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PREFACE

This manual provides customer engineering information for the CONTROL DATA R
AB107 and AB108 with memory and supporting equipment. The AB107 and AB108
computers are physically compact and are designed for high computation and
input output speeds. They feature a semiconductor memory with a basic size
of 4096 (LK) 18-bit words which is field expandable in 4K word increments to
65K words.

NOTE: Equipments identified without type identifier A,C,D refer to all three.l

The following Control Data publications may be useful when installing and

maintaining this equipment.

Control Data Publication Pub. No.
1784 Computer System Reference Manual 89633400
1784 Key to Logic Symbols 89723700
System Maintenance Monitor Manual (SMM17) 60182000
AB107/AB108 Execution Charts 89723800
1784 Computer Input-Output Specification Manual 89673100
CDC Mini-Computer System Site Preparation Manual, section 2 60437000
1784 Computer System Peripheral Equipment Hardware Maintenance
Manuals: (HR/M means combined Hardware Reference/Maintenance Manual) I
AF108 Paper Tape Reader/Punch Controller HR/M 89865200
AT310 TTL A/Q DSA Bus Expander 89758600
DJ815 Asynchronous Communications Controller HR/M 89600054
FALL2 1CL Magnetic Tape Transport Controller 89637700
FA4L6 LCTT Magnetic Tape Transport Controller 89637700
FA716 Cartridge Disk Drive Controller 89638100
FC106 Key Entry Station Controller 89672200
GN109 Key Entry Distribution Unit 89672200
FE119 Card Reader Controller HR/M 89637500
FE203 Card Punch Controller 89910800
FF524 Line Printer Controller 89637300
FJ505 Binary Synchronous Communication Controller 89934100
FJ606 Synchronous Communications Controller 89638500

(Continued on next page)
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PREFACE (Continued)

Control Data Publication

FV497 ICL Phase Encoding Formatter
FV618 LCTT Phase Encoding Formatter

Pub. No.

89796100
89796100
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The following list includes the documents associated with the canversational

display terminal:

Title Publication No.
713-10 Operator's Guide 62037900
713-10 Reference Manual 62033400
713-10 On-Site Maintenance Manual 62048500
713-10 Installation Instruction 62048700

Following is a 1ist of documents relating to the non-impact printer

station:

Title Pulication No.
713-11 Operator's Guide " 62149600
713-11 Reference Manual 62149700
713-11 Installation Instructions 62149800
713-11 On-Site Maintenance Manual 62149900

Other Publications

For 33 ASR/KSR teletypewriters:
l Teletype Bulletin 310B, Volume 1
Teletype Bulletin 310B, Volume 2
Teletype Bulletin 1184B, Parts Schematic package WDP0316 includes
document Nos. 11805D, 9334wD, 9335wWD, 9336WD, L4970WD, 7887WD,
181821, 183079, 183087.

For 35 ASK/KSR teletypewriters:

| Teletype Bulletin 281B, volume 1
Teletype Bulletin 281B, Volume 2 ‘
Teletype Bulletin 1201B, Parts Schematic Package.
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GENERAL DESCRIPTION






GENERAL DESCRIPTION

INTRODUCT ION

The CONTROL DATA<:>ABIO7 and AB108 computers are small, stored program parallél
mode digital computers with semiconductor memory of a basic 4096 (4K) 18-bit
words, field expandable to 65K words in 4K word increments. The main computer
enclosrues houses the first 32K words (32,768) memory bank, the second bank
(memory expansion) being accommodated in the BT148 Expansion Enclosure. The
main computer and the expansion enclosures also house the peripheral controllers.
The following table lists the equipment which make up the AB107 and AB108
computers. Equipment described in this manual (see preface for CE Manuals

of associated equipments) .

TABLE 1-1. EQUIPMENT DESCRIPTION

Equipment Number Description

AB107-A The central processing unit performs the following functions:

a. Arithmetic and logical operations required by the stored

program.

b. Control operations to execute and synchronize operations
within the central processor, in the memory and for

input/output.

c. Interrupt processing for one internal and fifteen external

priority interrupts.

d. Program protection to protect one set of programs in the

memory from the effect of other programs.

The equipment combines with up to eight BA201-B Memory Modules
housed in the computer enclosure to provide a bank of
32,768 (32K) words of semiconductor memory storage with a

cycle time of 900 nanoseconds.
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EQUIPMENT DESCRIPTION (cont'd)

AB107-A (cont'd)

. Modules to provide a second bank of 32K words housed in the

The memory may be expanded by up to eight BA201-B Memory

BTI48-A Expansion Enclosure with the BUI20-A Memory Expansion
Controller to give a total of 65,536 (65K) words memory.

The memory is inherently volatile. It may be made non-volatile
within an enclosure by installing the optional GD611-A Memory

Hold Battery in the enclosure.

The equipment includes the following, in addition to the

central processing unit:

a. Front panel Programmer's Console carrying all the system
controls.

b. Non-buffered input/output channel based on the A and the
Q register (A/Q channel).

c. Direct Storage Access (DSA) channel for the buffered data
transfers from peripheral control equipment housed in the
main computer enclosure or external to it.

d. Controller for the standard input/output Teletypewriter.
The Teletypewriter to be used is the Teletype Corp.
Models ASR/KSR 33/35.

e. MWiring, power supplies and enclosure for the AB107-A

equipment circuits and in addition, for the following

circuits:
% FA716-A Cartridge Disk Drive (CDD) Controller i

% FALL2-A/FV497-A Magnetic Tape Transport (MTT) Controller

peripheral controllers, up to four on the A/Q channel and

up to three on the DSA channel
% FALL6-A/FV618-A Magnetic Tape Transport (MTT) Controller

% GD611-A Memory Hold Battery (optional)

The equipment works from 110 vac 50/60 Hz line voltage, and

can be field converted to 220 vac, 50/60 Hz.

1-2
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EQUIPMENT DESCRIPTION (cont'd)

AB108-A

BA201-A
BA201-B

BT148-A

Equipment identical to the AB107-A except in that it combines
with BA201-A Memory Modules to provide a memory cycle time of
600 nanoseconds. The Input/output operations (A/Q and DSA

channels) are correspondingly faster in this computer but the

input/output equipment used is the same as in the AB107-A.

The equipment works from 110 vac 50/60 Hz line voltage, and
can be field converted to 220 vac, 50/60 Hz.

Semiconductor storage module containing 4096 (4K)18-bit words.
The unit is designed to operate with the AB107 and AB108
computers and uses control logic provided by them to execute
read and write operations. The storage read/write cycle
durations are:

BA201-A controlled by AB108-A: 600 nanoseconds

BA201-B controlled by AB107-A: 900 nanoseconds

Expansion enclosure houses (but does not include)

a) a bank of up to eight BA201-A or BA201-B Memory
Modules to provide a memory expansion of up to
32,768 18-bit words for the AB107/AB108 computers.

b) the BU120-A Memory Expansion Controller (similar
to the Memory Controller of the AB107/AB108).

c) peripheral controllers for 1/0 expansion. (Note that

this requires TTL A/Q-DSA Bus Expander, equipment AT310-A
in the main computer enclosure).
The equipment includes the cabinet wiring and power supplies.
It works from 110 vac 50/60 Hz line voltage and can be
field-converted to 220 vac, 50/60 Hz.

89633300 A
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EQUIPMENT DESCRIPTION (cont'd)

GD611-A

The ABI107/AB108 can utilize an optional Memory

Hold Battery, equipment GD611-A,which can be housed
in the computer enclosure. On failure of the

main power the equipment switches automatically

to the battery. This will supply power for
retaining the memory content in the full memory

of 32 kilowords for at least eight hours, but will
not provide the equipment with normal operating
capability. The battery is recharged automatically
during power-on periods, and is fully charged in
not more than 32 hours. The GD611-A equipment

can also be installed in the BT148-A Expansion
Enclosure so as to preserve the contents of the

memory expansion of up to, another, 32 kilowords.

Dimensions (approximate)
each enclosure :

Weight:

1-4

PHYSICAL CHARACTERISTICS

Width 19 inch, 483 mm
Height 153/4 inch, 400 mm

Depth 20 inch, 508 mm

The basic complete enclosure weighs
about 80 1bs, 36.4 kg.
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ENVIRONMENT

Operating Temperature 40°F to 120°F (5°C to 50°C)

Operating Humidity 10% to 90% non-condensing

Storage and Shipping Temperature =-40°F to 160°F (-40°C to 70°C)

Storage and Shipping Humidity 0 to 100% RH non-condensing
NOTE

Extremes of temperature and
humidity must not occur together.

SYSTEM POWER

Power inEut

104 - 127 vac, 49 - 60.6 Hz, single phase, 600 VA
or

198 - 264 vac, 49 - 60.6 Hz, single phase, 600 VA

Note: the equipment can be field-converted from one voltage range to the
other (see Section 3).

Equipment ground

The equipment chassis is connected to the third (ground) lead in
the line cord. It must be connected to a good ground (refer to
Site Preparation Manual, publication No. 60437000).

The logic ground of the equipment is isolated from the chassis.

It should be connected to the general logic ground of the
installation.
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OPERATION AND PROGRAMMING






OPERATION AND PROGRAMMING

PROGRAMMING

For programming information refer to the 1784 Computer System Reference Manual,
Publication number 89633400.

OPERATION

This part describes the switching on and operation of the computer using the
controls and indicators on the Programmer's Console (front panel). The console

is Tl1lustrated in Figure 2-2, the controls and indicators are described in

section 6 of the 1784 Computer System Reference Manual, Publication number 89633400.

SWITCHING ON PROCEDURE

After the computer has been installed, checked and the initial operation procedure
carried out (Section 3), the computer may be switched on by performing the

following steps:

1. Connect the main computer enclosure (equipment AB107/AB108) to the
power outlet by means of the power cord and apply the power by
switching on the AC POWER switch at the top of the enclosure rear

panel (Figure 2-1).

ENCLOSURE REAR PANEL

TO LINE
POWER

OUTLET AC POWER SWITCH

SOCKET FOR AC LINE CORD
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2.

Switch ON the dc POWER switch on the Programmer's Console front
panel (see Figure 2-2). The indicator above the switch should

light.

WARNING

If the indicator does not light or if

any other fault is suspected, the

computer must be switched off immediately
by turning off the AC POWER switch at the
top of the rear panel. Refer to Section 6
for further procedures.

EXPANSION ENCLOSURE FRONT PANEL

DC_POWER INDICATOR

DC POWER SWITCH

If an expansion enclosure (equipment BT148) is connected, carry
out steps (1) and (2) above for the expansion enclosure. The controls
on the expansion enclosure are in the same relative positions as those

on the main computer enclosure.

WARN ING

Should it become necessary to switch off
the computer always switch off the
expansion enclosure first at the rear
panel AC POWER switch.
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2-4

INITIAL CONDITIONS AND OPERATION

NOTE

The manual controllers and indicators on

the Programmer's Console (front panel) are
shown in Figure 2-2 and are described in
Section 6 of the 1784 Computer System
Reference Manual, Publication number 89633400.

Set up initial conditions by the following procedure (use the controls on the

Programmer's Console).

].

The installation has up to 32K word memory:

1.1 Press MASTER CLEAR pushbutton,

1.2 Set Mode switch (65K/32K) to 32K.

1.3 Set ENTER/SWEEP switch to ENTER,

1.4 Set INSTRUCTION/CYCLE switch to its central (COMPUTE) position.
1.5 Set PARITY FAULT STOP switch to the central (off) position.

1.6 Set SELECTIVE STOP and SELECTIVE SKIP switches to the down (off)

position.
1.7 Press the GO pushbutton,

1.8 Press MASTER CLEAR pushbutton,

The installation includes memory expansion (equipments BU120-A and
BA201-A or BA201-B) in the expansion enclosure (equipment BT148)

and therefore has more than 32K (but less than 65K) words memory:
2.1 Press MASTER CLEAR pushbutton on the main computer.

2.2 Set Mode switch (65K/32K) to 65K on the main computer.

2.3 Set ENTER/SWEEP switch to ENTER,

2.4 Set INSTRUCTION/CYCLE switch to its central (COMPUTE) position.
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2.5 Set PARITY FAULT STOP switch to the central (off) position.

2.6 Set SELECTIVE STOP and SELECTIVE SKIP switches to the down (off)
position,

2.7 If the full complement of eight memory modules is installed in the
expansion enclosure: set P register to FFFF]6.

2.8 Press the GO pushbutton on the main computer.

2.9 Press the MASTER CLEAR pushbutton on the main computer.

The computer may now be operated.
NOTE
Do not switch SELECTIVE SKIP or

PROGRAM PROTECT switch when
computer is in RUN operation.

BATTERY OPERATION

Introduction

On failure of the external ac power the computer automatically switches to
the Low Power Data Retention (LPDR) mode of operation, and so connects the
optional Memory Hold Battery, equipment GD611-A., In this mode, the battery
(if installed) supplies the power to retain the memory content in the full
memory of 32 kilowords, but the equipment does not have normal operating

capability. The battery, when installed, provides power for 'LPDR operation
for at least eight hours when fully charged. It is recharged automatically

during normal operation and reaches full charge in not more than 32 hours.
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Memory Expansion

The Memory Expansion Controller, equipment BUI20-A, and the BT148 Expansion
Enclosure provide the same facilities for power failure to the memory ex-
pansion. Thus with a Memory Hold Battery, equipment GD611-A, installed in
the expansion enclosure, the full memory content can be retained for eight

hours after failure of the external ac power.

Operation

Failure of the external ac power is shown by the POWER indicator light and
all other indicators going dark during operation. |f this happens, check
the external ac supply. If this failed because of no voltage or voltage
reduced under allowed tolerances (see section 1, System Power) this is in-
dicated by 'brown out' of illumination. The battery will conserve the con-
tents of the memory for eight hours. Operation of the computer may be re-
sumed as soon as ac power returns. |f the ac power appears to be in order
but the front panel indicators are still dark, switch off the AC POWER
switch at the top of the computer rear panel (figure 2-1) and refer to

section 6.
WARN ING

Do not switch off the front panel
DC POWER switch.

2-6 89633300 F
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SECTION 3

INSTALLATION AND CHECKOUT






INSTALLATION AND CHECKOUT

INTRODUCT ION

This section provides installation procedures for the AB107/AB108 computers.
To install peripheral equipments refer to the appropriate Customer Engineering
or Installation manuals. Refer also to Control Data Mini Computer Systems,
Site Preparation Manual, publication No. 60437000.

UNCRATING
INSPECTION

The equipment is packed in cartons with adequate packing material in the carton
to isolate it from shocks in transit. A preliminary inspection of the carton
must be made before uncrating. Evidence of damage must be noted and reported

immediately (refer to Field Procedures Guide).

UNPACKING

To unpack the equipment lay each carton in turn on a clean smooth flat surface.
Cut the sealing tape of the carton, open out the flaps, remove the packing
material on top and sides of the equipment and 1ift out the equipment onto the
clean surface beside the carton. Check the contents of each carton against
packing (consignment) list and inspect each item for transit damage (dents,
scratches, signs of breakage). Note and report damaged or missing parts

(refer to Field Procedures Guide).

CRATING INFORMATION

Consult Control Data procedure 8.504.00 in the Customer Engineering Field

Procedures Guide.
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INSPECTION AND PREPARATION

Inspect the main computer enclosure and the expansion enclosure BT148

(if ordered) as follows:

a. Mechanical inspection

oo
w

Inspect the enclosure for superficial damage, loose cables and screws
Open the enclosure

Check the ldentification Plates on the right hand side of the enclosure
(inside the door). Make sure that the equipment supplied corresponds

to the Customer's order

Check that all the printed wiring assemblies corresponding to the
equipments shown on the ldentification Plates are inserted in their
proper slots (see Figures 3-1, 3-2) If necessary insert them and
stick the corresponding ldentification Plate on the right side of

the enclosure interior.

Check that the computer enclosure corresponds to the Memory Modules

supplied:

Enclosure Computer Cycle Time | Memory Module
main expansion
AB107 BT148 900 nsec BA201-B
AB108 BT148 600 nsec BA201-A

%

Check that each printed wiring assembly is properly seated
* Note serial number and part number of equipments supplied

for future reference. This information is written on the
Identification Plates.

89633300 F
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NOTES

1. The Memory Control board and™ the Memory Address board together form the Memory Controller.
This is similar to equipment BU120-A in the Expansion Enclosure.

2, Memory modules must be installed sequentially from slot 29. For instance, if equipment contains
16K, four modules are installed in slots 29 through 32.

:E 3. See section | for definition of equipments.

- Figure 3-1. Card Placement Slot-Assignment: Main Computer Enclosure
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NOTES

1. The Memory Control board and the Memory Address board together form the Memory Expans-
ion Controller, equipment number BUI20-A.

2. Memory modules must be installed sequentially from slot 29. For instance, if equipment contains
16K, four modules are installed in slots 29 through 32.

3. See section 1 for definition of equipments.
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b.

Electrical inspection and preparation

*

Check the ac line voltage available

The equipment can accommodate one of the following nominal line

vol tages:

either 110 vac, 650-60 Hz, single phase
or 220 vac, 50-60 Hz, single phase

Note: the exact specifications are given in Section 1.

Check the enclosure ldentification Plate for the line voltage of the
enclosure. If this coincides with the one available, skip the next
paragraph and proceed to the one after; if the enclosure line voltage
is not the same as that available, proceed with the modification as

described in the next paragraph.

To modify the enclosure (main or expansion) to allow it to accommodate
a line voltage (110 vac or 220 vac nominal) other than it is connected

for, proceed as follows:
- make sure that the enclosure is not connected to line voltage

- remove the power supply heat shield by removing its retaining
screws on the inside of the enclosure front cover (refer to
Figure 3-3).

89633300 F 3-5



POWER SUPPLY HEAT SHELD

I Figure 3-3. Power Supply Heat Shield and Retaining Screws
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- connect the shorting links on TB2 of the power supply connection panel

according to the supply voltage available. See figures 3-4 and 3-5.

NOTE:

The view in figure 3-4 is exact for series Al2 and down. Three areas,

marked PC, PS, MH in figure 3-4, were physically altered in series

Al13 and up, including type identifiers C and D.

PC:

PS:

MH:

The soldered connections of the programmer's console cable to
the programmer's. console card were replaced by two horizontal
connectors, which are mounted in the same area and are marked
J20 and J21 on the nearby enclosure wall.

This change affects the procedure for removing the console card.

The three soldered connections to the power supply were replaced
by a single vertical connector.
This change affects the procedure for removing the console card.

The route of the main harness to the backplane under the cardfile
was shifted away from the enclosure wall towards the center.
This change does not affect the procedure for removing the card.

TB2

3| 4| 5| 6| 7| 8] 9|10 82 | 1] 2| 3| 4| 5] 6] 7| 8] 9|10

110v

T I S

220V

SHORTING LINKS FOR 110VAC INPUT SHORTING LINKS FOR 220VAC INPUT

89633300 F

NOMINAL INPUT SHORTING LINKS INPUT TO
VOLTAGE ON TB2 TERMINALS TERMINALS

110 vac 1-2, 3-4-5, 6-7-8, 3, 7
9-10

220 vac 2-3, 5-6, 8-9 3, 7
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I Figure 3-4. Inside of Main Enclosure Front Door

_ (Not applicable to all series. See note on page 3-7.)

I I I I I I I I I O I I I I
@ (]
1 4321 1
2 GND vcc 2
3 3
4 4
L) S
6 8
7 7
8 8
(- 9 9 o]
10 4’321 10
(-]

Figure 3-5. Power Supply Connector Panel
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* As a further check inspect the power supply connections as follows:
- make sure that the enclosure is not connected to line voltage

- remove the power supply heat shield by removing its retaining screws
on the inside of the enclosure front cover (unless already removed).
Refer to figure 3-3 and to figure 3-4.

- inspect the shorting links on TB2 of the power supply connection
panel and make sure that they are in their correct position. Refer
to figures 3-4 and 3-5.

* Check fuses:

Fuse Speed Location
designation | Function Current (blow) Location| refer to

Fl ac power | 8 A for 110 vac - Figure 3-6

4 A for 220 vac - Input
unit

F2 battery 1A slow

F3 dc power | 5 A fast Power Figure 3-3

F4 dc aux 100 mA slow Supply

IR NYAVARYA

‘F’ e 6-& o df; 34

! J2 IASS

Figure 3-6. AC Power Switch and Connection
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3-10

If the system includes the memory back up power source, battery

equipment GD611-A, check:

- proper installation of the equipment in each enclosure

(refer to installation procedure)

- voltage at the battery terminals (nominal 28 vdc; for exact

specification refer to Section 1)

If the battery has to be changed refer to battery installation

information at the end of this section.

Check for electrical short circuit between conductors on the equipment

power supply cable connector, 4lso between each conductor and logic ground

(do not forget the third conductor). Use highest resistance scale
on the multimeter and make sure that the AC POWER switch at the top
of the equipment rear panel is OFF (Figures 3-6 and 3-7).

Check all connections for tightness.

Reinstall the power supply heatshield by replacing its retaining

screws (refer to Figures 3-3 and 3-4),.

If the system includes a BT148 Expansion Enclosure, check that the
equipments match by checking the identification plates on the
enclosure, on the two assemblies of the Memory Expansion Controller

and on each of the memory modules (refer to the table on page 3-13).

Make sure that the main computer and the expansion unit match.
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12. If the system includes memory expansion (equipments BU120 and BA201-A or
BA201-B) in the BT148 Expansion Enclosure and therefore has more than
32K words memory, carry out the following:

Switch off the dc POWER on both enclosures. Install the expansion
enclosure cables (refer to Figure 3-7). Switch on the dc POWER on

both enclosures.

12.1 Press STOP switch on main computer.
12.2 Make sure that the main computer and expansion equipment have
the same memory cycle time (see page 3-13). : |
12.3 Perform steps 1 and 2 above for the enclosure.
NOTE

All control switches (except the dc POWER ON
switch of the Expansion Enclosure) are located
on the main computer front panel.

12.4 Press MASTER CLEAR swi tch.
12.5 Set Mode switch (32K/65K) to 65K.

12.6 Set ENTER/SWEEP switch to ENTER,
12,7 Set INSTRUCTION/CYCLE switch to its central (COMPUTE) position.
12.8 Set PARITY FAULT STOP switch to its central (off) position.

12.9 Set SELECTIVE STOP and SELECTIVE SKIP switches to their down
(off) positions.

12.10 If the full complement of eight memory modules is installed in

the expansion enclosure: set P register to FFFF|6.
12,11 Press the GO pushbutton,
12.12 Press MASTER CLEAR pushbutton,

12.13  Perform steps 12.4, 12.5, 12,6 above.
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Equipment Number
Memory Cycle Memory Expansion
nsec Enclosure Controtller Memory Module
900 BT148 BU120-A BA201-B
600 BT148 BU120-A BA201-A
Note power supply requirements: Initial Operation paragraph 4

Insert the Memory Expansion Controller assemblies (2) and the
memory module assemblies in the slots of the expansion assigned

to them and make sure that they are well seated. (Figure 3-2)

Connect the five cables of the Memory Expansion Controller (refer
to Figure 3-7 and Section 9). Note that the Memory Expansion
Controller (slots 27,28) are wired to slots 31 and 33 through

the back plane.

The flat cables plug into slots 31,33.

Connect on each enclosure a length of insulated wire of adequate
crossection to the enclosure ground and one to the ]Jogic ground
lug (refer to Figure 3-7); make sure the wire is long enough to
connect the computer (or expansion enclosure) to the nearest

logic ground outlet in the installation.
Adequate crossection for this ground-wire is considered to be

110 vac line voltage: AWG 12
220 vac line voltage: AWG 16
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INSTALLATION

Ensure that there is no obstruction to free air circulation around either
enclosure and that there is enough room to insert connectors and open the
rear cover. See figures 3-8,3-9 for the necessary clearance dimensions '

around the enclosure.

Ensure that the equipment 'is properly grounded by performing the following

for each enclosure:

*  check that the third pin (ground) of the power cord (chassis ground)

connects to a good ground

*  connect the logic ground of each enclosure to the system logic ground

(refer to Figure 3-7 and the paragraphs on preparation of the equipment) [

*  connect the chassis ground to the system ground.

Refer to the Mini Computer Site Preparation Manual, CDC publication
number 60437000.

Hook up the power by plugging the equipment line cord to the enclosure rear

panel (J1: Figures 3-6 and 3-7) and then to the utility outlet. l

INITIAL OPERATION

The equipment has been fully tested in the factory before despatch. The
following procedure checks the equipment on first installation on site and
prepares it for operation. It is assumed that it has been checked as

detailed in the previous paragraphs and any discrepancies corrected.

The computer main enclosure is set up first; only when that is prepared is

the expansion enclosure prepared, if it is part of the installation.
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l Figure 3-9. External Dimensions of Main Enclosure: Type ldentifiers A,C,D
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INITIAL OPERATION - Continued

The Programmer's Console (front panel) controls used in the following are
described in Section 6 of the 1784 Computer System Reference Manual,
publication number 89633400. The console is shown in figure 2-2 of this

manual.

1. Open the front cover of the enclosure and pull out all the printed

wiring assemblies from their connectors but leave them in their slots.

2. Turn on the AC POWER switch at the top of the rear panel (see figures
3-6 and 3-7). Examine the enclosure to see that all blowers work. |

NOTE: The number of blowers is four or six, depending on the
type identifier. Refer to Maintenance Section 6.

If there is no airflow, or some other fault is detected, switch off
the equipment immediately using the emergency shut-down procedure on
page 6-3. Location of the air inlets and outlets is shown in figures

3-8 and 3-9. l

3. Turn on the DC POWER switch on the operator's console (enclosure front
panel - refer to figure 2-2). The indicator above the switch should
light.

WARN ING
If the indicator does not light, or if any
other fault is suspected, the equipment
must be switched off immediately by turn-
ing off the AC POWER switch at the top of

the rear panel. See page 6-3 for the emerg-
ency shut-down procedure.

L, Check the power supply voltages (see section 6). Check that the value
of VSS
See table 6-1 for power supply voltages. l

is correct for the memory modules installed: BA201-A or BA201-B.
5. Switch off the DC POWER switch on the Operator's Console and re-insert

the printed wiring assemblies. Make sure that they are well-seated.

6. Repeat step 3 in this procedure.
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INITIAL OPERATION - Continued

7. If the Expansion Enclosure,equipment BT148,is part of the installation,
' repeat steps 1 through 6 for it.

Set up initial conditions by the following procedure:
8. The installation has up to 32K word memory:
8.1 Press MASTER CLEAR pushbutton.
8.2 Set Mode switch (65K/32K) to 32K.
8.3 Set ENTER/SWEEP switch to ENTER.
8.4 Set INSTRUCTION/CYCLE switch to its central (COMPUTE) position.
8.5 Set PARITY FAULT STOP switch to its central (off) position.

8.6 Set SELECTIVE STOP and SELECTIVE SKIP switches to their down (off)

positions.
8.7 Press the GO pushbutton.

8.8 Press MASTER CLEAR pushbutton.

9. Check all registers by entering data in each one. Note that this check
also serves as a lamp test for the indicators associated with the registers

and the data input keys.
10. Enter a pattern into memory and correct any problems.

11. Sweep the memory to check for parity error.

NOTE

In steps 8 and 9 refer also to
1784 Computer System Reference
Manual, publication 89633400.
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INSTALLATION/REMOVAL OF THE BATTERY (Figure 3-10)

The optional power back-up source, rechargeable battery equipment GD611-A
is normally packed separately. In operation,the battery is housed in the rear
cover of the enclosure. To install the battery follow the outline procedure

given below.

Installation of the battery l

1. |If the battery is new, install the battery, starting from step 4.
If the battery is not new, or if there is some doubt about its state of
charge, go on to the next step.

2. Check the open circuit voltage of the battery.

2.1 Connect a voltmeter/multimeter of 20,000 ohms per volt or more across

the terminals of the battery.
2.2 Measure the open-circuit voltage to be 24.2 vdc or more.
2.3 If not, replace the battery by a fully-tested one.

If yes, go on to the next step.
3. Check the full load voltage of the battery.

3.1 Connect two 60 ohm, 5%,10 Watt resistors in parallel across the

terminals.
3.2 Connect the voltmeter.
3.3 Measure the full load voltage to be 24.2 vdc or more.

3.4 If not, replace the battery by a fully-tested one.
If yes, disconnect the multimeter and resistors and install the

battery, starting from step 4.
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Figure 3-10. Rear Cover With Battery
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I 4. Remove rear cover of the enclosure by undoing the two thumb-screws at
the top of the rear cover, tilting the cover back and sliding it out

of its slots.

I 5. Fix the battery to the rear cover (Figure 3-10)using the four screws

and corresponding nuts and washers provided.

6. Install the battery cable provided as follows:

6.1 connect the cable shoes under the nuts on the battery terminals, the
red lead to the positive (+) terminal

6.2 slide the rear cover (with the battery fixed to it) into its slots
and support it by hand

6.3 connect the other end of the cable to connector JO on the enclosure,
inserting the red lead to the lower pin of the connector

6.4 close the rear cover onto the enclosure and tighten the two

thumbscrews

7. Check the battery fuse (refer to Figure 3-6).

|f the equipment is newly installed or has not been used with a battery before

perform also the following steps:

8. Load the memory with a pattern and check the pattern under normal

operating conditions. Record the pattern.
9. Turn off the equipment power supply (Power Off Procedure, section 6)

10. After a few minutes turn on the power again (Power On Procedure, Section 6)

and check that the pattern in the memory has been retained.

If the pattern has been retained, proceed with normal operation. If the
pattern has not been retained recheck the battery (see step 1 above). If

battery is in order proceed to memory diagnostics.

Removal of the battery : Do steps 6, 5, 4, in that order.
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PROCEDURE TO INSTALL EXTERNAL SHIELDED CABLE ASSEMBLIES (Figure 3-11)

The ground screw to which the external shielded cable is to be attached may

or may not have a cable already attached to it.

Ground Screw Without Cable Attached

]‘

2,

-

W 00 ~N o W

On the interior surface of the rear connector panel, scrape off a 0.5 inch

(12,7 mm) diameter circle of paint around each of the three lower holes.

Open Installation Kit Part No. 89986600 that contains all the attachment

parts needed.

. Slide the external tooth lock washer onto the screw.

Insert the screw and external tooth lock washer into the hole of the rear

connector panel.

. Mount the spring lock washer.

Mount the plain washer.
Mount one of the two hexagonal nuts.

Slide the flat-locking terminal of the cable onto the screw.

. Mount the other hexagonal nut. Secure the cable into place.

Ground Screw With Cable Attached

Remove the securing nut and save it.

2, Slide the flat-locking terminal of the cable onto the screw.
CAUTION
Do not mount more than four external
shielded cables onto the same screw.
3. Mount again the nut that was removed in step 1.
Secure the cable into place, making sure there is proper electrical
contact with the cables already attached.
3-22 89633300 F
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Figure 3-11.Installation Kit Part No. 89986600 For External Shielded Cables
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13.

3-24

Teletypewriter (TTY)

NOTE: In the following refer to the Teletype Corportation instruction
manual for the Teletypewriter in the system. Carry out all
procedures and checks listed there. |In addition, carry out I
the procedure outlined below.

* Inspect the telétypewriter for superficial damage, loose cables and

screws.,

* Check the teletypewriter wiring:

- loop-current must be 20 milliamperes l
- connect for full-duplex operation
- wiring changes as detailed below.

Models 33 ASR/KSR

Modifications to run full duplex with a 20 ma current loop. The changes

are noted on the diagram for the customer interface (TTY 9336WD-B2)

on terminal strip BL (x). Also, see Note 9 on 9336WD-Al,

Instructions for conversion:

1. Move the purple wire on BL(X)-8 to BL(X)-9.

2. Move the White-Blue Wire on BL(X)-4 to BL(X)-5.

3. Move the Brown-Yellow wire on BL(X)-3 to BL(X)-5.

L, Ref. diagram 9336WD-B1

Move wire on AC(R-1) tab 3 to R-1 tab 4. Blue wire.

Facing the rear of the unit, the terminal strip BL is located on the

lower left side near the cable entry.
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13. Teletypewriter (TTY) Continued

R-1 is located on the left side midway to the front, a large brown

resistor with 4 tabs.

Models 35 ASR/KSR

This type of TTY does not have the same jack/connector configuration
as the 33 KSR/ASR teletypewriter, so it does not utilize the connec-
tor on the TTY external cable assembly. The connector must be cut off

and terminal lugs should be installed on the wires.
Remove the terminal strip cover of the terminal strip located in the
place normally occupied by the 1/0 connectors. Remove the shorting

brackets from TB 5, 6, 7, and 8, if they exist.

Connect the TTY external cable wires to TB5, 6, 7 and 8. Then replace

the terminal strip cover and close the TTY to cover.

35 KSR/ASR Teletypewriter 1/0 Cable Connections

66-PIN CONTINENTAL
CONNECTOR PIN AT T8 PIN
CPU END

Pin 47
Pin 43
Pin 49
Pin 45

0 N o8

* The teletypewriter normally operates from a power line with a
nominal voltage of 110 volts. Check the teletypewriter and the
available line voltage. |f they match, hook up the power to the

teletypewriter by plugging the line cord into the utility outlet.
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13.

*

3-26

Teletypewriter (TTY) Continued
If the power line voltage is 220 volts a transformer will have to be
used. To determine the power rating of the transformer, consult

the teletypewriter instruction manual.

The 33 KSR/ASR TTY's come equipped as either 60 Hz or 50 Hz devices.
Both units require single phase 120 vac.

The 35 MSR/ASR teletypewriters are shipped with a 50 Hz mechanical
conversion kit (see Section 10.2). When installed, these TTY's
will accept 50 Hz, 120 vac. |Install this kit if applicable. The

kit contains the necessaryinstructions to accomplish the change.

It may be necessary to replace the male connector of the TTY
primary power cord to make it compatible with the customer power

source,
Check the teletypewriter operation by performing the following:

- set power switch to LOCAL ON

- press a number of characters on the keyboard and check that the
printer prints them correctly.

- press LINE FEED and CARRIAGE RETURN (LF CR) buttons on the
keyboard.

Check the teletypewriter in conjunction with the computer by perfor-

ing the following:

- switch off the AC POWER switch on the expansion enclosure and
on the computer rear panel,

- connect the external data cable from the teletypewriter to the
main computer enclosure (refer to figure 3-7); check that the

internal cable (P14 to slot 20) is correctly seated.
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13. Teletypewriter (TTY) Cont'd

make sure the baud select on the TTY controller is properly
installed, (Baud rate 110 is selected with Jumper on TTY
Controller).

Switch on the AC POWER switch on the computer rear panel and
the DC POWER switch on the Programmer's Console.

Set teletypewriter power switch on ON LINE

press a character a number of times in succession:

the teletypewriter should print the character twice (and twice
only) showing presence of the TTY Controller board in the com-
computer enclosure.,

press the MASTER CLEAR switch on the computer Programmer's
Console.

press again a character on the keyboard a number of times in
succession: the teletypewriter should again print the character
twice.

run the applicable diagnostics as detailed in the System
Maintenance Monitor (SMM) for the TTY.

14. conversational Display Terminal (CDT)

o
w

Inspect the Conversational Display Terminal for superficial damage,

loose cables and screws.

Lo
w

of

The CDT normally operates from a power line with a nominal voltage

110 volts. Check the CDT and the available line voltage. |If

they match, hook up the power to the teletypewriter by plugging the

line cord into the utility outlet. |If the power line voltage is

220 volts a transformer will have to be used. To determine the

power rating of the transformer, consult the CDT instruction manual.

89633300 F
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14,

Conversational Display Terminal (CDT) Cont'd

*

3-28

The CDT can be utilized as a 50 Hz/60 Hz 120 vac device without any
internal changes. |t may be necessary to change the connector on
the primary power cord before connecting it to the customer power

source.

Check the CDT operation by performing the following:

- set power switch to ON

- ensure local switch is in the OFF position.

- press a number of characters on the keyboard and check that the
printer prints them correctly.

- press clear to see if screen is cleared of all characters.

Check the CDT in conjunction with the computer by performing the

following:

- switch off the AC power switch on the expansion enclosure and
on the computer rear panel.

- connect the external data cable from the CDT to JI4 in the main
computer enclosure. Check that the CDT/TTY internal cable (P14
to slot 20), is correctly seated.

- If the Non-Impact Printer (NIP) is part of the system, install
cable assembly P/N 62078801 between the CDT and the NIP. The
printer daisy chain output on the NIP must be terminated with
terminator assembly P/N 62078900.

- make sure the baud select on the TTY controller board is properly
installed. Baud rates are 110, 300, 1200, and 9600 only.
Maximum baud rate for NIP Printer is 300. Use of NIP Printer
at baud rate greater than 110 will require software restrictions

to prevent lost characters after a carriage return.
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14, Conversational Display Terminal (CDT) Cont'd

- 0dd or even parity operation of the CDT may be required by
specific applications. |In that event, changes will have to be
made on the TTY controller board.

- To select even parity and seven data bits per character, add a
wire between P2-B22 and U53-7. To select odd parity and seven
data bits per character, add another wire between P2-B28 and
us2-7.

- Install wires, if required, on the component side of the TTY
controller board.

- Switch on the AC POWER switch on the computer rear panel and the
DC POWER switch on the Programmer's Console.

- set CDT switch to ON.

- Run the applicable diagnostics as detailed in the System Main-
tenance Monitor (SMM) for the TTY.

15. Install all peripheral controllers according to appropriate
Customer Engineering manual. Refer to delivery note/equipment
order for list of peripheral controllers and to Figures 3-1,3-2, Makel
sure that the appropriate internal and external cables are connected
(refer to the cable list of the peripheral Customer Engineering
manual). The preface to this manual lists the Customer Engineering ]
manuals of the peripheral controllers.
WARNTNG i
Before attempting to insert any
controller make sure that the

enclosure dc POWER switch is off.

16. Install all interconnecting cables between the main computer enclosure

and the expansion enclosure (if part of system).
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| conversational Display Terminal (CDT) Continued

17.

18.

19.

3-30

Make all interrupt connections according to system requirements on the
computer main enclosure back plane using the interrupt cable assembly
number 89724702, For interrupt pin assignments on the CPU refer to
Table 4-5.

Make all DSA scanner connections according to system requirements.
Refer to AB107/AB108 Computer Input/Output Specification Manual,
publication number 89673100 as well as the CE manuals for specific

controllers. The preface to this manual has a complete list.

Run diagnostics (SMM 17).
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THEORY OF OPERATION






THEORY OF OPERATION
INTRODUCT ION

This section presents general and detailed functional descriptions of the
equipment, using aids such as overall and detailed block diagrams and timing
diagrams. Descriptions are keyed to the detailed logic diagrams in the
Diagram Section (Section 5) and afford a basis to understand the detailed

description of the specific circuit in that section.

NOTE

It is assumed that the reader is familiar with Control Data equipment
and with the programming characteristics of the Computer as described
in the 1784 Computer System, Reference Manual, Publication No.89633400.

BASIC COMPUTER

The AB107/AB108 with the memory and other supporting equipment is a stored
program parallel mode digital computer. The computer word contains 18 bits;

the 16 least significant bits (bits 00 through 15) contain data and instructions,
bit 16 is the parity bit, bit 17 is the program protect bit.

The simplified block diagram of the computer system is given in Figure L4-1.

It shows the principal functional units of the computer with an indication

of their equipment numbers. The interconnection between the units is shown
both within an equipment and between the main computer enclosure (equipment
AB107 or AB108 ) and the expansion enclosure (BTI48 ). The main computer I
equipment houses up to eight memory modules (equipment BA201-A/B). It also
houses the optional Memory Hold Battery (equipment GD611-A) and provides slots
and wiring for peripheral equipment controllers on the A/Q and Direct Storage
Access (DSA) input/output channels. The expansion enclosure (equipment

BT148 ) similarly houses the whole of the memory expansion system and the I
Memory Hold Battery and provides slots and wiring for peripheral equipment
controllers on the two input/output channels. The equipment is listed and
described in Section 1 of this manual; detailed circuit, logic and inter-
connection diagrams are given in Section 5. Functional block diagrams are

given in this section.

89633300 F 41



Most of the circuitry of the computer is accommodated on 50-PAK printed

wiring boards.

the computer enclosure.

The power supply forms a separate component unit within

Table 4-1 lists the units of the basic computer,

their slot allocation within the computer enclosure is shown in Figure 3-1.

TABLE L4-1. BASIC COMPUTER FUNCTIONAL UNITS

Subsystem Unit designation Slot | Assembly/Mounting
CPU Timing 23 single P.W.A.
Decoder 24 single P.W.A.
Arithmetic and Logic Unit (ALU) | 25,26 | two identical P.W.A.'s
Console Interface 21 single P.W.A.
1/0 Interface 22 single P.W.A.
Teletypewriter Controller (TTY) 20 single P.W.A.
Programmer's Console - enclosure front panel
Memory System| Memory Module 2288 :::z%gﬁégi_z 29:36 ?gzzg$_:ig?tszégifé;s
Memory Address Assy )Memory 28 single P.W.A.
Memory Control Assy iControl]er 27 single P.W.A.

Power Supply

Power Supply Unit

Unit mounted on front

door of enclosure

Battery Equipment GD611-A - Mounted on rear cover
(optional) of enclosure
L-2 89633300 F
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THE CENTRAL PROCESSING UNIT (CPU)

DATA PATH

The block diagram of Figure 4-2(a) shows the main circuits in the arithmetic
and control portion of the 1784 computer. The input/output (1/0) and memory
interfaces are indicated.

As shown, the CPU consists of the ALU/Shifter netwerk, control circuits and
registers. In general, the registers contain operators and data for some
period of time. When the register contents require an arithmetic, logical,
or transfer operation, they are transmitted through the ALU/Shifte} network.
The ALU/Shifter network combines these quantities in a logical or arithmetic
operation, operates on them independently as in a shift, or simply serves as
a path to transfer the contents of one register to another. Thus the
ALU/Shifter serves as the main path for all arithmetic, logical or inter-

register transfer operations.

The AB107/AB108 instruction Execution Charts (publication number 89723800)
give details of the contents of the computer circuits at the various stages

of execution of the program commands.

MAIN REGISTERS

X Register

The 16 bit data (X) register temporarily stores all data words read from the
memory by the CPU. This register holds one of the parameters in most

arithmetic operations.

Y Register

The 16 bit address (Y) register temporarily stores incomplete addresses during
address modification (indirect addressing). It stores the final effective
address when modification is complete. It is also used to store temporarily
a data word whose protect bit is being modified during set/clear protect bit
instructions; or one whose data content (16 bits) is increased by +1 during

Replace-Add-One instruction.

L-4 89633300 A



3 00£€€£968

S-f

8 | 3 | 2 |
[ St mevmon sans REVISION_RECORD
] fco | oescneron_ owrt] oare [owo]arr
) maaa: FTT
Pt st 1o TIY [RRAR
D[ |woe D
BLOCKS
o e o 1 p
! r
HARDWARE MAIN— SHFTER ey ' o
TENANCE MANUAL A 0 | INTERRACE
89633300
REVISION E - = axis = TIMING
S :
. COMMON Fi-R-RE
A LNES —] B
FROM ALL
PERIPHERALS| F FELD
DECODING
309)
oy i
DATA 1
ALU ol rrom ) R ENE
ALL CPU AM.RY,0,X S BITS SHIT OOUNT) —
c VEMORY OR=2 TIMES THE o
REQUES MEMORY REFERENCES REQURED C
RN FOR_ACDRESSNG MODE~OR —
/OMDE SHFT COLNT. 263 | 263 | 263 | 23 | o6s
O FROM TV veoRy oex warE n FED T T T 7
- B Lwano | |HE, | [
MEMORY ADDRESS vewoRy o
Roress T 0 T 306
R AIND SET c!zm o 8o ] ‘ovee
g T G aF Foo oveE
33l 7 cowsoue |
— . @ berod*THES INTERRUPT [~
w(?n g e @® st L S A | I
343
LasT
b—o! mERATNE
M AN BSTRVCTN
ken TiiNG PROTECT i
RO » | = [ d CuRRENT AT i
SECECTOR osh BUS T NSTRCTION —] CIRCUT GENERATE e o
(0atA) LT :
= A% () ®@ '% s ® WRQ" CKT
B oW ADDRESS. o
SELECTOR oaTA N - e B
55) OVERFLOWOR  AUGEND AN
&7l OVERFLOW  ADDEND SGNS. NTERRUPT @ peL— CiRCUT
170 o e ™0 RrEe -
o 351 Fsatmc on
£cTon PARIT
7 B L. m % INTERFACE %2 = — e L ore
- oama | Jers ENT 2L N ucmon rows FALURE
— o —— . o sy TR e B
22“ . OvERFLOW CONSOLE NTERRCE 351
marecr| - pay| Wr“mﬁ?;v-o'ﬂ - -‘:—_- D.C. PWR I~
+ A xe
e i | s e Bprns
g
W LEVEL SWTER ¥ a0 AsSEMBLY TEST MODE SW: CONSOLE ENTER aB
L SELECT INTERFACE Looe e T
VEMORY O nCo v@” = e
= {a)- = L 8 I e
e
3339) —_—J o TTY protect <1 L LGEM oy ¢/ -
l o M SWICH i a?"' ais
A vomy o oot N o w'l! i g EL8T COMPUTERS UTD] 7 imo useo on] Triee A
sevony ——— It
REGISTER REGISTER e oo [ 3 [N R | 1784 BLOCK DIAGRAM
2|l ¥ B
490] S
TO EXPANSION —389) g [ Do noT scate orawinG | own | 6 M 29.6.77
CHASSS MEMORY CONTROL COWRRE LK ¥ fmenm oo
Coueur . JO & oot oonT TR >
8 enoR
QuTPUT_paTA
nm oo TTY CONTROLLER Bl ve d
e
: . scae i [oeer o
. l
8 T 7 ! . 5 [ 4 ' 3 2 ' 1

Errata:

1. Zone
2. Zone
3. Zone
L. Zone

Figure L4-2.

CPU Block Diagram

: input to ALU block should be ''S'" CONTROL (not ,S'* CONTROL)
input should be "ENABLE INTERRUPT'' INSTRUCTION (missing quotation marks).
: INTERRPUT SEQUENCE TIMING should be INTERRUPT SEQUENCE TIMING (spelling).
: in block of SAVE OVERFLOW etc, INTERRUPUT should be INTERRUPT (spelling).



A Register

This 16 bit register is the principal arithmetic register in most arithmetic and
logical operations. The sixteenth bit in the register is the sign bit. The
register is also used as a temporary store for data received or transmitted on

the A/Q channel.

Q Register

The 16 bit Q register serves as the auxiliary register in most arithmetic and
logical operations. It is also used to hold address codes of peripheral devices

operating on the A/Q channel; it also serves as index register No. 1.

P Register

The program address (P) register contains 15 bits in the 32K mode and 16 bits
in the 65K mode (operation with memory expansion). It holds the program
address of the instruction currently being executed. In the later stages of
execution of most instructions the P register is advanced by adding +1 through
adder/shifter network for referencing the next instruction. The P register

may be decremented by adding -1 during some interrupt sequences.

M Register

The 16 bit mask (M) register stores the interrupt mask bits. Each bit in the
mask register corresponds to a particular interrupt line. For the computer to

recognize an interrupt when it occurs, the corresponding bit of the mask register

must be active (high).

B Register

The 16 bit breakpoint (B) register holds data for address comparison during
breakpoint mode of operation. This register can be accessed only manually

through the Programmer's Console front panel controls.

k-6 89633300 A
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Instruction Register

The 16 bit instruction register stores those words read from the memory which
are to be treated as instructions. These bits, when decoded, direct the

execution of the instructions.

I Register

Storage location 00FF{¢ serves as index register No. 2 for indirect addressing;

index register No. 1 is the Q register.

Addend/Augend Gates

These gates serve as the input gate control for the ALU/Shifter. In most
arithmetic, logical and register transfer operations one input is selected

by the addend gates and one by the augend gates.

The gates can select signals as follows:

Gate can select
addend - output of X, P, M, Q registers
augend - output of X, Y registers

, A
- lower 4 bits of X register (other bits equal 0)
- lower 8 bits of X register (other bits sign-extended)
- lower 8 bits of X register (other bits equal 0)

- constants +1 and 10

The constant +1 is used to increment the P register at the end of most

instructions.

The constant -1 is used during enter interrupt sequence to decrement the

P register.

The constants +0 and -0 are used to sign-extend the A field of the instruction

register.

The lower four bits of the X register are used during skip instructions.

-7
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ALU/Shifter

The ALU/shifter is used for the following operations:

- arithmetic and logical operations on the gontents of registers

- transfer of A/Q channel input data, Programmer's Console input data

and the Interrupt Trap Address into the CPU data path
- calculation of memory address

It also serves as the transfer path for all interregister transfer operations.

CONTROL AND TIMING SECTION

This section generates the basic timing and control signals for the computer.
Figure 4-2 (b) gives its block diagram.

Programmer's Console

The equipment front panel serves as the programmer's console: it carries the
switches and indicator lights which enable the operator to control and monitor
the computer manually.

The controls and indicators are described in the 1784 Computer System Reference

Manual, publication no. 89633400. Their layout is shown in Figure 2-2 of this

manual. The circuitry associated with the programmer's console consist of three
groups of circuits:

o
w~

register selectors
% data bit entry circuit

* control switches and indicators

These circuits are described in detail in Section 5 of this manual. They

interface with the computer control circuits through the console interface.

89633300 A



Clock

The oscillator and phase generator together form the clock. The oscillator
generates crystal controlled symmetrical clock pulses. Different crystals

are used to produce the frequencies needed for the two versions of the computer:

Equipment Cycle time Oscillator Phase Generator
frequency Repetition Rate
AB107 900 nsec 12.222 MHz 81.8 nsec
AB108 600 nsec 18.333 MHz 54.5 nsec

The phase generator converts the oscillator signal to pulse trains on five clock
lines (PH1 through PH5). The timing diagram is given in Section 5 for the
Timing unit. The repetition rate for the pulses is given in the table above.

A CPU cycle consists of a series of five pulses, one each on the phase generator

output lines.

Main Sequence Control and Even/0dd Cycles

The sequence control circuit controls the mode of operation for the execution
of a given instruction. There are four modes of operation controlled by four
state flip-flops:

- Read Next Instruction (RNI)
- Address (ADR)

-  Operand (@P)

- Operand 2 (#P2)

In addition every CPU cycle is defined as either an even or an odd cycle. The
even and odd flip-flops determine the state of the machine. Usually even and
odd cycles will alternate so that one flip-flop will be set and the other reset
on the first cycle, and both flip-flops will change state on each following cycle.
In some cases the odd state remains for two successive cycles. In such a
condition a third flip-flop, called #DD2 will be set during the second odd cycle.
The @DD2 flip-flop is set by the signal EXT from the 1/0 interface board and

resets itself after one cycle.
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The RNl state is active at the beginning of each instruction during both the
EVEN, and the #DD CPU cycle. Some interregister instructions and skip
instructions are completed during RNl so that the RNl state remains active

during the whole instruction.

In memory reference instructions the RNl state is usually followed by the
Operand 1 or Operand 2 (@P, §P2) states. These are also used in register

reference instructions.

The ADR state is active following RNI in memory reference instructions while
the effective address is being calculated. The ADR state lasts from 2 to 6
CPU cycles if there is no multi-level indirect addressing (65K mode). Otherwise
it remains high until addressing is completed (32K mode). The ADR state is

followed by #P or #P2 except in jump instructions.

The entire effective address can be calculated during the RNI+@DD cycle and the
ADR state is not needed. This is referred to as SHort ADDRessing (SHADR). Double

addressing is explained in the part of Section 5 describing the ALU circuits.

The other control signals and timing diagrams are given in Section 5 facing the

Timing circuits (sheets 2, 5).
Counter

The binary 5-bit count-down counter is used in three operations:
* shift: it counts the number of times a word is to be shifted

(shifting distance)

* multiply/divide: it counts the number of iterations necessary to complete

the operation

oo
«

address: it controls the execution of address calculations



MEMORY SYSTEM

INTRODUCTION

The AB107/AB108 equipment contains the Memory Controller of the memory system.
The Memory Controller together with the Memory Modules, equipment BA201-A/B,
constitutes the main computer memory system. Up to eight memory modules,
equipment BA201-A/B may be accommodated in the main computer enclosure. Each
memory module carries 4096 (4K) 18-bit words.

The Expansion Enclosure, equipment BT148, can house the memory expansion system
consisting of the Memory Expansion Controller, equipment BU120-A and up to

eight memory modules, equipment BA201-A/B.

The memory system housed in the main computer enclosure together with the
memory expansion system form the computer memory system having up to 16 memory
modules and thus up to 65,536 (65K) 18-bit words.

The memory system will be described in the following paragraphs. The
description falls in two parts: the control and access circuits (Memory Control
System) are described briefly, followed by a description of the Memory Module,
equipment BA201-A/B and the memory unit it is based on. As the AB107/AB108
uses a semiconductor memory, the theory of operation of the memory module is
explained in greater detail than that of other circuits. A detailed circuit
description of the control circuits is given in Section 5. The memory system
is accessed from the CPU (A/Q channel) or from peripheral devices through the
Direct Storage Access (DSA) channel. Refer to the paragraphs on input/output

in this section.

MEMORY CONTROL SYSTEM

The memory control system is made up of two printed circuit wiring assemblies:

the Memory Address and the Memory Control.

Figure 4-3 is a block diagram showing the memory address system and data flow.
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All the memory locations are defined and accessed through the memory
address assembly in the following steps:

Step Selection of- Defines
1. Memory bank - main memory/expansion memory
2, Memory module - any one of installed modules

(up to eight in main enclosure,

up to eight in expansion enclosure)
3. Kiloword -- one of four kilowords on selected
memory module

L, Row and column - word location within the kiloword

(bit within the memory unit)

In addition to accessing operations the memory address circuits define the
origin of memory access. The following table defines the different

memory access cycles:

Designation Data flow to/from
1. Refresh cycle Internal to memory system
2. DSA cycle Direct Storage Access channel (DSA)
3. CPU cycle Central Processing Unit

Data input (16 bits) to the memory is through the memory address circuits,

which also generate the parity and protect bits, that make up the 18-bit
computer word,

Data output is through the memory control circuits to either the CPU or the

DSA channel. The control circuits also produce the timing and control signal
for the memory system, under command of the CPU and synchronously with the

CPU clock.
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PRINCIPLES OF THE DYNAMIC SEMICONDUCTOR MEMORY CHIP

Introduction

The memory module (equipment BA201-A/B) of the AB107/AB108 Computer uses
dynamic 1024 bit (''one kilobit') random access memory units, built on

semiconductor chips using silicon gate MOS technology. They are Large
Scale Integrated (LSI) networks, and perform several system functions on

the same chip.

Device Operation

The memory unit is a 1024-bit, fully decoded read-write Random Access
Memory (RAM). Each bit of information is held in capacitive cells as

a stored charge. Because of charge leakage, each bit must be regularly
refreshed (recharged). The memory is organized in a matrix of 32 rows
by 32 cells. The row and column address select one unique bit from the
1024 storage bits on the chip. Each time a bit is read from or written
into a memory cell, all 32 bits of its particular row address are

automatically refreshed.

The circuit of each memory cell is shown in Figure 4-4. An array of

1024 of these are mounted in an 18 lead dual in-line package. Figure 4-5(a)
shows the block diagram of the circuit package, together with pin connections.
A more detailed logic diagram is shown in Figure 4-5(b). The following
paragraphs describe the operation of the memory cell and the integrated

circuit package in greater detail.
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The Memory Cell

The dynamic MOS memory cell circuit is shown in Figure 4-4,

NOTE

"High' and '"'Low'" refer to signal level

change with respect to the MOS substrate.
Data is stored as charge on the parasitic capacitance Cg associated with the
gate of Q2 and the junction of Q; connected to it. Data may be written into
this capacitance via the transmission gate formed by transistor Qj. The data
to be written is placed on the WDATA line and WSEL is activated (made high).
To read from the cell, the RDATA line with its associated capacitance (or
amplifier input) is initially charged high through the external gate by
activating the P (Precharge) signal. To complete the reading operation
the RSEL line is activated and the RDATA line is recharged only if the
capacitor Cg is charged high; the RDATA line remains high only if Cg contains

a low. Thus after the reading operation the RDATA line carries the
logical complement of the cell data.

Although the read-out operation from the cell is non-destructive, the leakage
associated with the junction of Q; eventually may result in the loss of the
charge stored in Cg. To maintain the data stored in the cell, it is
periodically refreshed through feedback of the cell content to the WDATA

line during every memory cycle. This is accomplished by reading the

contents of the cell onto the read RDATA line, inverting the resulting

signal in the refresh amplifier and applying it to the WDATA line, and
writing it back into the cell by activating the WSEL line. For the RAM of
equipment BA201-A regeneration has to take place every 2 milliseconds,

(1 millisecond in equipment BA20}-B).During normal operation of the computer

refresh cycles are generated automatically, interleaved with CPU and DSA

access cycles. Refresh cycles take priority. Special refresh cycles are
generated when no access cycles occur.
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The dynamic cells are laid out in a two dimensional array on the chip. One
entire row of cells is refreshed (or accessed) at one time, one refresh
amplifier being provided for each column of cells in the array. To

refresh the entire memory, each row of cells must be individually
refreshed.

P
o—d{
RSEL ?
L Q3
WDATA O——]_Q_l[—I—‘ Q2

Les L

O WSEL —O RDATA

I

Figure L-4, The Memory Cell
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Organization

General block diagrams of the memory unit are shown in Figures 4-5 (a) to
(d). The memory is organized in a matrix of 32 rows by 32 cells

each. Five row address lines, A0 through A4, are decoded to select one
row of cells. When accessed, the contents of the selected row are
transferred to a row of 32 refresh amplifiers. In the course of a
memory cycle, whether read or write, the data is regenerated and written
back into the selected row of cells. Address bits A5 through A9 are
decoded to select one refresh amplifier for communication with the data
input and output terminals, through the Read/Write Column Gates.
Activation of the write-clock (Read/Write signal) effectively disconnects
the refresh amplifier and so causes new data to be written into the cell.
Data output is sensed as a current through the common data output gate
(DATA out gives zero current output for DATA high, about 0.9 milliamperes
for DATA low).

Timing
Figure 4-6 shows the basic timing of the chip memory cycle.

The cycle timing is established by the three clock signals: Precharge,
Cenable (Chip Enable), and Write. Initially (prior to execution of a
memory cycle) all clocks are at their high state, at a voltage approximately
equal to the supply voltage, Vgg. Access begins tpc before the negative
transition of Cenable. During this period Precharge is active, and the
address becomes stable in both row and column decoders. After the Cenable
transition the contents of the 32 cells along the selected row are written
into the 32 on-chip refresh amplifiers. At the positive transition of the
Precharge the contents of the refresh amplifiers are written back into their
respective columns and the output appears tp later. A delay of tpy after
the positive edge of the Precharge,new data on the data input line may be

written into the selected cell using a read/write pulse (minimum duration

twp).
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Figure 4-5. Memory Unit.
(b) Detailed Block Diagram.
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Basic Memory Cell

Tnsst.
RDATA
LT
WDATA [
o- ] [——4
'l' Shown as:
WSEL

Address Inverters

P AlP|A
_ L{L]|H
A A L|{H|H
HIL]L
H| H | value of
previous state

A: Ap through A9
H: High
L: Low

Figure 4-5. Memory Unit.
(c) Circuit Details.
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Refresh Amplifier

VDD R I VbD Auxiliary Gates

")
R
e T
A
—0 w

P
Vss
CE P
WDATA LINE  RDATA LINE

Row Selector and Read/ Write Amplifier

RSEL NOTE .
Column Selectors

WSEL are Identical to
Row Selectors

Figure 4-5. Memory Unit.
(d) Circuit Details.
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Figure 4-6.
(b)

Memory Timing.
Refresh Cycles
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The memory unit described here has two versions differing in their basic

cycle times:

o
w

the AB107 equipment

o
w~

the AB108 equipment

One type of memory module (BA201-A or BA201-B) may be accommodated in the

enclosures (computer enclosure and expansion enclosure, equipment BT148)

the BA201-B module allows a computer cycle time of 900 nanoseconds in

the BA201-A module allows a computer cycle time of 600 nanoseconds in

at any one time. The memory controller and memory expansion controller are

suitable for both types and only the enclosure supply voltage (Vss) has to

be changed. This is done at the time of installation of the first memory

module in

the enclosure.

The basic timing specifications of the memory units are given in Table 4-2.

TABLE 4-2. BASIC TIMING SPECIFICATIONS OF THE MEMORY UNITS
Chip used in Chip used in
BA201-B Module | BA201-A Module
Symbol Period MIN MAX MIN MAX UNIT
tREF Time between refresh 2 1 ms
tAC Address to Cenable setup time| 115 30 nsec
t0VL Precharge & Cenable overlap, .
low 25 -10 nsec
tOVH Precharge & Cenable overlap,
high 140 85 nsec
tow Precharge to Read/Write delay| 165 500 115 500 nsec
tup Read/Write pulse width 50 Lo nsec
tho End of Precharge to
output delay 120 75 nsec
taccl Address to Output Access 300 135 nsec
tacce Precharge to Output Access 310 165 nsec
89633300 F 4-25




DETAILED OPERATION OF THE MEMORY UNIT

To begin a cycle, Precharge is brought low, to approximately VDD potential.
This operation activates the row and column decoders, and also charges all
read and write data lines negatively, i.e., to the equivalent of a logic
"high'' state for the P-channel MOS. (In the discussion which follows,
clocks, etc. are considered ''on'' at VDD level, and '"off' at VSS level.

"High'' and 'Low'' refer to the change with respect to the M0OS substrate.)

The decoder circuitry is somewhat faster than the line charging circuitry,
so addresses need not be stable until somewhat after Precharge is applied.

Address data may be provided before Precharge is turned on.

After Precharge and address data have been present long enough for the data
lines to charge and the row and column decoders to stabilize (time tac after
Precharge is low). the Cenable clock is turned on - i.e., dropped to its
low state. At this time, the desired read-select line is activated and

the read-data line charging circuits are disabled. This initiates the
writing of the contents of the 32 cells along the selected row into the

32 on-chip refresh amplifiers, one amplifier for each column in the array.
The data lines begin to discharge selectively, with the signals on them
approaching values corresponding to the complements of the data stored

in the selected row of cells.

As the read-data lines selectively discharge, the Precharge signal is
turned off, i.e., raised high to Vgg. Following this the contents of
the refresh amplifiers are written back into their respective columns;
and after the period tpg the output appears. This is accomplished by
the removal of the charging signal on the write-data lines, and closing
a path to selectively discharge these lines. The cell contents are
restored by activating the write-select line corresponding to the
selected read-select line. The signal level on the write-data

line is a function of the overlap time between Precharge
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and Cenable. |If this overlap is too short, the read-data lines will not
have discharged sufficiently when the discharge path from the refresh
amplifiers to the write-data lines is closed. As a result, high (negative)

levels written into the cells may be reduced.

If, however, the overlap time is excessive, weak lows within the cells may
result in some discharge of the read lines before closure of the write-back
path, Thus cells with weak lows have higher levels (even weaker lows)
written back into them, eventually resulting in lows changing to highs.
This problem is somewhat aggravated by the small but unavoidable capacitive
coupling between the data and select lines and the cell storage capacitor.
Provision is made for controlling the overlap time in the Memory Control

and Memory Address units.

When Cenable is turned on, a current path from VSS to the output is
established, for one column decoder is enabled and all write-data lines
have been charged high (negative). |If the selected cell (the cell at
the intersection of the selected column and selected row) contains a low,
the write-data line will discharge after Precharge is removed and the
output current will be cut off. I1f, however, the selected cell has been

negatively charged (high), the output current will continue to flow.

Cenable must remain present for a sufficient time after Precharge turn-off
to allow the contents of the selected row of cells to be refreshed. Even
after Cenable is turned off (raised to Vgg) the addresses must remain
present for about 20 nanoseconds to allow completion of internal operations.
Precharge will not be applied again until Cenable has been off for at

least 85 nanoseconds (see Memory Control operation).

To write new data into the selected cell, with or without a read operation,
all sequences proceed as above. However, the write line is activated
before Cenable is removed and tow after the positive edge of Precharge;

this allows the write-data lines to stabilize. As a result, the read
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4-28

data lines are discharged, effectively disconnecting the refresh amplifiers
from the write data lines. A path from the data-input line is also
enables into the selected write data line. Thus, a direct path from

the data input to the selected cell is established. A signal on this

input will then overwrite the contents of the cell.

The timing specifications for operating the unit are shown in Table L4-2,
All the time values listed, except tPO’ tACCI are generated by the memory
system. The time designated tPO refers to the time delay observed
between the turn-off of Precharge and the availability of data at the

chip output terminals, and is a characteristic of the unit.

and

The two access times, represent a combination of system

taccl tacc2
operating parameters and characteristics of the chip. Thus the stated
"minimum'' values represent the shortest access times which can be
guaranteed when the unit is operated within the limits specified and
with rise and fall times of 20 nanoseconds. System access times will
exceed these values because of the additional delays and tolerances

introduced by the rest of the system.
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REFRESH TIME

The maximum time interval between accesses to memory cells (tREF) is specified
as 2 milliseconds for units on the BA201-B module, 1 milliseconds for units on
the BA201-A module. To guarantee that data is retained within the memory, at
least one read or write cycle must be executed for each row of cells within
this refresh interval. As the rows are selected by address inputs A0

through Ah at least 32 memory cycles, one for each state of address lines A0
through A, must be executed in each refresh interval. These cycles may
result from normal accessing, as in a sequential-access mode of operation of
the memory. In other cases special refresh cycles must be executed. In the
Memory System (AB107 equipment) the cells are refreshed every 1.5 millisecond,

in the Memory System (AB108 equipment) every 1.0 millisecond.

CHIP SELECT

In operation, the Cenable clock also acts as a chip (memory unit) select.
That is, Precharge and write signals may be applied at their normal times

in the cycle, but if Cenable is not applied, the unit will neither deliver
current to the output terminal nor will the contents of any cell be altered;

no refreshing of memory content takes place during such a cycle.

POWER SUPPLY LEVELS

Signal and power supply levels are important to the proper operation of the
unit. Speed is a function of both the Vgg level and clock amplitudes. In
general, higher amplitudes or voltages result in faster operation. Substrate
bias Vgg also has an effect on performance. This bias improves noise

immunity and prevents parasitic interaction within the device.
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INPUT CLOCK AMPLITUDES

To guarantee operation of the memory chip over the full temperature range
at the speeds specified the clock amplitudes must be maintained at the
specified values. These are:-

High: VIV 32V -1.0V at 0°C

o
SS 2 VSS-0.7V at 70 C to V

HIGH ~ SS

. - ° - °
Low: VSS 15.0V at 70°C to VSS 14,7V at 0C = V >V

LOW v

sS~
The value of the supply voltage (VSS) determines that of the bias voltage
VgB (refer to Figure 4-13 of the Power Supply Regulator and Control Circuits).

SYSTEM CONSIDERATIONS

The memory units are used in a rectangular 18 x 4 array to provide storage
units of 4096 (4K) words of 18 bits each. Such an array with its supporting
circuitry is called a Memory Module, with the main addressing and control

circuits for up to eight modules carried on the Memory Address and Memory

Control units. These are described in other parts of this section and in
Section 5.

Maintenance and safety precautions relating to the Memory Modules and to

the memory units are given in Section 7.

The contents of the memory unit has to be refreshed periodically as it is

a basically volatile store. The memory system, however, is made non-
volatile for at least 8 hours with the use of a battery and a special

Low Power Data Retention (LPDR) mode of operation. This is also described

in other parts of this section.
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MEMORY MODULE

The Memory Module is the basic unit of the AB107/AB108 memory system. It
consists of a 4x18 array of memory units to give 4096 (4K) 18-bit words
together with immediate supporting circuitry, all accommodated on a single
50-PAK printed wiring board. The block diagram of the Memory Module is
given in Figure 4-7. The memory units are described in previous paragraphs.
The following paragraphs give the description of the block diagram followed

by the function of the auxiliary circuits listed in the table.

Circuit Function
Level Shifters adapt TTL logic levels to MOS levels
Cenable-Precharge delay regulates the overlap (tOVL’ tOVH)
Auxiliary logic generates internal control signals

from available control signals

LPDR circuit generates the switched supply (Vccs) used

in Low Power Data Retention operation

Data Out Sense Amplifiers convert the signals appearing on the open-
collector of the memory unit data out lines

to TTL signals (current to TTL logic

conversion)

A description of these circuits is given in Section 5 (Memory Module).
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THE MEMORY MODULE BLOCK DIAGRAM

The memory matrix provides the actual storage location within the memory system.
It is an array of four rows of 18 memory units, forming four thousand words of
18 bits each.

The data flow to and from the memory matrix is on the 18 data-in and

18 data-out lines corresponding to the 18 bits of each kiloword. The
data-in lines of the memory units of corresponding bits in the four rows
are connected together in a wired-OR and the same is true of the data
output lines. A level shifter is incorporated in each of the 18 data-in
lines to adapt the TTL levels from the CPU to the MOS logic levels needed
in the memory matrix. Similarly the data out lines from the memory matrix

are buffered and level converted in the sense amplifiers.

Selection of a particular location in the matrix is achieved in two stages:
first one of the four rows of 18 memory units (one kiloword) is selected

by the corresponding kiloword selector signal (1KO through 1K3).

This allows the memory control signals (Precharge, Cenable) to reach the
memory units of that word. In the second stage the row and column address
signals, through the address level shifters, select a particular 18 bit word
within the selected kiloword.

The memory control and timing signals perform functions as follows:

——— e . . . 1. enmm mmret

i Cenable Selects memofy.hnit !
i R/W Read or Write 1
; Strobe Strobes output data

thX" - . Chooses”memory quq]gj
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AUXILIARY CIRCUIT FUNCTIONS

Level Shifters: TTL to MOS

TTL logic levels are 0.7 volts (low) and 2.0 volts (high). MOS levels are
approximately zero volts to Vgg (17 volts). A level shifter is needed to

match the two kinds of logic circuits.
The following signals use identical control signal level shifters:

- Precharge

- Read/Write (R/W)

- Address
The Cenable signals use the same level shifter but with two components
added. See page 5-23.

Level shifters are also used on the 18 data-in lines to adapt the TTL logic

levels of the incoming signals to the MOS level of the memory circuits.

The Overlap Circuit (Cenable - Precharge Delay)

There is an overlap delay circuit in the precharge line of each kiloword unit
on the Memory Module. It regulates the overlap timing tovL and tovH in
the memory units (see Table 4-2 and the Detailed Operation of the Memory Unit),

and consists of a diode switching network controlling RC delay circuit.
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Low Power Data Retention

During power failure the computer reverts to Low Power Data Retention (LPDR)
mode. During refresh cycle bursts in this mode none of the TTL logic circuits
receive power. This circuit controls the Vcc2 supply to produce the switched
logic (VCCS) supply, provided the optional power back-up sources battery
equipment GD611-A is installed. This arrangement preserves the memory

content for up to eight hours (see next subsection).

Data-Out Sense Amplifiers

The open collector outputs of the corresponding bits of the four kilowords on
the module are wire-ORed to form 18 lines. These are amplified in and gated
by the sense amplifiers to form the 18 TTL-compatible output lines of the

memory module.
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LOW POWER DATA RETENTION (LPDR) MODE

POWER BACK-UP

The memory chips are volatile: they will lose their stored charges if they
are not refreshed periodically. To make the memory system non-volatile,
it is designed to switch over to battery operation automatically in case
of power failure. A back-up battery, optional equipment GD611-A when
installed can supply power for the retention of the Full memory contents
for a period of up to eight hours.

When the utility power fails, the voltage on the dc power supplies
begins to drop. The power supply senses this voltage drop, and
raises the signal RGPWR to the Memory Control. Due to large storage
capacitors in the power supply, the voltages remain in the

uncritical region for at least one millisecond and the memory

continues to function.

When the Memory Control receives the raised RGPWR signal, it
continues to operate normally for half a millisecond. During this
time the CPU performs a special interrupt subroutine. At the end
of this one-half millisecond period the Memory Control switches to

"the back=-up mode.

To retain the memory content in the back-up mode the Memory Control
will not perform CPU or DSA cycles, but immediately performs a
burst of 32 row refresh cycles in rapid succession and so refreshes
the whole memory. The power supply switches to battery operation.
All circuits‘which require constant power, such as the memory chips,
continue to operate from the battery. All circuits that do not
require power, such as the CPU, are allowed to fail as the utility
power fails. All circuits which need power only during refresh
burst, such as address drivers, are power switched by the Memory

Control during refresh burst. Since 32 row refresh bursts require
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only 14 microseconds to perform, and refresh bursts are performed
once every 1024 microseconds, the power switched circuits are off
for a considerable time, conserving a significant amount of power.

In the back-up mode the memory chips use most of the power.

When the power supply senses that utility power has returned, it
switches to utility power, and drops the RGPWR signal. The Memory
Control performs one more refresh burst, and then switches to
normal mode operation.

During LPDR operation the Memory Hold Battery (optional equipment GD611-A) ]

supplies power. During normal operation the battery is recharged from
the power supply.
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PROGRAMMER'S CONSOLE

The equipment front panel serves as the Programmer's Console: it carries the
switches and indicator lights which enable the operator to control and monitor

computer operations.

The front panel controls and indicators are described in the 1784 Computer
Reference Manual, publication number 89633400. Their layout is shown in

Figure 2-2 of this manual.

The circuits on the Programmer's Console can be grouped in three functional

areas:

ot
w

Control switches and indicators and associated circuits;
* Register selectors;

* Data-bit selection circuit.

These circuits are described in Section 5 of this manual.
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INPUT/OUTPUT

Any peripheral controller that uses the A/Q channel or the DSA channel may I
be accommodated in the AB107/AB108 equipments. The following table is a

partial list. See the preface for more information.

CONTROLLER
EQUIPMENT No. CONTROLLER DESIGNATION l

Part of AB107/AB108 Teletypewriter (TTY)

FA716-A Cartridge Disk Drive Controller (CDDC)

FALL2-A ICL Magnetic Tape Transport Controller (MTTC-ICL)
FV497-A ICL Phase Encoding (PE) Formatter

FALLE-A LCTT Magnetic Tape Transport Controller(MTTC-LCTT)
FV618-A LCTT Phase Encoding (PE) Formatter

The Teletypewriter (TTY) Controller forms part of the AB107/AB108
equipment; the other controllers are separate equipments and are
accommodated in prewired slots within the main enclosure (ABI07/ABI108
equipment). Other controllers may be connected to the compyter through
one of the two access channels, the non-buffered AQ channel using the

A and Q registers and the Direct Storage Access (DSA) channel.

In the following a short functional description of the TTY controller is
given as well as the pin assignment and timing diagrams for the AQ and DSA
channels. The TTY controller logic circuit diagrams are given and are
described in detail in Section 5. Refer to the 1784 computer Input-Output
Specification Manual, publication number 89637100 and appropriate peripheral

controller manuals for further information.
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THE TELETYPEWRITER (TTY) CONTROLLER

The TTY Controller can interface the computer CPU with a Teletypewriter
Terminal and with a Conversational Display Terminal (CDT). It provides for
communication at 9600, 1200, 300 or 110 bauds. The baud rate is selected

by inserting a jumper plug in the appropriate location on the board.
DIRECT STORAGE ACCESS (DSA)

The DSA channel provides fast external access to the computer (equipment
AB107/AB108) . Access connections aré available on identical pins of
preassigned slots of the main enclosure (equipment AB107/AB108) and of the
expansion enclosure, equipment BT148 (refer to Figures 3-1 and 3-2) N |
Printed wiring boards conforming to 50-PAK specifications can be
accommodated in these slots. Figure 4-8 shows the timing of the signals

on the DSA channel. The pin assignment for the slots allocated to

controllers using the DSA channel is given in’Table L-3.
DSA Circuit Connections

The DSA channel is designed to be used with TTL 2-input NAND buffers

(1c 7438, PN62031200). Each DSA line is terminated by a 270 ohm pull-up
resistor (to Vcc) in the CPU. Each input to the CPU loads the line withup to
20 TTL load units. DSA output lines should be loaded with one TTL load

unit or less.
Scanner conditions are not prewired and should be made at the time of

installation (refer to customer engineering manual for appropriate

B controller). See the list in the preface.
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TABLE 4-3. DSA CHANNEL PIN ASSIGNMENTS

Py P,
A B A B

SDO5 ] SDo1 1
SD06 2 SD02 2
SDOO 3 SDO7 GND 3
SD12 L SD08 L
SD11 5 SD09 5
SDo3 6 sp1o 6
SDO4 7 7
8 8
MC 9 SD13 9
10 SD14 10
1 1
SRSM 12 SS 12
13 13
— 14 SPT 14
SRQ 15 SR1 15
16 | SCREM (SRP) 16
PEL 17 SVI0 17
sD16 18 | AUTOLOAD 13
SFT 19 | SCFBM (SFB) 19
sD17 20 20

32kW 21 SWRITE 21 GND
22 22
SA0S 23 SAG0 ' 23
SA09 24 SAO1 24
SA10 25 SA02 25
SATI 26 SAO3 26
SA12 27 SAOL 27
SAI3 28 SAO5 28
GND 29 : 29
SAlL 30 SA06 30
SA15 31 SA07 Vee 31

NOTES:

1. Signal polarity
Address bits (SA003SA15) are active high.
Data bits (SD00:SDI5) are active high for DSA transfers from the computer (Write).
Data bits (SD0O0:SD15) are active low for DSA transfers to the computer (Read).
All other signals on the DSA bus are as indicated (overlined: active low).

2. Power Supply Vcc=+5V.

Total usage of all controllers on A/Q and DSA buses should not exceed 30 amperes
in each enclosure.

? GND = logic ground.
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refer to next page.

Notes:
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Figure 4-8. DSA Channel Timing
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NOTES to Figure 4-8.

1. Signal names:
Tac: DSA Access Time

SRQ: Memory Access Request from DSA channel.

2. Timing

1784 -1 1784 -2
Remarks
minimum | typical | maximum | minimum | typical | maximum
(nsec) (nsec) (nsec) (nsec) | (nsec) | (nsec)

A. - - 70 - - 110

B. 50 - 175 50 - 200

C. - - 120 - - 245

D. - - 60 - - 60

E. 390 Lio koo 605 655 705

F. - 600 - - 900 -

G. 110 - - 190 - -

H. 70 | - - 120 - -

J. - - 10 - - 10

K. 0 - - 0 - -

L. 150 - - 210 - -

N. 0 - 215 0 - 320

S. - - 285 - - 470 |at maximum
DSA access
rate

TAC 220 - 855 330 - 1240 |with DSA
Priority

1455 2140 |without DSA
Priority
4-43
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NOTES to Figure 4-8 (Cont'd.):

3.

Refresh cycle time:

490 nsec once every 32 microseconds (600 nsec Memory)

735 nsec once every 48 microseconds (900 nsec Memory)

Modes of Operation

Worst Case

The maximum DSA access time (TAC) occurs when the memory system performs

CPU access cycles and successive Refresh cycles.

DSA Priority signal active

The memory system cannot perform CPU cycles. The DSA access time (TAC)

is minimum; it is increased by the regular occurrence of Refresh cycles.

Successive DSA requests

The memory system cannot perform CPU cycles on the memory bank addressed
by the equipment on the DSA channel. The DSA cycle time is equal to the
memory cycle time (600 nsec or. 900 nsec). The DSA cycle time will. be
increased by the Refresh cycles. Note that on single-bank operation

no CPU access can occur if the DSA requests are generated fast enough.
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A/Q CHANNEL

This is the non-buffered bi-directional input/output (1/0) channel for the
computer (equipment AB107/AB108). It utilizes the 16-bit A and Q registers

of the CPU. The Q register contains the address of the peripheral equipment;
the A register contains the data equipment status and director functions.

Access connections are available on identical pins of preassigned slots of the
main enclosure (equipment AB107/AB108) and of the expansion enclosure equipment
BT148 (refer to Figures 30la, 301b). Printed wiring boards conforming to 50-PAK
specifications can be accommodated in these slots (refer to AB107/AB108 Computer

Input-Output Specification Manual, publication number 89637100).

Output on A/Q Channel

A single word is output from the A register whenever an output instruction
is executed by the computer. The presence of the output data is signified
by the active state of the write line. The peripheral equipment whose address
is in the Q register should respond with a Reply or a Reject signal within
4 microseconds. The computer generates an internal Reject and reinitiates
execution of instructions if no response is received from the device within

- 12.8usec (AB108) or,19.2usec (AB107). If a Reply is received by the computer,
the next instruction executed is the one following the output instruc?ion ‘
(P+1). If an external Reject is received, the next instruction execuégd
is located at P + 1 + A, where A is the lowest eight bits of the outpuf
instruction, the highest bit of A being a sign bit. |If an internal Reject
is generated the next instruction executed is located at P + A. P is the

address of the output instruction.
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Input on A/Q Channel

A single word is input to the A register whenever an input instruction
is executed by the computer. The request for data by the computer is
signified by the active state of the read line. The peripheral device
whose address is in the Q register responds with a Reply when data is

available to the A register.

If no data is available, the peripheral device responds with a Reject.

In either case, the peripheral device must respond with a Reject

Reply within 4 microseconds. |If no response is obtained in 12.8 usec

(AB108) or 19.2yusec (AB107), the computer generates an internal Reject.
Reply causes the computer to go to address P + 1, where P is the address

of the input instruction. An external Reject causes the computer to go

to address P + 1 + A, where A is the lowest 8 bits of the input instruction,
the highest bit of A being a sign bit. Internal Reject causes the

cdmputer to go to address P + A.

Status on A/Q Channel

Each peripheral device must have one or more codes which can be loaded
into the Q register. When the computer executes an input instruction the
status of that device will be loaded into the A register. All devices
must respond to status requests with a Reply since the status must always
be available within 4 microseconds. If a no response is received by the
computer, it generates an .internal Reject after 6.4 usec (AB108) or

9.6 psec (AB107).
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A/Q Channel Access

A/Q Channel accesses are available on identical backplane pins of prewired
card slots of the equipments. Table 4-4 lists pin assignments for the

various signals.

A/Q Channel Timing

Figure L-9 describes timing restrictions of the A/Q channel. In addition
to the signals shown, a timing pulse is generated 135 nsec (+40 nsec)
before a Read or Write signal can appear on the A/Q channel. The timing
pulse is active for 75 nsec (+20 nsec). For more detailed signal

description and timing, refer to 1/0 Specification manual number 89673100.

A/Q Channel Loading Rules

Each signal (data or control), transmitted from a peripheral controller to the
CPU In the A/Q channel, must be driven by an open-collector NAND buffer

(1C Type 7438, CDC PN62031200). Each input line is terminated at the input

to the receiver on the CPU by a 180 ohm pull-up resistor (to vcc)‘ The input
loads the line with 20 TTL loading units.

Each device on the A/Q channel is allowed to load any line from the CPU by
one TTL load unit. The data bus (A register) is bi-directional.

Figure 4-10 gives examples of typical input, output and bi-directional lines.
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TABLE 4-4, A/Q CHANNEL PIN ASSIGNMENTS

P
A B
A0S | A0l
A06 2 A02
A0O 3 AO7
m L =

A0

R03 6 xTo
AOL g THT
TP 9 A3

10 AL
AlS n GND
Q00 12 Qo1
Q02 13 Q03
QOk4 14 Qo5
Q06 15 Q07
Q08 16 Q09
Q10 17 Q11
Q12 18 Q13
Qlh 19 Q15
WEZ 20
READ 21 WRITE
REPLY 22 REJECT
PRTM 23 MC

24

25

26

27

28
GND 29

30

31

Notes:

L-48

1) Q00:Ql15 are active high;

GND

Vece

N ot ot ot ) wond ot et ot ot ot
OWVWOONOTVIEEWN—=0WONOTVIIWN —

WNNNMNNMNNNNNDNODN
OWVWOoONONVIEWN —

w
-—

GND

all other signals are active low.

2) Vcc = +5V. Total usage of all AQ and DSA controllers should not exceed

30 amps in each enclosure.
3) GND = logic ground
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INPUT_OPERATION

DATA

READ

L_

REPLY OR REJECT

A = 0 uSEC MIN (@ PERIPHERAL DEVICE D
B = 0.0 uSEC MIN (Q) COMPUTER

= 0 uSEC MIN (Q) PERIPHERAL DEVICE
40 uSEC MAX (Q PERIPHERAL DEVICE
02 wSEC MIN (@ PERIPHERAL DEVICE

| -
I
|

C = 0.0 #SEC MIN (@ PERIPHERAL DEVICE

QUTPUT OQPERATION

DATA _J

Y —{D
WRITE |
L -

REPLY OR REJECT i € ,I

A = 01 uSEC MIN (Q)Q COMPUTER — D

0.0 4 SEC MIN (Q) COMPUTER E
0.0 uSEC MIN (Q) PERIPERAL

DEVICE

NOTE :

Ch-
= 0) uSEC MIN (@) COMPUTER
40 uSEC MAX (Q PERIPHERAL DEVICE

0.2 4 SEC MIN (@) PERIPHERAL DEVICE

89633300 A

THE ADDRESS BITS WILL BE ON THE CHANNEL A MINIMUM OF
0.1 »SEC BEFORE AND AFTER THE READ OR WRITE SIGNAL.

Figure 4-9. A/Q Channel Timing
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Vce

I |
' l
OUTPUT 80 | |
LINE — 204 I : 146
Vee : :
| |
180 | !
INPUT l
LINE —4q 146 ‘l : Y —
I I
Vee | I
| |
180 | !
— 204 p : + 146 p—r
[
[
BI-DIRECTIONAL | :
LINE : |
|
—a4 146 : : 204 ——
|
COMPUTER BACKPLANE PERIPHERAL
CONNECTIONS CONTROLLER

NOTE: 146 can be replaced by any TTL logic circuit gate
providing that the line is loaded by only one load unit.

Figure 4-10. A/Q Channel Input/Output Lines
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INTERRUPTS

There are 15 external interrupt positions provided, each brought out on an
individual backplane pin. These are used to interrupt the computer program
on specified conditions arising in the peripheral devices. The computer
program determines the interrupt priorities, that is, the order in which

the interrupt requests are dealt with in the computer. The program acts
through the computer mask (M) register. Should two interrupts occur
simultaneously, the hard-wired order of interrupts will determine priorities
(refer to table 4-5).

Interrupt Access

The 15 external interrupts are accessible on the backplane pins of the main
enclosure. A single wire (part number 89724702) is required to connect I
an interrupt source to the appropriate interrupt level. Table 4-5 lists

the pin assignments for the interrupt levels. Interrupt signals are active
low. See section 3 for the installation procedure of the interrupt cable.
For the interrupt connections for controllers installed in the BTI48 expans-
ion enclosure, refer to Hardware Maintenance Manual publication number
89758600 of the AT310 TTL A/Q-DSA Bus Expander. |
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TABLE 4-5.

INTERRUPT ACCESS PIN ASSIGNMENT

AB107/AB108

Line Card Slot Pin

0 - -

1 25 P1B10
2 25 P1AO7
3 25 P1BO7
4 25 P1AO5
5 25 P1A06
6 25 P1B06
7 25 P1BO5
8 26 P1Al10
9 26 PI1B10
10 26 P1A07
11 26 P1BO7
12 26 P1A05
13 26 P1A06
14 26 P1B06 .
15 26 P1BO5

" NOTE: Interrupt priority levels are in reverse
order of interrupt line numbers.
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Timing Considerations for Two Bank Operation

The computer can have one or two memory banks (see paragraphs on Memory
System in this section), each with a maximum of 32K words. The two banks
work independently. Any memory request using an address of 7FFF16 or less
will access the lower bank. Any memory request using an address of 800016
or above will access the upper bank. The two banks have identical control

logic.

Each bank can perform three types of memory cycles: refresh cycle,
DSA cycle or CPU cycle. The DSA has priority over the CPU and refresh cycles
have priority over the other two. DSA and CPU cycles are initiated by

external signals while refresh cycles are initiated by internal timing logic.

If the CPU accesses one bank, the DSA can simul taneously access the other
bank. In this case, the CPU and DSA can work at maximum speed subject to

refresh cycle requirements.

If the CPU and DSA access the same bank, then memory cycles are shared
between them. |f the CPU requests a memory access while a DSA cycle is
in progress, it must wait until the DSA cycle is finished. |If a refresh
cycle is pending when the DSA cycle ends, the CPU must also wait for that

refresh cycle to be completed.

Similarly, if the DSA requests access while a CPU cycle is in progress,
it must wait until the CPU cycle is finished. |[If a refresh cycle is
pending when the CPU cycle ends, the DSA must also wait for that refresh

cycle to be completed.
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Successive DSA cycles: if a DSA cycle is followed by another one within the

maximum delay specified after the start of RESUME (see Figure 4-8, note 2)

and the CPU is waiting to reference the memory, then the second DSA request
will be taken and the CPU forced to wait. This is because the memory system
gives the DSA priority over the CPU. Thus the DSA can obtain continuous
memory cycles and block CPU memory accesses by sending memory requests at

a high enough rate. This does not apply in two bank operation because the
CPU can access the upper bank while the DSA sends a request to the lower bank.
If the DSA then tries to access the upper bank it has to wait until the

CPU access ends.

The DSA can unconditionally block all CPU memory accesses with the signal

PRIORITY. This allows the DSA to access both banks at maximum speed,

except when it has to wait for a refresh cycle.

Note that the speed of data transfer is a function of the computer clock in
the Timing circuits. This clock is 1.5 times faster in the AB107 equipment
than in the AB108 allowing proportionally faster DSA access.
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POWER SUPPLY

The following paragraphs describe the functions and organization of the power

supply unit. The power supply unit is part of the main computer enclosure

(equipment AB107/AB108) and the expansion enclosure (equipment BT148) l
Detailed circuit and connection diagrams are given in Section 5 of this
manual.

ELECTRICAL

The power supply receives the main line-voltage through the three-conductor
flexible power cord which plugs in the socket at the rear of the

enclosure. The AC POWER switch and input fuse are located adjacent to the
input socket (Figure 2-1). The power supply unit provides all the operating
supplies for the equipment within the enclosure, including the charging and
protection circuits for the backup source, Memory Hold Battery, equipment
GD611-A.

The supplies,with brief characteristics, are listed in Table ,6-1. The inputl

ac line specifications are as follows:

104 - 127 vac, 49 - 60.6 Hz, single phase, up to 600 VA
or 198 - 264 vac, 49 - 60.6 Hz, single phase, up to 600 VA

Note: the equipment is normally supplied for nominal 110V operation.

It can be field converted to nominal 220V (refer to Section 3).
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MECHANICAL

The power supply unit is mounted on the hinged front door of the computer and
expansion enclosures (Figure 3-2). Access to it may be obtained by opening the
front door of the enclosure. It is cooled by a blower mounted immediately
beneath it (in the door). The power supply may be field calibrated (refer to
Section 6).

The memory hold battery (equipment GD611-A) when installed, is situated on the
inside of the equipment rear cover. The battery fuse is part of the input

circuit situated at the rear of the enclosure (Figure 2-1).

WARN ING

The power supply does not use a main isolating line-transformer
at its input; its circuits between the ac line input and the
isolating networks are therefore at line voltage. Do not handle
the power supply unit while the computer line cord is connected
to the ac supply.

GENERAL DESCRIPTION AND BLOCK DIAGRAM

The power supply unit is described below, the explanation being based on the
simplified block diagram of Figure 4-11. More detailed block diagrams follow.

Detailed circuit diagrams are given in Section 5.

The ac input power is taken to the computer enclosure through the power line
cord. This plugs into the ac power socket of the Input Unit mounted at the
top rear of the computer enclosure (Figure 2-1, 3-5). The Input Unit contains
the computer main circuit breaker (AC POWER switch), the input fuse (F1), the
battery fuse (F3) and the line filter. Note that the input unit is not part

of the power supply unit.

The computer chassis (frame) is connected to the third conductor of the line

cord; the conductor must be connected in turn to the ground (refer to Control
Data Mini Computer Systems, Site Preparation Manual, publication number 60437000).
The logic ground is brought out on a separate pin and should be connected to the

logic ground of the installation (refer to Section 3).

The equipment is switched on in two stages: first the ac line power is applied
to the power supply unit of the enclosure by switching ON the AC POWER switch on
the rear panel (part of the Input unit); in the second stage the power supply

unit is activated by turning on the dc POWER switch on the Programming Console.
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The main source of dc power is the ac-to-dc converter. This provides the main
unregulated logic supply of the computer (Vcc) and the internal auxiliary supplies
(+35V, +25v, -7V). The circuit uses a high frequency switching regulator to
generate Vcc' This circuit serves as preregulator for the other supplies which

are derived from the +35V supply through the regulator section.

Closely associated with the converter are the overvoltage and overcurrent
protection circuits which switch off the whole of the unit, should preset fail
conditions be exceeded on any one of the supplies. One of the auxiliary
independent supplies (+25V) provides the voltage for the reference generator

of the regulators to aid in operation of the circuits on switching on.

On failure of the ac line power the +35V internal supply fails and the backup power
source, optional memory hold battery equipment GD611-A (if installed), supplies the
regulators througn an isolating diode, connecting it to the +35V line. In this case
the computer switches to Low Power Data Retention (LPDR) mode of operation and only
the memory power supplies are active. The LPDR operation is described in paragraphs
on the operation of the Memory in this section and in Section 5. Note that the

front panel DC POWER switch must remain ON during LPDR operation.

The battery charge circuit charges the memory hold battery during normal
operation of the equipment. The battery is protected by its fuse both against
excessive charging current and against overload. The battery fuse is blown
also through the battery crowbar (SCR) circuit when an overvoltage is detected
on any one of the power supplies used during emergency (LPDR) operation.

The front panel dc POWER switch controls the power supply: with the rear

panel AC power ON, the DC POWER switch disables the power supply circuits

when off and enables them when on.

The AC-to-DC Converter and Protection Circuits

Figure 4-12 shows the block diagram of the main dc generator circuits with their

controls and the power supply protection circuits.
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AC-to-DC Converter and Protection Circuits: Block Diagram.

Figure 4-12.
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A feature of the power supply main power path is that the main isolating
transformer works at a frequency of about 20 kHz. Its bulk is therefore
drastically reduced compared to the input transformer of a more conventional
solution working at 50Hz. The line rectifier is connected directly to the ac
input line and its slightly filtered dc output taken through a voltage reg-
ulator to a 20kHz inverter. The isolating transformer can handle substantial

powers in a small volume because of its high frequency of operation.

This frequency allows also high efficiency final filtering with comparative-

ly small components, resulting in a dc output with very small ripple-content.

The technique of employing an isolator removed from the direct input makes

it necessary to employ small isolators in the control paths. Signal trans-
formers serve in the alternating and interrupted current paths, and an opt-
ical coupler is used where the coupling signal is dc (switching regulator cur-

current sense circuit).

The main switching regulator regulates the logic supply (vcc)' Its control
circuit compares the Vcc reference voltage from the reference generator to
the vCC voltage sensed at the computer circuits. The regulator therefore com-
pensates both for input and for load changes on the VCC line. As this carries
typically 35 amperes, the load regulating feature with remote sensing is
particularly important. The remote sensing points (+ SENSE, - SENSE) are at

the backplane of the enclosure.

The switching regulator serves as a preregulator for the +35V and -7V intern-
al dc supplies, though load changes on the VCC supply will show as regulation
noise on these. As they feed the final regulators, this noise does not appear

on the power supplies, except the +30V unregulated supply.

An auxiliary supply (+25V) is generated by a conventional line transformer
and rectifier filter directly from the ac line input. This supply is used in
the reference generator and the regulators which get their supply from the
+35V line: when the ac line is applied to the computer (AC POWER switch on
the rear of instrument) this connection allows the regulators to stabilize
before the front panel dc POWER switch enables the circuits in the main power

path. The auxiliary supply is protected by a separate fuse (F2: 100mA) . I
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The Low Power Data Retention (LPDR) mode of operation is initiated when the
main logic supply (Vcc) fails, due to any one of several conditions (see
Protection circuits below). The failure of the \Icc supply is sensed in the
Power Failure Detector by the absence of the switching signal to the VCC
switching regulator while the front panel dc POWER switch is ON, During LPDR
operation, only the circuits are supplied which are needed to retain the
content of the memory within the enclosure, provided the power back-up
source (memory hold battery, equipment GD611-A) is installed (refer to para-
graphs on memory operation in this section). To avoid hunting on momentary
recovery of the ac supply, the power recovery delay allows the computer to
return to normal operation only when the ac supply has been established for
some seconds. Note that the power fail detector is actuated also by failure
of the switching regulator control circuit: when the duty cycle of the
switching regulator tends to 100% (continuous current) the power fail detect-

or initiates an LPDR signal.

Protection Circuits

The power supply is protected against both overvoltage and excess current.
Over-current occurrring on any one of the suppliés, the whole power supply
shuts down. When an overcurrent condition occurs in the main power path, the
main voltage regulator (switching regulator for Vcc) is shut down. This is
done by stopping its switching signal through the overcurrent protection
.circuits. Should the overcurrent condition last for more than one second,
the overcurrent latch reduces the voltage of the switching regulator and so
activates the power fail circuit. The overcurrent latch is set also if any
of the circuits in the regulator section detect an overcurrent condition.

In this case, the LPDR mode of operation is initiated.

If the overcurrent protection circuit fails to shut down the main power path,
the crowbar drive is activated directly through its isolating transformer
and so fires the SCR of the main crowbar circuit. This in turn blows the
main fuse (F1). Each of the supply voltages is connected to the overvoltage
detector. Should a preset voltade be exceeded on any one of the supplies,
the detector actuates the crowbar circuits, which in turn blow both the

main fuse (F1) and the battery fuse (F3).
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Regulators and Control Circuits

The computer supplies, other than the main logic supply (Vcc)’ have individual

. control and regulator circuits. Table 4~6 summarizes these.

TABLE 4-6.  SUMMARY OF REGULATED POWER SUPPLY CIRCUITS l
Supply Type of Overcurrent Supply
Designation Regulator Detector from
Vccz switching yes +35V dc
VSS switching yes +35V dc
VBB series no +35V dc
-12v series no 35V ac
- 5v series yes -7V dc
+30V none yes +35V dc
Figure 4-13 is a block diagram showing these circuits. All regulators receive

their reference voltage from the reference generator, except the VSs supply, whose
reference is a tap of a potentiometer divider on the VBB supply. The reason
for this arrangement is that the memory unit bias and supply voltages must be
applied together and at a definite differential between them.,to avoid possible
overheating of the unit. Note that the +30V supply has no regulator but relies

on the regulation from the VCC regulator acting on the +35V internal supply.

The reference generator uses the sense line (the remote computer logic ground, -SENSE)
as its reference ground, thus compensating for current in the ground circuit

between the power supply and the computer. The reference generator is actuated

as soon as the AC power switch on the rear panel is switched on. It is thus
stabilized whenever power is applied to the computer and is ready for operation

as soon as the front panel dc POWER switch is thrown ON.



= 36vac
o -
= [
+35v Line —9—1—»] Overcurrent |— o + 30v
Detector
(+30v)
— Series > -l2v
—» To V
Reference R,,,,.f,%, Regulator
Generator o (12v)
Auxiliary +26v |———p
J—- —=»{ switching » Vecz
Front Panel Regulator
DG Power I—. »{(Vee2) -
Sense
A ¢—*1 Switching Ves
Computer Logic Ground " | Regulator
»{(Vgp )
Vgs Reference
L Switching > Vgs
Regulator
—» (Vgg) —o
Series —» —Byv
Regulator
@ Auxiliary -7 vde (~-5v) —T
§ To Current
“8 Limit Circuit
o
"

Figure4-13, Power Supply Regulator and Control Circuits: Block Diagram (see also page 5-448)



The Switching Regulator

Figure 4-14 illustrates the basic principles of the voltage conversion circuit
which is at the heart of the switching regulator. Transistor Ql is a switching
transistor in the main load path. It is switched on and off by a pulse wave-

form generated in the switching network.

The voltage and current waveforms are shown in part b of Figure 4-14., This
voltage is smoothed by the LC filter to give dc output with very little ripple.
Diode DI is a catching diode to complete the inductor circuit when the transistor

is off.

The output voltage of this circuit is thus the average of the switched waveform
VD:

t
_ on
Vout = VinT

and it is substantially independent of the load current. The diésipation in
the transistor is determined by the difference in input and output voltages and
the load current,-as in a series regulator, but is reduced by the duty cycle
factor (ton/toff) compared with the conventional series regulator. The output
voltage can be changed for a particular input by varying the duty cycle of the

switched waveform.
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Switching Regulator:

Basic Circuit and Waveforms.
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SECTION 5
DIAGRAMS






INTRODUCTION

SECTION 5

This section carries the explanation of the detailed logic and circuit diagrams

relating to equipments AB107/AB108 and BT148.

in Section 1 of this manual;

The explanation is grouped in functional units, as follows:

These equipments are described

their theory of operation is given in Section 4.

Functional Group Circuit/Board Page
Memory System 5-20
Memory Module (equipment

BA201-A or BA201-B) 5-21
Memory Controller
Memory Address 5-145
Memory Control 5-81
Central Processing
Unit (CPU) - 5-141
Programmer's Console 5-143
Arithmetic and Control Unit (ALU) 5-167
Decoder 5-211
Timing 5-241
Input/Output (1/0) Interface 5-291
Console Interface 5-337
TTY Controller 5-373 ll
_Power Input Circuit - 5-h2h
' Power Supply Unit - 5-h27
High Power (HP) and Control 5-436
Low Power (LP) Board 5-461
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Notes:

1. All units, except the Power Supply assembly and Programmer's Console,
are mounted in slots in the main body of the enclosure (refer to card
placement slot assignment, pages 5-6, 5-7). The order of the explana-

tion follows the reverse order of slot assignments.

2, The Memory Controller, (consisting of the Memory Address and Memory
I Control boards) as equipment BU120-A is installed in the BTI148 enclos-

ure,

l 3. The calibration of the Power Supply unit is different in the AB107 and
the AB108 equipments. The following table gives a summary:

EQUIPMENT CALIBRATION
I AB107 and BT148 connected to it VSS = +16.7 V
AB108 and BT148 connected to it VSS = +19.7 V

This information is given in other parts of the manual as required. See

l the Diagnostics and Margin Tests on page 6-7.

The diagrams, together with their latest revision status, are listed in
the Revision Correlation Sheet. The diagrams themselves are not bound in

this manual, but are packaged separately.

An explanation of symbols used in the diagrams is given in the Key to

Logic Symbols and Signal Flow.

-
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KEY TO LOGIC SYMBOLS

Publication 89723706 (Key to Logic Symbols) or equivalent, lists the symbols
used in the logic diagrams in this manual and gives a short descripticn of the

functions they represent. The symbols conform generally to Control Data usage
(Microcircuit Handbook, publication number 15006100), using the polarity logic

convention.

The following paragraphs describe the signal flow conventions used.

SIGNAL FLOW

Input signals are drawn coming from the left or above; output signals are

drawn going to the right or down.

The signal lines are sometimes interrupted to allow logical grouping of
components and to avoid long lines. At each such interruption one of the

following indicators is used:

On-Sheet Continuation Reference Symbols
These symbols when used with the logic

symbols in the following diagrams indicate
::2 that a connection exists between two points
on a sheet. The arrows attached tc each
circle point from signal origin toisignal
b—‘— destination. The letters, C, H, I, O
and P are not used inside the circles,

since they bear special significance on

logic diagrams.
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( ON

SHEET 2 )

< 8 >216

(ON SHEET 6)

23 ()

5-4

OFF-SHEET SIGNAL SHEET
REFERENCE
LETTER _ 2 3|4
A BIT3 [p-1
B BIT2 [c-T
c BITI (B-TV
D BITO |A-T
E PTADD [D-2 [D-2
F QTADD |D-2 [D-1
G KTADD |D-2 [D-2
MTADD |A-2 [p-2

0ff-Sheet Continuation Reference Symbols

These symbols when used with the logic
symbols in the following dfagrams
indicate two sheets in a series of
related drawings. These symbols point
from output to direction of Tnput as
shown in the illustration. The number(s)
next to each hexagon indicate the
sheet(s) that the signal is continued
from or on. For instance, the numbers
3.6 refer to sheets 3 and 6, while 2.3
refers to sheets 2 and 3. It should be
noted that the referenced sheet number (s)
is always placed opposite the line

extending from the hexagon.

The interconnections are ljsted'in an
0ff-Sheet Reference table in the logic
diagrams. This table gives the location
of the off-sheet reference on each sheet
and generally indicates the signal on '

which the signal originates (¥). The

"signal name at the interconnection is

also generally given in the table when

available.
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OR
)
CONNECTING
LINES
'Y -

NON - CONNECTING
LINES

Connectors

Test Poinfs

The test point symbol on the logic diagram
shows the connections of a test point on
the printed wiring board (PWB). The number
adjacent to the symbol refers to the test
point position on the PWB at the edge
opposite the connectors. Only test point
number one is labeled on the edge of the
PWB, the other test points are numbered

sequentially.

Connecting and Non-Connecting Lines

Lines eonnected to a common point or at a
junetion point are shown in the upper part
of this illustration. No more than three
lines are normally connected to a common

point in the diagrams.

Lines crossing but not connected are shown

in the lower part of this illustration.

A1l PWB connectors are sockets (female) and are shown as such. The name of the

signal is placed in the open end of the connector symbol (shown below), using

the full name of the signal or the common abbreviation applicable to logic

diagrams. The connector number, pin row and pin numbers are located above the

line extending from the connector symbol. Refer to Input/Output specification

manual publication number 89673100 for an explanation of the mechanical

location of connector pins.

SIGNAL NAME

CONNECTOR NUMBER

PIN ROW

bt

2

PIN NUMBER
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DECODER
TIMING _AQ BUS
ALU(MOST SIGNIFICANT) 1/0 INTERFACE DSA BUS
4 A
MEMORY CONTROL CONSOLE INTERFACE , | . Aasus
MEMORY ADDRESS] l l Ir'rv CONTROLLER I I I l|

T T T T

EIGHT CENTRAL CARTRIDGE NRZI | PHASE
MEMORY PROCESSING DISK MAGNETIC | ENCOD-
MODULES uNIT ORIVE | TAPE “ING
CONTROLLER | TRANSPORT | FORMAT-
ICONTROLLER] TER
lelalololc|eslo|alo|2]8
SN .
SEHEEHAREAHEE
2|® H ddt
3635/34|33|32|31 |30|29]es|27 |26 [25|24{23| 22[21 [20]19 |18 |17 {1615 J1a [ 13 12| 1 |id]9 [8 |7 [6 |5 |4 |3 ]2 |1

NOTES

1. The Memory Control assembly and the Memory Address assembly together form the Memory
Controller. This is similar to equipment BUIZO-A in the Expansion Enclosure.

2. See Section 1 for definition of equipments.



4 00£€£968

-

DSA BUS
MEMORY CONTROLLER DSA BUS A/Q BUS DSA BUS A/Q BUS
A/Q BUS DSA BuS
VP A/Q BUS
| | A 1 I’III: T
EIGHT OPEN OPEN , OPEN

MEMORY
MODULES

36(35|34(33|32|31|30 29'28]27 26{25 24‘23 22]21|20(19]18|17]|16]15 J14]|13|12 |1l JIO|9 |8 |7 |6 |5|4]|3|2|!

NOTES 1.

20

The Memory Control assembly and the Memory Address assembly together form the Memory

Controller, equipment number BU120-A.

See section 1 for definition of equipments.

Slot 25 is provided with an additional connection to logic ground at 25P1A03.
Slot 26 is provided with an additional connecticn to logic ground at 26P2B06,

Card Placement Slot Assignment - Expansion Enclosure



DIAGRAM REVISION CORRELATION SHEET

The following is a numerical list of the logic diagrams (prefix LD) and the

wiring diagrams (prefix WD) included in section 5, with the revision status

for revision F of this manual. See the table of contents,

NUMBER-REVISION

WD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
WD
WD
WD
LD

-8

89601601
89614300
89614900
89615200
89615502
89616400
89616400
89616400
89616400
89617000
89618800
89619100
89619700
89640500
89640501
89640502
89640800
89657700
89762200
89911800
89942600

89982800

o o Pr > WP O w P m o T m > > >

w O
(%, ]

NAME

Power Supply Wiring
Arithmetic Logic Unit (ALU)
Decoder

Memory Address

Memory

TTY Controller

TTY Controller

TTY Controller

TTY Controller

Timing

Console Interface

Memory Control

Input/Output (1/0) Interface
Programmer's Console
Programmer's Console
Programmer's Console

LP Card - Power Supply

HP Control Unit

Power Supply Input-Output Wiring
Power Supply Wiring

Power Supply Input-Output Wiring

Anti-Bounce Circuit
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MEMORY SYSTEM

The memory system consists of the printed wiring assemblies (PWA's) listed

in the following table:

Designation Slot Location Remarks
Memory Module 29 through 36 Equipment BA201-A or BA201-B
Memory Address 28 )

)Memory Controller System PWA's
Memory Control 27
Notes:

1. The slot allocation is identical in equipments AB107/AB108, BT148,

2. The Memory Controller system in the expansion enclosure is equipment
BU120-A. It is similar to the Memory Controller used in equipments
AB107/AB108.

The memory timing is shown in figure 4-6 and in the timing diagram associat-

ed with sheet of the Memory Control assembly.
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MEMORY MODULE

The Memory Module circuits are accommodated on a single 50-PAK printed
wiring board. The logic circuit diagrams are given in drawing number
89615502, sheets 1-8.

The equipments, BA201-A and BA201-B are both designated Memory Modules. The
difference in function between the two equipments is their speed of operation

expressed in terms of the memory read/write cycle time, as follows:

Memory Module Cycle Time Accommodated in
Equipment Equipment
BA201-A 600 nsec AB108, BT148 i
BA201-B 900 nsec AB107, BT148

The memory module,as part of the memory system is described in Section 4

of this manual.

The principles of operation and circuit configuration of the two equipments
are identical. The component memory units they utilize are similar and

differ only in their speed of operation (refer to Section L‘of this manual

for detailed operation and timing). Changes in the values of other components

between the two equipments are noted on sheet 1 of drawing 89615502,

The memory module block diagram is described in Section 4 of this manual.
Detailed circuit diagrams are given here. The circuits are repetitive and
for bits 1 through 16 they are identical. Only one circuit diagram is given

therefore and it is supplemented by tables defining each component.

The level shifters and other circuits which make up the memory module are

described in the following. The memory unit is described in detail in

Section 4. lts terminal functions are summarized in the following diagram.
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" AO
ROW Al
SELECTOR ¢ A2
SIGNALS | A3
LA4
[AS
COLUMN | A6
SELECTOR g A7
SIGNALS | as
A9
RIW
PRECHARGE(PCH)
CENABLE (CE)
DATA IN DATA OUT
SUPPLIES
SUPPLY VOLTAGE TERMINAL
Vss +19.7V(BA20I-A) 17
+16.7V(BA20i-B) 7
ves VSS +3V 10
vDD GROUND i
Memory Unit External Connectors
89633300 F
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MEMORY MODULE (drawing 89615502, sheet 5)

-Level Shifters: TTL to MOS

TTL logic levels are 0.7 volts (low) and 2.0 volts (high). MOS levels are
approximately zero volts to VSS (16 volts). A level shifter is needed to
match the two kinds of logic circuits. The following signals use identical

level shifters:
Precharge, Read/Write (R/W) and Address

These level shifters are common emitter push-pull inverting amplifiers, using
four transistors. They accept TTL input and provide an output to drive MOS
circuitry, that is, they drive a 300 pf load in 45 nanoseconds. Two capaci-
tors are used to speed up the operation. The use of =5V and +28V power sup-

plies improves delay and rise-fall times. See page 4-34, I

The Cenable 0, 1, 2, 3 signals use the above type of level shifter, but with
two components added: a 470-ohm resistor and a type IN4151 diode. The resistor
and diode are connected for the Cenable level shifters only. To indicate this,

they are drawn in dashed lines in the circuit diagram below.

In logic drawing 89615502 sheet 5, the 470-ohm resistor is marked RE and the
type IN4151 diode is marked CRB.

+28V Vss

IN 4151
470 2N2907
12K 2N2222

270PF

M.0.S LEVEL
* OUTPUT

T 2N 2907
-8V Yoo )

TTL to MOS Logic Level Shifter Circuit Diagram
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MEMORY MODULE (drawing 89615502, sheet 7)

Data-In Level Shifters

The level shifters for the data input to each memory unit is an open collector
sg+  The DATA IN (DIN) lines are

normally low. When a DATA-IN line becomes active (high) during a write cycle,

inverter with a 1 Kilohm pull-up resistor to V

the information on it is immediately valid. The outputs of the data-in level
shifters have a fast fall time, but a comparatively slow rise time, making them

suitable for this signal polarity.

Vss
IK
“ 1
Oata n O 200 [ "’mums
(Terminal 12)

Data-In Level Shifter and Clamp

5-2k | 89633300 F



MEMORY MODULE (drawing 89615502, sheets 5,8)

The Overlap Circuit (Cenable - Precharge Delay)

One overlap delay circuit is in the precharge line of each kiloword unit

on the Memory Module. It regulates the overlap timing t and t

ovL ovi '™
the memory units (see Table 4-2 and the Detailed Operation of the Memory
Unit), and consists of a diode switching network controlling an RC

delay circuit.

The circuit is shown below. In normal operation Cenable at the output of a
level shifter is high, blocking diode D! and so allowing a voltage of about
2 volts to develop on the delay network (C1, R2). This voltage enables the

precharge output gate.

When the Cenable line is activated (gone low), diode D1 conducts and
blocking diodes D2, D3 isolate the delay circuit. The voltage to the
precharge unit decays with the time constant of the delay circuit so

ending the precharge signal.

vCCS
RI
100 DI Cenable
| 1 O (HIGH= -16V, LOW=07V)
D2
D3
>  To Precharge Output Gate
Cl R2
270

Overlap (Cenable-Precharge Delay) Circuit: Circuit Diagram

189633300 A 5-25
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MEMORY MODULE (Drawing 89615502, sheet 8)

Low Power Data Retention

Between refresh cycle bursts in the Low Power Data Retention (LPDR) made
during a power failure, none of the TTL logic circuits receive power.

This circuit ensures that the Precharge and Cenable signals do not activate
as the Vcc is switched 'on''. It achieves this by keeping the enabling
inputs of the Precharge output gates low (at U9/6).

v, o
w2 o —4—F
33F 68nF 3 |k

LPDR
220 CIRCUIT
OUTPUT
MPWR © us/6
IOnF

) and LPDR Circuit

Switched Supply (VCCS

The circuit senses that the switched logic supply (VCCS) dropped, and,
with a short delay, holds U9/6 low; when VCCS rises, the circuit releases
U9/6, after a short delay. The attack time of the circuit (the time
allowed between Vccs dropping and U9/6 being held low) is 10 milliseconds.
The release time is determined by the Disable signal: Disable will not
go active (low) for 1.6 milliseconds after MPWR is active (that is Vees

is active, thus the circuit has 1.6 milliseconds before it must release

u9/6.
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MEMORY MODULE (drawing 89615502, sheet 8, cont'd)

The main logic supply (th) may fail during normal operation.

This will not affect memory operation if the optional back-up source,
battery equipment GD611 is installed. In this case the computer
switches to Low-Power Data Retention (LPDR) mode and to conserve

power the following TTL circuits are connected to the switched logic

supply (Vccs ):

- Column address (A5 - A9)
- Data-in level shifters

- Data-out sense amplifiers

During intercycle refresh bursts, all circuits not directly involved

are switched off by V The outputs level of the shifters to

ccs’
precharge, Cenable and R/W continue, however, to remain high.

Address Level Shifters

To avoid long transmission paths on the memory module assembly five
of the addresses, located far from the connector, have two TTL

inverters instead of the usual one.

89633300 A | 5-27
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MEMORY MODULE (drawing 89615502, sheets 3,4)

Sense Amplifiers

The data output (terminal 14) of the memory units appears on an open collector.
The output pins of corresponding bits of the four kilowords on the module are
wire-ORed to form the 18 output lines of the Memory Module. Each wired-0R is
taken through a 330 ohm resistor to ground which converts the current source
output of the memory unit to a voltage level. This voltage level is fed to a
differential sense amplifier (receiver unit 162C) whose output is the DBUT line.
The other input of the receiver is connected to a reference voltage. This
reference voltage is determined by the two resistors acting as a divider on

VCC using Q92. The value of the reference voltage (VREF) differs in the

high speed and low speed units:

- BA201-A:  VREF
- BA201-B:  VREF

110 mV
50 mV

The data output is activated by the cell enable (Cenable) signal to the memory

unit.

The output of the sense amplifier is not enabled unless the STROBE is low
(during clocks 5 - 10) and the module was selected (MDX low). When the
sense amplifier is not enabled, its output is high. Pull-up resistors

located on the Memory Control assembly pull the D@UT lines to Vcc‘
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MEMORY MODULE (drawing 89615502, sheets 3,4)

vCC
180
STROBE
RI6I
{' VREF
-
RI160
15.4 MDX
2%
TERMINAL R
OF MEMORY
UNITS 30
(DATA OUTPUT) =
Note: Equipment
BA201-B BA201-A
R161 56.2 ohms * 2% 27.4 ohms + 2%
VREF 50 mV 110 mv

Data-Out Sense Amplifier Circuit Diagram
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MEMORY MODULE (drawing 89615502)

PROTECTION AGAINST CATASTROPHIC FAILURE

Capacitive coupling circuit

The MOS-level signal, after the level shifter, is fed to the precharge
line on all memory modules. This line includes a capacitive coupling
circuit, which protects the memory chips from catastrophic damage.
Power dissipation in the chip is a function of precharge duty cycle.
If a precharge driver fails or remains active (low output) for too
long, the memory units may overheat and be destroyed. However, with
the capacitive coupling circuit, the precharge is pulled up even if
the level shifter output continues to remain low. The capacitive

coupling circuit does not slow down the precharge signal in operation.

A series termination resistor (22 ohm) connects the MOS-level signals
to the memory chips, after the capacitive coupling circuit. The
signals run down the 18-bit kiloword bus, connecting to each memory
chip. The address lines branch into 4 groups, each running down a
separate 18-bit kiloword line. A clamping diode is connected at
the end of each line to VSS to prevent the signal from exceeding VSS'
There is one diode for each kiloword line, that is, a total of 4 diodes

are located on the address lines.

For bit 17 (protect bit), the one physically closest to the level
shifters, the precharge signal is connected directly after the
capacitive coupling device without series termination. This
decreases precharge overlap time due to line reflections, and

thereby decreases data output time for bit 17.
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MEMORY MODULE (drawing 89615502)

Power supply considerations

Between VSS and VBB the memory unit presents the equivalent of a

silicon junction diode, which is reverse biased under normal

operating conditions. During power supply turn on, VBB should

rise at least as fast as VSS and during operation VBB should

not fall below V To insure proper V regulation and to

SS° BB
guarantee these turn-on characteristics,
gg at 3-4V below VBB'

very little current from VBB protective series resistance used;

VBB is generated by

regulating V Because the memory unit draws

VBB is adequately bypassed to V.. at the unit, and level

SS
shifters connected to VBB are connected to the power supply side

of the series resistance.
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MEMORY ADDRESS

The Memory Address circuits receive the address buses from the DSA channel

and from the CPU and generate the addressing signals for the whole memory
system. They also generate the data parity and protect bits. The memory

data input is routed through this assembly, it also accommodates the switching
circuit for the switched +5V supply (VCCS) used during LPDR (Low Power

Data Retention) operation.

This page lists the principal blocks of the Memory Address. Its block

diagram is given on the next two pages.

THE MAIN FUNCTIONAL BLOCKS

T
Designation Shown on sheet

Kiloword selector
Row selector
Column selector
Module selector

Data in: 16 bit data and parity generators

o U1 & W NN

Data in: parity and protect bits

89633300 A 5-L5
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MEMORY ADDRESS

CRQ o=
SRQ o—
CXP o—4 Common
SXP o= Control
RXA o—f Inputs
CRl o=
H@LD o—
HALDW o=
LOADRA o—
ADVANCE o=
]
CPU (ALU) & DSA (SA)
Address and
Data Lines
ﬁ
ALUOO, ALUOl o4 Kiloword}o 1KO
Selector fo 1Kl
SA00, SAO0l 0= Lo 1K2
-0 1 K3 J
5 ARAO |
=3
ALUO2 # ALUO6 Row o ARAI
Selector o ARA2
=0 ARA3
. 5 o ARAL
SA02 < SA06 B a—— r-OBRWRA‘
n -
o ACAS
ALUO7, ALUO8 # ALUI1  [Column. | ,cpe
—p— Selector | ACA7
. 5 o ACA8
SA07 + SA1ll e [ ACA9 )

The Memory Address circuits are accommodated

on a single 50-PAK printed wiring board. The
logic circuit diagram is given in drawing
number 89615200, (sheets 1-5). These pages
show the principal blocks making up the Memory
Address together with the main input and output
signals. Both the circuit and the signals are
described in detail on pages associated with
corresponding sheet of the circuit diagram.

Address and Control
Lines to Memory

Description

Y 00£€€968

Memory Address Block Diagram

Selects one of
four kilowords
on a memory module.

Kiloword Address
Lines

Selects and latches
the memory row address
for DSA, CPU and
Refresh cycles.

Row Address Lines
(decoded in Memory Unit)
(5 » 32)

Selects and latches
the memory column
address to the
memory card.

Column Address Lines
(decoded in Memory Unit)
(5 + 32)

(diagram continued on next page)



MEMORY ADDRESS

continued from previous page

Address and Control

Description

V 00£€£€968

ALU12 # ALUIL4 3
SA12 + SAl4

Module

Module Presence DX1 =< DX7,‘Z.....

3 Selector

Lines to Memory

8 Module Address
|« MDXO & MDX7 Lines

(first module is
always present)

Data-In
ALUO8 & ALU15

F A
o™ 1psa: spoo + sD15 ,‘i_

16
CPU: {ALuoo + ALUIS _,
Data

___lg‘olNoo + DINI5S Data to Memory

4

Parity Generator Output

Protect Bit
from Memory}> bAUT 17

o o DINI6

Parity Bit foDIN17
Protect Bit

Protect Bi

Decodes the memory
module address and
selects one of eight
memory module
assemblies.

Selects data from
the CPU of DSA lines

and transmits this
data to the memory.

Parity Bit } To Memory
t

Logic L oD17

—o PAR} -.I Memory Control

to CPU for Parity Check
MX17 = Protect

Memory Address Block Diagram

Ly-9

Register Status.

Generates the parity
and protects bits for
data into the memory.
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MEMORY ADDRESS (Drawing number 89615200, sheet 2)

KILOWORD SELECTOR

Function

This circuit selects one of four kilowords on a memory module.

InEuts

SIGNAL SOURCE/ LOCATION
SIGNAL [ CONNECTOR PIN FUNCT 10N SHEET SQUARE
ALUGO P1BI12 } CPU address bits 2 D4
ALUO1 P1AII ch
SA0O P2A2}4 DSA address bits D4
SAOI P2B25 ch
CXP P2B26 CPU cycle selector BL4
SXP P2B28 DSA cycle selector AL
HPLDW P2A19 Latch hold (Kiloword) Cl
RXA P2B27 Refresh cycle selector 2 D3
CR1 ub2/12 OOFFI6 Address from CPU 3 D3
OutEuts
1KO P2A28 2 D2
IKI P2830 Kiloword Selector Signals D2
1K2 P2A26 to Memory Module c2
1K3 P2A27 2 C2
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MEMORY ADDRESS (drawing number 89615200, sheet 2, cont'd)

Description
Ul19 and U3 select and latch the first two DSA or CPU address bits. This is

achieved as follows (for timing diagram - clocks - refer to Figure 4-6) and to

the timing diagram associated with sheet 4 of the Memory Control circuits.

Between clocks 1 and 2.5 either
SXP (for a DSA cycle) or CXP (for a CPU cycle)

will be active low while HPLDW remains low.

This allows SA00, SAOl (for a DSA cycle) or ALUOO, ALUOI (for a CPU cycle) to
pass through U19 and U3. At outputs U19/8 and U3/8 the signal is inverted.

The signals are re-inverted and fed back into U19/1 and U3/1 in separate AND
gates U34/1, 2 and U34/13, 12 forming a latch. At clock 2.5 HALDW goes high,
allowing U19/1 and U3/1 to pass through to the output (thus, the address is
latched). After clock 2.5 SXP and CXP will be high so that their corresponding
addresses can change without affecting the address that is latched. At clock
11 HPLDW goes down, losing the address-latch. The address is no longer needed
after clock 10 because the Disable signal blocks the kiloword selector on the
memory module assembly. Dropping the HPLDW signal at clock 11 decreases
through-put time for a new address. The address selector must be stable by
clock 1.5 of the next cycle when the Disable signal does not block the kiloword

selector on the memory assembly.

The signal CRI is inverted and ANDed into the CPU address lines (refer to sheet
3). When this signal is active (high) and CXP is active (low) and blocked,
ALUOO and ALUO1 appear low; CR1 is a signal used by the CPU to automatically

address location‘(OOFF)]6 in the memory (second Index Register).

All inputs to U19 and U3 are active high. This implies that SA00, SAOl are

active high.

Outputs U19/8 and U3/8 are used by the one-out-of-four decoder (U17, U50) to
select one kiloword of the memory module (1KO through 1K3). The kiloword
selector output is active low. If the memory system is performing a refresh

cycle, all the kilowords of the module are activated.

The following tables summarize the operation of these circuits (in tables;

H = logic high, L = logic low).

5-50 89633300 A



MEMORY ADDRESS

(drawina number 89615200, sheet 2, cont'd.)

DSA Cycle  (SXP low)
Input Output

(Active High) (Active Low)

SAO1 SA00 1KO 1K1 1K2 1K3
L L L H H H
L H H L H H
H L H H L H
H H H H H L

CPU Cycle  (CXP low)
Input Output

(Active Low) (Active Low)

ALUOT ALUOO 1KO 1K1 1K2 1K3
L L H H H L
L H H H L H
H L H L H H
H H L H H H

CRI_(High) L H H H

Refresh Cycle (RXA high)
Input Output
--- (Active Low)
RXA 1KO 1K1 1K2 1K3
H L L L L

The kiloword selector must be stable at clock 1.5 so that only one kiloword
will be activated by the Disable signal on the Memory module. Note that the

critical kiloword selector circuits use super-high speed TTL circuits.
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MEMORY ADDRESS (Drawing number 89615200, sheet 2)

ROW SELECTOR

Function: To select and latch the memory row address for DSA, CPU and Refresh

cycles.
Input
N FUNCT ION SHEET SQUARE
ALUO2 P1B10 ' 2 B4
ALUO3 P1A10 Bl
ALUOL P2A17 ‘Memory Address 1ines D2
ALUO5 P2A15 from CPU c2
ALUO6 P2A12 ' B2
SA02 P1BO1 Bl
SA03 P1A06 Bl
sAoh P1B09 Memory Address 1ines D2
SAO5 P1A09 from DSA c2
SA06 P1A21 : B2
CXP P2B26 CPU cycle selector B4
SXP P2B28 DSA cycle selector AL
H@LD P2A25 Latch hold (row, column, module} 2 Bl
CRT P1B22 00FF, . Address from CPU 3 Dk
RXA P2B27 Refresh cycle selector 2 D3
LPADRA P2A29 Load Refresh Address 2 A3
ADVANCE P2B14 Advance refresh address counter| 2 A3
Outputs
ARAO P2B15 . 2 B2
ARAI P2B22 B2
ARA2 P2A23 Y Memory Row Address D1
ARA3 P2A21 Signals | cl
ARAL P2B23 Bl
BRWRA P2B29 " 32nd Refresh Address count 2 Al
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MEMORY ADDRESS (drawing number 89615200, sheet 2, cont'd.)

Functional Description

The row latch selects and latches the DSA or the CPU addresses. The outputs

of this latch, through the Refresh address Selector (ARAO through ARA4), are
sent without decoding to the memory unit row address inputs (A0 through AlL).

The memory address inputs are arbitrarily wired. However CPU and DSA addresses
must correspond, i.e., the CPU address must select the same location in memory
as the DSA address. That is

ALUO2 must correspond to SA02

ALUO3 " " '" SAO3
ALuoy v " " SAOL
ALUOS " " " SAO5
ALuoe " " "' SA06

The DSA addresses are active high; the CPU addresses are active low. When
CRT is active (high) the ALU address output appears as all zeros. Although no
decoding is performed, (the 5 to 32 conversion is performed in the memory unit)
the latch does go through a Refresh Selector. When a refresh cycle is being
performed, it is not the latch information that goes to the memory row address

but the refresh row address from the refresh address counter (U33).

Circuit Description

The row refresh address is stored in a five bit.binary counter circuit U33.
ADVANCE (P2B14) advances the counter just before a refresh cycle is performed.
LPADRA (P2A29) presets the counter so that BRWRA (P2B29) goes active (low)

on the 32nd count advance after LBADRA. BRWRA remains low only during the
32nd count. The outputs of the counter are arbitrarily wired with one
exception. The memory units save power if the memory row address bit Ak

goes low to high after the last Cenable was inactive.
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5-54

MEMORY ADDRESS (drawing number 89615200, sheet 2, cont'd.)

This is very desirable for LPDR (Low Power Data Retention) operation. Thus,
ARAL is wired so that it will often be low on the 32nd rapid refresh cycle,
and high after the 32nd rapid refresh is completed.

The row address information is taken through the Refresh Selector gates
(AND-OR gates U36/8, U35/8, U35/6, U51/8, U51/6). The control inputs (U36/1
and U36/10 for ARAO and corresponding terminals on the other gates) are driven
from RXA and its inverse; RXA active selects a refresh cycle row address, RXA
selects the outputs of the DSA/CPU address latches. This arrangement avoids
spikes on the row address lines (ARAO * ARAh) when changing from a DSA or

CPU cycle to a refresh cycle.

Row, Column and Module Selector Latching

The row, column and module selector register share a common latching system.

This is described here.

The signals SXP, CXP and HPLD from the memory control assembly are designed so
that spikes will not occur on the row, column or module selectors. By
overlapping signals so that SXP (U1/8) and HBLD on a DSA cycle or CXP (U2/6,8)
and HPLD on a CPU cycle are never zero at the same time, the selectors will

not generate unnecessary spikes by biocking all the information lines. H@LD
overlaps with CXP (SXP) at the beginning of the cycle so that the new address
can be fed into the latch before the old one is finished. CXP (SXP) overlaps
with HPLD at the middle of the cycle assuring fhat the address is latched before
it is blocked.
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MEMORY ADDRESS (drawing number 89615200, sheet 3)

COLUMN SELECTOR

Function: To select and latch the memory column address to the memory card.
S 1GNAL SIGNAL SOURCE/ 1 LOCATION
CONNECTOR PIN FUNCTION SHEET SQUARE

Inputs:

ALUO7 P2A09 3 D4
ALUO8 P1A28 Memory Address Lines i Ch
ALU09 P1A22 rom CPU | c
ALUIO P1A27 | B4
ALU11 P1B28 § AL
SA07 P1B23 Dk
SA08 P1B30 ch
SA09 P1B29 Memory Address Lines : B4
SA10 P1A26 from DSA Bl
SAll P1B21 AL
CRT P1B22 00FF, ¢ address from CPU 3 Dk
CXP v2/8] CPU cycle selector 2 Ab
HBLD P2A25 Latch hold (row,column, 2 Bl

module)

Outputs:

ACA5 P2B19 3 D1
ACA6 P2B17 Cl

Memory Column Address Bl

ACA7 P2B24 Signals |

ACA8 P2A18 i Bl
ACA9 P2B20 3 Al

Circuit Description

Note: This circuit is similar to the Row Selector.

The column latch selects and latches the memory address from either CPU or DSA
address. The output of this latch is sent without decoding to the memory chip

column address inputs (A5-A9). The memory address inputs are arbitrarily wired.
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MEMORY ADDRESS (drawing number 89615200, sheet 3, cont'd.)

However, CPU and DSA addresses must correspond. The CPU address must select

the same location in the memory as the DSA address for that location.

Thus:
ALUO7 must correspond to SAO07
ALuo8 v " " SA08
ALuvog " "' SA09
ALulo " " "' SAIO
ALUll © " " SAlIl

The DSA address inputs are active high. The CPU address inputs are active

low.

When CRT is active (high) ALUO7 appears as low, and ALUO8-ALUI1 appear as
high. '

During a refresh cycle there is no special information on the column address.

However, the lines are held stable during this time to reduce system noise.

The latching circuit is similar for the row, column and module selectors.

It is described opposite sheet 2.
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MEMORY ADDRESS

MODULE SELECTOR

(drawing number 89615200, sheet 4)

Function: To select one of eight memory module cards.

Inputs

ALU12 P2A16 4 B4
ALUT3 P2B09  |/Memory Module Address D4
ALU1k P2B16 {f’°m cPu ch
ALU1S P2B13 ; 5 Al
SA12 P1B27 i Bk
SAl13 P1A31 ;Memory Module Address D4
SAl4 piazo |l from DSA Ch
CRT [AG] O0FF, ¢ address from CPU D4
TXP [AF] CPU cycle selector 4 D4
SXP [AE] DSA cycle selector D4
HALD [AH] ) Ch
DXT P2A01 D3
DX2 P2BO1 B4
DX3 P1B31 Memory Module Al
Xk P2B11 Presence Indicators | AL
X5 P2B06 ! AL
DX6 P2B05 Al
DX7 P2A05 ) A Al
Outputs

MDXO P2803 || y DI
MDX1 P2A02 cl
MDX2 P2A0k cl
MDX3 P2B02 Memory Module Cl
MDX4 P2BO4 Selector Signals Cl
MDX5 P2B07 Bl
MDX6 P2A07 Bl
MDX7 P2A08 B1
CAA15 P1BI9 J 4 Al
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MEMORY ADDRESS (drawing number 89615200, sheet 4, cont'd.)

DescriEtion

The module selector selects the address of one of eight memory modules according
to either the DSA address or CPU address, and latches it. The CPU lines are
active low, the DSA lines are active high. The selector outputs are active
low. If a memory module assembly is installed in the computer, it pulls the

DX# signal corresponding to its location to ground. Otherwise the DX# signal
remains high. CPU and DSA addresses must correspond to each other. That is

ALUI2 must correspond to SAl2
ALUI3 ¢ " " SA13
ALUTL4 ¢ " " SAlL

DX1 refers to module 1 (the second memory assembly location) and MDXI activates

memory module 1. The sign # (DX#) represents one of the memory location

numbers (1 % 7). The first memory assembly location is always occupied.

No information is on the module selector during refresh cycles. The REF signal
activates all the memory modules during a refresh cycle, so decoding of the
module selector is not necessary. However, the module selectors remain stable
during a refresh cycle and no spikes occur on them. This is a safeguard and

not strictly necessary since the REF signal provides timing on the memory modules

for the module selectors.

iIf all eight memory modules are installed the module addressed is the one that
is used. If less than eight memory modules are available the module that is

used is selected by the storage-wrap around table, built according to

a) how many modules are available

b) which module is addressed.

Formulas for this are given below: 12, 13 and 14 refer to address bits ALUI2,
ALU13 and ALUIL or SA12, SA13 and SAl4. The wrap-around table resulting is

also shown.
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MEMORY ADDRESS (drawing number 89615200, sheet 4, cont'd.)

MDXO = (DX1.12) (DX2.13) (DX&.1%)
MDX1 = ( 12) (DX2.73) (DXL.Th)
MDX2 = (DX3.12) (  13) (DXE-1

MDX3 = ( 12) ( 13) (DXB

MDX4 = (DX5.12) (DX6.13) ( 14)
MDX5 = ( 12) (DX6.13) (  14)
MDX6 = (DX7.12) ( 13) ( 14)
MDX7 = ( 12) ( 13) ( 14)

Storage Addressing Wrap-Around

STORAGE SIZE
(K WORDS) STORAGE MODULE ADDRESSED

'z

0123456789ABCDE

4

8
12
16
20
4
28
32
36
40
4
48
52
56
60
65

EFFECTIVE
[ MODULE
ADDRESSED

OCo0cococo0o0CcOoO0O0O0O0OO0O0O
ek b pud pud ped et pd fud ek ek b P e pe e O
AR R R XN R TN -
€0 €3 €O €0 €O €O CO COCO LI I LW O
b b hO O OO
AN ANAND AN D
- N IR
B R R R - o N )
®ODDDDODODDOOOOOO OO
D © O WD D W © W = bbbt pt b b i O
S>> P> PP OOOOONNONOO
WEHH D> O DML WWWND O
QA0 ook hbhoooo
DUUQOOO0R AN b = =~O
HEHQOQO>P>P oo b bNdNdOO
HEHODOQUE>o 300k wn =

For example, if the computer has 16K (16,38l4;,) words of storage,

the highest permissible address is 3FFF;g. If the program attempts

to address location 5040;¢ (located in a nonexistent storage module 5),
it actually references location 1040;¢ in module 1.
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MEMORY ADDRESS (drawing number 89615200, sheet 5)

DATA IN: 16 BIT DATA AND PARITY GENERATORS

Function: To select data from the CPU or DSA lines and transmit this data to
the memory.

S 1GNAL C°"§EET°R FUNCTION SHE'&?‘:AT ! OgQu ARE

InEuts

SDO0 % SDI5 DSA bus 5

ALUOO * ALUIS ALU (CPU) bus }

SXA P2A20 DSA cycle selector | B3

DE P2B18 Data Enable 5 BL

CMDR P2A06 6 BY

Outguts

DINOO < DINIS Data Input to memory 5
[uss/6] | ! ch
[uk1/6] Parity Generator ; c3
[U3|/6] Outputs i 2
[u27/6] 5 Cl

Circuit Description
The CPU data enters the memory system on the ALU (ALUOO2ALU15) lines. These

lines, buffered and inverted, go to the address latches. Because their polarity

is wrong for data to the memory, they must be inverted again.

The ALU lines must be buffered because they may otherwise be overloaded,
especially if the ALU lines are connected to both the lowér and upper memory banks.
The double buffered ALU lines enter data latches. These latches are opened if
SXA (P2A20) is high and CMDR (P2A06) is low. Thus, data can enter the data
latch during clocks 4 - 8 of a CPU or Refresh cycle. On clock 9 the latches are
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MEMORY ADDRESS (drawing number 89615200, sheet 6)

DATA IN: PARITY AND PROTECT BITS

Function: This circuit generates the parity and protect bits for data into the

memory. The Power Switch Circuit for LPDR operation is also shown here.
S1GNAL LN TR FUNCTION N E|é$c7Si ' °2QU AR
Inputs :
U45/6 ] 5 ch
uk1/6 [M] | Parity Generator Outputs ; c2
u31/6 [F] J ! c3
u27/6 (L] c1
SXA [A] ; B2
DE [p] 5 BL
P16 P2A1kL 6 clh
DAUT17 P2B10 Protect bit output AL
CPBM P1B13 | Ch
SPBM P1A12 ch
CTMDR P2A06 B4

B P2B08 . 6 AL

Outputs
DIN16 P2B12 Parity bit 6 2
DINI7 P2A10 Protect bit A2
D16 P2A22 D2
DI7 P2A13 i A2
PAR P2A11 ] B2
PBC P1AI3 6 B2

Functional Description

DIN16 and DIN17 are the parity bit and protect bit into the memory respectively.
Their outputs are always low if DE is high. The purpose of DINI7 is to rewrite

the protect bit during write cycles. The protect bit read from memory (DBUT17 1ine)
is stored into register U18/5, 6. The negative edge of B (P2B08) clocks this
register on clock 7.5. On clock 8 of a write cycle, DINI7 will be the same

polarity as D@UTI7 was on clock 7.5.
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MEMORY ADDRESS (drawing number 89615200, sheet 6, cont'd.)

The protect bit can be modified on special CPU write cycles. During SXA

high (non-DSA cycle) and CMDR low (clock 4 - 8) CPBM or SPBM active will override
the DPUT17 line: if CPBM is active (low), DIN17 will be low after clock 8 of a
CPU write cycle; if SPBM is active (low), DINI7 will be high after clock & of

a CPU write cycle; if either CPBM or SPBM are active, a signal PBC (active high)

is sent to the Memory Control (MC) assembly, between clocks 4 and 8.

Another special signal, D17 is generated. This signal becomes MX17 on the MC
assembly and informs the CPU of the present status of the protect register. D17 is
the opposite polarity of DIN17, that is, if the protect bit is set, DI7 is low.
If the protect bit is cleared, D17 is high. D17 does not include any timing

while DIN17 does: it is simply the content of the protect register, buffered.

Circuit Description

The 15-bit parity is generated and stored in latch U21/8.

The 8 bit CPU parity, U45/6 (or U41/6), and the 8 bit DSA parity U31/6 (or U27/6) are
ANDed in AND and a NAND gates (UL4/8,11, U5/6,8). Since undesired outputs will always
be high (that is, the 8-bit parity generators are their own selectors) only the
correct parity passes through the AND and NAND gate. The outputs of the AND and NAND
gate represent complementary 8 bit parity from the desired parity generator. The

8 bit AND outputs and their complementary NAND outputs are exclusively - ORed into
U21. When P16 (P2A1k4) is low between clocks 7 - 9, the 16 bit parity passes through
U21/8. Since output U21/8 is inverting it is reinverted and fed back into U21/3.

On clock 9, P16 goes high and U21/2 latches the 16 bit parity.

Shortly afterward the 16 bit parity generator inputs are blocked, preventing the
parity from changing. The 16 bit parity is transmitted to the MC assembly by PAR.
PAR is active high when the ALU lines (carrying data to the memory) contain an even
number of ones. PAR is transmitted to the CPU via MPRY on the MC assembly, so that
the CPU can check the parity of the data it sent to the memory.
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MEMORY ADDRESS (drawing number 29615200, sheet 6, cont'd.)

DINI6 is the 16 bit parity exclusively ORed with the protect register. DINI6 is
wired so that when active (when DE is active) the total number of ones on DINOO-DIN17

will be odd.

Power Switch Circuit

When the signal MPWR goes active (low) on power failure, the switched logic

supply (VCCS) becomes active.
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MEMORY CONTROL

The Memory Control circuits are accommodated on

a single 50-PAK printed wiring board.

The logic

circuit diagram is given in drawing number 89619100

sheets 1-6.

This page gives the designation and functions of the

principal blocks of the circuit.

and the signals are described in detail on pages

Both the circuit

facing the corresponding sheet of the circuit diagram,

or expansion) the CPU or the DSA

is addressing.

Designation Description sheet
Low Power Guarantees proper memory refreshing 2
Data Retention for data retention during power

fail conditions

Access Selector Selects one of three possible memory 3
cycles: Refresh, DSA or CPU

Timing Provides all the timing signals within 4
the memory system

Control Signals Provides all control signals to the 4
memory, memory address, CPU and
DSA devices

Data Out Lines Transmits the data to the DSA and 5
the CPU

Bank Address Determines which memory bank (main 6
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MEMORY CONTROL

LOWER POWER DATA RETENTION (LPDR)

Function:

(Drawing 89619100, sheet 2)

This circuit ensures that even under power fail conditions the data stored in

the memory is retained, provided a power back-up source (battery equipment

GD611-A) is connected to the equipment.

Input
STGNAL SOURCE/ LOCATION

SIGNAL | cONNECTOR PIN FUNCTION SHEET SQUARE
BRWRA P2B22 Active on 32nd cycle 2 Ch
RGPWR P2B29 Power fail 2 B4

P2A29 Permanent high 2 AL
AP5 [u37/13] Clock 2.5 2 B2
RX [u36/9] Refresh cycle select
psc [u36/6] Basic timing signal D3
gsc P2A23 D4
Outguts
LOADRA P2A26 Load Refresh Address 2 Bl
P4M P2A15 psc/8 2 Al
NRMAL P2B11 Normal 2 Al
N [u3/9] 2 B3
32M P2B30 #sc/512 2 D2
ADVANCE P2B25 Address register Advance 2 Bl
RXA P2A25 CPU cycle processed 2 B1
MPWR P2B31 Master Power switch 2 Cl
RRQ [u36/15] Refresh request 2 D2
RGPWR P2B28 Regular power 2 Ch4
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MEMORY CONTROL (Drawing number 89619100, sheet 2, cont'd).

Principles of Operation

Under power fail conditions the circuits essential to retaining the data stored

in the memory may be operated from a battery (optional equipment GD611-A). This
makes it essential to conserve the power used under such operation. The memory
contents is retained by refreshing it periodically. The period is different for
the 600 nanosecond cycle time and the 900 nanosecond cycle time and the 900
nanosecond cycle time memory options. To refresh the memory contents, all 32

row addresses must be refreshed within a specified period (1 millisecond for

600 nsec option, 2 milliseconds for 900 nsec option). During normal operation
this is accomplished byyrefreshing one row address once every 512 clock oscillator
periods.

This avoids long delays in DSA or CPU access time by performing short Refresh
cycles at given intervals. During LPDR operation all 32 rows are refreshed
sequentially every millisecond. Since it only takes 288 Oscillator periods

(15.7 usec for 600 nsec option, 22.0 usec for 900 nsec option) to refresh 32 rows
sequentially (called rapid refreshing), unnecessary control circuits can be turned
off for about 98% of the time, conserving battery power. For this reason there
are four separate supply lines on the memory control, memory address and memory
cards.

These are:

Vcc +5 volts during normal operation only.
Those 1.C. packages which do not need power at all during LPDR operation are

connected to V_ .
cc

Vcc3 +5 volts under all operating conditions.
Those 1.C. packages which need power at all times, including LPDR operation

ce3” Vees s Veez

VCCS (VCCSI’ VCCSZ) +5 volts switched.

are connected to V less a 0.7 volt transistor drop.

Those 1.C. packages which do not need power between LPDR rapid refreshing

are connected to Vcc switched. Both V supplies are Vcc2 less a 0.7 volt

ccs
switching transistor drop.

VCcz +5.3 volts under all operating conditions. Vcc2 provides the power for

VCC3 and VCCS'
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MEMORY CONTROL (Drawing number 8961900, sheet 2, cont'd).
Detailed Description of LPDR Circuit

The memory system is self-starting. When the computer is first switched on, the
memory system will be in the LPDR mode. It performs rapid refresh, tests the
power supply status and depending on this, returns to LPDR or starts normal

operation.

Transition from LPDR to Normal Operation:
Transients on the monostable MM input (U55/1,2) activate MM (U55/13 high) for a
period determined by the RC delay at U55/14 15. After this period MM deactivates
and the rising edge on U55/14,15 activates the monostable MP (U55/5: high), for
a period determined by the RC delay at U55/6,7. Monostable MP (U55/12) clears
MM (U55/3: low) preventing MM from reactivating. Some time during the active
period of MP RXT (U37/2), MP (U37/1), and APS (U37/13) go high activating
LPADRA (P2A26). When LPADRA is active (low), the following happen:

1. Normal register (U3/13) is cleared and put in normal operation:
. PWRREG (U3/4) is preset to be active (U3/5 high)

Refresh Access Selector (U24/2 on sheet 3) is cleared to be inactive;

E VS I

Disable signal (U41/13 on sheet 6) is forced high preventing memory cycles
occurring in the memory.
5. The contents of the refresh address register on the memory address (MA)

assembly is loaded to a particular address.

RX1 is the RX register contents delayed one clock cycle.

BRWRA is a signal from the MA assembly. It is active (low) only on the 32nd

refresh address after LPADRA was active.

If RX1 (U22/5) is low, (as it must be since LBADRA clears RX), and Normal is
inactive (22/1 high: it must be since LBAADRA clears Normal at U3/13); then U36/2
is cleared, and RRQ (Refresh Request: U36/15)is active (high). RRQ is synchronized
by U35/13, and requests a refresh cycle to the access selector. After its period
monostable MP deactivates. MM cannot reactivate at this time because register N,
(U3/9 to UL/2) is inactive, and PWRREG (U3/6 to U4/5) is also inactive. LBADRA
deactivates when MP deactivates, and a refresh cycle is performed. Because BRWRA
is inactive, (U22/13 high) RRQ continues requesting refresh cycles and rapid refresh

occurs, refreshing all memory locations.

One clock after RX activates, RX!| activates. U36/3 is cleared (low) forcing
U36/14 high. U36/14 was previously low because U36/2 was preset (low).
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MEMORY CONTROL (Drawing number 89619100, sheet 2, cont'd)

When a flip-flop is simultaneously preset and cleared, both the Q and Q outputs
will be active (high). When the refresh cycle is completed, RXT will go high,
and U36/14 will go low. It is the negative edge of RRQ at U36/14 that advances
the row address counter on the memory address assembly. |f ADVANCE (P2B25),
goes negative and LPADRA i§ inactive, the row address advances. On the 32nd row
address, BRWRA goes low. After the 32nd refresh cycle begins, RX] activates.
Because BRWRA is low, Preset (U36/2) is not active, but Clear (U36/3) is ative,

and thus RRQ (refresh request) ceases to be active, terminating the rapid refresh.

Also on the falling edge of BRWRA, the s atus of the power supply RGPWR is stored
in the PWREG FF, U3/5,6. |If there is a power-failure, RGPWR (P2B29) is high,

otherwise RGPWR is low.

One clock after the 32nd refresh cycle finished, RXl inactivates, and RRQ FF
preset (U36/2) activates while clear (U36/3) deactivates. The refresh address is
advanced once more, and BRWRA goes high. The rising edge of BRWRA has two different

conditions:
Condition 1: Power Failure

If the PWREG FF is active (U3/5 low, U3/6 high) when BRWRA rises, U55/1
falls and monostable MM is activated. The combination of MM (U55/L low)

and Normal (U3/9 low) is ORed into the master power switch and MPWR rises.
When MPWR is high, VCCS is off, conserving battery power. A switching
circuit on Normal (U3/9 Q2) assures that this line will remain low when vCCS
switches off.

After the active period of MM, U55/4 rises, and MPWR falls, Vees
The RC on U37/5 assures that LPADRA is active. The entire cycle from LGADRA

active will repeat itself.

switches on.

Condition 2: Regular Power

If the PWREG FF is active U3/5 high, U3/9 (Normal) activates: Because RRQ
was active before this happened one more refresh cycle is immediately

performed.
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MEMORY CONTROL (Drawing number 89619100, sheet 2, cont'd.)

Normal Refreshing:

A divide-by-64 counter (U20, U1, U19) divides the BSC frequency between P2A23 and
U19/6. A divide-by-nine counter (U35) further divides @SC between U19/6 and

32M (P2B30). The signal 32M is thus BSC divided 576 times. It is used by the
CPU as a counter for a power failure condition. The falling edge of 32M also
activates RRQ (U36/15 high) and advances the refresh address (U36/14 low). When
the refresh cycle begins, U36/3 is cleared by RX1, and the refresh request ceases

to be active.

Normal to LPDR Transition:

If during Normal operation a power failure occurs, the memory system has about one
millisecond to process CPU and DSA requests before the memory system goes into LPDR
operation. When a power failure occurs during normal operation, RGPWR (P2B29)
rises, and U55/1 falls, activating monostable MM for 1 millisecond. However,
because the Normal register is active (U3/9 high) MPWR remains Low, and Vees
(switched supply) remains ''on''. At the end of one millisecond monostable MM falls,
and monostable MP activates; MP clears monostable MM so that it will not reactivate.
If the memory system is not in the middle of a memory cycle, .or has not finished a
refresh cycle on the previous clock, LBADRA is activated (through U37/3). The
refresh cycle not being active previously is an important condition, because if
LPADRA should activate too soon, the refresh address will change too soon, and

memory unit specifications will not be met destroying the contents of the previous
refresh address. It is permissible to activate LBADRA before CE is active (clock 4).

The entire cycle from LPADRA active will repeat itself.

The Refresh Request is self starting and operates as follows:

If the memory system is in normal operation, a refresh request (RRQ) must occur
every K76 clock cycles. If the memory system is in LPDR operation, monostables

MM and MP will eventually become inactive. The RRQ must be active when this state
occurs unless BRWRA is low. But BRWRA is low only on the 32nd refresh cycle.
Because LBADRA must be active when the power is first initiated, BRWRA cannot then

be low too. BRWRA can be low only during a series of rapid refresh cycles.
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MEMORY CONTROL (Drawing number 29619100, sheet 2, cont'd.)

Signal P4M, (P2Al15) is the oscillator (@SC) divided 8 times. It is a timing
signal to the CPU (front panel strobe).

Normal, (P2Bl11) is the status of the memory system to the CPU. It is wired-OR
(open collector) from both memory banks. |If either memory bank is not in

normal operation (LPDR), this signal is low.

RXA (P2A25)
This active high signal informs the memory address card that a REFRESH cycle is
being processed. It is active in LPDR operation, as well as from the beginning

of a refresh cycle until one clock after RX deactivates.

High (P2A29)
Used for Manufacturing Testing of Memory Control Card, synchronizes the

divide-counters. |In use this line is always high and does not affect the

counters.

Timing relationship between RRQ and ADVANCE:

RRQ (U36/15): active high; ADVANCE (P2/25): active high

Clock time N N L Y 4\, 1 1 A

Norma! Operation

RRQ = ADVANCE _| | A
RX . N |
RXA | “V L

LPOR Operation

ADVANCE JUI Il
RRQ |

BRWRA

rrrxrx

32nd refresh

I

J o

rT FT T

LI
LI
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MEMORY CONTROL

MEMORY CONTROL ACCESS SELECTOR (Drawing number 89619100, sheet 3)

Function: To select one of three possible memory cycles; Refresh, DSA
(Direct Storage Access) or CPU (Central Processing Unit).

Input.

S e I T =t
gsc P2A23 Oscillator 3 D-4
SRQ P2A28 DSA request 3 A-4
I1SA P2B15 DSA address input 3 B-4
SS P2A19 DSA priority 3 A-4
32KWE P2A13 32KW External 3 A-4
TCA P2B13 CPU address input 3 A-4
CRQ P2A09 CPU cycle request 6 D-3
P [u4s5/8] End of cycle N A-L
LPADRA P2A26 Load Refresh Address 2 B-2
N@RMAL P2B11 } “Normal® ‘ 2 A-1
N [u3/9] 2 B-3
RRQ [u36/15] Refresh request 2 D-2
PBC P2A22 3 A-2
PRTSW P2B01 3 A-1
SWRITE P1B31 3 c-2
VE P1A30 3 c-2
PRTH P1B30 3 D-2
SPT P1B29 3 D-2
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MEMORY CONTROL (Drawing number 89619100, sheet 3, cont'd)

OutEuts

SIGNAL SOURCE/ LOCATION
SIGNAL  1CONNECTOR PIN NAME OF SIGNAL SHEET SQUARE
Ef_ u2k/8 Refresh cycle 3 D3
RX u24/6
Ei ué/8 } DSA cycle 3 c3
SX u6/6
Ei u7/8 } CPU cycle 3 B3
CX u7/6
psc U56/6,8 Oscillator buffered 3 D4
BUSY u38/i2 Active of access selectors 3 Cl
0SCA U38/6 Oscillator buffered 3 Cl
MSXA P2A1L DSA cycle bank selector 3 AL
R/W P2A20 3 c2
CXP P2B16 3 C2
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MEMORY CONTROL (Drawing number 89619100, sheet 3, cont'd.)

Description of Operation

The basic units of this circuit are the three cycle selectors/registers RX, SX, and
cX (U24, U6, U7). These correspond to Refresh cycle, DSA cycle, and CPU cycle

respectively. Only one may be active at any time. After the cycle is over, all of

the selectors must be inactive for at least one clock cycle. To assure this operation,

all the registers are activated and deactivated synchronously (through their J or
K inputs). The active low clear inputs of these registers are used for clearing
them during LPDR (Low Power Data Retention on power failure) operation. The active
low preset input on the CX register is used for LPDR operation and to assure that

the CX register will not activate during a Refresh or a DSA cycle.

If simultaneously more than one access cycle is initiated at the beginning of an

access cycle, only the one with the highest priority is selected.

The order of priorities for the different cycles is as follows:
Refresh has the highest priority.
DSA has the next highest priority.
CPU has the least priority.

Because there can be two 32 kiloword memory systems, one in the main and one in the

expansion enclosure, communication between these two units is essential. The signal
MSXA prevents the DSA selector from being active simultaneously on both banks. The
CPU selectors on both banks may be active simultaneously, but the improperly addressed

bank may not reactivate until the next CPUjis ifnt' The signal SRQE tells the
SO O

CPU selector that the DSA request has been accepted by one of the memory banks and
that the DSA address is no longer valid due to transients.

The DSA priority signal blocks the CPU access selector. The 32KWE signal blocks
the CPU selector only on the upper bank if the CPU is in 32KW operation (a switch

~on the AB107/AB108 front panel). When the 32KW switch is active, the CPU never

addresses the upper bank. Blocking the CPU access selector assures the DSA that
its access time to the memory will not be delayed because the CPU selector is active.

On the lower memory bank in the main computer enclosure 32KWE is not connected to the

32KW switch. Instead it is permanently wired to ground so as to make it inactive.
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MEMORY CONTROL (Drawing number 89619100, sheet 3, cont'd.)
Signal Functions

RX Selector Flip-flop (U24)

J inputs activate RX, K input deactivate RX

J inputs to RX
RX (u24/5)
RRQI (U2L4/3) Synchronized refresh request.
BUSY (U2L4/4) The memory system is not busy with a DSA or CPU
cycle (or redundantly with a Refresh cycle). Synchronized
(with the clock).

K inputs to RX
F(u24/9, 10,11) End of cycle. Synchronized.

Clear input to RX Active low
LOADRA (U24/2) Master clear signal to deactivate RX before
going into LPDR operation.

Q output from RX
RX (U24/8) Refresh cycle

Q output from RX
RX(U24/6) Not a Refresh cycle.

Clock input to RX

Clock(U24/12) Falling edge triggered clock connected to the
Oscillator.

89633300 A
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MEMORY CONTROL (Drawing number 89619100, sheet 3, cont'd).

SX Selector Flip-flop (U6)

J inputs activate SX, K inputs deactivate SX

J inputs to SX

MSXA (U6/4) The other memory bank is operating on a DSA request.

Ignore DSA requests on this memory bank. Synchronized.
ISA(U6/3) Correct DSA address to this memory bank.
(U6/5) Conditional Activate SX if:

1) uko/1,2:

and 2) ULO/4

and 3) ULO/5

K inputs to SX
u6/9,10, 11:

Refresh Synchronized cycle is not requested. The double
connections ensure that the condition is held when it
occurs (RRQ) and one clock after (RRQI).

The memory system is not busy with a Refresh, DSA or

CPU cycle. Synchronized.

The DSA request was activated during the last clock
cycle. This allows the DSA address lines to stabilize

so that the SX selector will activate only 6n the correct

memory bank. Synchronized.

F End of cycle. Synchronized.

Clear input to SX (active Low):

U6/2 Normal:

Q output from SX
SX(u6/8):

Q output from SX
SX(U6/6) :

Clock input to SX

Clock(U6/12):

oscillator.

5-94

When the memory system is in LPDR operation,

the SX register is constantly deactivated.

DSA cycle

Not a DSA cycle

Falling edge triggered clock connected to the
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MEMORY CONTROL (Drawing number 89619100, sheet 3, cont'd.)

CX Selector Flip-flop (U7)

89633300 A

K inputs to CX activate CX, J inputs deactivate CX
K input to CX (U7)

This is a 2,2 AND/OR input gate.
U7/9,10 are grounded, reducing it functionally to a 2 input AND
gate.
U7/12: Synchronized CPU request.
U7/11: Conditional activate CX if:
1) U5/9, 10 A (Sychronized) Refresh cycle is not requested.

or 2) Us/2,3 The (Synchronized) DSA priority or 32KW

are not blocking the CX selector.
or 3) The CPU address is not valid and did not

address this memory bank: -

a) U5/1: CPU request delayed 2 clock cycles.
Sychronized.
and b) U5/3: Incorrect CPU address to this memory
bank
or L) A DSA cycle is not desired: -
a) U5/6: DSA request was activate for at least

2 clock cycles to allow time for the DSA addre;s
lines to stabilize. Synchronized.

and b) U5/L: Correct DSA address to this memory bank.

J input to CX

or

and

and

F(U7/1,2) End of cycle
U7/3,4 Conditional
The CPU address is valid and it is found that the CPU did
not desire usage of this memory bank:
1. U8/1: CRQ2 CPU requests delayed two clock cycles. Synchronized.
2. U8/2: CRQ CPU request. Synchronized.
3. U8/13: Incorrect CPU address to this memory bank.
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MEMORY CONTROL (Drawing number 89619100, sheet 3, cont'd.)

Preset input to CX (Active Low)
U7/5: Conditional deactivate CX if:
1) U38/10: RX is active
2) U38/11: SX is active
3) u38/9: LPDR operation.

Clock input to CX
U7/13: Clock falling edge triggéred clock connected to the

oscillator.

a'output from CX
U7/8: CX CPU cycle

Q output from CX
U7/6: TX not a CPU cycle.

Indicating output signals

BUSY (UL1/6) : One of the 3 access selectors is active
gsc (U56/6,8): Oscillator buffered. Usually used to clock falling edge
triggered flip-flops.
@SCA (U38/6) : Oscillator buffered. Usually used to clock rising edge
triggered flip-flops.

Because the PSC line is long, it is double buffered and terminated

Auxiliary Circuits

The signal at P2A29 is always high because a pull-up resistor R2 is attached to

the line and the line is never connected in the computer. This line is used
during manufacturing testing to pre-synchronize certain signals.
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MEMORY CONTROL

MEMORY CONTROL TIMING

(Drawing number 89619100, sheet 4)

Function: To provide all timing signals within the memory system.

lnguts

STGNAL SOURCE/ LOCATION
SIGNAL 1 CONNECTOR PIN NANE OF SIGNAL SHEET SQUARE
pgsc [u56/6,8] Clock 3 D4
#SCA [u38/6] Oscillator buffered 3 Cl
BUSY [u38/12] One of access selectors active 3 cl
RX [u24/8] Refresh cycle selector 3 D3
OutEuts
é_ [ug/5] } Clock phase 1 4 D2
A [ug/6] L D2
APS [us/9] Clock 2.5 4 c2
APS [u9/7] L c2
E_ [uto/9] Clock phase 2 b 2
B [uro/7] L B2
E_ [ut0/5] Clock phase 3 4 ¢2
C [ul0/6] 4 c2
b [ut1/5] Clock phase 4 b D2
D [ul1/6] L B2
E_ [ut1/9 Clock phase 5 . B2
E [u11/7] L B2
E_ [uk5/8] End of cycle 4 B4
F [uks/6] L AL
1P5 [ubs2/6] Clock 1.5 6 A2

Description of Operation

The heart of the memory timing circuit is a five stage ring counter (flip-flops

contained in U9, U10, Ul1,

The counter is cleared by the BUSY signal (active low).

The clock cycle is

This gives the main timing signals (A,B,C,D, and E).

selected by the Access Selector when the BUSY signal goes high. This frees the

counter which starts generating tthe clock pulses. The pattern of pulses is

shown in the following two figures.
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MEMORY CONTROL

(Drawing -number 89619100, sheet 4)

MEMORY CONTROL TIMING
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MEMORY CONTROL (Drawing number 89619100, sheet 4)

MEMORY CONTROL TIMING

Control Signal Diagram for DSA Cycles

Memory ! 2 3 4 ©B €6 T 8 9 10 N I 2 3 4
Clock ¢ + f t + + —+ + -+ af—o———1
_— I I
SXA { { H
] : L
—_— |
CXP | [ H
| |
| : — H
SXP | | .
I
! H
HOLD f v
H
SRESUME ’

S H

Control Signal Diagram for Refresh Cycles

Memory 3 4 5 6 7 8 9 | 2 3 4
clock + + + $ t + + + 4
Disable H
L
H
Cenable
L
REF L
RQ(\ﬂ \,‘«\
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MEMORY CONTROL (Drawing number 89619100, sheet 4, cont'd.)

The advantage of the full ring counter is that only one of the five major
timing signals (A, B, C, D, or E) can clock a cycle. Any timing sequence can be
chosen from this pattern by simply ANDing or ORing one or two timing signals

since only one timing signal can change at any time.

On clock 10 of DSA and CPU cycles register F (End of cycle) activates. This
deactivates the Access Selector one clock later, and the Busy signal will fall,

clearing the timing circuit.

There are two special purpose timing signals, IP5 and AP5. Both of these
timing signals activate on half clocks (in between usual clock edge triggering)

instead of full clocks. Both of them are cleared by the Busy signal. |IP5

activates between clock 1 and 2 (referred to as clock 1.5). AP5 activates during

clock 2 and 3 (referred to as clock 2.5).

For a Refresh cycle, the timing sequence is shortened two clock cycles. A
Refresh cycle is shorter because data is neither read nor written during this
cycle, so time need not be allowed for data from the memory to stabilize. The
Refresh cycle is shortened by activating register F (End of cycle) on clock 8
instead of clock 10. When the Busy signal falls during the next clock, all

timing signals are cleared.

The J input activates the Timing circuit regisfers. The K input or clear
deactivates them.

A hazard may arise in the Refresh cycle timing sequence as registers D and E
are asynchronously cleared. Any timing function combining registers D and E
may have spikes in it. Care was taken not to use function D and E (or their
inverses or combinations) in places where spikes might impair the behavior of

the system.
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MEMORY CONTROL (Drawing number 89619100, sheet 4, cont'd.)

Detailed Circuit Description

The BUSY signal clears the five-stage ring-counter (U9, U10, UIll).

When this signal goes high the counter is free to run. Flip-flop A (U9/5)

will be the first to toggle because outputs E and E are inversely connected to
the J and K terminals of the A flip-flop relative to the other J and K
connections. The ripple-through process shifts the toggling along the counter
on the appearance of each clock pulse. The counter is clocked by the @#SC signal,
the flip-flops being triggered on the negative going edge of the signal. The

J input activates the flip-flops, the K input and the Clear input (Busy signal)

deactivates them.

The K input activates Register F (U45). During DSA or CPU cycles, this register
activates after inputs U45/11 (C), and U45P12 (D) are activate. However, during
Refresh cycles this register activates two clock cycles after inputs U45/9 (RX)
and U45/10 (A and B) are active. The J inputs are grounded, so only the Preset
input UL5/5 (BUSY) can deactivate the Register. The clock U45/13 is connected
to the #SC and is negative edge-triggered.

Half of U9 (U9/7,9) is not part of the ring counter; it generates the timing
signal AP5. It is activated on the half clock after the J input U9/11 is active.
The K input (U9/12) is grounded, so this register can only be deactivated by
the clear input U9/14 (BUSY). This register is negative-edge triggered, but

because it is connected to @SCA it operates between clock cycles.

The IP5 register consists of two NAND gates wired as on R-S flip-flop. When
inputs U42/1,5 are high, the flip-flop holds its state. Both inputs will never
be low at the same time because the BUSY signal is common to both of them but
inverted in Uk2 5. After an access register activates, U42/1 (BUSY) goes high.
On the half clock after the access register went high, U42/12 (#SC) goes high,
and U42/13 (BUSY) is high. UL2/5 goes low, activating the IP5 flip-flop.

At the end of the timing sequence, the BUSY signal (U42/1) goes low, deactivating
the flip-flop. Since IP5 is connected to BSCA and activates when BSCA is high,
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MEMORY CONTROL

the IP5 activates during a half-clock.

All the register, A, B, C, D, E, F, AP5 and IP5 are super high speed Schottky

(Drawing number 89619100, sheets 4,6)

TTL devices to meet specifications in the high speed (600 nsec) memory system.
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MEMORY CONTROL (Drawing number 89619100, sheet 3,4,6).

MEMORY CONTROL BASIC CONTROL SIGNALS

Function: To provide all control signals to the memory, memory address,
CPU and DSA devices.

Note: The following signal lists include a number of signals

not directly connected to the circuits described here.

Inputs

SIGNAL S o ron BN FUNCT 10N SHEET SQUARE]
PRTSW P2BO1 3 A-1
PRTM P1B30 3 D-2
SPT P1B29 | 3 c-2
WE P1A30 ; 3 D-2
SWRITE P1B31 3 c-2
BSCA u38/6 % Oscillator buffered

CRQ P2A09 ; CPU cycle Request 6 D-3
ICA P2A08 } 6 D-3
PBC P2A22 | 3 A-2
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MEMORY CONTROL (Drawing number 89619100, sheet 3,4,6, (cont'd).

Outputs

StowL_[oret s e oo
GEM1 P2B09 ICA-CRQ + CX+B+E 6 D-1
GEM2 P2B07 6 D-1
DISABLE P2B10 LOADRA «F +BUSY - I P5 6 B 1
SXA ,  P2BO8 DSA active (SX) b3 A-2
R/W P2A20 Read/Write % 3 c-2
CXP P2B16 CXeSXHBLD +AP5 § 3 c-2 |
HBLDW P2A24 AP5 .3 c-2
HBLD P2B14 APS [SX + CX] 3 B-2
SXP P2A11 SXeHOLD AP5 ? 3 c-2
SRSM § P2B18 SXe[D + B] b B-1

DSA Synchronizing signal

REF P2A07 RX [B + E] . b B-1
CE P2B27 BT = ¢+ E, (Cenable) % L c-1
DE | P2B17 Data-line Enable _ A-1
P16 | P2A17 A-C i L D-k
B i P2B12 Second Counter stage . 4 B-1
STRABE P2A12 Timed by D (=D) 4 B-3
CMDR P2B02 BE § L B-1
cviol | PlA28 (See sheet 5) a3
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MEMORY CONTROL (Drawing number 89619100, sheet 4,6, cont'd.)

Introduction

The Control unit processes a collection of control signals and can be divided

into two parts:

1. Basic Control Signals

Control signals necessary for all types of memory cycles,
i.e., read or write cycles in protected or unprotected

locations.

2. \Write Control Signals

Control signals for write memory cycles used with the

protect system.

Note: For timing signals refer to Memory Control Timing (sheet 4).

BASIC CONTROL SIGNALS

DISABLE (L) P2BI10

The falling edge of this signal activates the precharge signal in the memory.
The falling edge starts at clock 1.5, giving the memory system half a clock
period to select one of four kilowords on each memory card. As each kiloword
has its own control signals (precharge, cenable, R/W) only one kiloword will
be activated. Since the precharge signal consumes most of the memory power
delaying the disable until clock 1.5 conserves power consumption without
imposing critical set-up or hold time restrictions on other memory signals.
The rising edge of the disable signal deactivates the cenable (cell enable
signal) in the memory. This occurs at clock 10 for DSA and CPU cycles, and

clock 8 for Refresh cycles.
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MEMORY CONTROL (Drawing number 89619100, sheet 4,6, cont'd.)
CE (L) P2B27 (Cenable)

The falling edge of this signal at clock 4 activates the cenable signal in the
memory. Also, within the memory, the canable signal forces the precharge
signal to deactivate. The crossover of the cenable-active precharge-inactive
is performed on the memory card (rather than the memory control card) because
of critical overlap times required by some memory chip manufacturers. The

CE signal deactivates at clock 11 for DSA and CPU cycles, and clock 9 for
Refresh cycles. It is important to have the CE sfgnal deactivate one clock
after the Disable signal deactivates. If the CE signal deactivates earlier,

the precharge signal may reactivate at the end of a memory cycle.

REF (L) P2A07

The REF signal blocks the module selector (MDX#) within the memory card.

During Refresh cycles the REF signal is always activate low because a Refresh
cycle must refresh all of the memory modules. During DSA and CPU cycles,

this is low during clock 1 to 3 because the module selector decoding is slow
and not stable during this time. The REF signal goes high between clock 3-11.
For all unselected memory modules during this time, the precharge signal
deactivates one clock before the Cenable signal, and the cenable with the
memory card never activates. Only in the one memory module selected by

the module selector does the precharge-cenable sequence continue.

STREBE (L) P2AI2

This signal is active low between clocks 5-10 for DSA and CPU cycles, and
clock 5-9 for Refresh cycles. It enables the data out sense amplifiers
within the memory card. It also deactivates the Read/Write (R/W) signal

(see R/W signal later in this section) slightly faster than the cenable
signal, helping meet an end of cenable - end of R/W specification for the
memory chip of some manufacturers. This signal performs no useful function

during refresh cycles.
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MEMORY CONTROL (Drawing number 89619100, sheet 4,6, cont'd.)

Circuit description:

DISABLE (L) P2B10

Disable activates (low) when 1P5 (U41P10) goes high at clock 1.5. Disable
deactivates when F (U4IP12) goes low. One clock after F goes low,

BUSY (U4IP9) goes low. Then F goes high. When the next access selector
activates, BUSY goes high. If L@GADRA (ULIP13) is low, Disable is inactive.
LAADRA is used for LPDR operation.

ce (L) P2B27

This signal falls at clock 4 when register C falls, and rises when register E

rises.

REF (L) P2A07

This is a 2-2 AND-OR gate. REF is low during refresh cycles because U61P1,13
is connected to RX. REF is low for DSA and CPU cycle until clock 3 when

register B (U61P10) falls, and REF remains high until clock 11 when register E
(U61PY) rises.

STROBE (L) P2A12

This signal is the inverse for register D.

Because Disable and CE are critical timing signals going to eight memory
modules, they employ extra powerful buffers to be less noise susceptible.
STRABE is extra powerful because each of eight memory modules uses 2.5 TTL

logged units from this signal.
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MEMORY CONTROL (Drawing number 89619100, sheet 4,6 cont'd).

Basic Control signals during refresh cycles.

SXA (L) P2BO8

This active low signal informs the Memory Address (MA) assembly that a DSA

cycle is being processed. It is the inverse of SX, active between clocks 1-11,
P16 (L) P2A17

Active low signal opens the 16 bit parity latch on the MA assembly; activates
at clock 7 when A (U23/2) rises until clock 9 when C (U23/1) falls.

B (L) Pp2B12

Active low signal clocks the protect bit (bit 17) register on the MA assembly.
Activates at clock 7.5 when #SC rises. Deactivates at clock 8 when #SC falls.

B cannot activate during other time intervals.

CMDR (L)  P2B02

Active low signal provides timing to the M&EPU data in memory latch.
CMDR activates at clock 4 when E (U63/5) goes high and activates at clock 8
when B (U63/4) goes low.

5-110 89633300 A



MEMORY CONTROL (brawing number 89619100, sheet 4,6, cont'd.)

cxP (L) (P2B16) SXP (L) (P2A11) HBLD (H) (P2B14)

These three signals provide initiate and hold signals for the selector/latches

on the memory address assembly.

Before a memory cycle begins, HBLD is High to hold the old memory address.

SXP and CXP are also high. When the CX access selector activate at clock 1;
CXP goes low, which allows a new ALU address into the MA address selectors.
The CXP signal is also fed into U23/10, so U23/8 goes high and H@LD (U42/8)
goes low. This overlap of CXP and HPALD is important, because it allows the
outputs of the MA address selector/latches to change only once. On clock 2.5
the signal AP5 (U58/4,5) goes low and HBLD goes high. This holds the address
in the MA address selector/latches. The HBLD signal and AP5 are fed into a
NAND gate whose output (U23/11) causes CXP to go high. This overlap of H@LD
and CXP prevents the MA address selector/latch from changing during this
transient period. In other words, CXP and HALD behave like the Q and Q of an
R-S flip-flop; except HBLD is Q inverted.

For a DSA cycle, SXP behaves like the CXP signal during the CPU cycle. During
the DSA cycle, CXP always remains high.

HELDW  (H)  (P2A24)

The MA address selector/latches for the kiloword decoder do not have the same
requirements as the other address bits. This decoder can have transients

when the Disable signal is inactive between clocks 1 = 1.5. However, it is
desirable to have the kiloword decoders completely decoded before the Disable
signal activates at clock 1.5. For this reason, a special hold signal called
HOLDW is used for the MA kiloword decoder. It is the signal AP5 inverted,

and is active high between clocks 2.5 - 11. No time is wasted in the kiloword

decoder when CXP goes low at clock 1 because HOLDW is already low on clock 1.
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MEMORY CONYROL (Drawing number 89619100, sheet 4,6, cont'd).

Basic control signals to the CPU

GOMI1 (H) P2BO9

The CPU and memory are both synchronous devices using the same oscillator.
However, the memory system is not always ready for the CPU because it may be
performing DSA or Refresh cycles. When this happens, it is important to stop
the CPU.

The CPU is a two pass machine. During pass 1 the ALU calculates address
information and holds this information at the end of pass 1. During pass 2 the
ALU calculates or receives data information and holds or accepts this information
at the end of pass 2. Both ALU passes are 5 clocks long; therefore pass 1 and
pass 2 together take 10 clocks.This causes a discrepancy, because the CPU memory
cycle is 11 clocks long. When the CPU is performing a memory request, it must

be stopped for one clock so that both the CPU and CPU memory cycle will have the

same number of clocks, namely 11,

The CPU is stopped by the memory system with the signal G@MI. |If this signal is
low at the end of CPU memory request pass 1 or pass 2, it will stop at the end
of that pass. Further, the memory system requires address information between
CPU memory cycle clocks 1-3 and data information between clocks 3-9. The three

conditions for lowering the G@#M1 signal can now be defined.

1) The memory system is busy with a DSA or Refresh cycle. The combination of
the following three conditions define this:
if the memory is not processing a CPU cycle (CX: U60/5),
the CPU requested memory access (CRQ: U60/6),
the address is in this memory bank (ICA: U60/L).

2) The memory system is processing the CPU request, but has not yet reached
clock 3. The combination of the following conditions define this:
the CPU requested memory CRQ (U60/1) for this memory bank ICA (U60/11,
12),
the memory cycle has not passed clock 2 because register A (U60/13) is

active.
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MEMORY CONTROL (Drawing number 89619100, sheet 4,6, cont'd).

3) The menory system is processing the CPU request, but has not yet reached
clock 0. The combination of the following conditions define this:
the memory is processing a CPU cycle between clock 6-11(U60/10), and

has not yet passed clock 8 because register B (U60/9( is active.
Two memory systems are used in systems having more than 32K word memories.
A second signal (GPM2: P2B07) is employed in the expansion memory system; it

is basically identical to GOM] in its function.

Further explanation of the CPU memory request system.

Schottky TTL circuits are employed in this system because timings must remain
synchronized with the oscillator. The CPU transmits the CPU request signal

CRQ between its clock 2-5 of pass 1 only. Also, the signal G@M! must be high
for one clock at the end of a CPU pass, which is why GAM] is released before

memory system clocks 3 and 9. The timing relationships are shown below.

- CPU PASS 1 — CPU PASS 2

7]
CPUClock 0O 1 2 3 4 5 6 7 8 9 9 o0 1 2 3
Memory Clock 0 0 0 L 5 6 7 8 9 10 11 1

CRQ | I'_‘
Gﬁul----]_______J | 1

N
w

rzrzx
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MEMORY CONTROL (Drawing number 89619100, sheet 4,6, cont'd).

Basic Control signals to the DSA

SRSM (L) P2B18

The SRSM synchronizes the DSA with the memory. Because the DSA is an
asynchronous device, the SRSM does not have to be a fast signal. The SRSM
appears at an open collector gate, and can be used as a wired-OR function.
In multibank memory operation the SRSM of both lower and upper banks are
connected together. This is an active low signal; normally the line will be
high. When one of the memory systems wants to activate the SRSM line, it
merely activates its own SRSM signal. The entire SRSM is then forced low

until this same bank deactivates its SRSM signal.

When SRSM is high, at the beginning of a DSA cycle, it informs the DSA device
that the memory has not accepted the DSA address, and that the DSA should

continue to transmit the address.

When SRSM falls, it informs the DSA device that it has accepted the DSA request
and address. The DSA should immediately clear the DSA request and address

lines, and it can send a new DSA request and address if desired.

Further, for a DSA write-into-memory cycle, the low SRSM signal informs the
DSA that the memory has not yet accepted data, and that the DSA should continue

transmitting data to the memory.

Also, for a DSA read-from memory cycle, the rising edge of the SRSM signals

informs the DSA device that data from the memory is now valid.
The SRSM is low between DSA cycle clocks 3-11.

Refer to DSA Timing Specification in Section 4 and the Input/Output

>Specificatlon Manual.
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MEMORY CONTROL (Drawing number 89619100, sheet 3, cont'd).

WRITE CONTROL SIGNALS

Function

The memory system includes a protect system. The primary purpose of this
feature is to protect the program in foreground from being destroyed by
careless programming, or faulty memory operation. The protect feature is part

of the write system within the memory.

The read/write and protect status of the memory cycle is determined by

multiplexer-selector UbL. The following table shows its input and output

signals.
Input Controls Outputs Cycle Selected
RX SX WRITE cycle i Unprotected Instruction
(Pin 3) (Pin 13) (Pin 2) f (Pin 15)
L L WE " PRTM CPU cycle
———— i
L H SWRITE . SP1 DSA cycle
H L Low . Low Refresh cycle
H H irrelevant % irrelevant --- §

Signal Description

The following paragraphs describe each signal in detail: the signal name heads
each paragraph together with the integrated circuit and pin number where it
appears. The letter (H) and (L) indicate whether the signal at the corresponding

pin is active High or active Low.

WRITEREG[ (H) U12/5, (L) U12/6]

This register is positive edge triggered. On clock 6 it stores both during
a read cycle (pin 5 low) and a write cycle (pin 5 high). Pin 6 is the
inverse of pin 5. U12/4 (active low) is preset (pin 5 goes high) on clock &.
This is to prevent unnecessary spikes on the data out lines to the DSA and
CPU lines. '
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MEMORY CONTROL  (Drawing number 89619100, sheet 4, cont'd.)

PROTECTREG (H) v29/8, (L) vU29/9

This register is positive-edge triggered. On clock 6 it stores whether

the cycle is a protected instruction (U29/8 high) or an unprotected
instruction (U29/8 low). P9 is the inverse of pin 8. U29/13 (active low)

is cleared (P8 goes high) when the PRTSW (Protect Switch, P2B01)  is low.

In this case (protect switch low) all instructions appear as protected
within the memory system. The protect switch is situated on the programmer's

console (front panel)

INHIBITREG [(L) u29/5]

This register is positive edge triggered. On clock 6 it stores provided
either one of two conditions occurred:

The first condition is that a parity error occurred on either memory bank
while the instruction was unprotected.

The second condition is that during a cPU cycle a parity error occurred in
the selected memory location and that the SPB or CPB (Set or Clear Protect
Bit) is activated on this memory cycle.

The two conditions may be summed up: when an attempt is made to execute
CPB or SPB instructions when a parity error exists in the selected

memory location.

The procedure for recognizing condition 2 works because before CPB or SPB,
the program must read from the location in memory, and immediately afterward

perform the CPB or SPB in that same location.

If the INHIBITREG register recognizes either condition 1 or condition 2
or both conditions, U29/5 will go low. Otherwise U29/5 is high.

U29/4 (active low) is preset [U29/5 goes high when the PRTSW (Protect
Switch, P2BO1) is low]. When the protect switch is low, the protect

feature of the system appears to be disabled.
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MEMORY CONTROL (Drawing number 89619100, sheet 3, cont'd).

R/WREG [(H) ukL/8]

This register provides timing to the Read/Write (R/W) signal in memory.

It also determines if the R/W signal should be activated.

This register is negative edge tirggered and is connected to the @SC
(U44/13). It is activated on clock 8 (U44/8 goes high) only if one or
both of the AND-OR K inputs is active on clock 7. ULL/10, 11 is active
only on clock 7. If the instruction from the PROTECTREG is protected
(U44/9 high), or if the protect bit from the memory location addressed

was inactive (U44/12 high), then U4L/8 can activate on clock 8. Thus,

a write cycle will not occur if the location in memory is protected and
the instruction is unprotected. The only other condition necessary for
the R/WREG to activate is that the WRITEREG (U44/5) indicate that the
memory cycle is a write cycle. If the memory cycle is a read cycle, the
R/WREG is preset, (UL4/5 is active low) and ULL/8 will remain low on clock.
8. If the R/WREG activated on clock 8, it will deactivate on clock 11
after D (U44/3, 4) activates the J input between clock 10 - 5. The J and

K inputs can never be active simultaneously because of this timing.

Read/Write: R/W [(L) P2A20]

The R/W signal activates the R/W signal within the memory. If activated
the R/W signal will go high between clocks 8 - 11 (U59/10 high). The
R/W signal cannot activate if the INHIBITREG is active (U59/9 low), or
if the system is in LPDR operation (Normal, U59/13 low).

=l
m

[(L) us7/6]

DE activates the data-in lines on the Memory Address assembly. These
lines transmit data to the memory on write cycles., It is desirable to
activate these lines by clock 8 because these lines may create noise on
the data out lines from the memory and interfere with parity checking on
a Read/Write cycle. DE goes low on clock 8 when (U57/4) goes high.

DE goes high on clock 12 which is approximately 50 nanoseconds after
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MEMORY CONTROL (Drawing number 89619100, sheet 4, cont'd.)

register E went low as determined by the RC delay on U57/3,
The DE signal needs to be active until after the R/W signal within the

memory has completely deactivated. If the WRITEREG register indicates

that the memory cycle is a read cycle (U57/5 is low), DE will not activate.
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MEMORY CONTROL

MEMORY CONTROL DATA OUTPUT LINES

Function:

To transmit data to the CPU and to the DSA

(Drawing number 89619100, sheet 5)

S 1GNAL | STGNAL SOURCE/ LOCATION
' CONNECTOR PIN SHEET SQUARE

3 [un.7] Clock signals
B [uto/7]
CMDR P2B02 E'B 4 B-1 |
clock 6 [u63/11] i 5 D-2|
GPEC P2B23 .5 A-3
D16 P2B06 .3 B-1!
D17 P1B27 |y D-b4
PAR P1B28 Parity E L D-4 .
X [u7/8] i |
RX [u2k/6] ! |
F [ubks/e6] End of cycle (clock signal) ‘ i
clock 7 [u28/2] i |
DOUT00+DPUT17! 18 locations| Memory data output ;
Outputs
CCPE P2A10. CPU cyclic parity error .5 A-1'
PEL P2B26 General parity error i 5 A-1
TPEC P1A31 5 A-3
DELE® P2B20 MX00+MXO1+MX02 ..... MX07 = 0 ; 5 A-4
DFEO P2B19 MX12+MX13 MX14 -MX15 = 0 5 A-L!
MPRY P1A27 Parity information to CPU 4 D-3:
MX17 P1A26 Protect bit status to CPU [ D-3
cviol P1A28 Protect fault L A-3

89633300 A
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MEMORY CONTROL

Outputs (cont'd)

(Drawing number 89619100, sheet 5, cont'd).

T Pl i Ll
SD16 P2A21 Parity bit for DSA data b D-2
SD17. P2A18 Protect bit for DSA data b D-2
SVig P2B24 Protect fault on DSA cycle 4 D-2
MX00-MX15 | 16 locations Data to CPU
SD00-SD15 | 16 locations Data to DSA on read cycles

Circuit Description

A1l the Data lines are open collector. Corresponding bits are connected to the

same bus line for multi-bank operation.

Parity Error Checking is performed on CPU and DSA read and write cycles. If a
parity error is detected, it is an indication that the memory is not working
correctly. Parity error is detected when the summation of D@UTO0-DOUTI7
(data out bits 00-17) is not an odd number.

There are two types of indicators for parity error detection.

1. PEL [P2B26]
General parity error: a parity error was detected. The J - K register
(U48) continues to be active until UL8/3 is cleared by the CPU signal
GPEC(P2B23). The J input, U48/L will detect a parity error, excluding the
refresh cycle (RX U30/9 is not low) if U32/8 is high at clock 10. The
clock (UL4L/1) is negative edge triggered at clock 10 by the F-register

(ubs) .
2. TCPE [P2A10]

CPU Cyclic Parity Error: a parity error was detected on the last CPU
cycle. TheJ - K register (U48) continues to be active until CPEC(P1A31)
(a multibank output) clears U48/8 on clock 7 on the next CPU cycle. The

J input, U48/9 will detect a parity error only on a CPU cycle (CX U30/12
is high if U32/8 is high at clock 10. The clock (U48/1) is negative edge
triggered at clock 10 by the F-register output.

5-122 ‘ 89633300 A
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MEMORY CONTROL (Drawing number 89619100, sheet 3, 5, cont'd).

Parity error is indicated by the data registers and parity checker circuit.

Because the DAUT lines are stable on clock 8, and because DZUT may change

after clock 8 on a write cycle, the data must be stored on clock 8.

Between clocks 6 - 8 the data latches U33, U34 are opened. The first 16 bits
of data pass through these latches during this time, and enter the pafity
checker. The parity checker for the first 16 bits (U16, U51, U32) is
relatively slow (100 nsec). It requires stable data to be present before
clock 8 and to continue until clock 10 in order to allow the parity checker

to be stable by clock 10.

Bit 16, (DPUT16), the Parity bit, and bit 17 (DAUT17), the Protect bit, are
stored in D-flip-flops (U15) on clock 8. The outputs from U15/8, 9 and
U15/5, 6 do not have to stabilize until after clock 8 because the parity

checker is relatively fast (50 nsec) for these two bits.

The parity checker is designed so that if the binary sum of DAUT00:DAUTI7 is
even, the parity checker output U32/8 will be high indicating a parity error.

Otherwise U32/8 will be low (i.e. parity error did not occur).

The DAUT lines come from the open collector sense amplifier outputs on the
memory modules. The pull-up resistors are located on the DAUT lines in the
MC assembly. Only one of the possible eight memory modules sense-amplifier
outputs can be active, as determined by the module selector MDX and the signal
STR@BE.

Protect Fault [(H) U28/6] - refer to sheet 3

Protect fault [condition 1] occurs when an unprotected instruction (U28/5)
attempts to write (U28/3) into a protected location (U28/4). Protect fault
U28/6 is active high. The protect register is preset (U15/4 low) on clock 5
to deactivate U28/4. This prevents unnecessary spikes between clocks 6 - 8
when the other two inputs are stable and CXD or SXD are stable. It also
prevents unnecessary spikes on SD17, the DSA protect bit. Protect fault is

valid between clocks 8 - 5 after the protect register is stable.
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MEMORY_ CONTROL _ (Drawing number 89619100, sheet 5, cont'd).

Note that the memory system recognizes protect fault condition 1 only.
Conditions 2 and 3 are conditions within the CPU and are not related to the

memory or DSA operations.

Both the parity flip-flop clock (U15/11) and the protect flip-flop clock U15/3)

are positive edge triggered on clock 8.

Data to the CPU (MX) and to the DSA bus (SD) is transmitted by high speed open
collector 2-input NAND gates. Pull-up resistors for these signals are located

in the CPU. These NAND gates are opened by the signals, CXD (CPU) or CSRD (DSA).
All data to the CPU is valid at clock 9.

cxb (u31/6,8) CXRD [U13/6,8] - signal origin: sheet &,

These signals are active high between clocks 6-10 for CPU cycles only. They

are to gate the memory data for CPU cycles.
MX00-MX15 (H)

These signals are derived from the DBUT 1lines gated by CXRD. They transmit
buffered memory data to the CPU during read cycles. The true state of this

data is active high.

DELE® [(L) P2B20]

This signal is sent to the CPU on a read cycle only. The signal is low when
MX00:MX07 are all at logic low.

DFEP [(L) P1B20]

This signal is sent to the CPU on a read cycle only. The signal is low when
MX12-MX15 are all logic low.

MPRY [P1A27]

This signal is PAR (P1B28) from the Memory Address assembly gated by CXD.
It Is a special parity bit to the CPU on write cycles (bit 16). If the sum
of the 16-bit data sent from the CPU to the memory is even, MPRY is low.
Otherwise it is high. Information on MPRY during CPU read cycles is

meaningless and is not used by the CPU.
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MEMORY CONTROL (Drawing number 89619100, sheet 5, cont'd.)

MX17 [P1A26]

This signal is connected to CXD and D17 from the Memory Address card (P1B27). It
sends the status of the protect bit to the CPU on read and write cycles. |If the
CPB signal is active, MX17 will be low. If the SPB signal is active, MX17 will
be high. If the CPB and SPB signals are inactive, and the memory location is
unprotected, MX17 will be low. |If the CPB and SPB signals are inactive, and the
memory location is protected, MX17 will be high. For MX17 truth table see table
at end of this part.

cviol [(L) P1A28]
This signal is connected to CXD and Protect Fault. When a protect fault occurs
during a CPU cycle, this signal is low, otherwise it is high. The signal is high

during a read cycle because protect fault only occurs on write cycles.

sxp [u20/7]

This signal is active high for 5 clocks of a DSA cycle, beginning at clock 8.

SXRD [u21/6, 8]
This signa] is active high for 5 clocks of a DSA read cycle only, beginning at
clock 8.

SD00-SD15 (H) ,
These signals are connected to SXRD and the data out latches after DAUT lines.
They transmit stored-buffered memory data to the DSA on read cycles only. The

true state of this data is active high.

Data to the DSA is transmitted by powérful open collector 2-input NAND buffers.
Pull-up resistors are located on the DSA lines. These NAND gates are opened
by one of two signals, SXD or SXRD. All data to the DSA lasts for 4 clocks

beginning at clock 9.
SD16 (odd) [P2A21]

This signal indicates the parity of data read from or written into memory of the

DSA lines. It is connected to SXD and a parity selector UlL/6.

89633300 A 5-125



5-126

MEMORY CONTROL (Drawing number 89619100, sheet 5, cont'd.)

SD16 is active such that the sum of the data on SD00-SD17 (18 bits) will be
odd. During a read cycle, SD16 is determined by the parity register U15/8.
During a write cycle, SD16 is determined by D16 P2B06 from the Memory
Address card.

sp17 [(L) P2A18]
This signal indicates the status of the protect bit during a DSA read or
write cycle. It is connected to SXD and the protect register U15/6. If

the location in memory is protected, SD17 is low, otherwise SD17 is high.

SVIig [(L) P2B24]

This signal is connected to SXD and the Protect Fault. When a Protect Fault
occurs during a DSA cycle, this signal is low, otherwise it is high. This
signal is high during a read cycle because protect fault can only occur

during write cycles.

TRUTH TABLE FOR MX17

CPB SPB LOCATION MX17
PROTECTED
H X X L
X H X H
L L L L
L L H H

NOTES: H = High, L = Low, X = irrelevant.
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MEMORY CONTROL

MEMORY CONTROL BANK ADDRESS (Drawing number 89619100, sheet 6)

Function: To determine which memory bank the CPU or DSA is addressing.
SIGNAL SOURCE/ LOCATION

SIGNAL 1 cONNECTOR PIN NAME OF SIGNAL KHEET SQUARE

SAl5 P2A01 DSA address Lﬁne 15 6 Cc-3

EDX P2A05 ~ More than 32K of memory are 6 B-3
available

CRI P1B26 CPU Index address OOFF 6 c-3

CAA 15 P1A25 CPU address line ALUIS

32KW P2A06 32KW Switch on Mainframe front 6 B-3
panel.

CRQ P2A09 6 D-3

ICA P2A08 : 6 D-3

Outeuts:

Ico P2B03 Lower-bank Lru address correct 6 c-1

icg P2A02 Lower-bank CPU address incorrect| 6 B-1

1S9 P2A0OL4 Lower-bank DSA address correct 6 -1

1S9 P2BO4 Lower-bank DSA address incorrect| 6 -1

Description of Operation

The outputs of this circuit are connected via the back-plane of the computer
enclosure to the appropriate CPU and DSA address function. The circuit
decodes the CPU and DSA address information to determine if the memory bank is

correctly addressed.
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MEMORY CONTROL

Signal Functions

(Drawing number 89619100, sheet 6, cont'd).

SIGNAL

STGNAL SOURCE/|

CONNECTOR PIN

FUNCTION

LOCATION
SHEET SQUARE

Icg

1S9

IS¢

u66/6

u6/8

u63/3

ué62/10

Lower-bank CPU address»correct

If any of U66/6 inputs are Low;|

the CPU requests access to the
lower memory bank. Otherwise
the memory request access to
the upper memory bank.

Lower-bank CPU address
incorrect. The inverse of ICd.

Lower-bank DSA address correct.
If any of U63/3 inputs are Low,
the DSA requests access to the
lower memory bank. Otherwise
the memory requests access to
the upper memory bank.

Lower-bank CPU address
incorrect.

The inverse of 1S@.|

6 C1

Interconnections:

The Bank address is connected to the Access Selector via the back-plane
wiring as follows: ‘

5-130

Lower-memory bank:

Icg
ce
1@
Isg

-

ICA
TCA
1SA
NOT CONNECTED

Upper-memory bank:

icp
1¥)
1S9
TS@

TCA
ICA
NOT CONNECTED
ISA
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THE CENTRAL PROCESSING UNIT

The Central Processing Unit (CPU) consists of the printed wiring boards (PWB)
listed in the following table:

Designation g Remarks i
gProgrammer's Console ; ‘Carries the front panel controls
1Arithmetic and Logic Unit (ALU) f Two identical PWB's

Decoder

Timing !

Input/Output (1/0) Interface E ;

Console Interface | ;

TTY Controller % Breakpoint Logic is also

i accommodated on this card.

s - et st o 1 i i o 4 wa 80 S s W A emA——S Ty wA———S oy A0 ¢ % 1 & s i e i v

Note:

The whole of the CPU is part of the AB107/AB108 equipment.

5-141/5-142
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PROGRAMMER'S CONSOLE

Controls and Indicators

The Programmer's Console circuits are on a single printed wiring board which
also carries the controls and indicators of the computer. 'In type identifi-
ers C and D, a set of 29 pushbutton switch caps, part number 89764900, is a

spare part for the console.

Anti-Bounce Circuit
ATl PWA's require anti-bounce circuitry for the GO and MANUAL INTERRUPT

pushbutton switches. The anti-bounce circuit includes two one-shots and as-

sociated resistors, capacitors, and inverters. PWA's P/N 89985400 and
89602068 have anti-bounce in the printed circuit. See logic drawing 89640500
sheet 4, zones D-4 and C-2 on page 5-157.

PWA's P/N 89987600 and 89987700 have no anti-bounce circuit on the board.
They therefore use a separate small PWA P/N 89982800 for anti-bounce, which
is mounted piggy-back and connected to the Console by four wires. Note that
the encircled numbers 1,2,3,4 in the Anti-Bounce PWA on page 5-159 indicate
connections to the GO switch and to the MANUAL INTERRUPT switch in logic
drawing 89640501 sheet 4 on page 5-163 and in logic drawing 89640502 sheet 4
on page 5-167.

Cables

PWA P/N 89640300 (series Al2 down) has an integral cable assembly which is
soldered to the board. This is also true of PWA P/N 89987600. All other PWA
P/N's connect to the CPU circuits through a plug-in cable assembly P/N
89893800.

TYPE IDENTIFIER

(AB107,AB108,BT148) CONSOLE PWA LOGIC DRAWING PAGE NUMBER
A P/N 89985400 LD 89640500-B 5-145
A P/N 89987600 LD 89640501-A 5-159
A P/N 89987700 LD 89640502-A 5-164
c P/N 89602068 LD 89640500-B 5-145
D P/N 89602068 LD 89640500-B 5-145

The description of the logic applies to all the above PWA part numbers,

89633300 F 5-143



. The following table gives the designation and function of the principal

blocks of the circuit. The circuit and the signals are described’in detail

on pages facing the corresponding sheet of the logic diagram. The control

switches and indicators are described in the computer reference manual.,

THE MAIN CIRCUIT BLOCKS

Designation

Description

Shown
on sheet

Pushbutton switches

Data-bit selectors

Control switches and
Indicators

The seven pushbutton switches
allow the selection of one of
the six internal registers or
the Breadpoint register

Allow manual data input to

each of 16 bits of the computer
from the programmer's console
when the computer is stopped

These are the programmer's

means of manual communication
with the computer. They are
described in the Reference
Manual for the Control Data 1784
Computer System, publication
number 89633400,

2

5- 14k
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| PROGRAMMER'S CONSOLE (Sheet 2)

REGISTER SELECTORS

Function

The seven pushbutton switches (S1 through S7) allow the selection of one of ||
the six internal registers or the Breakpoint (B) register. When a register
has been selected, the corresponding front panel indicator lamp lights.

The circuits are actuated on pressing the pushbutton.

Pushbutton Switches

PANEL DESIGNATION CIRCUIT DESIGNATION FUNCTION
M S1 Selects register M
P S2 Selects register P
Y S3 Selects register Y
X S4 Selects register X
A S5 Selects register A
Q Sé Selects register Q
B S7 Selects register B
Inputs
LOCATION
SIGNAL ACTIVE FUNCTION SHEET SQUARE
SEN H Active when computer stopped| 2 D-2
(from TTY Controller)
P4M H Clock from Memory Address 2 B-2
CLREG H 3 A-4
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PROGRAMMER'S CONSOLE (sheet 2, cont'd)

Qutput
SIGNAL | ACTIVE FUNCTION SHEE%OCATégﬂARE
CSM L 2 B-1
CSP L 2 B-1
CSY L 2 B-1
CSX L Register control signals 2 B-1
CSA L 2 C-1
CcsSqQ L 2 C-1
CSB H 2 D-1
CLRB L Clears B Register 2 A-1
BCK H B Register clock 2 A-1
CSCK H 2 B-1
CLREG L Clears selected register 2 c-1
PCC L Clears all CPU timing 2 c-1
flip-flops when P Register
is cleared
5-148 89633300 F



PROGRAMMER'S CONSOLE (sheet 2, cont'd)

Circuit Description

The switches are connected to the corresponding register control lines
through input network and gating circuits. . The input network also

ensures that only one register at a time may be selected.

The input network consists of a set-reset flip-flop in each selector

line; the set input of the flip-flop is taken from the switch through a
pull-up resistor and delay capacitor, the reset input from the inverted
output of an 8-input NAND gate whose inputs are also taken directly from
the switches. When any one switch is pressed, its line is grounded and
all the register select flip-flops are held reset, including the one
selected. When the pushbutton swftch is released, all flip-flops remain
reset except the one selected; this is set by the signal (ground)

conserved on the delay capacitor at its set input.

The indicator lamp drivers are actuated from the selector flip-flop output

and cause the indicator to light when the flip-flop corresponding to it
is set.

The register control signals are obtained by ANDing the output of the

_corresponding selector flip-flop with the signal SEN in AND and NAND gates.
This prevents manual operation of the computer while it is running under

program control.
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PROGRAMMER'S CONSOLE

(sheet 2, cont'd)

The other output signals are as follows:

Signal Equation Function/Remarks
CLRB CSB°CLREG Clears the B register
CLREG Clears selected internal register
PCL CSP°CLREG Resets all CPU timing flip-flops when P reglster
is cleared
CSCK SEN«P4M<C Clocks data into one of the six interna] registers.

It is produced when any one of the data bit or

clear pushbutton switches is pressed [condition C

(U26,10)] and is active only when the computer is

stopped (condition SEN). The frequency of the

clock is that of P4M.

P4M - clock signal from Memory Control, repetition
rate approximately 0.k4husec for AB108,
0.65usec for ABI107.

BCK P4M-CSB-C Clocks the B register. It is produced when any one

of the data bit or the clear pushbutton switches is
pressed (condition C) and has the frequency of PAiM,

5-150
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PROGRAMMER'S CONSOLE

DATA BIT SELECTORS

Function

" (sheet 3)

The circuit allows data input to each of 16 bits of the computer from the
programmef's console when the computer is stopped. The indicators associated

with each bit allow monitoring the contents of each bit location, both on

manual operation and when the computer is running under program control.

The clear pushbutton and its circuitry are included here.

Pushbutton Switches

ASSOC IATED
PANEL DESIGNATION CIRCUIT DESIGNATION FUNCTION SIGNAL 
0 $23 SET 00
1 S22 SET 01
2 $20 SET 02
3 521 SET 03
4 s19 SET 0h
5 S18 Sets data bit SET 05 -
6 s17 in selected SET 06
7 S16 t register; SET 07
8 S15 corresponding SET O
9 S14 indicator lights SET 09
10 Si2 SET 10
11 S13 SET 11
12 S11 SET 12
13 S10 SET 13
14 s9 SET 1§
15 S8 SET 15
CLEAR S24 Clears selected CLREG
registers (sheet 2)
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PROGRAMMER'S CONSOLE

Input See switches and notes on output signals.

Outputs

SIGNAL ACTIVE FUNCTION ' LOCATION
SHEET SQUARE

CNS OL
thru L Main data path 3 é A-2

CNS OM
thru L Main data path 3 i c-2

NS M 3

Notes: a. these signals are bidirectional when computer is operated
from the front panel.

b. these signals are inputs when computer runs under program
control,

Circuit Description

Each pushbutton switch is connected through a pull-up resistor and an
inverter to an open collector NAND gate used as an inverter. The open
collector outputs drive the CNS lines corresponding to the switch pressed.

When the computer runs under program control the main data path signals
appear at the pins carrying the CNS signals.

The indicator 1lights corresponding to the bit locations are 1it according
to the signal on the appropriate CNS 1ine.

Two auxiliary signals are produced as follows (these are used on sheet 2):

Condition C: active high when any one of the pushbuttons in this
~ circuit is pressed.
CLREG: Clear Register

89633300 D - 5-153
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PROGRAMMER'S CONSOLE
CONTROL SWITCHES AND INDICATORS

SWITCHES AND OUTPUT SIGNALS

SWITCH TYPE STGNAL

PANEL DESIGNATION CIRCUIT | Pushbutton (P) OUTPUT
‘ Toggle (T)

AUTOLOAD S25 P AUTOLOAD
MANUAL INTRPT. S26 P M.I.
STOP S27 P “STPP CS
MASTER CLEAR S28 J MCCS
GO S29 P GPCSW
POWER S30 T PWR. SW
BREADPOINT STORE
BREARPOINT S31 T
PARITY FAULT STOP
AUTORESTART $32 T AUTPRSW
PROGRAM PROTECTS PRTSW
TEST MODE S$33 T TMSW
32K 32KW
65K S34 T T32K0Y
ENTER ENTER
SWEEP S35 T SWEEP
SELECTIVE SKIP $36 T SLK
SELECTIVE STOP S37 T
INSTRUCTION INSTEP
CYCLE S38 T STPPCS
NOTE:

The signal PRGST is transmitted to the console interface board. It is
used to stop the computer under certain conditions.

1. When the cyclic parity error signals CCPE is active and the PE stop
switch is set.

2. When the BEAC signal is active and the Breakpoint stop swit¢h is set.
BEAC is active when the contents of the Breakpoint register equals the
CPU memory address.
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PROGRAMMER'S CONSOLE (Cont'd)

3. When the BEAC and @PST signals are active and the Breakpoint store
switch is set.

4, When the SLSE signal is active and the selective stop switch is set.

INDICATOR LIGHTS AND INPUT SIGNALS

PANEL DESIGNATION CIRCUIT INPUT SIGNAL
INTERPT ENABLED DS1 EINTB
PROG. PROTECT DS2 PRT BIT
OVERFLOW DS3 VFL
PROTECT FAULT DS4 PRFIND
PARITY FAULT DS5 PEIND
CPU INACTIVE DS6 SEN
INSTRUCTION DS7 RNIB
INDIRECT ADR. DS8 ADDR
INDEX DS9 RIND
OPERAND DS10 @PIND
POWER DS34* PWRIND

- - CCPE

- - PST

- - BEAC

- - SLSE

- - PWRSW

* Indicates dc power switch on,
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ARITHMETIC AND LOGIC UNIT (ALU) (drawing 89614300)

The ALU circuits are accommodated on two identical 50-PAK printed wiring

boards. The logic circuit diagram for the board is given in drawing

number 89614300 (sheets 1-10).

Two ALU assemblies are used to accommodate the 16 bits of the computer word

(without parity or protect bits), the circuitry of one board being sufficient

for eight bits only. One board, designated LSB, operates on the least
significant bits (bits 00 through 07), the other board (MSB) operates on the

most significant bits (bits 08 through 15). Circuitry common to both boards

is accommodated on the Console Interface board, timing signals are generated

on the Timing board.

This page lists the principal blocks making up one ALU board and gives the

input and output signals. Both the circuits and the signals are described

in detail on pages facing the corresponding sheet of the circuit diagram.

MAIN FUNCTIONAL BLOCKS

Designation/Description

Shown on sheet

Addend Registers and Gates
Augend Registers and Gates
Arithmetic and Logic Operations
Shifter

Interrupt logic

2,3
4,5
6,7
6,7
8

2-168
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cus 8us
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|CARRY
QUTPYT
X00 xor——f——. X
.
M CoMPAR - e
s ATOR
Q00 +Q0T——r—— X6Q
NOTES:
1. This diagram shows the ALU PWB for the least significant bits (LSB).
2. A1l signal lines are shown as buses. The number of lines is
indicated next to the bus, thus: i
3. Only main circuit blocks are shown. Where a signal on a single Tine
is generated from a number of bus lines this is shown thus: 5+ 1
4, Al signals entering or leaving the PWA are underlined.
5. Some auxiliary signals (e.g. ALU7A) are not shown.
6. Control signals enter at top of block.
7. ET is grounded in the MSB.
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ALU (drawing 89614300)

Inputs
) Signal Source/. Location
Signal Active |connector Pin | Function Sheet Square
| i

MCK Ho | P2aI3 M register clock 2 D4
acK H PIATY N register clock 2 ch
PCK H P1BI13 P register clock 2 Bl
CLRQ™ . H PI1AI3 Clear Q register 2 Ch
PTADD . H PIAL2 2 D2
QTADD . H P2A26 % iiggg?;irfzg addend ! 2 b2
XTADD H P1A09 ' register content to -2 D2
MTADD H P1B1A ALU 2 c2
32KW H P2A2° Memory mode selector % 3 D4
BVFW L P2B27 3 D4
XE7 H P1A1S ' X register content zero } h D4
MX03 H PIA16 i | b Dk
MX02 H P1BI5 E(Data from Memory Control | A D4
MXO1 H PIAI9 ; z 4 D4
MX00 H P1B13 b ch
YCK 4 P1A20 Y register clock | Ch
ACK H PI1B19 A register clock 4 B4
XCK H PIA15 X register clock b D3
CLRX H P1B20 Clear X register b D3
XTAUG H P2A25 b D2
e | e || el fer tansierie 5w
YTAUG H PIB17 to ALU 5 D2
DELTAUG H P2B16 > 2
SF H P1B22 L B2
SG H P1A22 nggend gate controls 5 D2
5| H PIAT7 “ 5 D2
MX07 H P2B19 5 Dk
Mx06 H P2A18 ."ate from Memory Control 2 b4
MX05 H P2B20 5 D4
MX0L CH P2A20 5 D4

5-170 89633390 D




ALU (drawing 89614300)

Inputs (cont'd.)

Connector/ Location

Signal Active | Pin Function Sheet Square
MC H P2B30 Master Clear 5 ch4
AQC L P2A30 A/Q channel control signal 5 AL
01 H P2A09 7 Al
203 H P2A0kL 6 AL
Z05 H P2A06 6 BL
MCN H P1A07 :},Carry signals 7 B4
LCN H P1B26 6 Bk
SHB H P2B05 6 AL
1 TAOOD L P2B06 ~ 6 AL
TTA02 L P1A25 6 c2
TTAO3 L P1A2k >'Trap address bits 6 D2
ITAO L P2B10 7 D4
1TA05 L P2A12 - 7 Ch
coo H P1B23 ~ 7 A4
cot H P2A10 >Selector lines 7 D4
Cco2 H P1AOI 7 D4
€03 'H P2B31 A 7 D4
M H P2B07 ALU mode control input 7 ch
S03 H P1B25 7 (o
S02 H P1A26 ALU function select inputs 7 ch
s01 H P2B09 7 B4
S00 H P2A08 7 B4
AUGO7 H P2B08 7

ADDOQ7?7 H P2A14 7 B4
CLREG L P1A28 Clear Register 7 AL
SHO H P2B11 7 AL
INTCK H P1B03 Interrupt clock 8 D4
896333uu D 5-171




ALY (drawing 89614300)

Inputs  (cont'd.)
Connector/ Location -
Signal Active Pin Function Sheet  Square
TNT00 L P1A10 ~ 8 BL
TNTOT L P1B10 8 -
INTO2 L P1A07 8 Bk
INTO3 L P1BO7 8 BL
TNT O& L P1A05 8 Ch
INT05 L P1A06 > Interrupt Lines 8 ch
INTO L P1B06 8 ch
INT 07 L P1BO5 - 8 (o
El L P1A03 8 B3
+5V P2A31 Vee 8 B2
GND P1BII N 8 A2
GND P1A29 } Logic Ground 8 A2
GND P2A03 8 A2
GND | P2B21 S 8 A2
5-172 89633300 D.




ALU (drawing 89614300)

Outputs

Connector/ Location
Signal Active Pin Function Sheet  Square
Q30 H P1B08 Q00-Q01-002 2 €2
Qo0 H P1B12 N 2 B2
Qo1 H PIAl1 2 B2
Q02 H P1A08 2 B2
Qo3 H P1B09 F» Q register bits 2 B2
QoL H P2A24 3 B2
Q05 H P2B28 : 3 B2
Q06 H P2B25 3 B2
Q07 H P2A28 / 3 B2
WEZ L | P2829 Q03+Q04+Q05+Q06+Q07 | 3 c2
XGQ H P2A17 {x} > {Q} 3 D2
XsQ H P2B18 {x} < {q} 3 D2
$A00 H P2A05 ~ b B2
P#AO1 Ho P1B02 4 B2
#A02 H P1A30 4 B2
#A03 H P2BO4 Gated L A2

> A register outputs

BAOL H P2A23 5 B2
PAOS5 H P2B24 5 B2
BA06 H P2A22 5 B2
#A07 H P2B22 A 5 B2
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ALY (drawing 89614300)

Outputs (cont'd.)

1

i Connector/ Location

Signal Active Pin Function Sheet  Square

A00 L P2A27 Least significant bit of 5 A3

A register ;

AUGO7 H P2B08 5 D1

AEZ H PIBI6  AOGO-ROT-A0Z-A03-AOk-A05-A06-A07 14 A3 j

XSELO?7 H P2A19 X selector output bit 7 5 D2 é
SHA H P2B26 6 c3
A07 H P2B23 6 (63
Q7A H P2B01 6 Al
TNS00 L P1B31 h 6 B2
TNSO1 L P1A3I 6 B2
CNSD2 L P1B29 6 B2
CNSO03 L P1B28 }CNS data bus bits 6 c2
CNSOh L P2B12 7 c2
CNSD5 L P2A11 7 c2
CNSO L P2B13 7 A2
TNS07 L P2B14 - 7 A2
GM H P2B03 N 7 B3
PM H P2A01 Carry generate 7 B3

and propagate

GL H P1B21 6 B2
LE.':_. H P1A23 P 6 B2
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ALU (drawing 89614300)

Outputs (coht'd.)

o e T B S e
Signal Active Pin Function | Sheet Square
TAOZ L P1BOL 8 c1
TAOT L P1AO4 8 Bl

. TAOO L P1B02 8 B1
GS L P1A02 8 Bl
I3} L P1BO1 8 Bl
ALUOO H P1B24 h 7
ALUO1 H P1B30 7
ALUO2 H P1B27 7
ALUO3 H P1A21 7
ALUOL H P2B17 DALU signals to bus 7 D4
ALUO5 H P2A16 7 Ch
ALU06 H P2A15 7 (]
ALUO7 H P2B15 _ 7 AL
ALUO7A H P2B02 7 Al
ALUOA H P1A27

89633300 A 5175
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ALU (drawing 89614300, sheets 2,3)

ADDEND REGISTERS AND GATES
Function

This section contains the following circuits:
- the addend registers Q, P, M;
-  the X register which is used both as an addend and augend register;
-  the addend <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>