been ex-

plained that the basic timing circuits produce 200-ns clock
pulses, 400-ns double-length clock pulses, and 45- to 50-ns
strobe pulses. The trailing edge of each strobe pulse
coincides with the trailing edge of each pulse.

2019-152
Figure 3-10. Basic Timing Circuits, Block Diagram

3-125.  Oscillator. The oscillator utilizes a crystal-
controlled Colpitts circuit, followed by an amplifier stage
and a buffer stage (figure 3-11). The Colpitts oscillator,
consisting of transistor Q1 and its associated components, is
the fundamental timing element within the computer. The
output of the oscillator is amplified by transistor Q2, buf-
fered by Q3, and furnished to the frequency divider. The
output waveform of Q3 is illustrated in figure 4-16. For test
purposes, this waveform is available at pin 3 of card A106.

+4.5V

AAA

TO
FREQUENCY
DIVIDER

OTE:
1. REFERENCE DESIGNATION PREFIX IS A106.
2, UNLESS OTHERWISE SPECIFIED, RESISTANCES
ARE IN OHMS AND CAPACITANCES ARE IN
MICROFARADS.

it )—
|

2107-73
Figure 3-11. Oscillator, Schematic Diagram

3-126.  Frequency Divider. The frequency divider (figure
3-12) consists of flip-flops CF1 and CF2, and gates MC62A
and MC62B. The J and K inputs to each of the flip-flops are
connected to +4.5 volts. The flip-flops therefore function as
divide-by-two counters, each triggered by a negative-going
input to pin 1. The CF1 flip-flop receives the output of the
10-MHz oscillator circuit, and furnishes a square wave with

3-15
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a period of 200 ns. The CF2 flip-flop receives this signal,
and provides a square wave with a period of 400 ns. (See
figure 4-15.) :

3-127. Gates MC62A and MC62B combine the outputs
of the CF1 and CF2 flip-flops to produce the CL1 and CL2
signals. (See figure 4-15.) :

3-128. Time Strobe Circuits. The time strobe circuits
produce three signals, TS, TSA, and TSB. The signals occur
simultaneously, and each has a duration of 45 to 50 ns. The
timing of these signals, in relation to other computer timing
pulses, is illustrated in figure 4-15.

3-129.  The time strobe circuits (figure 3-12) consist of
gates MC52A, MC52B, MC42A, MC75B, and MC16B,
together with associated pull-down resistors and capaci-
tor C6. The output pulses, TS, TSA, and TSB, are produced
by “anding” the “not” output of the CF1 flip-flop with the
same signal delayed 45 to 50 ns. The delay is a result of
capacitor C6, the value of which is selected to produce the
required 45 to 50 ns delay after the CF1 flip-flop becomes
reset. The termination of the TS, TSA, and TSB pulses
occurs when the CF1 flip-flop is set.

3-130. Gates MC42A, MC75B, and MC16B perform cor-
responding functions for the TS signal, the TSA signal, and
the TSB signal, respectively.

3-131. If a component in the discharge path of C6 is
changed, it may also be necessary to change the capacitor
itself in order to retain the required 45 to 50-ns duration of
the time strobe pulses. (Components in the discharge path
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are MC52A, MC52B, and MC52R2.) The value of C6
typically ranges from 100 to 180 pf.

3-132. Time Period Generator. The time period gener-
ator consists of a ring counter and associated ‘“‘and” gates
(figure 3-13). This unit produces the eight clock pulses TO
though T7, each lasting 200 ns. The time period generator
also produces double-length pulses, each true for the dur-
ation of two clock pulses. One more pulse produced is the
T7S pulse, which is true during the last quarter of T7. The
various outputs of the time period generator are included in
figure 4-15.

3-133. The T6 pulse is used only by cards A109 and
A110, which comprise the optional Extended Arithmetic
Unit. Integrated circuits on these two cards contain TTL
gates which receive the T6 pulse and furnish resistive paths
to -2 volts. These paths 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 T'6 output remaining permanently in
the true state.

3-134. The ring counter in the time period generator
consists of eight latch flip-flops. Of these, two are set at any
given time, and the remaining six are in the clear condition.
The two set flip-flops are always adjacent to each other in
the ring.

3-135.  The ring counter is operated by the CL1 and CL2
signals, which trigger alternate flip-flops in the counter.
From the CL1 and CL2 waveforms 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
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Figure 3-12. Frequency Divider and Time Strobe Circuits, Logic Diagram
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Figure 3-13. Time Period Generator, Logic Diagram

the trailing flip-flop of the two that are set, and sets the
flip-flop immediately ahead of the second flip-flop.

3-136. 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 gates: MC124A, MC124B, and MC62C. Gate
MC104A is enabled only during an ISZ instruction;
operation of this gate is dealt with in the explanation of the
ISZ instruction in section IV.

3-137. 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 memory section. The signals are generated from clock
pulses, pulses received from the instruction decoder, and
front panel controls. Through the use of gates, the memory
timing circuits produce from these inputs the required
pulses for controlling writing and reading in the core stacks.
Detailed discussion of the memory timing circuits is
reserved for the troubleshooting information in section IV
(paragraph 4-156). However, before referring to this part of
the manual, the reader must be familiar with the theory of
the memory section presented later in section III.

3-138.  One point which must be noted is that the MWL
pulse, produced by the memory timing circuits, remains
permanently true if neither of the following cards is in-
stalled: card Al5 (Parity Error Option) and card A16
(Memory Protect Option). As with the T6 pulse, pulldown

resistors on the optional cards are required for generation
of the MWL pulse.

3-139. CONTROL SECTION REGISTERS.
3-140. - The registers in the control section are the trans-
fer register (T-register), memory address register

(M-register), program address register (P-register), and
instruction register (I-register). The following paragraphs
explain in general terms the function of each of these
registers. A detailed analysis is not provided since the
circuits are simple flip-flop registers of conventional design.
No carry circuits are used; the arithmetic gates provide this
facility when required.

3-141. T-REGISTER. The T-register receives 16-bit
words which will be stored in, or which have been read
from, the memory section (see figure 3-1). The various
stages of the T-register are on four arithmetic logic cards,
with reference designations A102, A103, A104, and A105.

3-142. M-REGISTER. The M-register specifies the core
memory address in which a word will be stored, or from
which a word will be retrieved (see figure 3-1). The various
stages of the M-register are on arithmetic logic cards A102,
A103, A104, and A105.

3-143. 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.

3-17



Section III

3-144. I-REGISTER. The I-register is a 6-bit register
which receives bits 15 through 10 of each instruction word
read from the 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.

3-145.  INSTRUCTION DECODER.

3-146. The instruction decoder examines each in-
struction 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/0
sections to bring about the functions required by the
instruction.

3-147. When an instruction word is read from the
memory 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.

3-148.  During the course of most instructions, the
instruction decoder brings about performance of the
following operations (refer to figure 3-1):

a. Gates the contents of the T-, P-, M-, A-, or B-register
onto the R bus or S bus.

b. Activates the arithmetic gates to bring about
changes in R bus or S bus data as it passes through the
gates.

c. Loads the T-, P-, M-, A-, or B-register from the T
bus.

3-149.  Further information on the operations brought
about by the instruction decoder is presented in section IV,
where explanatory test and a troubleshooting diagram are
provided for each computer instruction.

3-150. The instruction decoder is on instruction decoder
card A107.

3-151. PHASE GENERATOR.

3-152.  Details on operation of the phase generator are

provided in paragraph 4-164.
3-1563. SWITCHES AND INDICATORS.

3-154. Details on the functioning of switches and
indicators are provided in paragraph 4-65.
3-155. RUN AND HALT CIRCUITS.

3-156. Information on the functioning of the run and
halt circuits is furnished in paragraphs 4-71 and 4-76.
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3-157. CARRY FLIP-FLOP.

3-158.  The purpose of the Carry Flip-Flop is to bring
about a program skip. All skip-type instructions set the
flip-flop if a skip is to take place. These instructions are:
RSS, SZA/B, SSA/B, SLA/B, SEZ, CPA/B, ISZ, SFC, and
SFS. When one of these instructions sets the Carry
Flip-Flop, the flip-flop furnishes logic 1 to the carry input
of adder 0 during T6 and T7 of the instruction. As a result,
the P-register and M-register are incremented by 2 instead
of by 1.

3-159.  The gates which set the Carry Flip-Flop are listed
in table 3-3. Figure 3-14 shows the circuits immediately
involved; these circuits and the flip-flop itself are situated
on shift logic card A108. The CO (Carry Bit 0) signal shown
in the illustration is the carry input to adder 0. A skip
occurs when CO is true.

3-160.  The following paragraphs describe the operation
of the Carry Flip-Flop for each of the instructions which
affect the flip-flop. For further information on these
instructions, refer to the troubleshooting information for
the instruction concerned. The location of this trouble-
shooting information is given in table 4-6.

3-161. RSS INSTRUCTION. When not combined with
other alter-skip instructions, the RSS instruction causes an
unconditional skip. When the instruction is performed, gate
MC24A provides a true output during T5. All inputs to gate
MC54C are then true. When the TS clock-pulse applied to
the Carry Flip-Flop becomes true, the input rank of the
flip-flop is set; the output rank is set when the TS pulse
falls at the end of T5. During T6T7 the CO signal is true,
and a program skip takes place. The Carry Flip-Flop is
cleared at the end of the following TO.

3-162. The eight gates shown below MC24A are em-
ployed by the instructions for which RSS can reverse the
skip sense. These instructions are all in the alter-skip group,
and they are SZA/B, SSA/B, SLA/B, and SEZ. The bottom
four gates in the group of eight are used for normal skip
sense. For reverse skip sense, all eight gates are used.

3-163. SZA/B, SSA/B, SLA/B, AND SEZ INSTRUC-
TIONS. If reverse skip sense is not used, gates MC25C,
MC15C, MC96C, and MC77C determine the existence of a
skip condition for the seven conditional skip instructions in
the alter-skip group. These gates function as follows:

a. Gate MC25C, used by the SZA/B instructions,
furnishes a true output during T5 if the A- or B-register
contains 16 zeroes. The TR1 input to this gate, together
with the ASG input to gate MC54B, identifies the SZA/B
instruction. (See figure 4-1 for instruction formats.) The
output from gate MC8T7B, if true, indicates the existence of
16 zeroes on the 16 T bus lines, onto which the contents of
the A- or B-register are gated.

b. Gate MC15C, used by the SSA/B instructions,
furnishes a true output during T4 if R bus 15 carries logic
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Table 3-3. Operation of Carry Flip-Flop

SKIP INSTRUCTION ACTIVE GATES
WITHOUT RSS | WITH RSS
Alter-Skip Instructions
RSS (Reverse Skip Sense), — MC124B
not combined with other — MC124A
instructions. —_ MC14A
—— MC24A*
—_ MC94A
—— MC54C
—— MC54B
SZA/B (Skip if Zero in A- or MC87B MC113B
B-Register) MC113B MC25A*
MC25C* MC94A
MC127B MC54C
MC54B MC54B
SSA/B (Skip if Sign Bit of A- MC124A MC124A
or B-Register is Zero) MC15C* MC25B*
MC127B MC94A
MC54B MC54C
MC54B
SLA/B (Skip if Least MC74A MC74A
Significant Bit of A- or MC96C* MC15A*
B-Redgister is Zero) MC127B MC94A
MC54B MC54C
MC54B
SEZ (Skip if E-Register MC124B MC124B
Contains Zero) Mcz77C* MC15B*
MC127B MC94A
MC54B MC54C
MC54B
Memory Reference Instructions
CPA/B (Compare [M] with MC87B —_
the Contents of the A- or MC14B —
B-Register; Skip if Unequal) MC86B* —
1SZ (Increment [M] ; Skip if MC86A* —
Zero)
Input/Qutput Instructions
SFC (Skip if Flag Clear) MC84A* —_
SFS (Skip if Fiag Set) MC84A* —
Shift-Rotate Instructions
SLA/B (Skip if Least Sig- MC87A* —
nificant Bit of A- or B-
Register is Zero)
NOTES:
*An asterisk identifies the principal gate for the instruction.

0. At that time, R bus 15 indicates the content of A- or
B-register position 15.

c. Gate MC96C, used by the SLA/B instructions,
furnishes a true output at T4 if bit position 0 of the A- or
B-register contains logic 0.
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d. Gate MC77C, used by the SEZ instruction,
furnishes a true output during T3 if the Extend Flip-Flop is
clear.

3-164. When reverse skip sense is not combined with
SZA/B, SSA/B, SLA/B, or SEZ, bit 0 of the T-register
contains logic 0. When one of the instructions is performed,
gate MC127B furnishes a true output when MC25C,
MC15C, MC96C, or MC77C experiences coincidence. The
Carry Flip-Flop is set at the end of T3, T4, or T5, depend-
ing on the gate that detected the skip condition. If a skip
condition is not detected, the Carry Flip-Flop remains in
the clear condition in which it is placed at the end of each
TO, and no skip takes place.

3-165. If reverse skip sense is programmed with an
SZA/B, SSA/B, SLA/B, or SEZ instruction, position 0 of
the T-register contains logic 1. Consequently, gate MC127B
is disabled, and MC54C is enabled. If gate MC25C, MC15C,
MC96C, or MC77C does not experience coincidence, the
output of MC74B is-true during the entire machine cycle.
Gate MC25A, MC25B, MC15A, or MC15B furnishes a T3,
T4, or T5 pulse, depending on the type of skip instruction.
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Figure 3-14. Carry Flip-Flop Circuits
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The Carry Flip-Flop is then set and a skip occurs. However,
if gate MC25C, MC15C, MC96C, or MCT77C experiences
coincidence, MC54C is disabled by MC74B, and the Carry
Flip-Flop is not set.

3-166.  When alter-skip instructions are combined, opera-
tion is the same as with separate instructions. If any skip
condition is met, the Carry Flip-Flop is set and a skip takes
place. As an exception, when SSA/B, SLA/B, and RSS are
combined, the sign and the least-significant-bit of the A- or
B-register must both be logic 1 for a skip to occur. This
results from the fact that MC15C (for SSA/B) and MC96C
(for SLA/B) must both furnish a false output to allow
MC74B to provide an enable to MC54C. Gates MC25C (for
SZA/B) and MC77C (for SEZ) furnish their outputs at T5
and T3 respectively; they thus operate independently of
each other and independently of the gates for SSA/B and
SLA/B.

3-167. In addition to being in the alter-skip group, the
SLA/B instructions can be programmed as shift-rotate in-
structions if an alternative instruction-word format is used.
This feature permits the instructions to be combined either
with alter-skip instructions or shift-rotate instructions.
When programmed as a shift-rotate instruction, SLA/B
brings about coincidence in gate MC87A if a skip is to take
place. Reverse skip sense cannot be employed with SLA/B
when they are coded as shift-rotate instructions.

3-168. CPA/B INSTRUCTIONS. CPA/B are memory ref-
erence instructions which compare the contents of the
specified memory location with the A- or B-register. If the
16-bit numbers are unequal, a program skip takes place.

3-169. Gate MC86B furnishes a true output during T4 of
phase 3 if a skip is to take place. The output of gate
MCB8T7B, inverted by MC14B, is an enable for MC86B when
the skip condition exists.

3-170. ISZ INSTRUCTION. ISZ is a memory reference
instruction which increments by 1 the contents of the
specified memory location. If this operation advances the
contents of the memory location to zero, a program skip
takes place.

3-171. Gate MC86A furnishes a true output during T4
of phase 3 if a skip is to take place. The C16 (Carry Bit 16)
input to the gate is true if the contents of the memory
location advance to zero.

3-172.  SFC AND SFS INSTRUCTIONS. SFC and SFS
are input/output instructions which check the status of the
Flag Flip-Flop on the interface card indicated by the select
code of the instruction. If the select code is 00 (octal), the
Interrupt System Enable Flip-Flop on card A201 is
checked. A program skip takes place if the addressed flip-
flop is clear (in the case of SFC) or if it is set (for SFS).

3-173. Gate MC84A monitors the SKF signal, which
becomes true if a skip condition exists.
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3-174. EXTEND FLIP-FLOP

3-175. The Extend Flip-Flop, also known as the
E-register, is employed for a number of purposes. The
Extend Flip-Flop operates in conjunction with the A- or
B-register in rotate operations brought about by the ELA/B
instructions. When an ELA/B instruction is performed, the
entire contents of the A- or B-register are shifted one
position to the left, and the bit originally in the Extend
Flip-Flop is moved into position 0 of the accumulator
register. The bit in position 15 of the A- or B-register is
rotated into the Extend Flip-Flop, where it can be checked
by the SEZ instruction. The ERA/B instructions perform
similar operations, except that rotation is to the right;
position 0 of the accumulator is shifted into the Extend
Flip-Flop, and the bit originally in the Extend Flip-Flop is
shifted into position 15 of the accumulator.

3-176. The Extend Flip-Flop is also used to move a bit
between the A- and B-registers. To accomplish this, the bit
is rotated into the Extend Flip-Flop by an ELA/B or
ERA/B instruction; then another rotate instruction shifts
the bit into the other accumulator.

3-177.  An additional function of the Extend Flip-Flop is
to record the occurrence of a carry from position 15 of the
A- or B-register when an ADA/B or INA/B instruction is
performed. The flip-flop is not affeeted by subsequent
carriers until it has been cleared. The program determines
the occurrence of the carry by an SEZ instruction. Before
the ADA/B or INA/B instruction is performed, the Extend
Flip-Flop must be cleared by a CLE instruction. The ISZ
instruction does not affect this flip-flop.

3-178. The Extend Flip-Flop is further used as a 1-bit
storage cell. The contents of the cell can be changed by any
of the methods described above, using the ELA/B, ERA/B,
ADA/B, INA/B, or CLE instructions. The contents can also
be changed by the CCE or CME instructions. The SEZ
instruction is used to determine the contents of the cell.

3-179. The state of the Extend Flip-Flop is shown by
the EXTEND indicator, situated on display board A501.
The indicator lights when the flip-flop is set.

3-180. The paragraphs which follow describe the oper-
ation of the Extend Flip-Flop for each of the instructions
which affect it. Figure 3-15 shows the flip-flop and associ-
ated gates, while table 3-4 lists the gates used by each
instruction. For further information on these instructions,
refer to the troubleshooting information for the instruction
concerned. The location of this troubleshooting in-
formation is given in table 4-6.

3-181. ELA/B INSTRUCTIONS. The ELA/B in-
structions rotate the contents of the Extend Flip-Flop left
one position with the contents of the A- or B-register. The
bit in position 15 of the A- or B-register is moved into the
Extend Flip-Flop, and the bit in the Extend Flip-Flop is
moved into position 0 of the A- or B-register.
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Figure 3-15. Extend Flip-Flop Circuits
3-182.  Gate MC33A provides an enable for gates MC46A 3-184. Gates MC53C and MCT76A shift the bit originally

and MC46B. The bit in position 15 of the A- or B-register is
gated onto R bus, and MC46A or MC46B sets or clears the
Extend Flip-Flop when the flip-flop receives a clock pulse.

3-183. One input to MC33A. is the SRG (Shift Rotate
Group) signal, which becomes true when a shift-rotate
instruction is decoded. The other input to MC33A is TR
(8+2) (7+1) (6+0). This signal is true when T-register
positions 8 and 7 contain logic 1, and position 6 contains
logic 0. The signal is also true when T-register positions 2
and 1 contain logic 1, and position 0 contains logic 0.
Figure 4-1 shows that the T-register contains the first set of
bits when an ELA/B instruction is indicated by bits 8, 7,
and 6 of the instruction word. The T-register contains the
second set of bits when an ELA/B instruction is indicated
by bits 2, 1, and 0 of the instruction word.

in the Extend Flip-Flop onto T bus 0, from where the bit is
gated into position 0 of the A- or B-register.

3-185. The SRG signal, which enables the principal gates
used by the ELA/B instructions, becomes true at the begin-
ning of T3. During T3TS, the STBA (Store T Bus in
A-register) or STBB (Store T Bus in B-Register) signal is
true (figure 7-14). The bit in the Extend Flip-Flop, gated
onto T bus 0, is then placed in position 0 of the A- or
B-register. Furthermore, at the start of T3TS, the bit on R
bus 15 is placed in the input rank of the Extend Flip-Flop;
at the end of T3TS, the bit is transferred to the output rank
of the flip-flop, and determines the final contents of the
Extend Flip-Flop.

3-186. ERA/B INSTRUCTIONS. The ERA/B instruc-
tions are similar to the ELA/B instructions, and require no
further discussion. Table 3-4 lists the gates used.
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Table 3-4. Operation of Extend Flip-Flop

INSTRUCTION ACTIVE GATES
Shift-Rotate
ELA/B MC33A
MC46A
MC468B
MC53C
MC76A
ERA/B MC57C
MC65A
MC96A
MC96B
MC658B
MC34A
Memory Reference
ADA/B Mc44C
MC84B
Alter-Skip
INA/B MC35C
MC84B
CCE MC126A
CLE MC104C
MC114A
CME MC24B
MC978B
MC106B

3-187. ADA/B INSTRUCTIONS. When the ADA or
ADB instruction is performed, gate MC44C furnishes an
enable to MC84B. If there is a carry from position 15 of the
A- or B-register, the C16 (Carry Bit 16) signal becomes true.
This signal is furnished by arithmetic logic card A102.
Occurrence of the carry results in the Extend Flip-Flop
being set.

3-188. INA/B INSTRUCTIONS. The INA/B instructions
are similar to the ADA/B instructions insofar as the Extend
Flip-Flop is concerned. Table 3-4 lists the gates used.

3-189. CCE INSTRUCTION. The CCE instruction sets
the Extend Flip-Flop by means of gate MC126A. If the
flip-flop is already set, it remains set.

3-190. CLE INSTRUCTION. The CLE instruction can
be coded either as a shift-rotate instruction or as an alter-
skip instruction, allowing it to be combined with instruc-
tions in either group (see figure 4-1). As a shift-rotate
instruction, CLE clears the Extend Flip-Flop by means of
gate MC104C. When the instruction is coded as an alter-skip
instruction, gate MC114A accomplishes the same purpose.

3-191. CME INSTRUCTION. When the CME instruction
is performed, gate MC24B provides an input to gates
MC97B and MC106B during T3. Both the set and the clear
inputs to the Extend Flip-Flop therefore receive true
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inputs. Upon occurrence of the TS pulse near the end of
T3, the flip-flop changes state.

3-192. OVERFLOW FLIP-FLOP,

3-193.  The Overflow Flip-Flop records a positive or neg-
ative overflow occurring during an ADA/B or INA/B in-
struction. Either type of overflow sets the flip-flop. The
flip-flop is not affected by subsequent overflows until it has
been cleared. The flip-flop can also be set by an STO
instruction. The CLO instruction clears the flip-flop. The
ISZ instruction has no affect on the flip-flop. The state of
the flip-flop is tested by an SOS or SOC instruction, and
the OVERFLOW indicator on display board A501 lights
when the flip-flop is set.

3-194. A positive overflow indicates that the addition of
two positive numbers has produced a sum that is greater
than can be indicated by the 15 positions of the A- or
B-register (excluding the sign position). A carry from
position 14 to position 15 indicates an overflow. The fol-
lowing example illustrates a positive overflow (the high-
order bit is the sign bit):

AUGEND (on R bus)
ADDEND (on S bus)
SUM (on T bus)

0 000 100 000 000 000
0 111 111 111 111 111
1 000 011 111 111 111

3-195.  The high-order bit of the sum is logic 1, appear-
ing to indicate a negative number. In actuality the result is
positive, and its magnitude is too large to be indicated by
15 bits.

3-196. A negative overflow indicates that the addition of
two negative numbers has resulted in a negative number
with a magnitude to great to be contained in a 16-bit
register. The lack of a carry from position 14 to position 15
indicates an overflow. The following example illustrates a
negative overflow:

AUGEND (on R bus) 1 000 000 000 000 001

ADDEND (on S bus) 1 000 000 000 000 001

SUM (on T bus) 0 000 000 000 000 010
3-197. The high-order bit of the sum is logic 0, appear-

ing to indicate a positive number. In actuality, the result is
negative, and its magnitude is too great to be indicated by
15 bits.

3-198. The following paragraphs desribe the operation
of the Overflow Flip-Flop for each of the instructions
which affect it. Figure 3-16 shows the flip-flop and associ-
ated gates, while table 3-5 lists the gates used by each
instruction. For further information on the instructions,
refer to the troubleshooting information for the instruction
concerned. The location of this troubleshooting inform-
ation is given in table 4-6.

3-199. ADA/B INSTRUCTIONS. Gate MC93A is the
positive overflow enabling gate. When R bus 15 and S
bus 15 are both logic O (indicating positive numbers), and
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Table 3-5. Operation of Overflow Flip-Flop when T bus 15 is logic 1 and an add operation has just been
performed, positive overflow has occurred. When this is the
INSTRUCTION ACTIVE GATES case, the Overflow Flip-Flop is set.
ADA/B MC44C .
MC83A 3-200. Gate MC93B detects negative overflows. When R
MC93A bus 15 and S bus 15 are both logic 1 (indicating negative
MC103B numbers), and when T bus 15 is logic 0 and an add opera-
MC93B tion has been performed, negative overflow has occurred.
MC103A ‘

CLO MC83C 3-201. INA/B INSTRUCTIONS. Operation of the Over-
flow Flip-Flop during the INA/B instructions is similar to
operation for the ADA/B instructions, and further

INA/B MC35C discussion is not required.
MC83A
MC93A
MC103B : j
MC93B 3-202. STO INSTRUCTION. When an STO instruction
MC103A is performed, gate MC83B sets the Overflow Flip-Flop. As
figure 4-1 shows, when this instruction word is in the T-
soC MC6E3A register, bits 8 and 7 of the T-register are logic 0 and bit 6 is
logic 1. This condition results in one true input to MC83B.

S0S MC63B The other input to MC83B is the IOS (Input/Output Switch
Address) signal. Although the STO instruction does not

STO MC83B involve the S-register, this signal becomes true during an
STO instruction, and the Overflow Flip-Flop is set.
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3-203. CLO INSTRUCTION. When a CLO instruction is
performed, the Overflow Flip-Flop is cleared by gate
MC83C.

3-204. SOS INSTRUCTION. The SOS instruction causes
a program skip if the Overflow Flip-Flop is set when the
instruction is performed. Gate MC63A tests the state of the
flip-flop, and furnishes a true SKF (Skip on Flag) signal if a
skip is to be performed.

3-205. SOC INSTRUCTION. The SOC instruction
causes a program skip if the Overflow Flip-Flop is clear
when the instruction is performed. Gate MC63B tests the
state of the flip-flop.

3-206. DETAILED THEORY, ARITHMETIC SEC-
TION.
3-207. Detailed treatment of operations in the arith-

metic section is provided in section IV, where each instruc-
tion is separately delt with.

3-208. DETAILED THEORY, MEMORY SECTION.
3-209. BLOCK DIAGRAM ANALYSIS.
3-210. ADDRESS SELECTION. 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 a core stack assembly.

3-211.  Bits 11 through 6 of the M-register indicate the Y
drive-line to be used (see figure 3-17). These bits are de-
coded 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.

3-212.  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.

M—-REGISTER

olooolooolooolooolooo

il o o e e MSD LSD MSD LSD
CORE
STACK

g e ] —

Y DRIVE-LINE X DRIVE-LINE

UNUSED UPPER/
LOWER
MODULE

2019-180

Figure 3-17. Significance of M-Register Contents
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3-213.  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 8K core stack,
if more than one is installed.

3-214.  Y-Line Selection. Figure 3-18 illustrates in block
diagram form the selection of Y-lines in core stack A20A1,
the basic core stack containing octal addresses 00002
through 17777. The decoders, drivers, and switches shown
in the ‘illustration are on circuit card A21, and the core
stack is on card A20. For other core stacks, different circuit
cards are used for the Y-line selection circuits and for the
core stack itself,

3-215.  The “not” MODO/1 signal in figure 3-18 results
from decoding bits 14 and 13 of the M-register
(figure 3-17). If the two bits are both logic 0, indicating the
basic core stack, the “not”” MODO/1 signal becomes false.
This signal is furnished to X-Y driver/switch card A21,
covering addresses 00002-17777 (table 7-18). If bits 14 and
13 of the M-register are 01, 10, or 11 respectively, the
“not” MOD2/3, 4/5, or 6/7 signal becomes false, and X-Y
driver/switch card A18, Al1, or A8 is selected. The “not”
MOD signal, when false, serves as an enable for the binary-
to-octal decoders on the card which receives the signal.

3-216. When Y-line current is required, the MRT1 signal
becomes true (for readout), or the MWT1 signal becomes
true (for writing). Upon occurrence of one of these signals,
bits 11 through 9 of the M-register are decoded to furnish
an octal equivalent, referred to as the Y most-significant-
digit (MSD). (See figure 3-18.) As a result, one of the
signals YD7 through YDO becomes true (for readout), or
one of the signals YC7 through YCO becomes true (for
writing). M-register bits 8 through 6 are similarly decoded
to determine the Y least-significant-digit (LSD), resulting in
one true signal in the group YB7 through YBO (for read-
out), or one true signal in the group YA7 through YAO (for
writing).

3-217.  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. A total of 64 combinations is
possible. The selected driver furnishes a negative signal for
readout, or a positive signal for writing. The selected switch
provides a path to ground.

3-218. When the selected driver and selected switch re-
ceive an input pulse, electron current flows from the driver
to the switch (when reading), or from the switch to the
driver (when writing). This current flows through the ad-
dressed Y-line, which is identified by a 2-digit octal number
corresponding to the Y MSD and Y LSD. Current does not
flow through other Y-lines because the remaining switches
do not furnish a path to ground and the drivers do not
furnish a voltage.

3-219. The Y-lines pass through the ring-shaped ferrite
cores shown in figure 3-18. Each core in the illustration
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Figure 3-18. Y-Line Selection Circuits, Core Stack A20A1, Block Diagram

represents the 16 cores of a word location in the core stack.
(Physically, each location contains 17 cores. The 17th core
is used when the Parity Error option is installed; however,
the present discussion does not deal with this optional
feature.) It will be noted that every Y-line in figure 3-18 is
shown passing through two cores, representing two 16-bit
storage locations. One of these locations is in the upper

module of the core stack, and the other is in the lower
module. An X-line (described later) passes through the same
cores, and determines which of the two locations will be
used. For one of the locations the X-line current aids the
Y-line current. For the second location, the X-line current
opposes the Y-line current. The storage location used is the
one in which the currents aid. By reversing the direction of
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the X-line current, the other 16-bit location can be selected. 3-222.  Each switch in figure 3-18 has two outputs.
It is this technique which permits the use of an 8K core These are designated CC (common cathode) and CA
stack, rather than a 4K stack. (common anode) in accordance with the diode electrodes

to which they connect. Each CC or CA designation is

. followed by the identifying number of the associated
3-220.  In addition to the two 16-bit words indicated by switch, 7 through 0.

each core in figure 3-18, 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 or t31;§2l::tter ghfc::;;le;s lTaCh dhave t(;lne, outp_;xtz identified bS;
writing does not take place. . v Eimed-ty. Soe Mienilipiug nuSern
the driver.

3-221.  The diodes in figure 3-18 are near the core stack 3-224, It is important to note that the diode matrix
on circuit card A20. During readout, the top diode in each shown in figure 3-18 does not represent a plane of the core
pair permits electron flow from the driver to the switch, stack. The matrix in figure 3-18 has an 8 x 8 configuration,
and the bottom diode offers a high-resistance path to mini- while the core-plane matrix is 64 x 64. Figure 3-19 shows a
mize current flow through it. When writing is performed, core-plane matrix, and indicates the manner in which the Y-
the roles of the two diodes are reversed, and electron flow and X-lines are connected. The numbered Y-lines in figures
is from the switch to the driver. 3-18 and 3-19 correspond.
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Figure 3-19. Core Plane
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3-225. X-Line Selection. The X-line circuits for core
stack A20A1 are shown in figure 3-20. They differ from the
Y-line circuits in the following respects:

a. The binary-to-octal decoders receive bit 5 through
3, or 2 through 0, of the M-register.

Section III

b. Instead of the MRT1 or MWT1 strobe pulse, either
an XT1 or an XT2 pulse is furnished to each decoder.

c. For the cores in the upper module, X-line read or
write current is in the reverse direction from that in the
lower module. For the Y-lines, read or write current is the
same in both modules.
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Figure 3-20.

X-Line Selection Circuits, Core Stack A20A1, Block Diagram
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3-226.  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 XT1 and XT2 pulses. If bit 12 of the M-register is
logic 0, indicating the lower module, current flow for
readout or writing is the same as for' the Y-lines. If bit 12 is
logic 1, indicating the upper module, X-line current flow is
reversed.

3-227.  Table 3-6 shows the direction of current flow for

all operating combinations. The table is applicable to all
core stacks in the computer.

Table 3-6. Electron Flow

MODULE Y-LINE ELECTRON FLOW
READ WRITE
Lowér Driver to switch Switch to driver
Upper Driver to switch Switch to Driver
MODULE X-LINE ELECTRON FLOW
READ WRITE
Léwer Driver to switch Switch to driver
Upper Switch to driver Driver to Switch
3-228. The X MSD and X LSD decoders in figure 3-20

are identified by the words ‘“‘read/write” or “write/read’.
This terminology indicates the function of the decoders for
lower and upper module operations, respectively. For ex-
ample, the “X MSD decoder, read/write” is used for read-
out in the lower module, or for writing in the upper
module.

3-229. OPERATION OF MEMORY SECTION. The
following paragraphs explain the operation of the memory
section, making use of the block diagram in figure 3-21.
The discussion describes reading and writing in core storage
location 05270, with general comments regarding opera-
tions in other storage locations. Of the 16-bit word read or
written, only bit 0 is dealt with here. Reading and writing
of other bits is identical, except that a separate inhibit
driver and sense amplifier is used for each bit.

3-230.  Core Stack. The core stack is made up of two sets
of core planes, each set consisting of 17 planes and making
up the lower or upper module. The core planes each con-

tain 4,096 ferrite cores, and each plane stores one bit of a

17-bit word. The planes are numbered in accordance with
the bit position in the word, with bit 15 being the high-
order bit. Bit 16 is the parity bit.

3-231. The core stack utilizes a folded construction, and
has eight or nine core planes in each physical plane.
Figure 3-21 illustrates this construction, with the core stack
shown partly unfolded to reveal internal wiring in the core
stack.
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3-232. Lower Module Read Operations. The following
paragraphs describe a typical memory read operation, using
address 05270 (octal). Figure 3-21 illustrates the operation,
and figure 3-22 shows the timing relationships.

3-233.  The core stack and module to be used, and the
Y-line and X-line employed, are identified by positions 14
through 0 of the M-register (figure 3-23). The number in
this portion of the register is one of the following:

a. The address of the next instruction (if the current
instruction is a single-phase instruction).

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).

3-234.  As figure 3-23 indicates, the address within each
page consists of part of the Y-line designation, and the
entirety of the X-line designation. As explained earlier, this
arrangement permits a memory reference instruction to
specify an address in the current page or in page 0, using
bits 9 through 0 of the instruction word. These bits,
initially in the T-register, are transferred to the M-register
(figure 3-1). The remainder of the M-register either remains
unchanged (to obtain an operand from the current page), or
is cleared (for page 0).

3-235.  Bits 14, 13, and 12 of the M-register are ex-
amined to determine the stack and module to be used. This
operation is dealt with in a later paragraph. Bits 12 through
0 are gated by “not” phase 5, and forwarded as bits M12
through MO to the X and Y decoders (figure 3-21).

3-236.  As table 3-2 shows, address 05270 is in the lower
module of the core stack on circuit card A20, and is
therefore in module 0. (For all addresses, the applicable
module is indicated by the high-order digit of the 5-digit
octal address. The modules in the four core stacks thus are
numbered from O through 7.) Since the address being
referred to is in module 0, the “not” module 0/1 signal
becomes false, and the X and Y decoders on X-Y driver/
switch card A21 are enabled. The Y most-significant-digit
(MSD) is 5 and the Y least-significant-digit (LSD) is 2.
Therefore, the Y MSD and Y LSD read decoders furnish a
YD5 and YB2 pulse upon occurrence of the MRT1 pulse
(figure 3-21). As table 3-6 indicates, electron current flows
through the Y-line from the Y5 driver to the Y2 switch.
Approximately 150 nanoseconds later the XT1 signal
becomes true, and X-line current flows from the X7 driver
to the X0 switch. At this time the ferrite cores in the
addressed location change magnetic state if they are storing
logic. As a result, the sense/inhibit winding passing through
each of these cores generates a pulse, indicating readout of
logic 1. After readout, all cores at the addressed location
are in the logic O state.

3-237. Two sense/inhibit windings are shown in figure
3-21. One is for bit-plane 0 in the upper module, and the
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MRT1 l I
(LM) | I
(UM) I |
(UM) | I
XT2
(LM) | |
MST I_l

MWT 1 | |

XT1

NOTE: LM INDICATES LOWER MODULE,
UM INDICATES UPPER MODULE.
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Figure 3-22. Y-Liné and X-Line Current,
Timing Diagram

other for bit-plane 0 in the lower module. For clarity, the
sense/inhibit windings for other bit planes have been omit-
ted from the illustration. It will be noted that each sense
winding consists of two halves; this serves to minimize
electrical noise induced in the winding by half-selected
cores. A dual inhibit driver is connected to the junction of
the two half windings. During readout this connection to
the inhibit driver is essentially an open circuit, and there-
fore plays no part in the operation.

3-238. The two ends of the sense/inhibit winding for bit
0'in module 0 connect to the dual sense amplifier for bit 0.
This amplifier consists of two differential amplifiers, one
for the lower module and the other for the upper module.
When logic 1 is read from either module, at least 20
millivolts appears across the two ends of the applicable
sense/inhibit winding. This voltage is applied to the two
inputs to the differential amplifier for the lower or upper
module. For logic 0, the voltage is under 10 millivolts. The
differential amplifier for the module not in use receives
only a slight noise potential.

3-239.  The outputs of the differential amplifiers for the
lower and upper module “or”’ together, and the resulting
signal is rectified and furnished as the SAOQ signal. Rectifi-
cation is: required because the sense/inhibit winding passes
alternately across the bit plane in two directions, and there-
fore can traverse the selected ferrite core in either direction.
As a result, the pulse induced in the sense/inhibit winding
for logic 1 can be of either electrical polarity. The rectifi-
cation process ensures that regardless of the polarity of the
signal furnished to the differential amplifier, the SAO signal
is positive when a logic 1 is read. Essentially, the rectifier
inverts the signal if it is of the wrong polarity.
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3-240.  Each core stack has its own dual sense amplifiers
and bit rectifiers. The SAQ signal from each stack “ors”
with the corresponding signal from the other stacks.

3-241. The MST signal gates the SAO output into
position 0 of the T-register. Figure 3-22 shows that the
entire read operation is completed by the end of T2.

3-242.  Lower Module Write Operations. Memory section
writing is similar to reading. Address selection is the same,
except that the Y-line is activated by the MWT1 signal
rather than the MRT1 signal (see figure 3-21). As a result,
current flows in the opposite direction through the Y-line.
Similarly, the X-line is activated by XT2 instead of XT1,
and again the direction of current flow is reversed. The
Y-line and X-line currents attempt to place each ferrite core
at the addressed location to logic 1. However, the sense/
inhibit winding prevents this for each bit position in which
there is a logic 0 in the T-register. In figure 3-21 the “not”
TRO input to the inhibit driver controls this function for
bit position 0. The center-tapped connection of the inhibit
driver permits current flow in the correct direction through
the two halves of the sense/inhibit winding, allowing cancel-
lation of the X-line and Y-line currents if logic O is required.

3-243. The abbreviations IDOMO and IDOM1 in
figure 3-21 stand for inhibit driver bit 0, module O or 1
respectively. Inhibit current flows only in the module being
addressed, and its duration is the same as that of the MITX
pulse (figure 3-22). The MITX pulse has the same timing as
the MWT1 pulse, which controls Y-line current.

MODULE Y-LINE X-LINE
v A ( A \
(ONEoNoNONN NoX BEON JoRN X X N EONONO)
)
S S N — -
D/1 CORE PAGE ADDRESS
STACK ADDRESS WITHIN
PAGE

2107-110
Figure 3-23. M-Register Contents 05270

3-244.  Upper Module Read Operations. Upper module
read operations are the same as for the lower module,
except that the X-line current is reversed and a different
sense amplifier is used. In figure 3-21 it can be seen that the
XT2 signal activates the X MSD and X LSD decoders for
reading. This results in current flow through the X-line in
the direction used for writing in the lower module. Figure
3-22 shows that the timing of the XT2 is changed during
upper module read operations, resulting in readout during
the first part of the machine cycle. This leaves the remain-
der of the machine cycle for writing.

3-245.  Upper Module Write Operations. As with upper
module reading, upper module writing employs reverse
current in the X-line. The XT1 pulse activates the X MSD
and LSD decoder. and the timing of this pulse is delayed as
shown in figure 3-22. Inhibit current is in the same
direction as for the lower module.
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3-246. LOGIC DIAGRAM ANALYSIS.

3-247.  The following discussion makes use of the logic
diagrams in section VII to explain the operation of the
memory section. Readout and store operations are
described, using address 05270 (octal). Operations for other
addresses are also described in general terms. As table 3-2
shows, the example address is situated in the lower module
of the core stack on sense amplifier card A20.

3-248. ADDRESSING CIRCUITS. The address to be
referenced is indicated by bits 14 through 0 of the M-
register, which is situated on the four arithmetic logic cards
(figure 7-12). The output of this register is forwarded to
memory address decoder card Al4 (figure 7-10). From
there, if the computer is not in phase 5, bits 11 through 0
are forwarded to each of the four X-Y driver/switch cards
(figure 7-7).

3-249. Memory address decoder card Al4 selects the
X-Y driver/switch card corresponding to the required core
stack. Binary-to-octal decoder A14U106 performs this func-
tion. The decoder furnishes one true output, 0 through 7
octal, corresponding to the binary input received. This out-
put identifies the module to be referenced. Modules 0 and 1
are in the first core stack, 2 and 3 in the second stack, and
so on.

3-250. To provide an output, binary-to-octal decoder
A14U106 requires a true enable at pin 4 and a false enable
at pin 3. Pin 4 is connected to a permanently true source,
while pin 3 receives the required false input at all times
except when the upper 64 (decimal) addresses in the
memory section are referenced. These upper 64 addresses
are the protected area in which the binary loader program is
stored. When the LOADER switch is at the ENABLED
position, the LPS signal applied to card Al4 is false, and
the decoder receives a false input at pin 3. When the
LOADER switch is set to the PROTECTED position the
LPS signal becomes true, but pin 3 of A14U106 remains
false until one of the upper 64 storage locations is
addressed.

3-251. Decoder A14U106 furnishes the octal equivalent
of the three binary digits applied to pins 8, 7, and 6 of the
decoder. If the computer has only a single 8K core stack,
pins 7 and 6 connect to an open circuit; the decoder inter-
prets these open inputs as logic zeros. In this situation the
decoder can receive only 000 or 001 (binary), the low order
bit being derived from position 12 of the M-register. It has
been seen that bit 12 indicates the lower or upper module
(figure 3-23). Thus, the decoder indicates either module 0
or 1 in the basic 8K core stack, and the MODO or MOD1
output from card Al4 is true. If a second stack is installed,
the MMD13 signal is applied to the decoder, indicating the
content of M-register position 13. If this bit is logic 0, the
basic core stack on card A20 is designated. If the bit is logic
1, the second 8K stack, on card A19, is indicated.

3-252.  With two core stacks installed, pin 6 of decoder
A14U106 is open. Thus, the decoder can receive binary
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inputs of 000, 001, 010, or 011, indicating the lower or
upper module of the first or second core stack. As a result,
the MODO, MOD1, MOD2, or MOD3 output from card A14
is true.

3-253.  With three core stacks installed, bit 14 of the M-
register is furnished to pin 6 of decoder A14U106. The
decoder can then receive programmed inputs of 000, 001,
010, 011, 100, or 101. These six binary numbers identify
the lower or upper modules of the three stacks, and gen-
erate signals MODO, MOD1, MOD2, MOD3, MOD4, or
MOD5, respectively. With four stacks installed, no further
change is made to the input to the decoder, but
programming may now make reference to the fourth stack.
M-register bits 14, 13, and 12 are then 110 or 111 to indi-
cate the lower or upper module of the fourth stack.

3-254.  Program Foldover. With one or two core stacks
installed, decoder A14U106 can make reference only to
these stacks. The open input to pin 6 of the decoder (and
to pin 7 as well, when only one stack is installed), results in
the decoder treating the high-order bit or bits as logic 0
when a reference is made to an address beyond the installed
storage capacity. A memory reference still takes place, but
it is within the installed storage capacity (table 3-7). This
effect is referred to as program foldover. With three stacks
installed, reference to the third stack requires that pin 6 of
the decoder receive logic 1 and pin 7 receive logic 0. The

Table 3-7. Program Foldover

NONEXISTENT
NO. OF STACKS MODULE MODULE
INSTALLED ADDRESSED* REFERENCED
1 (8K) 2 0
1 (8K) 3 1
1 (8K) 4 0]
1 (8K) 5 1
1 (8K) 6 0
1 (8K) 7 1
2 (16K) 4 0
2 (16K) 5 1
2 (16K) 6 2
2 (16K) 7 3
3 (24K) 6 ()
3 (24K) 7 1

*Designated by bits M14, M13, and M12.
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MMD14 and MMD13 signals are therefore applied to these
pins. However, if the program should make reference to the
nonexistent fourth stack, pin 10 or 9 of the decoder will
furnish a true output, although only the MODO through
MODS5 signals can bring about memory operations in the
three stacks installed. To maintain the program foldover
effect with three stacks installed, gates MC33A and MC43A
are provided. These gates receive the MPT3 signal at one
input. With only one or two stacks installed, these gate
inputs are open, and the gates interpret an open as logic 0.
Thus, the gates are essentially nonexistent when one or two
stacks are installed. When a third stack is used, the MPT3
signal is constantly true, and the gates are enabled. If pin 10
or 9 of decoder A14U106 should now furnish a true out-
put, indicating reference to a fourth core stack, gate
A14U33A or A14U43A makes the MODO or MOD1 signal
true. As a result, reference is made to module O or 1 in the
basic core stack.

3-255. When a fourth core stack is installed, the MPT4
signal becomes true and the MPT3 signal is constantly false.
The MOD6 or MOD?7 signal now becomes true when the
fourth stack is addressed, and reference is made to the
fourth stack. (With four stacks installed, the MPT3 signal is
false as a result of card A8, the X-Y driver/switch card for
the fourth stack, which shorts the MPT3 signal to ground
where the signal enters the card at pin 28.)

3-256.  Y-Line and X-Line Decoders. The preceding para-
graphs explained how one of the signals MODO through
MOD7 becomes true to indicate the required memory
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module. The module decoder on card A14 brings this about
by examining bits 14, 13, and 12 of the M-register. The
remainder of the address, indicated by M-register bits 11
through 0, is decoded by an X-Y driver/switch card. One of
these circuit cards is installed for each core stack, and the
module decoder determines the card to be used.

3-257. In figure 7-7 it can be seen that the ‘“not”
MODO/1, MOD2/3, MOD4/5, or MODG6/7 signal is fur-
nished to the X-Y driver-switch cards. When one of these
signals becomes false it activates the card to which it is
furnished; the other X-Y driver/switch cards remain inoper-
ative. The false input to the selected circuit card serves as
an enable to the.Y-line and X-line decoders, U17 through
U24.

3-258.  The eight drive-line decoders on the selected card
require, in addition to a false signal at the E2 input, a true
signal at E1 in order to become operative. The E1 input is
used to control the timing of the Y-line and X-line currents
(figure 3-22), and to select the decoders required. For each
memory read or write operation, two Y-line decoders and
two X-line decoders are used. These decode the Y and X
MSD and LSD. That is, they furnish the octal equivalent of
a 3-bit binary input. Table 3-8 identifies the decoders for
each core-stack module. The two MSD decoders in use each
select a driver, and the two LSD decoders each select a
switch. ‘

3-259. In the representative read and write operation
being discussed, the address is 05270 (octal). The first digit

Table 3-8. Y-Line and X-Line Decoders

Y MSD DECODER Y LSD DECODER X MSD DECODER X LSD DECODER
MODULE
ADDRESSED | READOUT | WRITE READOUT | WRITE READOUT WRITE READOUT | WRITE

0 A21U24 A21U23 A21U22 A21U21 A21U18 A21U17 A21U20 A21U19
1 A21U24 A21U23 A21U22 A21U21 A21U17 A21U18 A21U19 A21U20
2 A18U24 A18U23 A18U22 A18U21 A18U18 A18U17 A18U20 A18U19
3 A18U24 A18U23 A18U22 A18U21 A18U17 A18U18 A18U19 A18U20
4 A11U24 A11U23 A11U22 A11U21 A11U18 A11U17 A11U20 A11U19
5 A11U24 A11U23 A11U22 A11U21 A11U17 A11U18 A11U19 A11U20
6 A8U24 A8U23 A8U22 A8U21 A8U18 A8U17 A8U20 A8U19
7 A8U24 A8U23 A8U22 A8U21 A8U17 A8U18 A8U19 A8U20

NOTES:

1. The module addressed is indicated by bits M14, M13, and M12

2. The Y MSD is indicated by bits M11, M10, and M9.

3. The Y LSD is indicated by bits M8, M7, and M6.

4. The X MSD is indicated by bits M5, M4, and M3.

5. The X LSD is indicated by bits M2, M1, and MO.
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in this address, 0, indicates that the addressed location is in
module 0. From table 3-5 it is seen that the Y decoders for
readout are integrated circuits U24 and U22 on circuit card
A21. The next octal digits in the address, 5 and 2, are the
Y MSD and Y LSD. Figure 7-7 indicates that for these
inputs the YD5 and YB2 signals are furnished by U24 and
U22 on card A21 when readout is performed. The YD5 and
YB2 signals are true for the duration of the MRT1 pulse.
When writing is conducted, the MWT1 signal is produced
rather than the MRT1 signal. As a result, decoders U23 and
U21 furnish signals YC5 and YA2,

3-260. The X-line decoders function in a manner similar
to that of the Y-line decoders. However, for the lower
module of a core stack the XT1 signal selects the two X
decoders used for reading, and the XT2 signal selects the
two X decoders for writing. In the upper module, the role
of these two signals is reversed, as also is their timing. In the
example lower-module address, 05270, the decoders pro-
duce signals XD7 and XBO for readout, and XC7 and XA0
for writing. In the upper module of a core stack, the signals
are XC7 and XAO0 for readout, and XD7 and XBO for
writing.

3-261. Drivers and Switches. The decoder outputs are
applied to the drivers and switches. In figure 7-7, the Y-line
drivers and switches are in the lower part of the diagram;
the X-line drivers and switches are in the upper portion.
The decoder output signals received by these circuits are in
alphanumeric sequence proceeding from left to right.

3-262. In the typical address under consideration, the
YD5 signal is generated in a readout operation, and fur-
nished to pulse transformer T13B. As a result, transistor
U13D is driven from the cutoff condition into saturation.
The C5Y output from the circuit card then becomes nega-
tive, and electron current can flow from U13D through a
Y-line to a CC or CA terminal. Transformer T13B, transis-
tor U13D, and their associated components, are a Y-line
driver. Also part of the driver, but unused at this time, are
T13A, U13C, and associated components. Each driver thus
consists of two halves, of which one half is used at a time.
The required direction of current determines the half to be
utilized.

3-263. The Y LSD in the present example is 2. There-
fore, as noted earlier, the YB2 signal on circuit card A21
becomes true when readout is performed. The YB2 signal is
furnished pulse transformer T14C through current limiting
resistor R90. As a result, the transformer secondary fur-
nishes a pulse, bringing transistor U14B into conduction.
This transformer and transistor constitute part of the Y2
switch. The remaining portion of the switch, consisting
principally of T14D and U14A, is not used at this time.

3-264. In the present example, electron current flows
from C5Y through Y-line 52 to CA2Y, then through U14B
to ground. This current, amounting to about 400 milliamps,
is the Y-line current. It flows through current-limiting
resistor R160 on card A21, bringing a change in voltage at
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test point TP4 from -20 volts to about -4 volts. Capacitor
C3 bypasses the resistor until the capacitor charges; this
serves to steepen the leading edge of the Y-line current
pulse.

3-265. Diode CR22, in the Y2 switch, protects transistor
U14B. When pulse transformer T14C ceases to furnish an
output to the base of transistor U14B, the transistor returns
to the cutoff condition. However, the collapsing magnetic
field around the Y-line attempts to maintain current flow.
Diode CR22 shunts this current back to the -20 volt
supply, to which the other end of the Y-line is connected
by U13D in the Y5 driver. Transistor U13D cuts off at
about the same time as transistor U14B, but resistor R46 in
the Y5 switch furnishes a path for continued current flow
in-the Y-line until the magnetic field is entirely collapsed.

3-266. The distributed inductance, distributed capaci-
tance, and lumped inductance of ferrite cores, give the
Y-line the characteristics of a “lossy’’ transmission line. The
Y-line thus exhibits the usual transmission line properties,
including a characteristic impedance and propagation
velocity. Resistor R22 in the Y2 switch provides termina-
tion resistance for the transmission line. Resistor R46, in
the Y5 driver, serves a similar function at the other end of
the Y-line. (Because current can flow either way through
the Y-line, a termination resistor is needed at both ends.
Their values differ because of the differing conditions of
operation for the two cases.) The termination resistors fur-
nish only an approximate match for the characteristic
impedance of the Y-line because the number of ferrite cores
to be set or cleared varies in accordance with the particular
word being read or written. There is also a change in the
characteristic impedance of the Y-line as cores change state.
The use of termination resistors, even though only approxi-
mating the correct value, serves to minimize distortion of
the square wave current pulse, to absorb energy from the
core stack, and to assist in rapid recovery to a low noise
condition.

3-267.  As well as serving as a termination resistor for the
Y-line, resistor R22 back-biases diode CR22 during the Y-
line current pulse. While U14B is conducting, current flow
through R22 and U14B provides the back-biasing voltage.
Diode CR22 is then effectively out of the circuit. When
U14B cuts off, the diode performs its designated function,
described earlier, of furnishing a path for current induced
by the collapsing magnetic field around the Y-line.

3-268. To generate the X-line current for lower-module
readout, the XT1 signal becomes true shortly after the
MRT1 signal initiates Y-line current (figure 3-22). For the
address under consideration (05270), this results in X-line
decoders A21U18 and A21U20 furnishing true XD7 and
XBO signals for the duration of the XT1 pulse. Conse-
quently, current flows from C7X to CAOX. This current,
amounting to about 400 milliamps, is the X-line current.
The X-line driver and switch circuits are identical with
those used by the Y-line; hence no further discussion is
required for the X-line circuits.
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3-269. Turning now to a write operation at address
05270, the Y decoders furnish signals YC5 and YAZ2, as
noted earlier. The X decoders produce signals XC7 and
XAO0. The half of the selected driver and switch which
remained unused during readout now comes into operation,
and current flow in the Y-line and X-line is in the opposite
direction from that used for readout. The cores at the
selected address are therefore set to the logic 1 condition,
unless inhibit current flows in the sense/inhibit line for the
particular bit plane.

3-270. For addresses other than 05270, readout and
write operations are similar to those described, except that
the outputs of the MSD and LSD decoders for Y and X
select different Y-lines and X-lines. For addresses not in
module 0 or 1, a different X-Y driver/switch card is used,
and readout or writing takes place in the core stack
to which the outputs from the driver/switch card are
connected.

3-271. Protective circuits are included on the X-Y
driver/switch cards to prevent Y-line and X-line current
from flowing during power turn-on and shut-down. This
protection feature prevents destruction of data in core
storage resulting from the uncontrolled transient conditions
that occur as supply voltages rise or fall. The protective
circuits also prevent abnormal memory references, possibly
a result of component failure, at times when the MRT1,
MWT1, XT1 or XT2 pulse is not furnished. Transistors Q5,
Q6, Q7, and Q8, together with their associated passive com-
ponents, provide this protection for the Y-lines. The corre-
sponding components in the X-ine circuits prevent
undesired X-line current. Transistors Q9 and Q10 and their
related components are used by both protection circuits.

3-272. In the Y-line protection circuits, the PON signal
is applied by transistors Q9 and Q10 to diodes CR103 and
CR104. These diodes, together with resistors R125 and
R126, form an encoding gate. Paragraph A-27 describes the
function of this type of gate. Because logic symbols are
used in this manual only for integrated-circuit logic
elements, figure 7-7 does not use the logic symbol
presented in paragraph A-27 for this type of gate. If a logic
symbol were used, in this instance it would have an
inverting dot at the input.

3-273. The PON signal applied to the encoding gate
becomes true after all operating voltages are furnished to
the computer circuits; the signal remains true until power
shut-down. Before PON becomes true, transistor Q9 is held
in the cut-off condition as -2 and +4.5 volts rise to their
operating levels. As a result, -2 volts is applied to the base
of Q10. If the MRT1 or MWT1 signal should now become
true, the base of Q10 is negative with respect to its emitter,
and Q10 conducts. Diode CR104 or CR103 also conducts,
and because of the low forward-voltage drop across Q10
and the diode, the base of Q5 or Q7 is clamped at a voltage
between -2 volts and 0 volts. The base of Q5 or Q7 is then
negative with respect to its emitter, and the transistor con-
ducts. As a result, transistor Q6 or Q8 also conducts.
Assuming Q6 conducts, diode CR99 is forward biased, and
approximately -1.2 volts is applied to diodes CR68, CR66,
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and the corresponding diodes in the other Y-line drivers and
switches. If YDO, YBO, or any of the other outputs from
the Y-line decoders now attempt to become true, forward
current flows through Q6, CR99, R115, and the remaining
diode in the circuit. As a result, the top end of the primary
of the pulse transformer is clamped at about ground poten-
tial, and the secondary is unable to bring a driver or switch
into conduction.

3-274. Diode CR68, CR66, and the other diodes whose
cathodes connect to resistor R115 constitute, with the
resistor, an encoding gate. The function of this gate is to
permit application of the clamp voltage to the pulse trans-
formers during power turn-on or shut-down, while allowing
isolation of the various pulse transformer inputs during
normal operation.

3-275. The remaining power turn-on and shut-down
protection circuits on the X-Y driver switch card function
in the same manner as the typical portions of the protec-
tion circuits described above.

3-276. When the PON signal becomes true, the input
encoding gate is shut off (diodes CR101, CR102, CR103,
and CR104 become reverse-biased). The input to Q1, Q4,
Q5, and Q7 is then free to follow the applied XT2, XT1,
MRT1, or MWT1 signal. When one of these signals is true,
the associated pulse transformers function in the normal
manner. When the signal is false, operation is the same as
that described for the power turn-on period. Thus, pro-
tection is also furnished at times other than power turn-on.

3-277. SENSE AMPLIFIERS. The sense amplifiers,
situated on sense amplifier cards A20, A19, A10, and A9,
amplify the output from the sense/inhibit lines, and pro-
duce a logic 1 or logic 0 signal of standard voltage level.
Seventeen dual sense amplifiers are situated on each sense
amplifier card. One portion of each dual amplifier senses
the output from the sense/inhibit line in the lower module,
and the other portion of the dual amplifier senses the
output from the upper module. The outputs from the two
portions of the sense amplifier “or” together. The seven-
teen output bits from each sense amplifier card “or” with
the corresponding outputs from the other cards.

3-278.  Figure 3-24 shows the sense amplifier circuit for
bit 0 read from any address in the lower module of core
stack A20A1. It will be noted that only half of the dual
sense amplifier is shown. The half not shown is used for bit
0 in the upper module. Also not shown are the dual sense
amplifiers for other bits. However, included in the illustra-
tion are control circuits which are common to all seventeen
lower-module sense amplifiers on the circuit card.

3-279.  For the representative address 05270 under con-
sideration, the MODO signal becomes true, indicating the
module to be used. After the Y-line and X-line current is
initiated, the MSG signal becomes true. This signal, timed
for the best sigmal-to-noise ratio, turns on the sense ampli-
fiers for the lower module. When this occurs, the true
output of U17B makes the base of transistor Q17 negative
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with respect to the emitter, bringing the transistor into con-
duction. Current flows through R27, R26, Q17, and R25 to
the +4.5 volt Vce source for U17B. Diode CR1 clamps the
collector voltage of Q17 at +0.6V (the forward voltage drop
across the diode). As a result, the voltage at the junction of
R26 and R27 maintains a level of approximately -7.5 volts.
This voltage is applied to the base of transistor U15B
through resistor R28, the resistor serving to suppress para-
sitic oscillation. The emitter of U15B is at approximately
-8.6 volts; U15B therefore is able to conduct, with the
collector current passing through transistors U15F and
U15A and resistors R21 and R24, to the +12 volt supply.
Transistor U15B thus serves to turn the sense amplifier on
or off.

3-280.  Transistors U15F and U15A, together with the
components in their emitter and collector circuits, con-
stitute a differential amplifier. This type of amplifier fur-
nishes an output voltage determined by the potential dif-
ferences between the two inputs to the amplifier. In the
present instance, these inputs are the two extreme ends of
the center-tapped sense/inhibit line. The IDOMO input
applied to the center tap is essentially an open circuit
during readout. Resistor R84G establishes a ground-
oriented reference point at the center tap; the two extreme
ends of the sensef/inhibit line therefore exhibit opposite
changes in polarity when a voltage is induced in the line by
readout of one of the 4,096 ferrite cores in the bit plane.
One end of the sense/inhibit line therefore becomes nega-
tive with respect to ground, and the other becomes positive.
The peak of the voltage pulse is at least 20 millivolts if logic
1 is read, or less than 10 millivolts for logic 0.

3-281.  Transformer T1 and diodes CR1 and CR2 in the
balun module serve a purpose during the inhibit function,
described later. These components are paralleled by resis-
tors R1 and R2, and have no significant effect during read-

out because current in the sense/inhibit line is relatively
small.

3-282. If logic 0 is read out, the bases of U15F and
U15A experience only a slight change in potential. The
voltage at the collectors of these two transistors remains
almost unchanged, and transistors Q16 and Q15 maintain
the cut-off condition resulting from the identical potential
at the base and emitter of each transistor. Emitter follower
Q19 experiences no appreciable change in input, and the
bottom input to gate U16B is logic 0. The MST pulse there-
fore does not cause coincidence in this gate, and bit
position 0 of the T-register remains in the clear condition in
which the entire register is placed shortly before readout.

3-283. If logic 1 is read from the bit plane, transistors
U15F and U15A experience a relatively large difference in
potential between their bases. One transistor increases
conduction and the other decreases conduction, and the
collectors of these transistors change potential. Depending
on the direction in which the sense/inhibit line traverses the
selected core in the bit plane, either U15F or U15A could
conduct more heavily than the other transistor of the pair.
It is the function of Q16 and Q15 to act as a rectifier to
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ensure that when logic 1 is read, the input to transistor Q19
becomes more positive. Assuming U15F increases conduc-
tion during readout, the collector of UL5F becomes less
positive. As a result, the base of Q15 becomes less positive.
Also, the emitter of Q15 becomes more positive as a result
of decreased conduction through U15A and R24. Transis-
tor Q15 conducts and a positive voltage is applied to the
base of Q19. On the other hand, if the bit plane output
voltage is the reverse of that described, transistor Q16 con-
ducts, again applying a positive potential to Q19. In either
case, emitter follower Q19 applies a true signal to gate
U16B, and upon occurrence of the MST signal logic 1 is
placed in bit position 0 of the T-register.

3-284. In figure 3-24 it will be noted that the substrate
of integrated circuit U1l5 is connected to the emitter of
U15B. This conforms with a requirement that the substrate
be negative with respect to all collector terminals in this
type of integrated circuit.

3-285. INHIBIT DRIVERS. As noted earlier, the inhibit
drivers prevent the writing of logic 1 in designated bit
positions of a core storage location. In doing this, the
inhibit driver causes a 400-milliamp current to flow through
the sense/inhibit line of the appropriate bit plane; this takes
place when Y-line and X-line current flows. The Y-line and
X-line currents, each 400 milliamps, flow through the
addressed ferrite core in the opposite direction from that of
the inhibit current. Thus the effective current through the
core is 400 milliamps, and since this is sufficient only to
half select the ferrite core, the core remains in the logic 0
state in which it is placed during readout.

3-286.  Figure 3-25 shows the dual inhibit driver for bit
position O in the lower and upper modules of core stack

'A20A1. The representative storage location under consider-

ation, 05270, is in the lower module of this stack. Included
in the illustration is a portion of sense amplifier card A20.
The principal components of the dual inhibit driver in the
illustration are transistors Q1, U11B, Q2, and U11C. Tran-
sistors Q1 and U11B, and their associated components, are
the inhibit driver for bit plane 0 in the lower module, while
Q2, U11C, and associated components, are the inhibit
driver for bit plane 0 in the upper module.

3-287. Gates U2B and U2A select the lower- or upper-
module inhibit driver under control of the MODO and
MOD1 signals. In the present example, a lower module
operation is under consideration. Therefore, bit 12 of the
M-register is logic 0, and as a result the MODO signal is true.
With the occurrence of the MITX pulse, gate U2B furnishes
a true output. If position 0 of the T-register contains logic
0, the “not” TRO signal is true, and gate U1C furnishes a
pulse to the base of transistor Q1 for the duration of the
MITX pulse. Current flows from ground through current
limiting resistor R19, through Q1, and the primary of pulse
transformer T1A to +4.5 volts. Transformer T1A couples
the pulse to the base of transistor U11B, while isolating
from each other the differing dc voltage levels in the
primary and secondary circuits of the transformer. The
pulse transformer also prevents the coupling of common
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mode noise to the secondary, with the exception of
capacitive-coupled noise.

3-288.  The output of the pulse transformer brings tran-
sistor U11B into conduction. Electron current flows from
ground through CR1 and CR2 and the two portions of T1
in A20U16, through the two portions of the sense/inhibit
line for bit plane O, through Q11 and R1, to +20 volts.
Transformer T1 in the balun module serves to equalize
current in the two portions of the sense/inhibit line. The
currents in the two circuits tend to differ because of the
differing number of half-selected cores in each path. An
increase or decrease of current in one winding of T1 pro-
duces a like effect in the other winding, thereby minimizing
current imbalance. The diodes in the balun module clip
voltage spikes, preventing damage to the balun transformer
or differential amplifier. Resistors R1 and R2 in the balun
module decrease the Q of the circuit to prevent oscillation
and to furnish surge protection. Resistor R84G serves as a
termination resistor for the sense/inhibit line, which has
transmission-line characteristics.
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Figure 3-24. Sense Amplifier Circuits, Partial Logic Diagram

3-289.  Resistor R21, on the inhibit driver card, serves to
limit current in the circuit. At the start of the inhibit pulse,
R21 is bypassed by capacitor C19; this allows rapid buildup
of current in the circuit to overcome the inductance
resulting from the ferrite cores. Capacitor C2 performs a
decoupling function, minimizing change in potential on the
+20 volt line resulting from the increased voltage drop
along the +20 volt line, and in the +20 volt source, due to
the increased current drawn by the inhibit circuit.

3-290. Inhibit current flows for the duration of the
MITX pulse. This pulse has the same duration as the MWT1
and XT2 pulses, which respectively control the Y-line and
X-line currents (figure 3-22). Thus, the inhibit current flows
at the same time as, but in opposition to, the X and Y drive
line currents.

3-291.  The inhibit function does not affect the dual
sense amplifier because the amplifier does not receive the
signal, derived from MSG, required to turn the amplifier on.
Also, during writing the inputs to the amplifier are essen-
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tially open circuits as far as loading the sense/inhibit line is
concerned.

3-292. At the termination of the inhibit current pulse,
transistor Q1 on the inhibit driver card cuts off. Resistor
R21 provides a path for the collapsing magnetic field in the
primary of T1A.

3-293.  If bit position O of the T-register contains logic 1
when writing takes place, gate U1C on the inhibit driver
card does not experience coincidence, and no inhibit
current is furnished.

3-294.  For other positions of the 16-bit word, operation
is identical with the functioning for bit 0.

3-295.  For inhibit operations in module 1, gate U2A on
the inhibit driver card is activated. The inhibit drivers con-
nected to the upper-module sense/inhibit line are then
brought into use.

3-296. For modules other than 0 or 1, other inhibit
driver cards are used. One card is installed for each core
stack.

3-297. DETAILED THEORY, INPUT/OUTPUT SEC-
TION.
3-298. The technical theory of the input/output section

is covered in general terms in Volume III. The following
paragraphs provide detailed treatment of this portion of the
computer. The discussion first covers I/O control card
A201, then deals with I/O address card A202 and resistance
load card A218. For detailed theory discussions of the
related I/O interface cards and I/O devices, refer to the
manual for the applicable interface card or I/O device.

3-299. 1/O CONTROL CARD.

3-300. The main function of the I/O control card is to
control the interrupt system. The various output signals
from the card which bring about these operations are fur-
nished to the interface cards and the control section. In
addition to controlling the interrupt system, the I/O
control card also provides certain reset and clock signals,
and controls selection of the switch register and the Over-
flow Flip-Flop.

3-301. A logic diagram of the I/O control card is fur-
nished in figure 7-19. Unless otherwise stated, all circuit
elements mentioned in the following discussion are situated
on this circuit card. During the course of the discussion,
reference should be made to the logic diagram as required.

3-302. POWER TURN-ON. At power turn-on, the I/O
control card furnishes signals which establish predetermined
conditions in the I/O system. This prevents undesired
operation of I/O devices which could result from random
flip-flop states, and prepares the I/O system for operation
in the normal manner.

Section III

3-303. When power is initially applied, the computer is
set to the halt condition, and is placed in phase 1. As this is
done, the POPIO signal is received by the I/O control card.
This signal consists of a series of TH pulses, lasting for about
40 milliseconds. The POPIO signal can also be produced
any time after power turn-on by pressing the PRESET
push-switch when the computer is not running. In this
instance the POPIO signal continues for as long as the
switch is pressed, and produces the same effect as at power
turn-on.

3-304. The functions performed by the POPIO signal are
listed below, and described in the paragraphs that follow:

a. Disable the interrupt system.
b. Furnish a false ESR signal to the I/O address card.

c. Place the Flag Buffer, Flag, and IRQ Flip-Flops in a
predetermined state (on each I/O interface card that has
these flip-flops).

d. Reset the Control Flip-Flop on all interface cards
that have this flip-flop.

3-305. Disabling of Interrupt System. The POPIO signal
resets the Interrupt System Enable Flip-Flop (MC66)
through diode CR1, thereby disabling the interrupt system.
(The flip-flop consists of two “nor” gates which are con-
nected so the flip-flop can be reset by a true signal to either
the reset-side input or the reset-side output of the flip-flop.)

3-306. False ESR Signal. When the Interrupt System
Enable Flip-Flop has been reset by the POPIO signal, the
true reset-side output of the flip-flop is applied to gate
MC27A through diode CR3. The output of MC27A is then
false. This false ESR signal is forwarded to the I/O address
card, where it prevents an interrupt signal from being
furnished to the computer control section. If an interrupt
signal could be furnished, it would place the computer in
the interrupt phase (phase 4); this could occur any time
between power turn-on and the starting of the computer if
the false ESR signal did not prevent such an occurrence.

3-307. Diode CR1 allows application of the true POPIO
signal to the Interrupt System Enable Flip-Flop, while
preventing the resetside output of the flip-flop from
affecting the level of the POPIO line when POPIO is false.
Diode CR3 similarly allows application of the true reset
output of the Interrupt System Enable Flip-Flop to
MC27A, while preventing application of the HIS signal to
gate MC97B. :

3-308.  Flag Buffer, Flag, and IRQ Flip-Flops. The out-
put of gate MC86A is the POPIO(B) signal. When true, this
signal sets the Flag Buffer Flip-Flop on all interface cards
having such a flip-flop. To reset the IRQ Flip-Flop on each
interface card, the ENF signal is furnished. This signal is
true during T2, regardless of whether the computer is
running or halted. When the Flag Buffer Flip-Flop is set and
the IRQ Flip-Flop is reset, the Flag Flip-Flop is placed in
the set state. On some types of interface card, however, the
Flag Flip-Flop is reset by the POPIO signal.
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3-309.  Control Flip-Flop. The POPIO signal passes
through driver gate MC87A, and is furnished to all interface
cards as the CRS signal. This signal resets the Control Flip-
Flop or Control Bit Flip-Flop on each interface card having
such a flip-flop. The CRS signal also resets the Interrupt
Control Flip-Flop on the I/O control card.

3-310.  Resetting the Control Flip-Flops on the interface
cards prevents an interrupt from occurring immediately
when the interrupt system is enabled. (The system is
enabled by setting the Interrupt System Enable Flip-Flop

on the I/O control card.) The Interrupt Control Flip-Flop

on the I/O control card is reset by the CRS signal to ensure
that the ESR signal remains false when the POPIO signal
ends. As a result, an interrupt cannot be furnished by the
I/O address card until the interrupt system is enabled.

3-311.  As explained in detail in a later paragraph, the
CRS signal can be produced by a CLC instruction that has a
select code of 00 (octal). This produces the same results as
the CRS signal produced from the POPIO signal.

3-312.  SIR SIGNAL. At each T5 clock time, the T5
signal is sent to the I/O control card. After being applied to
gate MC57B, this signal is forwarded to all interface cards as
the SIR (Service Interrupt Request) signal. This signal
enables the setting of the IRQ (Interrupt Request) Flip-
Flop on all interface cards in order to provide Flag and IRQ
signals to the I/O address card during an interrupt request.
This signal is also applied to the set input of the PH4/5
SYNC 2 Flip-Flop on the I/O control card, causing the flip-
flop to apply a true output signal to pin 6 of gate MC47B,
A detailed description of the PH4/5 SYNC 2 Flip-Flop is
provided in a later paragraph.

3-313. PRIORITY-AFFECTING INSTRUCTIONS. Four
instructions, STC, CLC, STF, and CLF, affect the priority
structure of the input/output devices. Whether a device can
request an interrupt depends on whether its interface card
Control Flip-Flop is set or reset (STC,CLC) or its Flag Flip-
Flop is set or reset (STF,CLF).

3-314.  If an I/O device cannot request an interrupt, it is
not recognized as part of the interrupt priority structure. In
this case, all succeeding I/O devices are effectively moved
up in priority.

3-315.  The four instructions also inhibit all interrupts
during the machine cycle in which they occur, plus one
machine cycle. This is done by removing the true ESR
(Enable Service Request) signal from the I/O address card.
This prevents interrupts during JMP I and JSB,I instructions
during entry and exit from subroutines. Also, a combina-
tion of two of the four instructions are normally the next-
to-last instruction in a service subroutine processing an
interrupt (the last being a JMP I instruction to cause return
to the main program or to an address in another service
subroutine). If another input/output device could interrupt
immediately after execution of these instructions (and
before the JMP,I instruction), the possibility would exist
that the first device may interrupt a second time before the
JMP,I instruction is performed. In this event, the first
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main-program address (or the other service-subroutine
address) stored in the beginning of the service subroutine
would be destroyed, preventing a return to the main pro-
gram or to the other service subroutine.

3-316. When any of the four instructions are pro-
grammed, the STC, CLC, STF, and CLF signals are received
by the I/O control card and applied to one of the MC77A
through MC77D isolator gates. The applicable gate output
then supplies a true input-to gate MC37C. The MC37C out-
put becomes true during time T3 receipt of clock signal TS
and the IOGE signal from gate MC57A.

3-317.  The IOGE signal is sent to the I/O control card at
T3 of each machine cycle in which an I/O Group instruc-
tion is performed. The other input to gate MC57A is the
IOGE signal which has been delayed by about 70 nano-
seconds to eliminate any noise which may have been gen-
erated during its formation. (The delay is caused by gates
MC55A and MC55B, resistor R3, and capacitor C3.) At the
end of the delay, gate MC57A provides a true output to
gate MC37C, and a buffered IOGE signal to all interface
cards. The IOGE(B) signal is an enabling signal for the I/O
instruction and the select code transferred to the selected
interface card.

3-318.  The true output of gate MC37C is applied to gate
MC36B. When not in phase 5, the other input to MC36B is
true due to the inversion of the false PH5 signal by gate
MC37B. The true output of gate MC36B resets the Inter-
rupt Control Flip-Flop. The true reset-side output of the
Interrupt Control Flip-flop is applied to gate MC27A,
removing the true ESR signal from the I/O address card.
Interrupt signals are now effectively blocked from the con-
trol section for the remainder of the current machine cycle.

3-319. At time T7 of the current machine cycle, the
STM signal sets Interrupt Timing Flip-Flop MC16. At time
TO, TS of the next machine cycle, the true output of
MC36A resets the Interrupt Timing Flip-Flop. The set-side
output of the Interrupt Timing Flip-Flop is applied to the
Interrupt Control Flip-Flop. The Interrupt Control Flip-
Flop is set at time TO, TS by the trailing (negative-going)
edge of the Interrupt Timing Flip-Flop output. The false
reset-side output of the Interrupt Control Flip-Flop is
inverted by gate MC27A, providing a true ESR signal input
to the I/O address card, and allowing interrupt signals to be
furnished to the control section.

3-320. RESETTING CONTROL FLIP-FLOPS. The Con-
trol Flip-Flop on all interface cards can be reset by the CLC
instruction with a select code of 00. The CLC signal is
applied to gate MC76B. The other input to MC76B is from
the output of gate MC67C. This gate output is true when
select code 00 (octal) is received at pins 36 and 38, and the
output of the gate MC57A is true. The true output of gate
MC76B then applies a CRS signal to all interface cards. The
CRS signal resets the Control Flip-Flop on the interface
cards to prevent an interrupt request from any input/
output device.
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3-321. PHASE OPERATION. Operations controlled by
phase signals PH4, PH1, and PH5 are described below.

3-322. Phase 4. During phase 4 (interrupt phase), the
PH4 signal and the T3 clock signal are received by the I/O
control card. The T3 signal, after passing through gate
MC35A, is applied to gates MC37A and MC36C as the
T3(B) (buffered T3) signal. It is also sent out of the I/O
control card to all I/O interface cards. The PH4 input signal
is also applied to gates MC37A and MC36C. When the PH4
signal and the T3(B) signal are simultaneously applied to
gate MC37A as input signals, (during time T3 of a phase 4),
a true output signal from MC37A is applied to the Interrupt
Control Flip-Flop as a reset pulse. The resulting true reset-
side output signal of the flip-flop is inverted by gate
MC27A and sent to the I/O address card as a false ESR
(Enable Service Request) signal. This action inhibits the
INT (Interrupt) signal to the control section until after the
program counter steps (time T7 of fetch phase). The PH4
and T3(B) signals are also simultaneously applied to gate
MC36C at time T3 of Phase 4. This causes gate MC36C to
apply a true output signal to the direct set input of the
PH4/5 SYNC 1 Flip-Flop, which then applies its set-side
true output signal to gate MC47B. This signal, when true,
remains in a true state as an input to gate MC47B until the
PH4/5 SYNC 1 Flip-Flop is directly reset by the POPIO
pulse or is clocked by the IAK (Interrupt Acknowledge) sig-
nal at time T1 of fetch phase.

3-323. Phase 1. At time T2 of phase 1 (fetch phase),
directly following the interrupt phase, the PH1 signal and
signal T1 are applied as inputs to gate MC37B. The true
output of gate MC37B supplies one input of gate MC35B.
The other input to MC35B is the true reset-side output of
the Interrupt Control Flip-Flop. When both these inputs are
true, gate MC35B sends the IAK signal to all interface
cards. This signal causes the Flag Buffer Flip-Flop on the
interface card which initiated the interrupt to be reset. The
TAK signal is also applied to the PH4/5 SYNC 1 Flip-Flop
(MC46), on the I/O control card, as a clock pulse.

8-324. The ESR signal is inhibited between phase 4 and
time T7 of the fetch phase of the instruction in the inter-
rupt location, unless further disabled by a JMP-I or JSB-I
instruction in the interrupt location. This ensures full
execution of at least one instruction before the interrupt
system is again enabled. At time T7 of the fetch phase, the
STM signal sets the Interrupt Timing Flip-Flop. The flip-
flop is reset at time TO,TS of the next machine cycle by the
true output of gate MC36A. The trailing-edge output of the
Interrupt Timing Flip-Flop sets the Interrupt Control Flip-
Flop at time TO,TS. The false reset-side output of the Inter-
rupt Control Flip-Flop is inverted by gate MC27A,
providing a true ESR signal to the I/O address card, and
again enabling the interrupt system.

3-325. Phase 5. Phase 5 is a one-cycle suspension of
normal computer operation caused by the DMA (Direct
Memory Access) computer option. Phase 5 is generated by
the DMA option when the option is ready to operate. When
Phase 5 is generated (always at time T6 of the machine
cycle immediately preceding phase 5 operation), the HIS
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(Hold Interrupt System) signal is received by the I/O con-
trol card. This signal is then applied to gate MC27A where
it is inverted and sent to the I/O address card as a false ESR
signal. When phase 5 begins (TO of the phase 5 machine
cycle), the PH5 signal is received by the I/O control card
and is applied to gate MC27B and gate MC45B. The
resulting false output of MC27B is sent to the I/O address
card as the false PH5 signal. The output of gate MC45B
during phase 5 is dependent upon the state of the output
signal from the set-side of the PH4/5 SYNC 1 Flip-Flop. If
phase 5 was not immediately preceded by a phase 4, the
input signal to pin 8 of gate MC45B will be false through-
out the entire phase 5 machine cycle. In this case MC45B
will apply a false signal to the PH4 line during phase 5.

3-326.  If phase 5 has been immediately preceded by a
phase 4, pin 3 of gate MCATB receives a true input signal
during all of phase 5 from the PH4/5 SYNC 1 Flip-Flop. At
time T5 of phase 5, the SIR signal from gate MC57B is
applied as a true signal to the set input of the PH4/5
SYNC 2 Flip-Flop. The resulting true output signal from
the set-side of the flip-flop is then applied to pin 6 of
MC47B. Gate MC47B then applies a true output signal to
gate MC45B. With the PH5 signal at pin 6 and the true out-
put signal from gate MCA7B at pin 8, gate MC45B experi-
ences coincidence (at the end of time T5 of Phase 5). When
this occurs, MC45B applies a true output signal to the PH4
line allowing the contents of the M-register to be updated
to the current highest priority interrupt location.

3-327. SWITCH REGISTER AND OVERFLOW REGIS-
TER SELECTION. Select code 01 must be used to enter
the switch register setting into the A- or B-register when
using instructions LIA/B and MIA/B. Select code 01 must
also be used with input/output instructions STO, CLO,
SOC, and SOS to perform operations using the 1-bit Over-
flow Register. Select code 01 causes the SCMO and SCL1
signals to be applied to gate MC47C. The third input to
MC47C is the IOGE(B) signal, which becomes true during
time T3. The output of MC47C causes gate MC76A to
furnish the IOS signal. The I0S signal enables the applicable
Switch Register or Overflow Register operations.

3-328. INTERRUPT SYSTEM CONTROL. The pro-
grammed set or reset condition of the Interrupt System
Enable Flip-Flop determines whether the interrupt system
is on or off. If the flip-flop is set, the IEN signals to the
interface cards permit interrupt requests; if the flip-flop is
reset, the IEN signals are false and interrupt requests will
not be recognized. Initially, the interrupt system is disabled
by the POPIO signal.

3-329.  Interrupt System Enable. If the interrupt system
is to function, the Interrupt System Enable Flip-Flop must
be set by an STF instruction with a select code of 00. When
this is programmed, the SCMO and SLCO signals are
received by the I/O control card and applied to gate
MC67C. The remaining input to gate MC67C is the true
IOGE(B) signal. The true output of MC67C is “anded” with
the STF signal at time T3. The true output of gate MC67A
sets the Interrupt System Enable Flip-Flop.
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3-330. The ESR signal is produced when there is a false
input to pin 1 or pin 2 of gate MC27A. The input to pin 1
is supplied either by the HIS signal, the reset output signal
from the Interrupt System Enable Flip-Flop, or the POPIO
signal. The input to pin 2 of MC27A is the reset output
signal from the Interrupt Control Flip-Flop. The true ESR
signal is applied to the I/O Address card.

3-331.  Refer to figures 3-26 and 7-19. The true set-side
output signal of the Interrupt System Enable Flip-Flop is
applied to gate MC86B and also to pin 10 of the I/O con-
trol card as the IEN6 (Interrupt Enable, Select Code 06)
signal. Pin 10 sends this signal to the interface cards which
have select codes 05 and 06, and back into the I/O control
card at pin 5, where it is applied to gate MC17B.

3-332.  The power fail interrupt card uses select code 04,
which has the highest priority in the interrupt system. The
power fail card generates the PRH5/PRL4 (Priority High
Select Code 5/Priority Low Select Code 4) signal when the
ac line voltage fails or becomes abnormally low. This signal
is applied to the two interface card slots using select code
05. These two slots are reserved for the Memory Protect
and Parity Error options. If neither of these options is
installed, jumper W3 is in place and the PRH5/PRL4 signal
bypasses nonexistent circuit cards A15 and A16. Regardless
of whether these options are installed, the PRL6 signal is
applied to DMA control card A4. The output of card A4,
PRH10/PRL7, is forwarded to I/O interface card A203 and
to gates A201MC47A and A201MC86B. If DMA control
card A4 is not installed, it is bypassed by jumper W2.

3-333. When the Interrupt System Enable Flip-Flop is
set, the IEN10 signal is true provided no priority 4, 5, 6, or
7 interrupt is in progress. The true IEN10 signal allows I/O
interface cards A203 through A210 to initiate an interrupt.
When a card in this group does produce an interrupt, its
PRH/PRL output becomes false and all cards of lower
priority are temporarily disabled. That is, they cannot
produce an interrupt. The PRH/PRL output of each dis-
abled card is false.

3-334. When no interrupt with priority 4 through 17 is
in progress, and the Interrupt System Enable Flip-Flop is
set, the PRH20/PRL17 signal is true. As a result, gate
A201MC17B furnishes a true IEN20 signal. This signal
permits I/O interface cards A211 through A218 to initiate
an interrupt. When a card in this group produces an inter-
rupt, its PRH/PRL output becomes false and all cards of
lower priority are disabled. The PRH/PRL output of each
disabled card is false.

3-335. The interrupt control system is extended to
include I/O interface cards in the I/O extender, if used.
Cards in the extender can produce an interrupt only when
no interrupt is in progress in the main frame.

3-336. Interrupt System Disable. To disable the inter-
rupt system, the Interrupt System Enable Flip-Flop is reset
by a CLF instruction having a select code of 00. When the
instruction is performed, the SCMO and SCLO signals are
applied to gate MC67C. Since the CLF instruction is anI/O
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instruction, IOGE becomes true, and about 70 nanoseconds
later the output of gate MC57A (signal IOGE(B)) is true.
All inputs to MC67C are then true, and the true output of
this gate is applied to gate MC67B. This gate resets the
Interrupt System Enable Flip-Flop. The IEN6, IEN10, and
TEN20 signals then become false, and the only circuit cards
which can produce a program interrupt are power fail inter-
rupt card A6, parity error card A15, and memory protect
card A16. No I/O device, including the DMA system, can
produce an interrupt.

3-337. FLAG SKIP INSTRUCTIONS. Through the use
of the SFS (Skip if Flag Set) and SFC (Skip if Flag Clear)
instructions, a program skip is produced when the Interrupt
System Enable Flip-Flop is set (SFS) or clear (SFC). When
an SFS instruction with a select code of 00 is performed
and the flip-flop is set all inputs to gate MC97A are true. A
true SKF signal is then sent to the control section, resulting
in a program skip. If the Interrupt System Enable Flip-Flop
is in the clear state when the instruction is performed, no
skip takes place.

3-338. When an SFC instruction with select code 00 is
performed, and the flip-flop is clear, all inputs to gate
MC97B are again true. The SKF signal is again true, and a
skip takes place. If the flip-flop is set, SKF remains false
and no skip occurs.

3-339. 1/O ADDRESS CARD.

3-340.  The I/O address card has three functions. First, it
decodes the 6-bit select code of instructions of the
input/output group. Secondly, the I/O address card encodes
the Flag and IRQ signals from the various I/O interface
cards to provide a 6-bit I/O address and an Interrupt signal.
The third function of the circuit card is to store the I/O
address of the last I/O device that interrupted the computer
program; this address can be utilized by certain program
instructions.

3-341. A logic diagram of the I/O address card is fur-
nished in figure 7-20. Unless otherwise stated, all circuit
elements in the following discussion are situated on this
circuit card. During the course of the discussion, reference
should be made to the logic diagram as required.

3-342. DECODING FUNCTION. When an instruction is
read from the memory section, the instruction word is
placed in the T-register. If the instruction is of the I/O type,
T-register bits 5 through 0 contain the select code portion
of the instruction. These six bits, and the “not” equivalent
of each, are furnished to the I/O address card, where they
are decoded. In instructions which are not of the I/O type
the same six bits are decoded, but no use is made of the
decoded output.

3-343.  The decoding gates on the I/O address card are in
two groups. One group decodes the three most significant
bits of the select code to furnish one true signal in the
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signal group SCM6 through SCMO. (Signal SCM7 is not
used.) The fourth character in the signal name is a digit
which is the octal equivalent of the three binary bits. The
second group of decoding gates similarly decode the three
least significant bits of the select code, to provide one true
signal in the group SCL7 through SCLO. Together, the two
decoded octal digits form an octal number ranging from 00
through 67. These octal numbers provide addressing for the
I/O channels in the computer, as well as those in an I/O
extender unit, if used.

3-344.  Gate MC16A disables the decoding gates during
phase 5, when the DMA system rather than the T-register
furnishes a select code.

3-345.  Table 3-9 lists the various select codes in octal
form, and explains the functions of all instructions with
which the select codes can be used. Included in the table is
the name of the circuit card which decodes the two octal
digits of each select code. This decoding process is per-
formed by an “and” gate, which experiences coincidence
when the SCM signal and the SCL signal furnished to the

circuit card both become true. In the case of some I/O.

interface cards, two select codes can be decoded by the
card, corresponding to the high and low select codes for the
card. Certain other cards also can recognize more than one
select code.

3-346. ENCODING FUNCTION. When an input/output
device requests an interrupt of the computer program, the
IRQ flip-flop on the interface card for the device is set. The
set-side output of the IRQ flip-flop applies a true FLG
(Flag) signal to the I/O Address card; the reset-side output
of the flip-flop is inverted to apply a true IRQ (Interrupt
Request) signal to the I/O Address card. These two signals
are used to form the Interrupt signal and the Service
Request Address to be transferred to the computer control
section.

3-347.  Interrupt Signal. An Interrupt (INT) signal is sent
to the computer at time T5 when a Flag (FLG) signal is
received from an interface card and if the ESR signal is
received from the I/O control card. The INT signal causes
the computer to enter phase 4 at the end of the current
machine phase.

3-348.  Four Flag signals (FLG 0 through FLG 3) can be
received from the interface cards. These signals are de-
scribed in steps “a” through ‘“d” below. Receipt of a Flag
signal applies a true input to gate MC16B through one of
the CR33 through CR36 diodes. If the ESR signal is true,
the gate MC16B output is applied to the control section as
a true INT signal.

a. FLG 0. This input is true when an interface card
with a select code of 05 to 17 is requesting an interrupt.

b. FLG 1. This input is true when an interface card
with a select code of 20 to 37 is requesting an interrupt.
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c. FLG 2. This input is true when an interface card
with a select code of 40 to 57 is requesting an interrupt.

d. FLG 3. This input is true when an interface card
with a select code of 60 to 67 is requesting an interrupt.

3-349.  Service-Request Address. The 6-bit service-
request address is the select code of the interface card
requesting an interrupt. It is sent to the M-register via the
T-bus and specifies the interrupt location for that device in
memory. (The interrupt location contains the instruction to
be executed after the interrupt occurs.) While the Interrupt
signal is sent to the control section at time T5 of the cur-
rent machine phase, the service request address is not
furnished to the computer until time T7 of Phase 4.

3-350. The service-request address is formed by
encoding the combination of Flag and IRQ signals from the
interface card requesting an interrupt. The FLG O signal is
used to generate the INT signal when select codes 05
through 17 request an interrupt. The FLG 1 through FLG 3
signals generate the INT signal for select codes 20 through
70 and determine the two most significant bits (bits 4
and 5) of the address. These signals are applied to diodes
CR37 through CR40 and then to gates MC17A and MC17B.
The IRQ signals determine the four least significant bits
(bits 0 through 3) of the address and are applied to diodes
CR1 through CR32 and then to gates MC26A, MC26B,
MC27A, and MC27B. The remaining input to the service-
request address gates is applied to time T7 of Phase 4 by
the RSM 6-9 signal. The Flag and IRQ signals received from
various interface cards and their select codes are indicated
by table 3-10. This table also indicates the I/O address card
components these signals are applied to in obtaining the
6-bit service-request address. '

3-351. Run Signal. The “not”” RF2 (Run Flip-Flop 2)
signal is applied to gate MC67A. When the computer is
running the “not”” RF2 signal is false. When the computer is
in a HALT condition the “not” RF2 signal is true. MC67A
inverts the “not” RF2 signal and applies it to gate MC57A.
Since the two input pins (pin 2 and 14) of MC57A are tied
together, it produces a true output signal whenever it
receives a true input from gate MC67A (whenever the
computer is in the RUN mode). This signal is sent out of
the I/O address card as the RUN signal and is applied to pin
50 of all I/O interface-card slots (select codes 10
through 27). If an I/O extender is used, the RUN signal is
also applied to pin 50 of all interface card slots in the
extender.

3-352. CENTRAL INTERRUPT REGISTER. The
central interrupt register (Flip-Flops CIFO through CIF5
and gates MC15A, MC15B, MC36A, MC36B, MC46A, and
MC46B) stores the Service Request Address. This informa-
tion, or address, is always available during a Phase 4 I/O
operation and is strobed into the Central Interrupt Flip-
Flops, CIFO through CIF5, at T7 of Phase 4. To utilize this
address, the computer must execute an I/O load or merge
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Table 3-9. Select Code Functions
SELECT CIRCUIT CARD ON WHICH
CODE |INSTRUCTIONSELECT CODE IS DECODED FUNCTION
00 CLF, STF 1/0 control card A201 Turn the interrupt system off (CLF) or on (STF). The power failure
interrupt circuits are not affected. The parity error or memory protect
interrupt circuits are likewise not affected if these options are installed.
00 SFC, SFS 1/O control card A201 Skip the next instruction if the interrupt system is off (SFC) or on (SFS).
01 LIA/B 1/0 control card A201 Load the contents of the switch register into the A-register or B-register.
01 MIA/B 1/0 control card A201 Merge (combine by inclusive "‘or'’) the contents of the switch register with
the contents of the A-register or B-register.
01 CLO, STO /O control card A201 Ciear (CLO) or set (STO) the Overflow Flip-Flop.
01 SOC, SOSs /O control card A201 Skip the next instruction if the Overflow Fiip Flop is clear (SOC) or set
(SOS). Also, clear the Overflow Flip-Flop if the hold/clear bit (bit 9) of the
instruction word is logic 1.
02 CLC DMA register card A1 Prepare the DMA channel 1 memory address register to receive a DMA
type 2 control word.
02 STC DMA register card A1 Prepare the DMA channel 1 word-count register to receive a DMA type 3
control word.
02 OTA/B DMA register card A1 Transfer a DMA type 2 or type 3 control word from the A-register or
B-register to the DMA channel 1 system.
03 CLC DMA register card A2 Prepare the DMA channel 2 memory address register to receive a DMA
type 2 control word.
03 STC DMA register card A2 Prepare the DMA channel 2 word-count register to receive a DMA type 3
control word.
03 OTA/B DMA register card A2 Transfer a DMA type 2 or type 3 control word from the A-register or
B-register to the DMA channel 2 system.
04 SFC Power-failure auto-restart If the Restart Control Flip-Flop on card A6 is clear, this instruction and
card A6* select code cause a program skip when performed after a power failure
interrupt. A skip does not take place when this instruction is performed
after a power-on interrupt.
04 CLC Power-failure auto-restart This instruction and select code are used to set the Restart Control
card A6* Flip-Fiop on card A6 after power fails. As a result, if the power failure is
only momentary a return is made to the main program. The maximum
duration of the momentary failure depends on the amount of time before
the POFP pulse is furnished to indicate the start of dc shut-down. The
delay between the power fail interrupt and the POFP pulse is 1 to 12
milliseconds, depending on the amount of loading imposed on the dc
power supplies by optional devices.
04 STC Power-failure auto-restart Clear the Flag Flip-Flop on card A6. A power failure can then initiate an
card A6* interrupt by setting the flip-flop. The instruction also clears the Restart
Control Flip-Flop on card A6 if the hold/clear bit (bit 9) of the instruction
word is logic 1.
04 CLF Power-failure auto-restart This instruction and select code are used to clear the Restart Control
card A6™ Flip-Flop on card A6 after restoration of ac power. As a result, an SFC
instruction with select code 04 causes a program skip when performed
after a subsequent power fail interrupt. This instruction does not affect the
Flag Flip-Flop on card A6.
04 HLT Power-failure auto-restart When the hold/clear bit (bit 9) of the instruction word is logic 1, this
card A6™* instruction and select code clears the Restart Control Flip-Flop on card
A6. The program is also stopped. The Flag Flip-Flop on card A6 is not
affected.
05 CLF, STF Parity error card A15 Turn the parity error detection system off (CLF) or on (STF).
05 CLC Parity error card A15 Turn the parity error detection system off if the hold/clear bit (bit 9) of
the instruction word is logic 1.
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Table 3-9. Select Code Functions (Continued)

SELECT
CODE

INSTRUCTION

CIRCUIT CARD ON WHICH
SELECT CODE IS DECODED

FUNCTION

05

05

05

STC

OTA/B

LIA/B

Memory protect card A16
Parity error card A15

Memory protect card A16

Memory protect card A16

Turn on the memory protect system. The system is turned off each time
an interrupt occurs. It is also turned off when the PRESET push-switch is
pressed (provided the computer is not running), and during power
turn-on. If the hold/clear bit (bit 9) of the STC instruction is logic 1, the
parity error system detection system is turned off.

Load the Fence register with the contents of the A-register or B-register,
specifying the lowest unprotected address.

Load the contents of the Violation register into the A-register or
B-register. The Violation register contains an address that has been
illegally referenced.

06

06
06

06

CLC,STC

CLF,STF

SFC,SFS

OTA/B

DMA control card A4

DMA control card A4

DMA control card A4

DMA control card A4

Clear (CLC) or set (STC) the Control Flip-Flop for DMA channel 1. Also,
if the hold/clear bit (bit 9) of the instruction word is logic 1, the DMA
channel 1 Flag Flip-Flop is cleared.

Clear (CLF) or set (STF) the DMA channel 1 Flag Flip-Flop.

This instruction and select code cause a program skip if DMA channel 1
Flag Flip-Flop is clear (SFC) or set (SFS).

Transfer the contents of the A-register or B-register to DMA channel 1
system. The A-register or B-register contains a type 1 DMA control word.

07

07

07

07

CLC,sTC

CLF,STF

SFC,SFS

OTA/B

DMA control card A4

DMA control card A4

DMA control card A4

DMA control card A4

Clear (CLC) or set {STC) the Control Flip-Flop for DMA channel 2. Also,
if the hold/clear bit (bit9) of the instruction word is logic 1, the DMA
channel 1 Flag Flip-Flop is cleared.

Clear (CLF) or set (STF) the DMA channel 2 Flag Flip-Flop.

This instruction and select code cause a program skip if DMA channel 2
Flag Flip-Flop is clear (SFC) or set (SFS).

Transfer the contents of the A-register or B-register to DMA channel 2
system. The A-register or B-register contains a type 1 DMA control word.

10 through
67 (octal)

10 through
67 {octal)

10 through
67 (octal)

10 through
67 (octal)

10 through
67 (octal)

10 through
67 (octal)

10 through
67 (octal)

STC,CLC

STF,CLF

SFS,SFC

OTA/B

LIA/B

MIA/B

HLT

1/0 interface card**

1/0 interface card* *

1/0 interface card**

1/0 interface card**

1/0 interface card**

1/0 interface card**

1/0 interface card**

Set (STC) or clear (CLC) the Control Flip-Flop on the designated 1/O
interface card. Also, if the hold/clear bit (bit 9) of either instruction word
is logic 1, clear the Flag Flip-Flop on the 1/0O interface card.

Set (STF) or clear (CLF) the Flag Flip-Flop on the designated /O
interface card.

Skip if the Flag Fli‘p-FIop on the designated interface card is set {SFS) or
clear (SFC).

Transfer the contents of the A-register or B-register to the designated 1/O
interface card. Also, if the hold/clear bit (bit 9} of the instruction word is
logic 1, clear the Flag Flip-Flop on the I/O interface card.

Transfer a 16-bit word from the designated 1/O interface card to the
A-register or B-register. Also, if the hold/clear bit (bit9) of the
instruction word is logic 1, clear the Flag Flip-Flop on the /O interface
card.

Merge (combine by exclusive "‘or’’) a 16-bit word from the designated 1/O
interface card with the contents of the A-register or B-register. Also, if
the hold/clear bit (bit 9) of the instruction word is logic 1, clear the Flag
Flip-Flop on the 1/0 interface card.

Halt the program and, if the hold/clear bit (bit 9) of the instruction word
is logic 1, clear the Flag Flip-Flop on the designated 1/O interface card.

NOTES:

*1f the power-failure auto-restart option is not installed, these instructions produce no effect.

**The particular 1/O interface card is designated by the select code (see figure 7-2, card slots 203 through 218). If the select code is
greater than 27/30, the 1/0 interface card is in the optional 1/0 extender.

3-46



Model 2116C

Volume Two Section III
Table 3-10. I/O Address Card Encoding Examples
FLAG SIGNAL IS APPLIED IRQ SIGNAL IS APPLIED
FOR A
INTERFACE CARD SERVICE REQ.
SELECT CODE FLAG TO THEN TO IRQ TO TO ADDRESS OF
(OCTAL) SIGNAL DIODE(S) GATE(S) SIGNAL DIODE(S) GATE(S) (BINARY)
07 0 - = 7 CR28,CR20,CR12 | MC27B,MC27A, 000 111
MC26B
10 0 — — 10 CR1 MC26A 001 000
21 1 CR38 MC178B 1 CR25 MC278 010 001
32 1 CR38 MC178B 12 CR21,CR3 MC27A,MC26A 011 010
43 2 CR39 MC17A 3 CR26,CR18 MC278,MC27A 100 011
54 2 CR39 MC17A 14 CR13,CR5 MC26B,MC26A 101 100
65 3 CR37,CR40 MC17B,MC17A 5 CR27,CR10 MC27B,MC26B 110101
76 3 CR37,CR40 MC17B,MC17A 16 CR23,CR15,CR7 | MC27A,MC26B, 111110
MC26A
instruction containing select code 04. These instructions 3-356. DETAILED THEORY, POWER SUPPLY SEC-
would be LIA/B and MIA/B used with select code 04. TION.
Select code 04, the Power Fail Interrupt Select Code, is not
required for any power fail interrupt function during a load 3-357. The following paragraphs explain the -circuit

instruction so has been used here. On the I/O address card,
the Phase 4, T7 signal enables gate MC37A which then
applies its true output to all flip-flops of the register (CIFO
through CIF5). This action causes the address to be written
into the register flip-flops. In order to then apply this
address to the computer central processor, the IOGE(B)
signal and both select code signals (representing select
code 04) must be applied to gate MC37C. The output of
gate MC37C is then applied to gate MC37B simultaneously
with the IOI signal. When all of these signals are presented,
(having been generated by a computer program instruction
of the type mentioned above) the output of gate MC37B is
applied to all of the central interrupt register output gates
(MC15A, MC15B, MC36A, MC36B, MC46A, and MC46B).
This action enables all output gates of the register and the
address that it contains is applied to the IOBI bus of the
computer central processor.

3-353. RESISTANCE LOAD CARD.

3-354.  The resistance load card (figure 7-21) contains
pull-down resistors for certain signals (furnished to the I/O
interface card slots. The resistors serve to increase the fall-
time of the signals and to reduce electrical noise. If all I/O
interface card slots contain I/O interface cards, the loading
effect of the cards eliminates the need for the resistance
load card.

3-355.  The resistance load card does not contain inter-
rupt priority circuits or jumpers. Therefore, it cannot be
inserted in a card slot with a number lower than that of a
slot containing an I/O interface card. If it is, the interrupt
system will not function properly.

theory of the various power supplies in the computer. The
discussion is followed by an explanation of the power
supply turn-on and shut-down sequence.

3-358. POWER SUPPLY CIRCUIT THEORY.

3-359. +4.5 VOLT AND -2 VOLT POWER SUPPLIES.
The +4.5 and -2 volt supplies provide operating voltages for
the logic circuits. Descriptions are given below.

3-360. +4.5 and -2 Volt Power Sources. Figure 3-27 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.

3-361.  Both power sources use a single tapped secondary
winding of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>