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SECTION 1

GENEFAL BESCRIPTION

1.1 INTRODUCTION

1.1.1 Purpose of the Manual

The purpose of this manual is to provide the
user o! the computer with the necessary fund-
amenta: knowledge to enable him to maintain,
analyz. and isolate faults, and repair the
computer, The manual is a self-sufficient
document in that it provides operational theory,
functinnal and operational characteristics

and procedures which stand alone. The manual
will provide the user with in-depth procedures
and anailytical tools to maintain, troubleshoot
and renair the computer.

1.1.2 Organization of Manual

The do:ument is divided into six sections.
Sectionr 1 presents general information with
respect to machine operation, physical char-
acteristics, available options, and general
expansion capability, a glossary of terms for
signals used within the machine and a description
showing the relationship of documentation notes
to physical hardware.

Section 2, Programming and Operation, describes
the comnmands, formats and their mnemonic codes,
used in the computer.

Section 3, Theory of Operation, descrihes in
general the operation of the machine from the
block diagram viewpoint, explaining each block,
its function, its inputs and outputs and its use.
Details of each logic element are given. The
section provides detailed theory of operation

for each functional unit utilized in the machine,



presenting timing diagrams, circuit analyses,
command timing and flow charts, plus truth
tables. This section also includes a desc-
ript.on of the input/output facilities of the
computer.

Section 4, Installation and Maintenance, is
comprised of three subsections:

Checkout and Installation - provides the
procedures used to prepare the computer
for operation from unpackaging to test
and operation and to repackage for trans
shipment.

Field Maintenance - provides preventive
maintenance procedures, maintenance
schedules, quick fault isolation, and
rarts list.

l'epot Maintenance - provides procedure
for fault isolation within the computer
Lsing maintenance panel procedures,

Sectior 5 contains the exnansion capabilities
ot the computer.

Sectior 6 contains the schematic diagram
necessary to define the computer.

Intrcduction to the Computer

The cormputer is a small bvte-oriented micro-
programmable digital processor designed for
dedicated applications. The computer estab-
lishes a hardware base upon which is formed

a series of computers. I® incorporates ad-
vanced features and operating characteristics
resulting in a high speed, microprogrammable
digital computer. It provides a medium where
the user can define his own instructions,
input/output and interrupt capabilities to
suit his particular needs. The computer can
be used to create higher level computers whose
architecture and instruction sets are tailored
to the users' applications.



A microprogram consists of sequences or command
steps commonly referred to as '"firmware." The
name ‘irmware results from the commands being
placed into a Read Only Storage (ROS) consisting
of a matrix of discrete diodes. The micro-
progrum firmware can be used without a core

memory» as a system controller or data concentrator
or wivh a core memory when storage of data,
tables, variable parameters, etc., 1s required.
Core remory is added as a functional module and

is a prime example of the computer's high degree
of flexibility and modularity. The microprogram
is chianged by replacing the read only storage
plug- n boards. In addition, software programming
can b« stored in core memory and used to extend
the c.pabilities of the firmware.

The fiinctional modularity of the computer permits
cxpancable core memory from 0 to 32,768 hytes
(8 or 9 bits) in 4096 byte increments.

Read . nly storage, is constructed in modules of
256 words and can be expanded to 1,024 words.
The rcad only storage uses discrete diodes
riountcd on printed circuit board as plug-in
nodules.,

“he processor is organized around an 8-bhit
arithnetic/logic unit which performs all arith-
netic logic and shifting functions. Inputs to
the aithmetic/logic unit may be from:

. A file of registers.

b. A bus which derives its input from the outnut
o a tenporary buffer register, the input
bt's or an eight-bit literal contained in the
command .

“he processor uses eight registers and 16 file
regis ers. Tach register has a specific purpose
in the processor while the file registers are
used ‘or general storage and flags.

“he computer utilizes 16 basic commands and offers
nany inique variations of the commands. All in-
struc ions are executed in 220 nanoseconds

fexcert for the jump and skip commands).
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.2

PHYSICAL DESCRIPTION

L.

2.

General Characteristics

Figure 1, showing an external overall view of
the computer, includes the control panel (1),
which contains those switches and indicators
required to operate and control the computer
and observe its operation. Also seen in Figure
1 is the housing (2) for the components of the
machine. Figures 2 and 4 show the alternative
rear view panel (1) (inside of which the power
supply is mounted) (2) a cooling fan (3) the
connector for the power line cord (4) terminal
board (TB1l) where power supply voltages may he
monitored without opening the computer, (5) a
toggle switch, which makes power available to
the cortrol panel pewer ON switch, and two fuses
(F1 end F2) (6). Fl is a 10 amp fuse used in
the input power circuit and F2 is a 15 amp fuse
used in the +5V d.c. power circuit.

WARNING

115V power is exposed at terminal board TB1.

Do not attempt removal of the power supply
pane’ when power is on. Disconnect the line
cord before handling the power supply assembly.

The power supply configurations for the twc
rear panel alternatives of Figures Z and 4 are
shown “‘n Figures 3 and 5 respectively.
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The overall dimensions of the computer are 8 3/4
inches high, 19 inches wide, and 23 inches deep.
The voltage required for operation is 115/230VAC
+10% at 47-63 Hertz. The machine power is rated

at 340 watts. The operational environment ranges
from 10-90% humidity (without condensation). Fully
expanded, the compiter weighs 75 pounds, including
the power supply.

When the power supply panel is removed from the rear
of the enclosure, all circuit board sub-assemblies
are accessible for removal, The layout of the sub-
assemblies (rear view) is shown in Figure 6.

J1

J2

J3

J4

J5

J7
J8
J9

MEMORY J10 DATA
(0-4095) J11 CONTROL
J12 DATA
MEMORY J13 PROCESSOR OPTIONS
(4095-8191) J14 ROS (0-255)
J15 ROS (256-511)
(8192-12,287) J17 ROS (768-1023)
J18 I/0 OPTION
MEMORY J19 I/0 OPTION
(12,28¢-16,383) | J20 1/0 OPTION
DMA OR MEMORY J21 I1/0 OPTION
EXPANSION

FIGURE 6

SUB-ASSEMBLY CIRCUIT BOARD LOCATION

(REAR VIEW OF CABINET)
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The ROS connector slots, J14-J17, are wired on the
backplane with the byte I/O bus as are the I/0
Option connectors, J18-J21. Therefore,any vacant
ROS connectors miy be used to contain additional
1/0 option boards,

A DMA board normilly plugs into connector J9.
However, when menory is expanded beyond 16,384 bytes
by means of an expansion cabinet, this connector

is used for a menory expander board which contains
drivers, receivers, and the cable connector for
wiring the memorv and DMA busses to the expansion
cabinet. In such a case, DMA boards may be plugged
into any odd numnered memory connector (J1, J3, J5,
or J7), at the expense of a memory module. A max-
imum of two DMA »oards may be contained in any system
in which case thz maximum core memory capacity would
be 24,576 bytes. DMA boards may be mounted only in
the main cabinet. When memory locations in the main
cabinet are occunied by DMA boards, the vacated
memory addresses can be addressed in the expansion
cabinet so that mnemory locations are continuous.
Proper location >f expanded memory in combinations
with DMA is detailed in the section on the expansion
cabinet.

When the sub-assembly circuit boards are removed

from the computer, the rear portion of the backplane
and Front Panel PC Board Assembly can be seen. Figure
7 illustrates the mechanical assembly and interface
between the backplane and some sub-assembly circuit
boards.’

Major Assemblies

A. Control Panel

The control panel provides computer control, mode
indication, display of registers and manual command
execution. There are two variations of the control
panel, as stown in Figure 8, which provide all or
some of the aforementioned functions:

i. Basic Ccntrol Panel - provides only computer
control operation switches.

ii. System Control Panel - permits display of
Tegisters, manual command execution and computer
control switches.




GENERAL NOTE RECARDING SWITCHES: Many of the switches
on the control nanel are alternate action tvpe. That
s, to set thz switch it is depressed and to disable
the switch it is depressed. Do not force the switch
upward to disible it. Excessive upward force in an
attempt to disable this type of switch will damage

the switch. Jenress to set and depress to disable

all alternate action switches.

POWER SWITCII
The ON position of this switch enables excitation to
the power supnly fcr the generation of all voltages

~cquired for computer operation.

Mode Indicato:- _amps

RUN lamp - when illuminated, indicates that the
processor 1s —Tunning.

HALT lamp - when illuminated indicates that the power
s on and the processor is not running.

SINSE SWITCHES

I'cur alternate action switches, the state of which
nay be transferred to a file register or machine
register by the control micro command. These switches
nay be used to provide manual control of the program.

SFLECT SWITCH

fin alternate acrtion switch used to select the source
for the next conmand to be executed. The next command
to be executed nay be selected from the panel command
switches or the read only storage.

CONTROL SWITCHES

The six control switches are used to establish and
control the operational mode of the computer.

¢. RUN - This momentary contact swtich places the
processor in a run mode causing it to executce
micro commands obtained from the read only
storage.

1-12
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STEP - Th:s momentary contact switch places the
processor in the run mode and as long as the
switch is depressed causes an internal interrupt.
The switcl is normally programmed to cause the
processor to halt. Since the processor is forced
to run when the switch is depressed, the machine
can be prcgrammed to cause a single instruction
to be executed.

INT (INTEFRUPT) - This momentary contact switch
places the processor in the run mode and causes
an internz1 interrupt. Normally, the switch is
programmec to cause a console interrupt.

CLOCK - Tris momentary contact switch causes the
processor to execute a single microcommand. If
the processor is running at the time the switch
is depres:ed the processor will come to a forced
halt.

RESET - This momentary contact swtich halts the
processor and clears the L register, I/0 control
register ind other control circuits. The reset
is made a ailable to I/0 devices.

SAVE - Th:s alternate action switch is similar
to the RESET switch but can be set on providing
a continucus reset, If this switch is on at the
time the power is turned on or off, the contents
of the meriory will not be lost or altered.

COMMAND SWITCHES (0-15)

These 16 alternate action switches are substituted

for the read only storage when the SELECT switch is

in the PANEL position. Depressing the CLOCK switch
causes the command set on the switches to be executed
The command may be repeatedly executed by depressing
the RUN switch., These switches are used to gate reg-
isters to the A bus display and for entering data into
the file and registers.

DATA LAMPS (0-9)

The eight data display lamps on the operator control
panel display the data which is on the A bus of the
processor. When the processor is halted the contents
of a file or T register can be displayed be setting



the proper command in the 16 COMMAND switches and
enabling these switches by setting the SELECT switch
in the PANEL position. The hexadecimal commands
used for display are:

File Register F CFO0
T Register B020
Link Register B080O

The 10 data display lamps on the system control panel
display data which is selected as a function of one
of the DISPLAY selector switches.

DISPLAY SEL:ICTOR SWITCHES

These six interlocked switches select the register
or bus to be displayed on the control panel data
display. Displays which can be selected are:

L Regiszer
M Regisz:er
N Regis-zer
RZ - Read Only Storage - 8 high order bits
R1 - Read Only Storage - 8 low order bits
A Bus
When the machine is halted the output of the read

only storage is the same as the contents of the R
register, and is the next command to be executed.

CONTROL BOAED

The control board, shown in Figure 9, is a plug-in
printed circuit board assembly. The location of the
control board within the computer is shown in Figure 6.

The control bcard is interconnected to the btackplane
through a 6f-yin, double row connector. (130 total
pins). The ccnnector on the board contains a locating
slot, offset from the centerline, to insure that the
board is prcperly oriented when being installed in

the computer.
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The board is a rectangle 12,5 inches by 8,875 inches,

Components are mounted only on one side of the board.
The boards are inserted into the cabinet with the
component side on top.

Figure 9 also shows the control board "blocked out"
with respect to the major functions performed by
this sub-assembly and include and includes the
following:

R Register

Command Decoder

Memory Control

Destination Deccder

Run Control

U Register

Clocks

File Address Decode

ROS Address Counter Bits 8, 9

A Bus Enable

B EBus Enable

Initial Carry

I/0 Control

Oscillator (4.55 MHZ)

The board is arranged in a latter number Matrix,
A through J (excluding I) by 1 through 9.

DATA BOARD

The data board, shown in Figure 10, is a plug-in
printed circuit bhoard assembly. The processor contains
two data boards, Number 1 for bits 0 through 3, and
Number 2 for bits 4 through 7. Figure 6, illustrates
the relative location of both data boards in the computer.

The data boards zre identical and interchangeahble, and
with some minor exceptions basically perform identical
functions in the system. The data board is connected
to the backplare through a 65-pin double row connector.
The connector on the board contains a locating slot,



DATA BOARD

S

"IGURE 10
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ofiset from the centerline to insure that the board
is properly oriented when being installed in the
computer.

The backplane mating connector wiring is configured
to accommodate the functional differences in oper -
ation of the two cata boards.

The data boards are of rectangular shape, 12.5 inches
long by 8.875 incles wide. Components are mounted
only on one side cf the board.

Figure 10 also shcws the data board blocked out with
respect to the major functions performed and con-
tained on this sub-assembly. They are:

File Logic

A Bus

B Bus

T Register

R Register

l. Logic (ROS Address Counter)
Adder

Memory Address Register

The data boards are arranged in a letter/number matrix
A through J (excluling 1) by 1 through 10,

READ ONLY STORAGE

The read only storage (ROS) board shown in Figure 11,
1s a plug-in priated circuit board assembly. The
location of read only storage boards in the computer
1s shown in Figure 6. A maximum of four ROS boards
can be housed in the computer.

Physically, the ROS boards are identical but are not
interchangeable in the four locations in the computer,
Each ROS board contains a different section of the
microprogram in ~he diode matrix (MAP) and randomly
interchanging ROS boards would result in a non-functional
program. The ROS address locations assigned to the four
connectors are shown in Figure 2.
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The ROS boards are interconnected to the backplane
through a 65-pin connector. The connector on the
board contains a locating slot, offset from the
centerline to insure that the board is properly
oriented when being installed in the computer.

The ROS boards are of rectangular shape 12.5 inches
long by 8.875 inches wide. Components are mounted
only on one side of the board.

Figure 11 also shows the ROS board hlocked out with
respect to the major functions performed and contained
on this sub-assambly. They are:

Diode Matrix (MAP)

Sense Amplifiers and Output Drivers

Word Decoder and Word Drivers

Line Select Drivers

Column Decoder and Column Drivers

Block Enable

Row Decoder and Row Driver
The power requirement for the ROS board is a function

of usage. When the ROS board is selected the power
requirement is:

+5V at 1.054
~-1.5V at 950ma

When the ROS bozrc is not selected the power requirement
is:

+5V at 770ms
-1.5V at 0Oa

MEMORY BOARD

The memory board assembly consists of two inter-
connected sub-assemblies arranged in a sandwich con-
figuration. The upper sub-assembly (Figure 12) is

a combination of the sense inhibit circuitry and the
core frame boards and the lower assembly shown in
Figure 13 contains the drive board circuitry. The
two boards are mechanically and electrically inter-
connected to form the memory board assembly.
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8001 Basic CPU

Memory Expander

8704 DMA Channel Gption
8208 4K Core Memory
8704 DMA Channel Option

8208 4K Core Memory
8704 DMA Channe! Option

— 8208 4K Core Memory
8219 1K Coie Option

— 8208 4K Coie Memory

8219 1K Core Option 8' 00 Standard
B sic Control Panel
8: 21 (8511)
S stem Control Panel

8: )2 (8512)
O erator Control Panel

System Interface 4
System Interface 3
System Interface 2
System Interface 1
ROS 256 Words 4
ROS 256 Words 3
ROS 256 Words 2

ROS 256 Words 1
8304 Diagnostic ROS Option

8400 Processor Options
8000-2 Data Board
8000-1 Control Board
8000-2 Data Board

Power Supply Chassis




Utility

8700 10 Bus
l.ine Driver
8701  Parallel TTY

8702 General
Purpose 1O

8703 Priority Interruot

8705 Input/Qutput
Exp. 32 x 32

8003 Expansion Chassis

weee. Memrory Tarminztor
- - 8208  Core Memory
- —— 8208 Core Memory
———— 8208 {Core Memory

AAAAA 8208 Core Memory

System Interfaces

Communications

8801 Synchronous
Modem

8803 Multiple, l.ow-Speed
Modem Interface

8804 Mu tiple
Teletype Interface

System Interface 11

Special Device Controllers System Interface 10

System Interface 9
System Interface 8

8901 Mag Tape Unit

89C2 Fotating Memory System Interface 7
8903 Alpha Numeric CRT System Interface 6
§9C5 MUX/ADC System Interface 5
8907 Card Reader 170 Expansion Terminator
€903 Faper Tape

Reeder/Punch

FIGURE 15
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The drive board, Figure 13, contains the X and Y
drives and sinks X and Y driver and sink decoders,
control logic and current regulators.

Each board contains a double row connector, each
row of 65 pins for mating to the backplane.

The location of the interconnected memory sub-
assemblies within the computer is shown in Figure 6.
A maximum of four memory assemblies can be housed
in the basic ccmputer cabinet. Memory expansion

capabilities and capacity are presented in Section
1.2.3.

1.2.3 System Configurator

The computer has the flexibility for sub-
stantial expansion. This section shows the
expansicn capabilities and gives a brief ex-
planaticn of the interconnect and the function
of the expansion sub-assemblies.

Figure 14 shows the basic computer and the
two types of control panels, core memory and
ROS boards. Associated with each board is an
identifying part number. The power supply is
also part of the basic computer.

Figure 15, shows the additional hardware con-
figuration utilizing the expansion chassis.

If an expansion chassis (Figure 15) is required,
the basic computer must include a memory ex-
pander toard to interface with the additional
memory cf the expansion unit and its own power
supply.

The following information lists the various
options available and gives a brief description
of their functions.,

STANDARL OPTIONS

Central Processor Option Boards

8401 Pouwer Fail and Automatic Restart - Provides

interrurt when loss of power is imminent and
when power is turned on.

8402 Merory Parity - Includes the memory parity

generatcr and checker logic and an interrupt
when an error is detected.



8404 Real Time Clock - Provides an internal

interrupt at a crystal controlled timing rate.

8400 Opticn Board - Includes all of the above
processor option items.

Utility Interfaces

8700 Input/Output Line Driver and Receiver
Board - kExpands the internal 1/0 bus to an
external I/0 bus to an external bus allowing
integration of up to 10 peripheral interfaces
under program control, or concurrent data
transfer with interrupt.

8701 Parallel Teletype Controller - Assembles

and disassembles serial information to and from
the teletype for parallel transfer to and from
the computer under program control or concurrent
block transfer. ’

8702 General Purpose I/0 Board - Wire Wrap

Accomodates 14, 16, or 24 pin integrated circuit
sockets in the following quantities:

135 units - 14 or 16 pin sockets
24 units - 24 pin sockets

8703 Priority Interrupt Board - Allows inter-

facing of 8 external interrupt lines with ex-
pansion capability to 64 lines using 8 hoards.
Priority, timing, storage of interrupt, address
generator functions and independent enabling

or disabling of each interrupt are provided.

8704 Direct Memory Access Selector Channel -

Provides for transfer of 8 bit bytes directly
between external devices and core memory.
Transfer is in single block form or continuous
cycling of one or linked blocks. An internal
interrupt indicates '"end of transfer'" to

the CPU program.



8705 Input/Output Expander - Full Word (32 bits) -

Expands the 8 bit I/O bus into multiple (4)
byte I/9 under processor control. The outputs
are ind:pendently latched. Outputs and inputs
are standard DTL or TTL logic levels with the
capability to interface with MUX-ADC's, DAC's,
keyboarls, and low speed peripheral devices
such as incremental tape units, buffered line
printers, and X-Y plotters.,

Communi:ations Options

8801 Synchronous Modem Controller - An interface
to a 201 or equivalent data set, this option
operates with point to point, or switched net-
works w th optional automatic calling-answering
for either 2-wire or 4-wire service. Data
transfe s are on a byte basis under concurrent
input/output or programmed control. A sync
character detection circuit is provided in the
interface for obtaining character synchronization.
Interface levels are per EIA Standard RS-232-R.

8803 Mu tiple, l.ow-Speed Modem Interface -

This inverface is designed to accommodate up to

sixteen 103 type modems. It provides for two
output «ircuits and four input circuits to each
modem. Identical signals for all eight modems

are transferred in parallel via the computer's
byte I/t bus. All interface circuits comnly
with LI/ Standard RS-232-B,.

8804 Mu. tiple, Teletype Interface - This inter-

face bocrd can accommodate up to 24 locally
connected teletypes. Operation is 4-wire full
duplex vith 20 ma currents (60 ma is available
as an ortion). Data for one of the 3 groups
of eight teletypes is transferred in parallel
via the byte I/0 bus.

Device Interfaces

3907 Card Reader - Provides control of an 80

column card reader, 12 lines per column in
hollerith or two binary bytes. Uses the Mohawk
Data Sciences Corp. SCCR 6002, or equivalent.
Code Corversion to BCD or binary is selectable
under program control and data transfer can be
on a chesracter or on block basis with card
reading rates of 225 or 400 cards per minute.
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8908 Paper Tape Reader/Punch - Consists of

two separate functions which can be mounted
on the same board. Data transfer is either
a single word or concurrent block transfer
with end of block interrupts provided. The
punch data is buffered,

Special Intsrfaces

Numerous spz2cial interfaces of options can be
provided >y Micro Systems Inc., with relatively
short lead times. These include I/0 device
controller interfaces such as alpha numeric CRT;
rotating memory; magnetic tape unit, and MUX/ADC.

COMPUTER SPECIFICATIONS
Type - A microprogrammable general purpose computer,

Arithmetic Unit - Parallel, binary, fixed point. One's

and two's complement for negative numbers.

Commands - 16 basic commands each 16 bits in length,
Speed - 4.55 MHz cloc< rate. All instructions are
executed in 220 nanoseconds except for the jump and
skip commands, which require an additional 220 nano-
seconds interval.

Core Memory - Memory modules of 4,096 bytes by 8 or 9
bits and 1,024 by 9 bits are available. Wide temperature
range lithium cores are used. Operation in the svstem is
a 1.1 microseconds full cycle and 0.66 microsecond half
cyvcle., Memory is expandable to a maximum of 32,768 bytes,

Read On1ly Storage - Read Only Storage (RNS) uses discrete
diodes 1n printed circuit board modules of 256 16-bit
words. The ROS cycle time in the system is 220 nano-
seconds.

Input/Dutput - An 8-bit parallel byte I/0 bus permits
programmed and fullv automatic concurrent transfers. A
serial 1/0 interface allows interfacing teletypes or
similar devices. Up =o two Direct Memory Access {DMA)
channels permit a maximum combined transfer rate of up
to 909,000 bytes pe:r second.




Interrupts - An intcrrupt request flag, which can be
tested by micro comrands is available. Any I/0 inter-
faces may be designed to generate vnriority interrupts
via the byte I/0 bu:.

Computer Cabinet - " he processor, memory to 16K, I/0
interfaces, power sipply and fan are enclosed in a cabinet
measuring 8 3/4 incles high, 19 inches wide, and 23 inches
deep. Fully expanded cabinet weight is 75 pounds.

Power - 115/230VAC -10%, 47-63 Hz, 340 watts.

Environment - (° - 00 (329 - 1220F) 10-90% humidity
(without condensaticn).

Software - AP800 is an Assembly Program, written in
FORTRAN [V, used to generate the Read Onlvy Storage
diode maps.

FUNCTIONAL DESCRIPT ON

The computer is a b1 s organized machine designed around
a file of 16 prograrmable registers and employing micro-
programmed control. The basic elements of the machine
are shown in the blcck diagram of Figure 16,

The machine is orgai ized around an 8 bit arithmetic/
logic unit (ALU) wh.ch performs all arithmetic, logic
and shifting functicns. One of the inputs to the ALU
is from the file of registers containing 15 general
purpose registers ard one register of internal and ex-
ternal conditicn fligs. The other input te the ALU

is from the B tus wlich derives its input from the T
register, the input bus or an eight-bit literal contained
in the command. The¢ type of command, selection bits in
command and the statc of the I/0 control register
determine the B bus input which may he zero or all one
bits. The output o: the ALU is the input to the file
registers and cther machine registers.

The read only storage is organized into 256 word modules.
Each of the modules (four maximum) receives an address
from the machine prcgram counter (L Register) which
contains the rcad o1 ly storage address of the next command
to be executed. Thc output of the read only storage

is gated into the R bus which is then clocked into the

16 bit command regi:ter (R Register) where the command

is decoded. The U Tegister is allowed to OR onto the
eight high order bi*s of the R bus under certain
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conditions to allov for dynamic modification of the

ROS program steps. The control console command switches
may be entered ontc the R bus, instead of the read only
storage modules, t¢ provide for manual entry of the
commands.

The core memory coisists of 4096 byte modules with
expansion to a max:mum of 32,768 bytes. Data transforms
between the core memory modules and the processors T
Registers on the D rect Memory Access (DMA) modules are
performed over the bi-directional memory data bus. The
memory address fror the processor's memory address
register (M and N) or the DMA module.

Input/Output is performed by an eight-bit input bus,
an eight-bit outpu® bus (which originates with the T
register) and a group of control lines which are under
microprogram contrrl through the I/0 Control registers.

GLOSSARY OF TERMS /ND SYMBOLS
This section is devoted to the definition of terms
and symbols used herein, on the hardware items and in

the documentation.

Definitions for the headings on the following table
are:

TERM: The abbreviuation for the control term or signal
being descr bed.

JACK NO.: The connector identification number for the
board to which the signal is related.

BOARD: The board wupon which the signal is found
(CB: Contrnl Board; DB: Data Board; etc.).

DEFINITION: A sho:rt definition of the signal, in words.
In general, logic ~erms are identified by a four letter
mnemonic. Legical negation is designated by a slash (/)

following the last letter (e.g. ADSB/ is the complement
of the term ADSB).
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TERM JACK NO. BOAFRD DEFINITION

ADDX J CE A Bus Add Control
ADSB/ Ji1 CE Commands Eight and Nine
ANDX JIl1 CE A Bus and Control
AENI J11 CE A Bus Enable Internal Status
Control
AENS J11 CE A Bus Intersense Switch Control
AFLT J11 DR#2 Adder/Overflow
ASRF J11 CB A Bus Shift Right File Control
AUO- J10 DB#1 Adder Output
J12 DBR#2
A--X J1¢ DB#1 A Bus
J12Z DB#2
AZ03 J10 DB#1 0 Detect on A bus 0-3
AZ47/ J12 TIB#2 0 Detect on A bus 4-7
BENT J11 CB Enable Input Bus to B Bus
BENR J11 CB Enable R Register to B Bus
BO-X J10 DB#1 B Bus
J12 DB#2
BNTM J11 CB T Register Complement Qutput
Select to B Bus
CC-X J11 CB Condition Code (Flags Flip-
Flops)
CGOX/ J11 CB Control Group 0 Select
CG7X/ J11 CB Control Group 7 Select
CLK-/ J11 CB Clock Term
CLK2/ J11 CB File Write
CLK3/ J11 CB "L" Load
CLK4/ J11 CB "T" Load
CLK5/ J11 CB "L" Advance
CLK6 J11 CB Ungated
CLRP/ Front Panel P.C.B. Control Switch Common Return
CPEN/ Front Panel P.C.B. Control Panel Enable
CPEN Front Panel P.C.B.
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TERM JACK NO. BOAID DEFINITION

CPH1 J11 Cs Clock Phase One

CPH2/ J11 Ci Clock Phase Two

CPXX J11 C: Command Six (Compare)

CR--/ Front Panel P.(.B. Control Panel Command Switches

CRY- Carry Output

CSTP J11 C Clock Stop

CYIA J11 Ch LSB Carry to ADDER

CYXX J11 Cl. Command Eleven

DENB/

DES- J11 Cl Destination Register Address

DMAH/ J11 Cl DMA Half Cycle

DMAR/ J11 Ch DMA Request

DMAW/ J11 Ci DMA Write Cycle

EXIO J11 Ch External I/0 Control

J11 Ch

FAZD J11 Ci File Register 0 Selected

FINH J11 Ch File Output Inhibit Control

FLCK J11 C! File Latch Control

FO-X J10 DI-#1 File Register Output

J11 Dh#2

FWRT J11 Cl File Right Enable

HLTP/ Front Panel P.(.B, Halt Switch

HLTL J10 b131 Console Interrupt Flip-Flop

INTC J11 Ch

INTP/ Front Panel P.(.B, Console Interrupnt Switch

I10-X J11 Cl I1/0 Control Register

I10XX JI11 Ct Command Seven

ISTX J12 DE#2 Internal Status Interrupt

IST1 J10 DI'#1 Internal Status Interrupt

LCRY/ J10 DE#1 L Register Carry from first
4 bits

LFAF/ J11 CkE Command Two or Three (lLoad
File and Add to File)

LFXX J11 Chk Command Two



TERM

LJIKX

LINK
L--X

LROX/
LR1X/
LRXX
LRSP
LSGX

MBSY
MCLR/
MDNA/
MDO) -

MDRC/
MLCR/
MRST/
MRTX/
MRXX/
MSTP
MWTX
MY XX
NRXX/
READ
RENU

RINH
RJKX
RS- -
RTXX/
RUNH/

JACK NO.

<10
<12
c11
J10
<11
o112
J11
J11
J11

J11

J11
J11
J11
J10
J12
JI11
J1-2
Front
JI11
J11
J11
J11
J11
J11
J11
J11

J11
J11
J14
J11
J11

BOARI:

['B#1
I'B#2
(B
I'B#1
CB
I B#2
CB
CB
CB

CB

CB
CB
CB
DB#1
DB# 2
CB

Drive Bd.
Panel P.C.B.

CB
CB
CB
CB
CB
CB
CB
CB

CB
CB
ROS
CB
CB
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DEFINITION

LLink Flip-Flop
L Register

L Register Select

. Register Select

Command One (Load Register)
Load Control Group 7

Commands Twelve, Thirteen,
Fourteen and Fifteen

Memory Busy
M Register Clear
Memory Data Not Available

Memory Data Bus

Memory Data Read Control

Master Reset

Memory Read Timing Control
M Register Select

Memory Busy or DMA Request
Memory Write Timing Control
Command Ten

N Register Select

Memory Read

U Register enable to Read
Only Storage Data Bus

Run Inhibit Flip-Flop

R Register Data Inhibit

Read Only Storage Data Output
Read Timing

RUNX Reset due to Halt
Command



TERM

RUNL
RUNP
RUNR
RUNS
RUNX
R--X

SHIO

SHLX
SHRX
SHXX
SBXX
STPP/
SS1X
$S2X
TCLR/
TDBC
TRXX/
TNXX
TNZX/
TZXX
U0-X
URXX/
WTXX/
XORX
X--X

Y--X

JACK NO. BCARD
J12 LB2
Front Panel P..B,
J11 C83
JI11 CB
J11 CB
J10 DB#1
J11 CB
J12 DB# 2
J11 C3
J11 C3
Ji1 C3
J11 C3
J11 C3
Front Panel P, ,B,
J11 C?
J11 C3
J11 C3
J11 C3
J11 Cs
J11 Cs
J11 C3
J11 Cs
J11 C:
J11 Cc
J11 C:
J11 C:
J11 Ch

37

DEFINITION

Run Lamp Output

Run Switch

RUNX Reset due to Step Switch
RUNX Set Term

Run Flip-Flop

R Register

A Bus Second Level Gating
Control

A Bus Shift Left Control

A Bus Shift Right Control
Command Fifteen

Command Nine

Step Switch

Switch Synchronizer Flip-TFlop
Switch Synchronizer Flip-Flonp
T Register Clear

T Register to Data Bus Control
T Register Select

Command Five

Command Four or Five

Command

U Register

U Register Select

Write Timing

A Bus Exclusive OR Control

X addressing line for File
Register

Y address lines for File
Register



1.6 RELATIONSHIP OF DOCUMENTATION (DRAWING) NOTES TO
HARDWARE CONFIGURATION

This section presents the user with an interpretation
of drawing notations and their relationship to the
physical hardware. The relationship will be presented
in example form for a section of the control board
schematic (a portion of the R Register) as shown in
Figure 17.

+5V
R14 4700
(R15) o 14
(As2) |, —
o 1
RS15 10 \)— 4 ﬂl
(A59) ! G3 — 7 R15X
L , -
7 — 8 14 -
_izw)ﬁ-—‘ 230
14
uo7Xx 1 — 12 *— ) 6 R15X
N
13“““)_ ’ TS
[D3]

FIGURE 17

Portion of Control koard Schematic (Portion of the R Register)



Above the logic elerent Z65 is a notation which appears
in a small rectangl¢ and contains a letter and a number,
This notation speciiies a letter/number coordinate on the
control board and a’ lows the user to locate the Z65
component on the cor trol board.

A sketch of the control board is shown in Figure 18,

The row of numbers 1irom 1 to 10 and the column of letters
A through H and J are typical of all circuit boards in the
computer.

In a similar manner, components 256 located at G3 and
Z30 located at D3 mey be found., This procedure is
effective for all sitb-assembly circuit boards in the
machine.

Each side of a circiit board is designated by A for

the solder side of the board and B for the component

side. When designating connector terminations on the
schematics, the letter A or B will appear with a number
from 1 through 65. TFor example, the term A52 indicates
that the wire (or signal) in question terminates at the
connzctor on the solder side of the board at pin 52. 1In
a like manner, the term B36 indicates the wire (or signal)
in question terminates at the connector on the component
side of the board at pin number 36.



SN
N4
\
S
e
v /7
\\
Y

Figure 18

Board

Sketch of Control

40

1,_



SECTION 2

PROGRAMMING AND OPERATION

PROGRAMMING

This section contains descriptions of the computer
commands. With each description is a diagram showing
the format of the commard and its operation code, given
in hexadecimal. Associasted with the name of the command
is its mnemonic coce anc a word description of the
machine operation in response to the command. Each
command takes one clock cycle (220 nanoseconds) unless
the L Register is cesigrated as the destination of the
result, in which case tle command execution time 1s two
cycles.

2.1.1 Command Formats

There are three basic command formats. Each
command is 16 bits in length and is contained in
a single read o1 ly storage location.

a. Literal Com ands

The literal class of commands have the follow-
ing format:

oP f/r Literal
15 0

In this fornat the operation code occupies the
four high o-der bits. Bits 11-8 contain either
a file regi-ter designator (f) or a register or
control group designator (r). Bits 7-0 contain
an eight-bi' literal which is transferred as an
operand to " he B-bus.

b. Operate Comnands

The operate class of commands have the following
format:

15 0
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In this format the operation code occupies the
four high order bits. Bits 11-8 contain a

file rzgister designator (f) which specifies
one of the 16 file registers to be used in
command execution. Bits 7-4 contain control
option bits (c) which are unique to the specific
command. When bit 3 is a one, the result of an
operate class command is inhibited from being
placed in the dedignated file register. Sym-
bolically, this is specified to the program
assembler by appending an * to the command
mnemonic. The register designator (r) in bits
2-0 specifies a processor register to receive
the result of the operation. The register's
identifier is added as a second character of
the command mnemonic. The register codes are
given in Table 1.

TABLE 1. REGISTER DESIGNATORS FOR OPERATE COMMANDS
DESIGNATOR MNEMONIC REGISTER
0 None
1 r 7 Register
2 M M Register
3 N N Register
1 L L. Register-addresses: 000-OFF and 200-2FF
3 K I Register-addresses: 100-1FF anc¢ 300-3FF
5! U U FLegister
7 S U Register ORed into command (except for
Control command)
c. Execute Command

The execute command causes the contents of the
U register to be ORed with the eight high order
bits »nt the command to form an effective command.

This operation is also performed when r = 7 for
the operate class commands. The Execute command
has zero-bits in the four high order bits. The

remainder of the command has the format required
for the e¢ffective command to be executed.
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STATUS AND (ONDITION FLAGS
Internal Status

Eight internal status bit: are provided to designate a
particular internal interiupt condition. When any of the
internal status bits are ¢ 1-bit, the internal interrupt
flag (bit 4) in file register 0 1s also a 1-bit. This

flag bit is tested by the microprogram to detect the
presence of the internal :nterrupt condition. The internal
status bits are entered v-a the A-but into the selected

file register by a Contro. command, at which time the status
bits are cleared. The eijht internal status bits have the
assignments given in Table 2.

TABLE 2. INT!RNAL STATUS BITS

BIT INTERNAL STATUS

Con:ole Interrupt

(spi.re)

Rea -Time Clock Interrupt
Memory Protect Error Interrupt
Memory Parity Error Interrupt
Memnry Boundary Error Interrupt
Con.ole Halt Switch

Pow:r Fail/Restart Interrupt

All the internal status b ts except the console interrupt
and halt are associated w. th processor options and may be
reassigned for speciual ap-lications.

Condition Flags

The overflow, negative anl zero conditions resulting from
an operation involving th: arithmetic/logic unit may be
stored in file register 0 The condition flags are updated
for command 7 and for comiands 8, 9, B—F if bit 4 is a 1-bit.
These condition flags can be tested by the microprogram for
implementing various cond tional operations. Definition of
the condition flags is as follows:

Overflow - The Overflow coyndition flag stores the arithmetic
overflow condi-ion during an Add, Subtract or Copy
command. Aritmetic overflow occurs when the
carry out of tie high order bit of the adder
differs from tie carry into the high order bit.
The overflow co)ndition flag stores the shifted off
end bit during a Shift command.



Negative - The Negative condition flag stores the high
order bit of the result on the A-bus.

Zero - The Zero condition flag stores the zero test
condition of the result on the A-bus. When
the link control (bit 7) of the operate commands
is a 1->it, the zero condition flag may not be
set to indicate & zero result unless it is
already set; it may be reset to indicate a non-
zero result. This provides a linked zero test
over multiple bytes of a variable byte operation.

COMMAND TIMING

Each command is exescuted in a single clock cycle time,
although execution may be delayed because of core memory
or read only storaze operations. The system clock rate is
4.55 mllz, and the clock cycle 220 nanoseconds.

Memory Busy Delays

If the memory is busy, because of processor or DMA operation,
at th2 time a Read or Write memory command or a command which
will modify the M or N registers is to be executed, execution
is delayed until the memory operation is completed. These
commands are execuzed on the last clock of the memory half or
full cycle. If a DMA request is pending at the time a Read

or Write memory command is to be executed, execution is delayed
to give the DMA memory priority.

Memorys Data Delays

Operaze class commands which select the contents of either
the T register or -ts complement during the first two cycles
of a processor memory read operation are executed during the
third cycle of the read operation. This allows time for the
accessed byte to be placed in the T register.

Read Only Storage Delays

An ex=mra cycle 1is required for command execution because of the
look ahead nature of the read only storage for the following
conditions:

Jump command

Test If Zero command when a skip occurs

Test If Not Zero command when a skip occurs
Compare command when a skip occurs

Operate class commands which have the L register
designated
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.2 Literal Commands

a. LT LOAD T

11/19 Literal
15 0
0001 001 Literal
15 0
0001 1001 Literal
15 0

The content: of the eight-bit literal field

are placed 'n the T register. If the spare
memory bit (ption is implemented in the machine,
T, is clear¢d with code 11 and is set to a 1l-bit
with code 1¢. The condition flags and LINK
register ar¢ not affected.

Affected:

b. LM LOAD M

12 Literal
15 0

0001 0110 Literal
15 0

The content:; of the eight-bit literal field
are placed n the M register. The condition
flags and L NK register are not affected.

Affected: |



d.

e.

LN LOAD N

15 Literal

15 0

0001 0011 Literal

15 0

The contents of the eight-bit literal field

are placed in the N register and the M register

is cleared. The condition flags and LINK
register are not affected.

Affected: M, N

LU LOAD U
16 Literal
15 0
0001 0110 Literal
15 0

The contents of the eight-bit literal field
are plzced in the U register. The condition
flags enc LINK register are not affected.
Affected: U

LZ LOAD ZERO CONTROL

1C Literal
15 0

0001 0000 Literal
15 0

The eight bits of the literal field may be
used tc perform control functions for special
applications. No control functions in this
group are implemented in the standard machine.

2-6



LS LOAlY SEVI.N CONTROL

17 Literal
15 0

0001 0 11 Literal
15 0

The eight b ts of the literal perform control
functions a: described below. [f more than one
bit of the 1iteral field is on at a time, the
last two di its of the command are determined
by ORing th: bits of the literal.

1700 - No Oyjeration

1701 - Enab e Serial Teletype: The serial tele-
tyne input is gated to bit 6 of file
rezi ter 0, (see Table 1) for one clock
cy:1l: when the spare memory bit option is
impliomented.

1702 - Rese Tg,: When the spare memory bit option
is inplemented, T8 is cleared.

1F02 - Set ',: When the spare memory bit option 1is
implw%ented, T8 is set to a 1-bit.

1704 - Disa le External Interrupts: Recognition of
exte 'nal interrupts is inhibited.

1708 - Enab e External Interrupts: Recognition of
exte nal interrupts is enabled.

1710 - Disanle Real Time Clock: The real-time clock
and nterrupt are disabled.

1720 - Enab e Real Time Clock: The real-time clock
and nterrupt are enabled.

1740 - Load Protect Bit: The content of bit 8 of
the ' register (T,) is placed in the memory
prot:ct control sZorage for the memory page
currontly addressed by the contents of the
M re:ister.

1780 - Halt The processor is halted.



JP JUMP

14/15/1C/1D Literal

15 0
0001 0100 Literal

15
0001 0101 Literal

15 0
0001 1100 Literal

15 0
0001 1101 Literal

15 0

The contents of the eight-bit literal are

placed in the eight low order bits of the L
register; the content of bit 8 is placed in L8
and the content of bit 11 is placed in L,.

The location of the next command to be e%ecuted
1s at the address specified by the new contents
of the L register. The execution time of the
command >s two cycles. The Jump operation codes
for the four 256 word pages in read only storage
are as follows:

14 - Jump to locations 000-0FF (page
15 - Jump to locations 100-1FF (page
1C - Jump to locations 200-2FF (page
1D - Jump to locations 300-3FF (page

NN -=O

AR SRVY

Affected: L

3]
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LF LOAD FIL:

2 £ Literal
15 0

™m

0010 Literal
15 0

The contents of the eight-bit literal field
are placed in the file register designated
by f. File register 0 cannot be loaded by
this commani. The condition flags and LINK
register ar: not affected.

Affected:

AF ADD TO FILE

3 c Literal
15 0

0011 Literal
15 0

The contents of the eight-bit literal field
are added t> the contents of the file register
designated 1y f and the sum replaces the
original coitents of the file register.
Subtraction is performed by placing the 2's
complement »>f the number in the literal field.
The conditiosn flags and LINK register are not
affected.

Affected:



i
.

TZ TEST I-F ZERO

4 f Literal
15 0

0101 f Literal

S5 0

If, for all the 1-bits of the literal field,

the corresponding bits of the file register
designated by f are 0-bits, the next command

is skipped. The condition flags, LINK register
and file register are not affected. If the skip
is taken, the timing of the command is two clock
cycles.

Affected: L
TN TEST IZ? NOT ZERO

5 f Literal
15 0

0101 f Literal

15 0

If, for any bit of the literal field which is

a 1-bit, the corresponding bit of the file
register designated by f is also a 1-bit, the
next command is skipped. The condition flags,
LINK rezister and file register are not affected.
If the skip is taken the timing of the command is
two clock cycles.

Affected: L
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1. CP COMPARE

6 f Literal
15 0

0110 f Literal
15 0

If the sum of the contents of the file register
designated bs f and the contegpts of the eight-
bit literal is greater than 2 -1, the next
command is s<ipped. The condition flags, and
file register are not affected. If the skip is
taken the tining of the command is two clock
cycles. The LINK stores the carry out of the
adder.

Affected: IINK, L

1.3 Operate Commands

a. K CONTROL

15 0

0111 f C * T
15 0

Control operations associated with special data
flow and inyput/output are performed by this
command. Tle exact operation is designated by
the ¢ field as explained below. Source data
from the file, internal status, console sense
switches or input bus are placed in the file
register designated by f, if * is a 0-bit, and
the register designated by r. The condition
flags are urconditionally updated. Destination
r = 7 is uncefined for this command.

When ¢ equals 8-F, the operations are associated
with extern:l input/output, and the three low
order bits «f ¢ are placed in the I/O Control
register. (n the same operation, data can be
moved from the designated file register or the
input tus, ¢s determined by the current contents
of the I/0 (ontrol register, to the designated
file or destination register. The data source 1is
specified as follows:

Z2-11



I/0 Control Register Mode Source
0-3 Designated file register
4-7 Input bus

The operat:ons designated by ¢ are described below:

C

0

o

~3

8

Operation
No Operation

Enter Sense Switches:

Shift File Right 4:

Enter Internal Status:

Enter Console Switches:

Clear 1I/0 Mode:

2-12

Explanation

The status of the four
console sense switches
are placed in the four
high order bits of the
file register designated
by f. The four low order
bits are set to 1-bits.

The four high order bits
of the file register
designated by f are
placed in four low order
bits of the file register.
The four high order bits
are set to 1l-bits.

The eight internal status
bits are placed in the
file register designated
by f.

The contents of the eight
low order console command
switches are ANDed with
the eight low order bits
of the next command. File
register 0 must be select-
ed to prevent any modi-
fication of the file dur-
ing the execution of the
Control command. The
command preceding this
operation must not cause

a read only storage delay.

The I/0 Control register
is cleared. Data from the
designated file or Input
bus can be transferred to
the designated file
register and register (r)



9-F - Set I/0 Mcle: The I/0 Control register
is loaded with the threce
low order bits of c
placing it in one of
seven I/0 bus or seria:
teletype modes. Thesec
modes are described in
Table 3. Data from the
designated file or Input
bus can be transferred
to a designated file
register and register r).

Affected: F, I/) Control, Condition Flags, r.

TABLE 3. EYTZ I/0 CONTROL MODES

Mode c-field Control Activity
0 1000 None
1 1001 Control Output (COXX/)
2 1010 Data Output (DOXX/)
3 1011 Space Serial Teletype
4 1100 Spare
5 1101 I/0 Acknowledge (IOAK/)
6 1110 Data Input (DIXX/)
7 1111 Spare
b. A ADD
8 f C * T
15 0
1000 t c * T
0

The selectec operand is added to the contents
of the file register designated by f. The

sum is placed in the file register (f), if *
is a 0-bit, and in the register designated by
r. The state of the carry out of the high
order btit of the adder is placed in LINK. The
c field controls selection of the operand,
incrementing the result and modification of
the conditicn flags as follows:

o
1
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t
514 Operation

1 x x x Link Control: The content of LINK is
¢dded to the sum. The zero condition
flag can be reset but cannot be set,
providing a linked zero test over
multiple bytes.

x 1l x x Add One: One is added to the sum.

x x 1 x Select T: The contents of the T register
or the input bus are selected as the
operand. If the T register is not select-
ed, the operand is zero.

x x x 1 Modify Condition Flags: The condition
flags are modified by execution of the
command.

Affected: F, LINK, Condition Flags, r

C. S SUBTRACT
9 £ C * T
15 0
1001 £ C * T
15

The complement of the selected operand plus
one is added to the contents of the file
register designated by f. The difference is
placed in the file register (f) if * is a 0-
bit, and in the register designated by r. The
result is a 2's complement subtraction. The
state of the carry out of the high order bit
of the adder is placed in LINK. The c field
controls selection of the operand, incrementing
the result, and modification of the condition
flags as follows:



~1 0
!
o T
}.J-
Ul ot
i

Operation

Link Control: The content of LINK 1s
adde ! to the sum. Selection of the
LINK inhibits the automatic addition
of oie. The zero condition flag can-
not e set, providing a linked zero
test over multiple bytes.

—
o]
]
5

x 1 x X Inhi it Add One: If Link Control 1s
not selected, one is automatically
adde! to the result to produce a 2's
comp lement subtraction. This control
bit .nhibits this addition, providing
a 1': complement subtraction.

» x 1 x Sele:t T: The complement of the
cont:nts of the T register are select-
ed a: the operand. If not selected,
the >Hperand consists of a 1-bit in
each bit position.

X x x 1 Modify Condition Flags: The condition
flags are modified by execution of the
comm ind.

Affected: F, LINK, Condition Flags, r

d. R READ MEMORY W WRITE MEMORY
A f c * T
15 0
1010 f c d T
5 0

The contents of the file register designated

by f is unaltered, incremented, or decremented

as controlled by the c field. The result is
placed in the file register (f) if * is a 0-bit,
and in the register designated by r. At the

same time, a read (R) or write (W) memory opera-
tion is initiated as controlled by bit 4. If

the operation is a memory read, the T register is
cleared and the accessed data is set into the T
register after two clock cycle times. Data to be
written into memory must be placed in the T
register before the write memory command, if the
operation is a half cycle write, and by the first
clock cycle time after the write memory command
on a full cycle write. The condition flags and
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c-bits

765 4 Operation

00 x x Transfer: The contents of the file
register are transferred unaltered.

01 x x Decrement: The contents of the file
register minus one are routed as
specified. If the M register is
selected as the destination and the
content of LINK is a 1-bit, the
contents of the file register are
transferred without being decremented.
Tais provides a decrement with link
control when M is the destination.

10 xx Add Link: The content of LINK is added
to the contents of the file register,
and the sum is transferred as specified.

11 x x Increment: The contents of the file
register plus one are transferred as
specified.

x x 1x Half Cycle: 1If this bit is a 1-bit, a
half cycle memory operation is performed;
otherwise a full cycle operation is
selected.

x x x 1 Write: If this bit is a 1-bit, a write
memory operation is performed; otherwise
a read operation is selected.

Affected: F, Memory, r

e. C COPY

B f c * T

15 0
1011 f C * r

15 0

LINK are not affected. Execution of the
memory ccmmand is delayed if the memory is in
a busy ccndition from a previous R or W
command. c¢r DMA operation.

The bits of the ¢ field control the transfer
of data from the file register and the type
of memory operation as follows:
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E.

The selected operand is placed in the file
register designated by f, if * is a 0-bit,
and in the -egister designated by r. The
LINK is not affected. The c field controls
selection o: the operand, incrementing the
operand, and modification of condition flags
as follows:

54 Operation

X X Link Control: The content of LINK
is idded to the sum. The zero
condition flag can be reset but
cannot be set, providing a linked
zero test over multiple bytes.

X X Add One: One is added to the sumn.

1 x Select T: The contents of the T
reg:ster or Input bus are selected
as the operand. If the T register
is 1ot selected, the operand is zero.

x 1 Modify Condition Flags: The condition
flags are modified by execution of the
comr and.

Affected: F, Ccndition Flags, r

0O OR
C f c * T

15 0
1100 f c # T

15 0

The selected operand is logically inclusive-
ORed with th=2 contents of the file register
designated bv f and the result is placed in
the file register, if * is a 0-bit, and in the
register designated by r. The LINK is not
affected. Tie c field controls selection of
the operand ind modification of the condition
flags as showvn below:



54 Operation

X X Link Control: The zero condition flag
can be reset but cannot be set, provid-
ing a linked zero test over multiple
bytes.

X X Select Complement T: The complement
of the contents of the T register is
selected as the operand. If the T
register is also selected, the effective
oprerand contains a 1-bit in each bit
pcsition.

1 x Select T: The Contents of the T register
or Input bus are selected as the operand.
If neither the T register nor the comple-
ment of the T register is selected, the
operand is zero.

x 1 Modify Condition Flags: The condition
flags are modified by execution of the
command.

Affected: F, Condition Flags, r

X EXCLUSIVE OR

15 0

1101 f c b T
15 0

The selected operand is logically exclusive-
ORed with the contents of the file register
designated by f and the result is placed in
the file register, if * is a 0-bit, and in
the register designated by r. The LINK is
not affected. The ¢ field controls selection
of the operand and modification of the condi-
tion flags as shown below:



765 4 Operation

1 x x x Link Control: The zero condition
flag can be reset but cannot be set,
providing a linked zero test over
multiple bytes.

x 1 xx Select Complement T: The complement
of the contents of the T register are
selected as the operand. If the T
register is also selected, the effective
operand contains a 1-bit in each bit
position.

x x 1 x Select T: The contents of the T
register or Input bus are selected as
the sperand. If neither the T register
nor the complement of the T register
is sz2lected, the operand is zero.

X xx 1 Modify Condition Flags: The condition
flags are modified by execution of the
command.

Affected: ¥, Coadition flags, r

h. N AND

E f c * T

15 0
1110 f c ® T

15 0

The selected operand is logically ANDed with
the contents of the file register designated
by f and the result is placed in the file
register, if * is a 0-bit, and in the register
designated b- r. The LINK is not affected.
The ¢ field :ontrols selection of the operand
and modifica-ion of the condition flags as
shown below:



7654 Operation

1 x x X Link Control: The zero condition flag
can be reset but cannot be set, provid-
ing a linked zero test over multiple
bytes.

x 1 x x Select Complement T: The complement
o~ the contents of the T register are
selected as the operand. If the T
register is also selected, the effective
operand contains a 1-bit in each bit
position.

x x 1 x Select T: The contents of the T register
or Input bus are selected as the operand.
If neither the T register nor the comple-
ment of the T register is selected, the
operand is zero.

x x x 1 Modify Condition Flags: The condition
flags are modified by execution of the
command.

Affected: F, Condition Flags, T

1. H SHIFT
F f c * r
15 0
1111 f c ® T
15 0

The contents of the file register designated

by f is shifted left or right one bit position
and placed in the file register, if * is a 0-
bit, and in the register designated by r.

The high order or low order bit which is shifted
off is placed in LINK and in the overflow flag
if the modify condition flag is selected. The

¢ field controls the direction of shift, entry
of an end bit, and modification of the condition
flag as follows:



76 54 Operation

1 x x x Lin} Control: The content of the LINK
is :nserted into the vacated low order
or ligh order bit position. The zero
concition flag can be reset but cannot
be <et, providing a linked zero test
over multiple bytes.

x 1 x x Insert One: A 1-bit is unconditionally
inserted into the vacated low order or
higl order bit position; otherwise a 0-
bit is inserted unless the contents of
LINlI 1s selected.

X x 1 x Shitt Right: If bit 5 is a 1-bit, the
operation is a right shift; otherwise
a left shift is performed.

x x x 1 Mod: fy Condition Flags: The condition
fiags are modified by execution of the
comrand. The content of the bit shifted
out is placed in the overflow flag.

Affected: F, LINK Condition Flags, r

Execute Command

E EXECUTE

15 0

The eight-bit ccntents of the U register are ORed
with the eight Figh order bits of the Execute

command to form an effective command. This provides

2 means of partially modifying the contents of a

read only storage location. The ORing is performed
before the outpit of the read only storage is gated
into the R register. The meaning of bits present in
positions 0-11 is dependent upon the desired effective
operation code after the modification. Due to the
look ahead feature of the read only storage, the

new contents of the U register is not available until
after one machine cycle following the transfer of data
to it.



S ECTION 3

THEORY OF OPERATION

INTRODUCTION

This chapter presents both a general and detailed
functional descriptior of the computer. The overall
machine is initially functionally described followed
by details related to each functional assenbly.

GENERAL BLOCK DIAGRAM

The general block diacram for the computer is given
in Figure 16. A description of the elements comprising
the block diagramr follows:

3.2.1 M Register

The eight bit M register contains the eight high
order bits of tie processor memory address. This
register is gatad onto the memory address bus at
all times except when a DMA operation is in pro-
cess.

3.2.2 N Register

The eight bit N register contains the eight low
order bits of the processor memory address. This
register is gat:d onto the memory address bus at
all times excep:t when a DMA memory operation is
in progress.

3.2.3 Memory Buses

The memory data and address buses communicate
between the four memory modules, the processor
and the optional DMA hardware. Either the pro-
cessor or the DMA may operate with the memory,
with the DMA having top priority.



DMA

The direct memory access (DMA) option allows for
direct connection to the memory address, data
and control »uses.

Core Memory

The magnetic core memory is organized into two
board pluggaocle modules of 409¢ bytes. The
memory is addressed at the byte level and each
byte contains 8 or 9 bits.

The memory i3 operated in read/write and full/half
cycle operations. The full cycle memory timing is
1.1 microsz2conds (five 220nsec clock cycles); the
half-cycle timing in the system is three clock
cycles (66JIns). For a read operation, the accessed
data is plac2d in the T register two clock cycles
after the start of the memory operation. Full
cycle regeneration of the data in the memory does
not requirz the use of the T register and T may be
medified by the microprogram before completion of
the restor= oart of the cycle.

T Register

The eight »it T register serves as the operand
register for most of the operate class commands
and as a buffer register for output and memory
operations. The T register is expanded to nine
bits when the2 spare memory bit option is included
in the processor. Both the true and complement
output of the T register can be gated to the B bus
as an operand. When both the contents of T and
its complement are selected as operands, the
effective operand is all one bits; while if
neither is selected, the operand is all O-bits.

B Bus

The four iaputs to the B bus are each enabled by
their resp2ctive control terms. The B bus true
outputs become inputs to the Arithmetic/Logic
Unit.



3.2.10

3.2.11

3.2.12

3.2.13

Arithmetic/Logic Unit

The Arithmetic/Logic Unit (ALU) performs all mani-
pulation of data including: addition, logical
AND, logical CR, logical exclusive OR, and one bit
left and right shifts. The output of the ALU is
the A bus.

A Bus
The A bus output becomes the input to the file

logic and the M, N, T, U and L registers.

L Register

The ten bit L register is the machine's program
counter and ccntains the read only storage address
of the next ccmmand to be executed, unless altered
by a jump commrand. The eight low order bits of
the L register are a counter which is incremented
by one at each clock time when the processor is
running unless there is a command execution delay
imposed. The two high order bits serve as an ROS
address counter.

Read Only Storage (ROS)

The read only storage (ROS) provides the storage
for commands &nd constants of the microprogram.
Its output is gated into the R register where it
controls the c¢peration of the machine at the next
clock time.

R Bus

The R bus ailcws for modification of the micro-
command by the U register output and enables micro-
program contrcl by either the ROS or operator
command switct inputs.

R Register
The 16 bit R 1egister holds the microcommand being
executed. 7Its output is decoded and controls the

operationr of the processor at each clock time.

i
i
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3.2.14

3.2.15

3.2.1¢6

3.2.17

3.2.18

Command Decoding and Control

The command decoding and control logic is used to
decode the microcommand and control those machine
functions necessary to execute the command.

File Registers

The file corsists of 16 eight-bit operational
registers. All commands except the load register
command specify a file register to be operated on
or to provice an operand. All file registers are
functionally identical except for file register 0
which contains eight flags and cannot be used for
general storace.

I/0 Control Register

The three-bit I/O control register generates the
control sigrnals for the I/0 bus by decoding the
contents of the R register. It is loaded and
cleared by a control command and, therefore, the
timing of I/0 control signals is under command
control. There are three output modes and four
input modes. The high order bit of the register
is the input flag. When this bit is a 1 bit, the
input bus is substituted for the T register when
it is selected and the input bus is the source of
data when executing an external I/0 control com-
mand.

Link Register

The one-bit link register holds the adder's high
order carry from Add, Subtract, and Compare com-
mands and the bit shifted off in the execution
of the shift command.

U Register

The eight-bit U register is used to modify the
output of the read only storage. For commands
with 0's in the four high order bits or 1's in
bit 15 and the three low order bits, the contents
of the U register is inclusive OR'ed with the
eight high order bits of the ROS output as it is



gated into the R register. This allows for
dynamic modification and changing of operation
codes and file register designators.

3.3 LOGIC ELEMENTS

This section describes the logic elements used in the
computer and presents the truth tables, voltage levels
and timing diagrams associated with each element.

9000 series gates are active low level output AND gates
commonly known as NAND gates. The gates are designed to
provide low drive capability and good immunity to cross
talk. The output impedance in the low state is approxi-
mately 10 ohms and, in the high state, approximately 20
ohms.

3.3.1 9002 Gate Elerent (NAND)
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3.3.2 9003 Gate Element

(NAND)
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9004 Gate Element (NAND)
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3.3.4 9005 Gate Elenent (A'D/NOR)
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3.3.5 9006 Gate Element (NOR)
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3.3.

At
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9007 Gate Element (NAND)

Input

Output (2)

All inputs H

least one input H
least one input L

All inputs L

H=1.8v (min)
L=0.85v (max)

.

9008 Gate Element

josjaviia sl ol

H=2.4v (min)
L=0.45v (max)

(AND/NOR)

N
| Output (8) is L under the following
Logic

! (13.1)4(2.3)+(9.10)+{4.5.6)

I

|

|

1

Input Output
H=2.4v{min)
L=0.45 (max)

H=1.8v{(min)
1=0.85v (max)

- N g
— < |
T N __AL Emit
!
112 Coll

|



Ul ds N

12
13

11

13

3.3.8

|
— 8
| Input
|
|
I

9009 Gate Element

| H=1.8v(min)
I L=0.85v{(max)

9016 Hex Inv: rter

H=2.4v {(min)
L=0.45v {max)

|

| H=£.8v(min)

L=0.85v (max)

H=2.4v (min)
L=0.45v (max)

- Term
| No. Voltage Levels
' I Lo lElulalolmlulzl B
y [ 71 A EE A A FI E A A A e
—l |l 6 . 4|0 LD L JH [H|H |0 |LL|L |L{H [H | |l
—{-——‘ I o slILiLiblc oo ie gl H H 1A (B
| ' clElEmEEEEEEEEHIEE|E BT
|
I
‘ | Output




5.3.10 9¢22 Dual JK Flip-Flop

The master-sleve design of this flip flop offers
the advantage of a DC threshold on the clock
input initiating the transition of the outputs

so that careful control of clock pulse rise and
fall times is nct required. Data is accepted on
the master while the clock is in the low state.
Transfer from the master to the slave occurs on
the low to hich transition of the clock When the
clock is high, the J and K inputs are inhibited

I

3 N
J ; Sp 6
14 —e JK -y
—

Ccp
*_———___ﬁ
JK o7 _
4 - K /K p
T
L 11
J \\J S() __l.g_
f‘_‘— JK S
-

*I, Input does not go high at any tine
clock is low

*H Input is high at scme time while
clock is low

X Doesn't care

Synchronous Operation

Before Clock Outputs after
Outputs Inputs Clock
One Zero J K One YZero
L H L* X L H
L H H* X H L
H L X L* H L
H L X H* L H

Asynchronoas Operation

Inputs Qutputs
SD CD One Zero
L L H H
L H H L
H L L H
H H Synchronous

Inputs Control

Input Output
BH=1.8v (min) H=2.4v (min)
L=0.85v (max) L=0.45v (max)

10




3.3.11 9033 16-Bit Memory Cell

This 16-bit memory cell consists of 16 R-S flip
flops arranged in an addressable four-by-four
matrix. Tha denied bit location is selected by
raising the coincident X-Y address lines to a
logic "H" la=vel and holding the non-selected
address lines at logic "L" level. Four locations
may be addressed simultaneously without destroy-
ing stored information. The stored data and its
complement at the addressed bit location may be
read at the output terminals.

TN TN e

GND

Write
P‘E&_/—_\\ 2.0v

GND

Z

Output
. —_ - p- ——

GND

N oAU e W N

XEZW

If addressed bit location contains a 1 Sl
will be low, SO will be high.

If addressed bit location contains a O S1

will be high, S_ will be low.
—Xl Veccl—— 14 °
—_— X2 Yl pb—— 13 To write a 1, address bit location Wy

X3 Y2 12 input raised to high level
—_—xX4  y3l— 11 . . .

Wl Y4 ?o write a O, address bit location W
- ——— 10 input raised to high level o
—]S1 WO pb— g
e—mdGND SO }— 8

- Sense Output
- Write Input
& Y - Address

3 -1



3.3.12 9300 4-Bit Shift Register

The 9300 is a 4-bit shift register providing a
JK input to the first flip flop in the register.
There is no restriction on the activity of the J
or K inputs fcr logical operation---except for
the set up &nd release time requirements. Par-
allel inputs for all four stages are provided.

A master asynchronous clear input allows the
setting to zero of all stages, independent of
the conditicn of any other inputs.

9J\4 sy 6| 7
L - 4
2 J PE PO Pl P2 P3
10 ——1cp O—
Q3] 11
3 — QK Mr 00 Q1 92 Q3
)
1T15 14 13|12

T;uth Table for Serial Entry
PE = HIGH, MR = HIGH, (n + 1) indicates
state after next clock

J K Q0 at tn + 1

L L L

L H Q0 at t, (no charge)
H L Q, at t_ (toggles)

H H H '

3 - 12



3.3.13 9301 One of

Ter

Decoder

This multipurpcse decoder will accept four inputs
mutually exclusive outputs.

and provide ter

15} 14 1 2
Input . ] Output
H=1.7v(min) H=2.4v (min)
L=0.8v {max) AO Al A2 A3 L=0.4v{max)
012 34567 89
NN
13121109345 6 7
Truti1 Table
Input Output
Ap A A A3l0 1 2 3 4 5 6 7 8 9
+ L L L 'L H H H H H H H H H
L L LIH L H H H H H H H H
L H ., L!IH H L H H H H H H H
H H . L H H H L. H H H H H H
L L H L{H H H H L H H H H H
H L H L |H H H H H L H H H H
L H H LIH H H H H H L H H H
H H H LiH H H H H H H I 1 H
L L 1 HiH H H H H H H U L U
H L L. T}{H H H H H H H H H L
L H I, HyH H H H H H H {4 H H
H H I. HIH H H H H H H H H H
L L H M{H H H H H H H H H H
H L H I'{H H H H H H H H H H
L H H H!H H H H H H H H H H
H H H HIH H H H H H H H H H

3.3.14 9304 Full Adde:

The 9304 consicts of two independent, high speed,

binary full adcers. This design allows a minimum
carry propogation time when the adders are used in
ripple carry arplications. The adders are identi-
cal except that adder 2 has provision for either
active high or active low inputs for the A and B
terminals. The adders produce a low carry and
both low and high sum with active high inputs, a
high carry and both high and low sum when active
low inputs are used.

3 - 13
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2
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radrrdaodoAonoonAnoDAdAR D AR a0 G 3a A

ARl R el el el el sl el e e s ol o e o o= o B B I e [ N I I O B o o = e o< o

ADDE

INPUTS
C Bl Al 32 KZ c

JdodondAra@DnaAanAarAnAnAan At oAt A AN dE AT
danoaaoonanog4oondAnE A3 nnd3nn A 5N
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9304 Full Adder

— o
. o ~ plol AEEmamaam
-
~ At ~ =k A
o o 0 0 oy i jrulitis R B o o S i oo o QS
— @ M © ~ w W
a) —
e < g o) — © d
ot o G Q - Ul Zmxm 3
A B C T o d R e e e e m——— e = =
| M T
mv Kole) IS H
= (| AEAmamam
i
~ ni
¥ £ £+
. ~ w n: A mmaam s
T O A =
1 M~ .
< ™ ) :
1_ 1_1: l_ Ol Adaanmom
H & e ramce omaman . -
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(max:)

H=2.4V (min)

Outputs
L=0.45V

5.0V +5%

1.8v(min)
0.85v (max)

Inputs
H=
L=
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3.3.15 9308 4-Bit La.ch

To enter data into the latch, both enable inputs
are low and thie output of the latch follows the

inputs.

present in th: latch is held in the latch.

If e _ther enable input goes high, data

MR

forces the ou-puts of all latches low when MR is

low.

4-Bit Latch

22 —

20
18 —

16 —

D3 Q3
D2 Q2
Dl Q1
DO QO
E MR D—

EO0

>/

13

— 23

— 21
——19

——17

—d O\

>—0

| D3

D2

t D1
| DO

Q3

Q2 |
Ql |

Qo0

Storing a One

E, FGND

* N/

Q

\ -1.5V

4/ 1.5V

. Storing a Zero

El =

GND

Eq \\______d// 1.5V

N

/ -1.5V

1.5V

3 - 15



3.3.16 1-Bit Binary Counter

The 9316 is a high-speed synchronous 4-bit binary
decade counter. It is synchronously presetable.
A clock buffer and inverter drives the four
2locked RS master-slave flip flops in parallel so
the synchronous operation is obtained. When the
2lock input (CP) is low, the slave is steady, but
data can enter the master via the R and S inputs.
During the low-to>-high transition of CP, first
zhe data inputs (R and S) are inhibited, so that
1 later change in the input data will not affect
zhe master; secondly, the now trapped information
in the master is transferred to the slave and is
reflected at the outputs. When the transfer is
completed, both the master and the slave are
steady as long as the clock input remains high,
and regardless of the logic state at any other
Lrput to the device. During the high to low
cransition of the clock input, first the transfer
path from master to slave are inhibited, leaving
<he slave steady in its present state; secondly,
<he data inputs (R and S) are enabled so that new
dzta can enter the master.

9316 4-Bit Binary Counter 9 3 4 5 6
7 CEP | ' | , CE (Count Enable) =
10 cEr e 15 CEP = CET
] o 2 TC = CET.Q .Q,.0Q,.0Q

(1]
1 14 13 12 11
o o — — . .
CP]..S&L__///—~——1\\h____// \\\____J// _—ﬂ\\\_“__//[_———\\\g____//r———_\\\_____
%o 1.5V / \\__________/ / _L_
/
TC 1.5V / \

3 -16




— 1.5V

— 1.5V

— 1.5V

__/_\__/——\ L
1.5V —_—— CET L

5V
5V
INPUT
= 1.8V {(min)
= 0,85V (max)

\\ OUTPUT
1.5/ \____/ A TC H = 2.4V (min)

(O 00 O I

10
12
13

[

L 0.45v (max)
3.3.17 9944 Gate Elem=nt (NAND)
T
| | INPUT OUTPUT
T | . H= 1.9V (min) H = 2.6V (min)
— "——l‘—— L = 1.1V (max) L = 0.4V (max)
] — EMIT
| ) N
: !
!
—%~—4 | Logic similar to 9004 or 9006.
R —— 8
I
: 1y
| ' EMIT
i

3 - 17



3.3.18 7401 Gate Elemen-—:

INPUT OouTPUT
e — — H= 2V (min) H =
| | L = 0.8V (max) L = 0.4V (max)
|
\ O——10
9 — I
L I
| g —— —
1= ‘
' 3—4-—-'13
12 |
| |
5 | | g — I
|
| O—t—- 4
6 — l
I
P i
2 = !
| —
| :yj____l 10
3 [—
| |
i [
3.3.19 2711 Dual Diffsrential Comparator
2
‘ Input Voltage Range (V = -7.0V)
Non- 3P STROBE 1 +.5V (min)
Inverting 4 | 1 Differential Input Voltage Range
+5V (min)
7 , Positive Output Level
L 3 JUTPUT 5V (min)
6
Inverting 7
8 STROBE 2
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3.4 CONTROL BOARD

The block diagram fcr the control board is shown in

Figure 19.
A Bus U FIGURE 19
.—___——.._.’
REGISTER BLOCK DIAGRAM CONTROL BOARD
]
FILE
| ADDRESS — >
DECODE
SHIFT
—— ——®  CONTROLS
R ¥
REGISTER
BITS 8-15 LINK -
COMMAND
——®1  DECODE
1/0
CONTROL 1/0 |
— ] FLIP- GATE >
FLOPS
, L REG
R Reg. 4-7 BITS >
8-9
RUN CONTROL
Front— g AND SWITCH
: i ENABLE AND
Panel Switches BEYNCHRONIZEHR CONTROL —-
T —® TERMS
|
— cLocks + »
MEMORY
P CONTROL —
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(a43)
(A )
(s 4)

(M0}

03,
[22)
ACZA
(B40}

AN
®43)
ADOX
®39)
URXR/
caxy

3.4.1

3
RIS
e e e 90} L oex .
[ R— 19 uomg u-sua-“;_jD
s
e ) Pl - Uodx L
rys— 238°0-2— rEny
r,‘ ) be. !5|3—-Dr )
g Zee -uo3 L
13,
I T )
4 b - uow i
= 4 R Lo«
i 3 RSl5—L3-
T ) I8 G o33 el ea)e
e @27 rs00¢e--3 £
v mm@m ENABLE "U”
FIGURE 20 FIGURE 21

U and R Registers

The U register shown in Figure 20 is mechanized by
a dual latch element (Z66). Its data inputs are
provided by the A bus and it is clocked by CLK1l/
and enabled by URXX/.

The anut for the 8 high order bits to the R regis~-
ter is the AND-OR'ed combination of the Read Only
Storage data bus (bits 8-15) and the U register.
The U register is OR'ed into the R register under
control of RENU, generated by the logic shown in
Figure 21. The console control command switches
are collector OR'ed into the read only storage
data bus by gates Z57 and 265 under control of
CPEN (Control Panel Enable). The R register shown
in Figure 22 is clocked by CLK6/. The master
enable, RJKX, R Register Clock Inhibit, disables
the clocking during the periods of command execu-
tion delay.

The RENU term allows the contents of the U register
to be gated into the input of the R register (bits
8--15) along with the output of the read only storage.
This control ajplies for the execute command and for
the commands which have bit 0-2 set to a 1.

3 - 20
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FICURE 22
CLK6/ 1
RSaa ! T T
(RaaXx) | !
o L FIGURE 23
R rhs .
‘ l
RSbb L
(RbbX) Lepends upon

states of next
FJS command.

The timing sighals associated with bits 8-15
of the R register operation are shown in
Figure 23.
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4.2

O
T"—" z }D:\B— YL
9} w3l 4
o+ 6 B
257 R
CEY g e

NS 08 O LS SN
[P Iéﬂ»A e x02x/

LN T gy D

- rxoax/

= (A

S

e
‘LZ@)‘ 4em 3 YROX/
- e
13—
s Y]
2169 il I

- () ®
S

i n}z@»’-ﬂ— >&oz\x/

1 - g R 5

[CERRR

L.i'r 3
2‘[@»——— >rI3x%/
R e

FILE ADDRESS BECODE

ROx iaes -——<E

FIGURE 24

i"lle Register

Bits 8-11 of the R register are decoded into 8
file addressing signals shown in Figure 24. RI10X
and R11X are decoded in 769 to form Y00¥/, YO01X/,
vyo2Xx/ and Y03X/. R08X and RO9X are decoded to
form X00X/, X01X/, X02X/ and XO 3%/. The X00X/
signal is inhibited if Y00X is true so that no
file register will be selected when the file
designator is 0. The term FAZD is true when file
register 0 is selected. This signal enables the
file register 0 inputs to be collector OR'ed into
the file elements on the data boards. The truth
table for the file address decode is given in

Table 4.



Y00X/ YO1X/ Y02X/ YO03X,

FAZD X0(X/ X01X/ X02X/ X03X/

R11X R10X R09X RO8X

TABLE 4

TRUTH TABLE FOR FILE ADDRESS DECODE

23
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.4.3 Control Term:s

The term ANDY is the control term enabling the
ADD function to the A bus. ANDX is generated on
the control board (logic shown in Figure 25) and
is used as a control term for the file logic out-
put F--X and the B bus output B--X on Data Boards
1 and 2. ANDX is high when any of the inputs to
%255 are low, which occur under the following con-
ditions:

MYXX ——-:j ™~
COMMAND MRXX = -
LINK ——
MYDX —m_____~
COMMAND R15X —
OR R14X | —r
COMMAND R12X/ ____ |
.~
—_— ANDX
IOXX __ | TN ' o
COMMAND b‘“*“
RO7X ———— o
COMMAND R15X/ ——
R14X ____ __| >:>
COMMAND R13X/ __ ,
L .
FIGURE 25
LOGIC FOR ANDX CONTROIL SIGNALS
(1) MYXX is generated at the output of the command

decoder during a read memory operation (Com-
mand A). BENR/ is enabled and allows ROOX/,
R0O1X/ and R02X/ to set the conditions for DES
0, 1 and 2 which establishes the register
designator into which the contents of the




(2)

(3)

(4)

file des .gnated in the command will be
placed. When bits 6 and 7 are 1 and 0
respecti rely (MYDX is generated), and LINK
is a 1-b:t, the contents of the file regis-
ter minus one are routed as specified.

Command °@ (OR function) and Command E (AND
function will result in generation of ANDX.

Command 7, to clear or set I/0 mode, will
generate the ANDX control term by logical
combinat .on of I0XX generated at the command
decoder vith RO7X.

Command 1 (test if zero) and Command 5 (test
if not z:ro) will result in generating ANDX.

Typical timiny signal associated with control of
ANDX is shown in Figure 26.

= UL

R15X

R14X

R12X

ANDX

]

— —— —— — —

FIGURE 26

TIMING DIAGRAM FOR ANDX CONTROL TERM
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TOXX/ | T —-e ~
LS6X/ —— D] O—-— ADDX
[ N]0)  QR— S |
e abDxA_____S

pe

R15X —— ’ N ~

R14X ——- )O-— ----- - >«}—XORX

RI3X/ — - — XORX /Lo

S ———— —— e m———.

RO5X/ —]
‘ [ ——] K——=—SHLX
SHXX ——1___ .~ SHLX/ __/

g et | -
e )

ROSX -y / SHRX/ | /

| SOT———=

FIGURE 27
LOGIC FOR ADDX, XORX, SHLX AND SHRX

Timing diagrams for control terms ADDX, the adder
to A bus enable, and XORX, the exclusive OR
function to the A bus, are shown in Figure 28.

{

7 “‘”"’ f T !
CLKG/ | | ! gj \
| e . i
S R

ToxXx/ ! R15X | :
- . -

LSGX/ } R14X ;
e - - -—-

ANDX { R13X t
I o b
e L =

ADDX : XORX |r

FIGURE 28
TIMING DIAGRAM FOR ADDX AND XORX



Similarly, th: timing for the A bus shift right
and shift left control terms is shown In Figure 29,

o 1 U

—— e —

RO5X r_~ o
SHXX k
_— e e —
- SHXX IS DECODED
1 FROM COMMAND F
SHEX o
SHLX T
; - - - - _
FIGURE 29

TIMING DIAG:AM FOR SHLX AND SHRX

3.4.4 Link Control

The link flip flop shown in Figure 30 stores the
tit shifted o: f from the shift command or the carry
cut of the hich order bit of the adder (CRY7) on
the ADD, SUBT!ACT or COMPARE commands. The output
cf the link ir used as a carry input to the adder
eand as the bi- shifted in on the SHIFT command as
controlled by option bits in the commands. The
inputs ccntro ling the state of the 1link flip flop
aére generated by the bits shifted out of the file
logic (FGOX/ ¢r FO07X/) under control of the A bus
shift enable (ommands, or the adder overflow,
(CRY7) under <ontrol of the SHXX/ term.

(A fyp——
10OI%; € i \\H
EUE N S
s o ]E 3
rggy"j:v})' B : )x} Ei\
- S '%\” LINK
2
{ Y .
o L *’ B lZZ& . ‘ p—Eum
v X/
2 TC #7
- £37
{ ,
- -
[
. Tz
FIGURE Jo (e2)

LINK FLIP-FLOP LOGIC DIAGRAM
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Timing associated with the LINK when an ADD
command is executed and CRY7 is high, is shown

in Figure 31.

CLKl/
OR - - |
CLK6/ ‘ ‘ ' U U

ADD,
COMMAND 8  —

——

CRY7 o _1

- i
|
LINK I |

FIGURE 31
TIMING DIAGRAM FOR LINK FLIP-FLOP
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LRXX LFAF/ C XX IOXX SBXX MYXX SHXX LFXX/ CYXX/ ADSB/ LSGX

i

4

0

i

4

1

R15X R14X R13X R12X

TABLE 5

TRUTH TABLF FOR COMMAND DECODER



Decoding Logic

All micro comriand OP code terms are decoded by a
set of gates shown in Figure 32 whose inputs are

a function of bits 12-15 of the R register.

The

truth table for the command decoder is given in

Table 5.
(2s]
1 ceT — ‘E
— ZZEWQEE%I-‘ JEL] )>th
—d L - TC.*e
- ——9 LRRK
1z5] e
:1’—~
— 3 Z@:L LFAF/
N L———’T.C e
s TC*e
— e 23 ):g cPrx/l e ! o
A ]
1
Riok/ - ——4 !@)ﬂuiﬁ B —1xx
RUX/ 1T 4
s -
RIZ% >
CTIL z;),e_éa_w_v oo
o BT 3]

R3X
RMX

RISX
Ri2x/

in

- MR/ & |

4221 bi—— »3{ 26 bl—nvxx
o )

2

41 4 2@:&.&*_&2&, SHXX

[ez] EJ

[y
gl a
223 — LEXR/

— {es]

13
[t 4
[ 922 o8 cvaxs

L " [ea)

b

8

= [y
(&3]

S - o

R— ) R T T
©7
COMMAND DECODER

FIGURE 32

LOGIC FOR COMMAND DECODER

3-30



Typical comma:d decoding timing is given in
Figure 33.

CLK6/ ’ ‘

R15X I

b U U

R13X |

R12X

LRXX |

CPXX |

LSGX i

FIGURE 33

TIMING DIAGRAM FOR COMMAND DECODING TERMS



The destination decoder shown in Figure 34 pro-
vides the register designator decoding of bits

0-2 of the operate commands and 8-10 of the load

register conmmends.
gating of bits

R register.

ROBK/ —-mlj g ;JJI'— Lu

1 - 3 CoON/
e > TR
w27
! ?E))‘— MRXX
RO9R/ "_\>_ n
s > MR/
2 L )
;;c:;)/ H—‘L_/ ' bl o . > NRIUX/
e I——iE!ezb!————:::&
/ L * 3 LRo%/
RIOK, : u
o h :I’ZE)M alEs Lol
RO2Y € a R sl Ry
®m2s) - ul )’J = |
s URXR/
I le :
2 amas — T
T - %
BENR/ ——-J E.j
LRxx DESTINATION
DECODER
FIGURE 34

DESTINATION DECODER

The control term LRXX allows
8-10 of the R register, whereas
the term BEMNR,/ allows gating of bits 0-2 of the
The truth table for the destination
decoder is ¢given in Table 6.

It should be noticed that the term DES3, the high
order bit into the decoder, is false only when one

of the control terms (BENR/ or LRXX) is true.

This

is the condition for which the destination decoder

output is to enable the selected register.



CGO0X/ TRXX/ MIXX/ NRXX/ LROX/ LR1X/ URXX/ CG7X/ LROl MNRX

0

4

-

0

0

0

-S0 DES1 DES2 DES3

TABLE 6

FOR DESTINATION DECODER

TRUTH TABLE
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Typical timing for the destination decoder is
given in Figure 35.

FIGURE 35

TIMING DIAGRAM FOR DESTINATION DECODER



The I/0 contrcl registers (IOl1X, I02X, and IO3X)
shown in Figur= 36 are mechanized by Z49 and Z40.
These flip flcos are cleared by master reset
(MRST/) and clocked by CLKl/. The flip flops
receive their inputs from bits 4-6 of the R regis-
ter when EXIO is true during the execution of a
control commard with bit 7, a 1 bit. The INTC
flip flop is set whenever the console interrupt
switch is depressed and is cleared when internal
status is reac (AENI).
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I,0 COI'TROL FLIP-FLOPS



Timing for the I/O control flip flops is shown
typically in Figure 37.

- ——l- L [mJ LJ
—————
|
RO4X !
== ——-
EXIO :
e —
101X :
FIGURE 37

TIMING DIAGRAM FOR 1/0 CONTROL FLIP-FLOPS
(Typical)

3.4.6 L Register (Bits & and 9)

Bits 8 and 9 of the L register are generated by
Flip Flop Z58. As shown in Ficure 38, the true
and completvent outputs of these two flip flops

are sent to the four read only storage boards for
oage select deccding. The input to L08X is the
least significant bit of the ccmmands register
designator (DESO). The input to LO9X is R11X for
the jump command (LRXX) and the output of the flip
flop itself for other commands which load the L
register.
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ROS - DDRESS COUNTER BITS 8,9

FIGURE 38
L. REGISTER BITS 8 AND 9

Bits 8 and 9 ¢f the L register are used to
select or enatle a Read Only Store module (or
board). The card slots in the computer which
have beer allccated for ROS, have been pre-
wired for the proper addressing of each ROS
module. The :¢ddressing follows:

Addrecss ROS Card
LO9X L(8X Module Slot
C aJ 0- 255 14
C 1 256- 511 15
] 0 512- 767 16
1 1 768-1023 17

Console Cperation

The run, step, halt and console interrupt switches
control cperation of the computer through a set of
latches consisting of 9002 type gates located on
the control bcard. Legic for console operation is
shown in Figure 39. The four latches are OR'ed
together to fcrm the term SSIS in gate Z51. This
term beccmes true when any one of the four console
switches is depressed and the following clock pulse
turns on the tlip flop SS1X. The following clock



pulse turns on SS2X and these two flip flcps
together form a switch synchronizer for strobing
The two flip
flops turn off in the same order that they are
turned on whenever the front panel switch is

the output. of

released,
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CONSOLE OPERATION LOGIC
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The run <contrcl flip flop, RUNX, is turned on
whenever one «f the run, step or the halt front
panel switche: is depressed. It is turned off
with the next clock pulse if the step switch is
depressed (ST:!: P controls RUNR) and by the halt
command {RUNH ). When single clock stepping the
machine, the WUNX flip flop will be on for two
clock times i the executed command causes a skip
or jump io tale place. The RIMH flip flor con-
trols idiing ¢« f the machine for one clock time on
Jumps and skijps.

The Halt lamp driver 1is energized, resulting in
the halt lamp illuminating when RUNX is at a 0
state. The Rn lamp driver is energized when
RUNX/ is fals« {or at a 0 state). In each case
the state of he Run control flip flop (252) is
inverted to d ive the lamp drivers and turn the
lamps on or o f as the flip flop is set or reset.

The Run lamp «river and Halt lamp drivers are
located on Da'.a Boards 1 and 2, respectively, and
are showr in !'igure 40.

RUN LA DQ\VEV: HALT LAMP DRWER

FIGURE 40

RUN AND HALT LAMP DRIVERS



3.4.8 Clocks and Command Timing

There are exght clocks generated in the machine
by ANDing together two outputs of the 4.55 MHz
crystal osc:llator. The clocks are shown sche-
matically in Figure 41. The term CPH1l is the
output of the oscillator as picked off by gate
Z78. CPH2/ is 180° out of phase with CPHl and
is delayed by approximately 25 nanoseconds by

an RLC network. The AND'ed coincidence of these
two sigmals produces a 25 to 35 nanosecond clock
pulse as gated by various control terms. CSTP/
is a clock stop term that is used on most of the
gated clocks.

The clock is stopped under any of the following
conditions :

(1) RIMNH,/-RUNX (RINH/ idles the machine during
skips &end jumps; RUNX stops the clocks when
the machine is OFF.)

(2) MYXX-MSTP stops the clock when the memory
commanc is to be executed if memory read
timirg is on, memory write timing is on, or
a DMA request is pending.

(3) MDNA-DMAS/. (BNTP+BNTM). The clock is s topped
during processor memory read operations if
the data is not available and the current
instruction is selecting the T or complement
of T as the operand on the B bus.
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Wave shapes and clock timing are shown in
Figure 42.

CPH1 e

B ——

CPH2/

CLK6/

(4)

qu————- 220 ns —

FIGURE 42
TIMING DIAGRAM FOR CLOCKS

MNRX-MBEY-.DMAS/. The clock is stopped if
the current command is selecting M or N
register and the memory is busy carrying
out a processor memory operation.

The eight' clccks are described below:

(L)

CLK1l/
This clock is gated with the clock stop
term CSTP/.

CLK2/

This fils write clock is used for strobing
the A bus into the selected file register
and is gatad with CSTP/ and FWRT. The

FWRT term allows the file write clock to
occur on a load file and add to file command
(LFAF) and on operate commands if bit 3 is a
0 bit.

CLK3/

The L register load clock causes the A bus to
be loaded :nto the 8 low order bits of the

L register and is gated with CSTP/ and LR0O2
which is generated when the L register is
designated as the destination register.
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(4) CLK4/
The T loal clock gates data from the memory
data bus .nto the T register via the direct
set inputs. This clock occurs with the
second cloyck following the start of a pro-
cessor memnory read operation (MDRC-MDNA-DMAS/).

(5) CLK5/

This cloc: allows the L register to advance
its count. The L register advances its count
by one on the clock pulse that turns on the
RUNX flip flop and is inhibited from advancing
on the clo>ck pulse that turns RUNX off. The
clock is also inhibited if the L register is
the destiniation for the command or if CSTP is
true, exca2pt for idles caused by skip commands.
The inhibit logic for this clock is given by:

RUNR/* (RU{S+RINH+CSTP/*LROX/*LRIX* RUNH/)

(6) CLK6
This cloc< is ungated and is used in the
memory, run control and other logic not sensi-
tive tc command execution. Generation of
CLK6/ is shown in Figure 42.

(7) TCLR/
This clock clears the T register at the
beginning of a processor memory read operation.

(8) MCLR/
This clock clears the M register when a literal
is loadec¢ into the N register (LRXX-MRXX).

The details of the clocks generated in the machine
are repeated here for convenience. Reference
should be made to the schematic diagram for
circuit details. CPH1 is the output of the
oscillator as picked off by 2Z78. CPH2/ is 180°
out of phase with CPH1 and is delayed by approxi-
mately 25 ns ky an RLC network. The AND'ed coinci-
dence of these two signals produces a 25 to 35 ns
clock pulse (CLK6/) as gated by various control
terms. A general system timing diagram is shown
in Figure 43.
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" ALL CONTROLS
FILE ADDR
DECODE
DESTINATION
DECODE
COMMAND ROS n
1/0 CONTROL FLIP- DECODE
FLOP (CLK1l/)
U REGISTER (CLK1/) ROS n
.
BUS ENABLES ROS n
FILE (SENSE) ROS n
FILE (WRITE) ROS n
ADDER J ROS n
JUMP ROS n
]
T REG ROS n
—— L
M REG ROS n
N REG ROS n
FIGURE 43

GENERAL TIMING DIAGRAM FOR COMPUTER CONTROL AND COMMAND EXECUTION
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The genera! tim.nou diagram illustrates when in the
computer an RIS microcommand is decoded and/or
used to update ‘he contents of a register or flip
flop.

In general. at “he first clock pulse the next ROS
microcommand is selected and it becomes the input
to the R regist.r. Upon the next clock pulse
(shown as 2), t'e R register output is altered to
reflect the sta e of its previous input. At this
time, the next :0S command accessed becomes the
input to the R ‘egister. The R register output
is decoded and -ortrol terms are generated through-
out the machine making ready to execute the
cormand. 4t the third clock pulse (shown as 3),
various recvgiste s and/or flip flops are updated

to reflect the -ommand being executed. At this
time the s¢cond ccmmand input to the R register

1s now ref_ec:te &t the R register output, control
signals being g nc rated for its execution.

Flow charts shoving execution of two sample

instructions of the machine's repertoire are given
in Figures 45 ard 4¢.

Condition (ode :lip Flops

The condition ccde flip flops shown in Figure 47
stere the condi‘icn on the A bus when the term
ENCC is trie. 1NCC becomes true during a control
command or an ot 2rate command with the exception
of the memcry cecmmand if bit 4 is true.

Flip flop CCOX : tores the adder overflow on a
command using tl e adder:

(AFLT - ADDX)

or CCOX will s+t¢ re the bit shifted off in a shift
command

FC 7X - SHLX+FOOX - SHRX)
Flip flop (ClX ¢ tores the high order bit of the
A bus. Flip £lcp CC2X stores the output of the
zero detect on 1n1e A bus.
ILf the link contrel bit (R0O7X) is on, the flip

flop can be rese &, but cannot be set (R0O7X-CC2X/)
to allow fcr & " ink 0 test across multiple bytes.
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FIGURE 45

FLOW CHART FOR LOAD M COMMAND

0001 0J10 1010 1010
|5 TR 1] 0
e O | 'Y
~ /Filt: A Bus
-~ Address Enable \\\
//// ACIATESS Lnab.e
//// FAZD/= L AENS = L
- TPORE e
Command Shift § Add Sy
Decoder Controls X02X," = L
— X03X,, = H
LRXX = [} TNZX/ = ﬁj YOIX,, = L
LFAF/ = H EXIO = H YO1X/ = H
CPXX = L ANDX = L YO2X,/, = H
JOXX = L ADDX = H YO3X,/, = H
SBXX = L XORX = L \\\
MYXX = L h SHLX = L N
SHXX = L |\ SHRY = L . %
LFXX/ = H | SHIO = L_|
gggg; _ g Destination Decoder
LSGX = L DESO = L CGOX/ =
LRSP = I | 1/0 DES1 = H TRXX/ =
Controls DES2 = L MRXX/ =
B Bus — DES3 = L NRXX/ =
Linable oI LROX/ =
. - i LR1X/ =
BENR = H I03X = L URXX/ =
BNTM = L CGTX/ =
*/BNTP = L TROL = L
BENTI = L MNRX = H
\\ ‘\\,
\‘ \\
Condition \
Code
Flip-Flops B Bus
ENCC = L BOOX = L
CCOX = Disabled BO1X =
CC1X = Disabled BO2X = L
CC2X = No Chang» BO3X = H [~
LINK = 1 BO4X = L ~—
BOS5X = H ™~
BO6X = L \
BO7X = H i
CONTINUED
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Clocks

RJKX

CLK1/
CLK2/
CLK3/
CLK4/
CLK5/
CLK6/
TCLR/
MCLR/

pu

Running
H
H
H
Running
Running

fa v

L-Reg

-

Adder

AUOX
AU1X
AU2ZX
AU3X
AU4X
AUSX
AU6X
AU7X

Advances at

CLKS/

T-Reg
Inhibited
Due to
TRXX/ = H
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A-Bus

AOOX
AO1X
A02X
AO3X
A04X
AOSX
AO6X
AO7X

MOOA/
MO1A/
MO2A/
MO3A/
MO4A/
MO5A/
MO6A/
MO7A/

OCHOM OM O

N-Reg
Inhibited
Due to
NRXX/ = H



FIGURE 46 FLOW CHART FOR SHIFT COMMAND
1111 1010 0010 0110
(15 12y 8L 411: 9]
J / SHIFT -CONTENTS OF f SHIFTED AND
// RIGHT PLACED IN FILE REGISTER.
,
/// File
// Address
’/ FAZD = L AENX = L
X00X/ = H AENI = L
A Bus X01X/ = H ASRF = L
Command Shift § Add | X0zX/ = L
Decoder Controls X02X/ = H
LRXX = I TNZX = L §8g§§ - ﬁ
LFAF/ = H EXIO = L YOIX/ = 1 CYIA - L
CPXX = L ANDX = I, YOIX7 - H . S
" - 02X/ = H FLCK = ACTIVE
I0XX = L ADDY = L EINH = L
SBXX = L XORX = L . .
MYXX = L \\‘ SHLY = L RENU = No Effect
SHXX = H ; SHRX = H ———
LEXX/ = H| | SHIO = H ——a
ggég; ; g Destination Decoder
LSGX = H DESO = L. CGOX/ = H  FOOD =
LRSP = L DES1 = H TRXX/ = H FOID =
T B Bus DES2 = H MRXX/ = H FOQ2D = TAKE
NRXX/ = H  FO3D = ON
Enables LROX/ = H FOSD = P CONTENTS
BENR = L LR1X/ = H FO6D = OF
BNTM = L URXX/ = L  FO7D = MEMORY
BNTP = L CG7X/ = H CELLS
BENI = H LRO1 = L
AN MNRX = L
\\.
.. \\\ TAKES ON
COIId].th[l \ F_‘X‘r/ CONTENTS
Code OF MEMORY
Flip-Flops B Bus CELL
ENCC = L BOOX =
CCOX = Disabled BO1X =
CC1X = Disabled BO2X = GATED ONTO
CCZX = BO3X = A-BUS BY
LINK = No Change BOXX = SHRX AND
'BO5X = SHIO CONTROL
BO6X = + TERMS
BO7X =
| A-BUS INFUTS
!
l CONT INUED
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Clocks

RJKX = H

CLK1/ = Running
CLK2/ = Off
CLK3/ = Off
CLK4/ = Off
CLK5/ = Running
CLK6/ = Running
TCLR/ = Off
MCLR/ = Off

Add >t

Not gated
ont> A-Bus
sin:-e control
tera ADDX is
POW.

“(///////“////

L-Reg T-Reg
Advances Disabled
Under CLEk3/ (TRXX/ =

A-Bus
AOOX/ =
AQ1X/ = TAKLES
AQ02X/ = ON
AQ3X/ = STATES
AO4X/ = OF
AQ5X/ = F--X/
AQ6X/ = BITS
AQ7X/ =
4
M-Reg N-Rey
Disabled Disarlel

H) (MRXX/ = H) (NRXX/' =

U

3-49



Bt
A 8-
ADT * 2 v
CLKLS — S
Lo caixy
(ABO)
* [Ee]
o[E2
r—
| i 47235_‘ 14} —3 CCaxX
& —t (B %)
37
1
) {os] I .
X ~
oY ess bf’igﬁ‘*l— —_— . -
18] - — ]
BENR/ - (7 +-
RO4X - ‘13 3 O“’WI RO -
MyYxx/ —-H / 28 Ve o8
ce2Rf

CONDITION CODE FLIP- FLOPS

3.4.10 Memory Control Circuits

T1e memory coatrol logic shown in Figure 48
located on the control board, consists of two
flip flops, MRTX and MWTX, which are used to
control memory read and write timing delays,
respectively. Each flip flop controls a delay
circuit consisting of two transistors and an RC
timing netwosrkx. The read timing network which
develops the TRXX/ signal is adjusted for 400
nanoseconds. The write timing delay which
develops th2 WTXX/ control signal is adjusted
for 450 nanoseconds. The two flip flops are
turned off by the first clock pulse which occurs
after the d=lay. The MRTX flip flop is turned
on if a full cycle or read half cycle operation
i5 to take olace. The MWTX flip flop is turned
on if a full zycle or half cycle write operation

350
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is to take place. The MWTX flip flop is turned
on if a full cycle or half cycle write opera-
tion is to take place. If both flip flops are
turned orn, the write timing delay network dces
not time out ¢fter the read timing delay has
elapsed. Tre MDNA flip flop is turned on at

the same time as the two timing flip flops when
a read operation is to take place and is turned
off two clock pulse times later, after MDRC is
turned on. MIRC controls the CSTP clock stop
term in order to introduce a delay in command
execution while waiting for data to be read from
the memory. The MBSY signal indicates that the
memory is busy. TDBC controls the gating of the
T register cnto the memory data bus. The READ
signal indicates to the memory modules that they
are performing a read operation and causes the
output of the sense amplifiers to be gated onto
the memory data bus for transfer to the T register,
DMA and for regeneration. The MSTP signal is the
OR combination of the DMA request, memory write
timing or memory read timing.

The memory control enable signals, WISB/ and
RTSB/, are controlled by the read and write timing
signals RTXX/ and WTXX/ and by each other as an
interlock. Ths AND'ed combination of MSA, MSB

and MSC forms a control term on WTSB/ and RTSB/.
When RTXX/ goes to a 0 (initiated by MYXX), RTSB/
also goes to a 0. This initiates the read memory
cycle current loops, IOXR and IOYR. When WTSB/ is
generated in the second half cycle IOYW and IOXW,
the write current loops are energized. The timing
diagram for full cycle memory operation is shown in
Figure 49.

B ous enable terms are generated via logic of

FPigure 50. 3NTP enables the T register true output
to the B bus . BNTM enables the T register com-
plement outpat to the B bus. BENI enables the

input bus to the B bus. BENR enables the R register
to the B bus. Refer to Section 3.5.2 for a descrip-
tion of the operation of the B bus.



T 0 1100 200 3(0 400 500 600 700 800 900 1000 11000
PROCESSOR CLOCK
TRAIL EDGE

) Y
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MEMORY DATA
BUS (READ/RESTARTN_______~ <\ \
MEMORY DATA REG. PRESET TO 1 & '3 PROCESSOR SAMPLES MEMORY DATA
STATE. MEMORY DATA REG - DURING READ CYCLE
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IF CLEAR/WRITE  X__ X_ X

DATA NORMALLY ) BUT MAY SETTLE
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FIGURE 49
TIMING DIAGRAM FOR FULL CYCLE MEMORY OPERATION
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FIGURE 50

B-BUS ENABLES

B-BUS ENABLE TERMS
LOGIC DIAGRAMS
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A bus enable terms are generated via logic shown
in Figure 51. The control term, SHIO, controls a
second level of A bus gating, which includes a
shift left and shift right of the file, entry of
the internal status, the shift right by 4 bits of
the file register and entry of the sense switches.
The file shifted right 4 and the sense switch
entry are entered into the same gating position,
or. the two cata boards, since each uses four bits.
The file shifted right 4 is entered onto Data
Becard No. 1 ard the sense switches are entered onto
Data Board MNo. 2.

A5 6)
Wrx AT g 273 o8 sno
vy RoTx, 5] - —[3z)
[SF3 | .
3 27@)&
(=

g - (A6O)
Rw{_—j. 26993,#_9&@)&,;\:»«;
] =
| 10— - (B59)
;Ebb o&—— —'~‘{z72 o' asme
RO——-=4 .
[

\.ir— wsl; e (As9)
roex 2|23 ) {@&T rEnt

(863

A-BUS EMNABLES

FIGURE 51
A-BUS ENABLE TERMS LOGIC DIAGRAM

CYIA is the initial carry (shown in Figure 52)
into the low order bit of the adder and also
serves to hold the bit "shifted in" on the shift
command. CYIA is true in commands where bit 6

of the command is a 1 bit, except for SUBTRACT
and MEMORY. On the memory command, CYIA is true
if bits 6 and 7 are 1 bits. CYIA is true for
commands where bit 7 of the command and the con-
tents of the LINK register are both 1 bits. Also,
CYIA is true for SUBTRACT if both bits 6 and 7 of
the command are (0 bits.



)é,,_) CYIA

157 {(aa5)

INITIAL CARRY

F.GURE 52
LOGIC DIAGRAM FOR INITIAL CARRY

The File Latch Zontrol shown in Figure 53 is
performed by FLZK and FINH. FINH is true for
file load, lcad register and copy T commands
and causes the »utput of the file to be forced
to 0 bits. The FLCK term which controls the
latching of the file latch circuit is kasically
the CPHZ plan cof the clock circuit OR'ed with
FINH.

cpuz_QEt ; e

LEx— 3,

“vans— L

FIGURE 53
FILE LATCH CONTROL LOGIC DIAGRAM



FIGURE 54

GENERAL BLOCK DIAGRAM FOR DATA BOARDS
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3.5.1 R Registers

The 8 low crder bits of the R register (Bits 0-7)

shown in Figure 55 are broken up into two parts
Bits

and are located on Data Boards 1 and 2.

-3
Board No. =z

switches.

JR'ed to the re«d only storage by element Z18.

on Data

Board No.

1 and Bits 4-7 on

Data

. Tle inputs to these 8 bits of the
R register come from the ROS or the control panel
The «ontrol panel switches are collector

The

zontrol panrel svitches are enabled by grounding
CPEN/ or when tle control instructions AENI and

ASRF are bcth t:ue.

are clocked bv (LK6/.
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B bus outputs B00X through B03X are on Data Board
No. 1 and B(4> through B07X are on Data Board No.
2. The four inputs to each of the eight elements
comprising the B bus are enabled by control terms
as follows:

FUNCTION CONTROL
Input Bus tc B Bus BENI
R Register to B Bus BENE
T Register Trte Output to B Bus BNTP

T Register Complement OQutput to B Bus BNTM
The B bus true outputs become inputs to the ADDER.

When all four control signals to the B bus are
false (BENI, BENR, BNTP and BNTM are all zero), the
B bus inputs to the ADDER are all true.

The adder is mechanized by logic elements Z27 and
228 shown in Figures 56 and 57 whose inputs are
the true B bus outputs (B0-X) and true input from
the file (F0-D). The term CYIA is the carry into
ths least significant bit of the adder. CYIA is
derived from the logical combinations of control
terms generated by the command decodes and bits 6,
7 and 15 from the R register. CYIA is the carry
term to Data Board No. 1 for bit location zero
(AJ00) .

Th2 carry term for Data Board No. 2 is the carry
out of the adder bit three (AU03) and is termed
CEY3. Each da:a board has an overflow detect
circuit; however, only the output from that
circuit on Data Board No. 2 is used. Both boards
are identical hardwarewise

ADDEE — THEORY OF OPERATION
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The 9304 adler consists of two separate high
speed binars full adders. Each adder has the

sum and its complement as outputs. Single inver-
sion circui-ry is used in the carry logic to pro-
vide very 1>w carry through delay. The second
adder has provisions for either active high or
active low inputs at the A or B operand inputs.

The adders >roduce a low carry and both low and
high sum with active high inputs, or active high
carry and both high and low sum when active low
inputs are 1ised.

The adder fanctions in the computer when the ADD
(Command 8) and SUBTRACT (Command 9) microcommands
are executel.

Take the ccidition during the ADD function when the
C field bits are all zeros. The file address 1is
decoded in »its 8, 9, 10 and 11. The output of the
command dec>der shows

LFAF/ = High with all other functions low.
LFXX/ = High
CYXX/ = High

il

BNTM and BNITP both become High and are used as the
contrcl gatz2s enabling the true and complement
states of the T register outputs to the B bus.

The B bus cutputs and the sense line outputs of
the file be-ome inputs to the adder along with the
initial carry term which is generated if the Add’
or Link control operand is selected.

If the ADD Zommand is being executed, with the C
field bit 6 a one bit (add 1 option is selected),
then CYIA b=2comes a one bit.

The inputs to the adder are the contents of the
addressed file register, the B bus (which will be
all zeros for the example cited) and the initial
carry term.

As an examgp le, assume the file register input to
the adder is 1111 1111 I

With the CYIA term a one bit, Figure 58 illustrates
adder operzstion for the first two bits in the adder
where successive adder stages must be individually
evaluated dJd:pendent upon the input and status of
the carry line input.
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In the example under discussion, where 1 is
being added to 1111 1111, attention is now
focused upon ZU06 and AU07.

CRY5 is summecl with F06D causing CRY6/ to go
high and to be summed with FO07D which in turn
enables CRY7. The AND/OR circuitry of 229 in
turn generates AFLT, the adder overflow indica-
tion shown in Figure 57.

The ADDX term, being high and used as the control
gate of the arithmetic unit output to the A bus is
gated with AFLT to set the CCOX flip flop at the
next CLK1/. 2lso the CRY7 term is gated with
SHXX/ and urder control of ADSB/ is used to set
LINK at the next CLK1l/.

Timing for the ADD operation with condition code
CCOX and LIKK being set is shown in Figure 59.

Subtraction (Command 9) is executed by the com-
plement of the selected operand plus one being
acded to the contents of the selected file
register. The result is a 2's complement sub-
traction.
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Suppose, for example, the contents of the
selected file was the number 7 (00000111) and
5 (00000101) was to be subtracted from it.
The T registe:r true output contains the number

5. Upon exect tion of Command 9
LFAF/ =1
SBXX =} ADDX = H
LFXX/ = 1
CYXX/ =1

Bit 5 being a one bit (to select T) results in

BNTP
BNTM
CYIA

0
1
1

The B bus enal le BNTM becomes high enabling
the complemen- output of the T register to be
OR'ed into th¢ B bus.

The CYIA tecrm goes high, thereby adding one to
the complemen of the selected operand at the
adder input.



FO7D through F0)D are (00000111) respectively.
The truth tables shown in Section 3.3.14 yield
the output stat=s of the adder as shown in

Figure 60.
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.5.3

The adder true output shows the solution to the
example problen to the 00000010 (=2).

AFLT is low anc at the next clock pulse CCOX is
not set. Howeser, LINK is set.

As another exarple, suppose 9 were to be sub-
tracted from 7. The selected file register
contains the nimber 7 and the T register contains
the number 9. Command 9 (SUBTRACT) is given with
bit 5 a one bit, selecting T.

The adder true outputs become 1111 1110 indicating
the remainder ¢f 7-9 is -2.

In this case, ?FLT is low, the condition code flip
flop CCOX is nct set and LINK is not set at the
next CLKl,/ clock pulse

A Bus

The A bus showr in Figures 61 and 62 is mechanized
and functions inder the following combination of
control terms:

PUNCTION CONTROL
EXCLUSIVE OR of F and B XORX

Adder Output ADDX

File Register laoft Shift SHIO and SHLX
File Register Fight Shift SHIO and SHRX
File Register Fight Shift 4 bits SHIO and ASRF
Sense Switches SHIO and AENS
Internal Status SHIO and AENI
AND of F and B ANDX

The output of the A bus provides the input for
the file logic and the M, N, T, U and L registers.
The A bus, through element 239, drives an NPN

lamp driver transistor.

The four low order bits of the A bus are AND'ed to
form AZ03, the :zero detect term indicating those
four bits are z32ros. The four high order bits of
the A bus are AND'ed to form AZ47/, the zero
detect term indicating that A04X-A05X are zeros.
AZ03/ and AZ47/ are used in the condition code
flip flops to control the CC2X term and as a con-
trol on the RINI flip flop in the run control
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c.rcuitry. The internal status bits on Data
Board No. 1 are AND'ed to form IST1, which is
AND'ed with IS47, to form ISTX, a signal used
to determine if any of the internal status bits
is on.

F:.le Registers

The four low order bits (0-3) of the file regis-
ters are generated on Data Board No. 1 (Figure
63) and the four high order bits (4-7) on Data
Board No. 2 (Figure 64). Each 9033, 1l6-bit
memory cell, is addressed by the X00X/ through
X03X,” and Y00X,” through Y03X/, addressing lines.

The data input to the file element originates
with the A bus, and is clocked into the file
element with the File Write Clock (CLK2/). When
CLK2,/ is a 0 (at ground potential), the true and
complement A bus outputs are gated into the
corresponding write terminals of the file element
causing the addressed flip flops to be set in
accordance witl the A bus data.

When file register 0 is selected, the X addressing
lines are prevented from going true (X00X/ thrcugh
X03X,” are all true) thereby preventing a flip flop
in tre 9033 16-bit memory cell from being selected.
Instead, the concdition code flag flip flop states
are collector COR'ed to file register 0 which is
under control of FAZD.

The control term FLCK is used to coatrol the
latclh on the outrut of the file. The timing
diagram for FLCK is shown in Figure 65. When
FLCK is false, the output of the memory cell is
gatecd to the file register. The file output
feedrtack is disakled. When FLCK becomes true,
the memory cell cutput is dJdisconnected as an
input to the file register and the file register
output is fed kack and latched so that the data
is retained while the memory cell is being
written into.

Each memory cell has the term FINH collector OR'ed
into its output. When FINH is true, the true out-
put cf the memcry cell (Pin 8) is made false, so
that the inputs to the Arithmetic Logic Unit (ALU)
are all 0's. This occurs during the COPY T Com-
mand.
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The true outputs of the memory cells are used
for all ALU “unctions requiring the adder,
including th:: COPY T command.

3.5.5 L Register

The L counte - shown in Figure 66 is reset upon
activation o° the Master Reset signal, MRST/,
resulting in an asynchronous input to the clear
terminals of the flip flops. The flip flop
outputs (L00<{-L07X) are advanced under control
of CPEN and :lock CLK5/. 1Initially, or after
MRST/ occurs, LOOX-LO7X are set to their zero
states. At -he first CLK5/ pulse and CPEN input
at 0, LOOX aivances, starting the read only
storage addr:ss counting, incrementing by one each
clock pulse inless a jump command is being
executed.
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The L counter is inhibited if LJKX is not true
(goes to zerc). If, CPEN, the control panel
enable term is true, the L counter is disabled
from advancing.

The counter has a direct set capability from a
term generated >y the logical combination of the
A bus and the C.K3/ signal. CLK3/ is used to
enable the A bus to set or reset the L counter
flip flops for :he jump command and when the L
counter is the selected destination in the operate
commands .

Bits 0-3 are lo-ated on Data Board No. 1 and

bits 4-7 are lo:-ated on Data Board No. 2. The
carry term LCRY’, coming from Data Board No. 1,
becomes the inp it to the section of the L counter
located on Data Board No. 2.

The output stat:s of the I, counter flip flops go
to the four rea! only storage boards and become
the ROS address

LO02X, LO3X and .04X are decoded to select the

row and LO05X, Li6X and LO07X are decoded to select
the column in ti.e Read Only Store.

T Register

The T register chown in Figure 67 is directly reset
(cleared) by the¢ TCLR/ clock at the beginning of a
memory read operation. The control term TRXX/,

T register select, becomes zero under command one
thereby enablinc flip flops %52 and Z53. When TRXX/
enables the R register, the A bus data and CLK1l/
are used to est«blish the output states of the

flip flops. The information on the memory data

bus (MDOO0 throuch MD07) is used to set the T regis-
ter flip flops under CLK4/ control, during a

memory read operation. The complement output of
the T register is used internally as the output

bus and is unde:r: control of TDBC to the memory

data bus. The 7 register is gated onto the

data memory bus at all times except during a DMA
memory operatior and a memory read operation.

The T register jis divided on the two data boards
TOOX through TO:X on Data Board No. 1 and T04X
through T07X on Data Board No. 2.
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3.5.7 Memory Address Registers

The memory address register is divided into two
sections located on Data Boards 1 and 2. The
M and N registers gshown in Figure 68 are the
memory address register outputs. Each is an
eight bit register. The low order bits (0-3)
of both M and N are on Data Board No. 1 and

the high order bits (4-7) on Data Board No. 2.
The contents of the registers are generated by
the output of a 9308 dual latch element which
receives its input from the A bus. The dual
latch is clocked by CLK1l/ and is enabled by
NRXX/ and MRXX/. The inputs to the M and N
registers are enabled by the DMAS control term
and form the core memory address bus. The term
DMAS is false when a DMA memory operation is in
progress, thus disabling the M and N registers
from driving the memory address bus.

3.6 ROS BOARD

3.6.1 Word Select Deco>der and Drivers

The address stored in the L register is decoded
by separate wori, row and column decoders

located on the ROS Board. Each decoder decodes a
portion of the address code.

The diode matrix of the read only store module is
actually a 64 x 4 x 16 matrix. The 64 refers to

lines, the 4 refers to words and the 16 refers to
bits.

The four words >f the diode matrix (WDO through
WD3) as shown in Figure 69, are decoded from the
least two significant bits of the L register
after being enabled by the control term ENAB/.

These bits and their complements are applied to
the word decoder which is divided into four
separate sections, one for each word. Each
section consists of a conventional AND-NOR logic
and a pair of transistors arranged to form a non-
inverting drive:r. This logic scheme was chosen
for speed consiierations and low power drain when
the decoder is 1lisabled by the enable signal
(ENAB) from the block enable section. It should
be noted that an individual word is selected or
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true when bo:th input address bits are false
and the enable signal is true. A truth table
for the word select decoder is given in Table 7.

TA3LE 7. TRUTH TABLE FOR WORD SELECT DECODER

ENAB ! LOLX LOOX WDO WD1 WD2 WD3

- 0 0 0 1 1 1 1
0 0 1 1 1 1 1

0 L 0 1 1 1 1

0 g 1 1 1 1 1

1 0 0 1 0 0 0

1 0 1 0 1 0 0

1 0 0 0 1 0

1 1 0 0 0 1

3.6.2 Row Decoder and Drivers

The row decoder and drive circuit along with the
co.umn decoder and drive circuit, both shown in
Figure 70, are used to select a particular line
driver withir. the line driver matrix.

The row decoder and driver section consists of a
I of 10 decocer and 8 individual inverting dri-
vers.

The: decoder eaccepts four active high inputs and
provides ten mutually exclusive active low outputs,
only the first eight least significant outputs are
used. The mcst significant input of the decoder

1s used as ar inhibit function when the read only
stcre module is not being addressed or the control
parel enable switch is selected. The three least
sicnificant inputs to the decoder are bits 2, 3,
anc 4 of the L register.

The signal at the most significant input is ENAB/
which originates in the block enable section.
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Column Decoder Iiriver

The column decoder and driver selects a parti-
cular line driver within the line driver matrix.

The column decoder and driver circuits consist of
a l of 10 decoder and 8 individual non-inverting
drivers.

The inputs to tl.e decoder are bits 5, 6, and 7 of
the L register .ind the enable signal from the
block enable ci -cuit.

The decoder accepts the four active high inputs

and provides mu:ually exclusive active low ocutputs.
The outputs of he decoder are then amplified by
pairs of transi:itors arranged to form non-inverting
drivers. This .ogic scheme reduces the power drain
when the decode - is disabled either because of
address bits in or the block enable signal. The
truth table for the column decoder and driver
circuit is given in Table 8.

ROS Transistor f1atrix, Diode Word Sense and RS Drivers

a. Line Driver Matrix and Drivers

The line dr.ver matrix consists of 64 transis-
tor drivers arranged in rows and columns as
shown in Fijure 71. To each driver are con-
nected the ‘ollowing two lines:

(1) a colunn drive line which connects to
all drivers in the same column
(2) a row irive line which connects to

all drivers in the same row

The column 3irive line is a ground true (OV)
drive line w~hen active. Each column drive
line, of which there are eight, is connected
to the emitter of eight transistors.

The row drive line is a positive true (+5V)
drive line ~hen active. Each row drive line,
of which there are eight, is connected to the
base of eight transistors. The presence of
only an active row drive line or an active
column drive line at an individual driver is
half the rejuirement for turning the driver on.
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INPUTS OUTPUTS
ENAB LO7X LOo6X LO5X CDO Chl Cb2 CD3 Cb4 CD5 CD6 CD7
0 0 0 0 0 1 1 1 1 1 1 1
0 0 0 1 1 0 1 1 1 1 1 1
0 0 1 0 1 1 ¢ 1 1 1 1 1
0 0 1 1 1 1 1 0 1 1 1 1
0 1 0 0 1 1 1 1 0 1 1 1
0 1 0 1 1 1 1 1 1 0 1 1
Q L 1 0 1 1 1 1 1 1 0 1
0 1 1 1 1 1 1 1 1 1 1 0
1 0 0 0 1 1 1 1 1 1 1 1
1 0 0 1 1 1 1 1 1 1 1 1
1 0 1 0 1 1 1 1 1 1 1 1
1 0 1 1 1 1 1 1 1 1 1 1
1 1 0 0 1 1 1 1 1 1 1 1
1 1 0 1 1 1 1 1 1 1 1 1
1 1 1 0 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
TABLE 8. TRUTH TABLE FOR COLUMN DECODER AND DRIVERS
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However, the presence of both active drive
lines at an individual driver will provide
forward bias to the transistor, turning it
on to ground.

Only one driver at a time in this 8 x 8
matrix will be selected (forward biased).
Fifteen (15) other drivers will be ready,
with only half the requirements present,
to be turned on.

The line driver outputs are used in the diode
matrix to select 1 of 64 lines in this array.

Diode Matrix

The diode matrix consist of drive lines and
sense lines with diodes at the intersections
where a one is required and no diode at those
intersections requiring a zero.

The diode matrix is a 64 x 4 3 16 matrix. The
64 refers to lines, the 4 refers to words and
the 16 refers to bits. The total number of
words for tae matrix is 256. The total number
of bits is 4096.

The diode matrix is arranged in lines and sense
lines. To zach diode are connected the follow-
ing two lines:

(1) a line select drive line which connects
to all diodes in the same line

(2) a sens2 line which connects to all
diodes in the same sense line.

The line select drive line is a ground true
(OV) drive line when active. Each drive line,
of which there are 64, is connected to the
cathode of the diodes. Any number of diodes
from 0-64 may be connected to these individual
drives.

There are four sense lines for each data bit
and sixteen data bits giving a total of 64
separate sense lines. The sense lines for
each data bit are enabled separately depending
on the word being selected. The possible
number of diodes connected to any one sense
line range from 0-64.
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With a word selected, which selects 16 sense
lines, one f>r each data bit, the diodes in
each selectel sense line has a positive
voltage appl.ed to its anode. This is only
half the reqiirement for a forward biased
diode. It is possible to have as many as
1024 diodes .n this half selected condition.
The other rejuirement for a forward biased
diode is provided by the line select drive
jine when 1 >f 64 of these drive lines goes
to 0V or active state. This line along with
the sense liies selected will forward bias
one data worl consisting of up to 16 diodes.

c. Sense Amplifiers and Output Drivers

There is a sonse amplifier and output driver
for each bit in the data word as illustrated
in Figure 7Z2.

There are fcur words exclusively selectable
for each serse amplifier and output driver.

The dicdes with the word driver outputs con-
Lected to tleir cathodes are used to enable

the serse lines. When a particular word is
selected, tte selected word driver output goes
to a positive voltage where as the non-selected
word driver outputs go to zero volts. This
-ero volts ¢n the non-selected diodes provides
a forward bias on these diodes clamping the
sense lines to ground.

The selecte( word puts a reverse bias on its
diode allow:ng the sense line to be enabled.
The selecte« sense line will now take on a
voltage leve 1 dependent upon the presence or
absence of ‘he diode in the diode matrix which
is selected for this bit. If a diode exists
in the diode matrix it will be forward biased,
clamping thc sense line to 0 volts. If no
diode is present, the sense line remains at a
positive vo tage. For the condition, a diode
exist in th: diode matrix for the selected
sense line -he output driver is not properly
biased, thu; not conducting, allowing the
output to g»> true or positive.

For the conlition a diode is not present in

the diode maitrix for the selected sense line
the output Iiriver is forward biased, clamping
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3.7

MEMORY

3.7.1

the output .ine to zero volts. To these
output lines; are connected the control panel
switches, tirough a logic network, to simu-
late the reid only store. When the control
panel switcies are enabled the signal ENAB/
goes positive switching on a transistor
which inhibits the output driver from ever
turning on.

General

Information is stored in an array of lithium ferrite
cores. Each ccre may be set to one of two possible
magnetic states thereby representing one bit of
binary information. Nonvolatile storage is made
possible by the core B-H characteristics which
describe a near-rectangular hysteresis loop. The
binary state of the core is defined by the polarity
of flux within the core (see Figure 73).

//

o 1

? FIGURE 73
a TYPICAL CORE
— - CHARACTERISTIC

]

| H
H-1/2

FULL

H=0
H is the magne'izing force proportional to current
linking the co:e.



B signifies magnetic flux density within the

core. These two quantities are related as shown

in Figure 73. For example, if a core is initially
in state 0, as magnetizing force is increased, B

is slightly affected until H approaches Hp . As

H increases from Hp to Hpyrpe total flux feversal
occurs (path a). At H %he core may be consi-
dered saturated in the Opposite state such that

an additional increase in H cannot significantly
alter B. Irreversibility is shown by the fact that,
as H is relaxed from Hpyrp t© 0, B returns to state
1 rather than starting point 0. However, state 0
can again be realized by applying sufficient H of
opposite polarity to traverse path b.

The threshold characteristic of the device allows
its use in a coincident-current selection scheme
such as that shown in Figure H. Each core in the
array is linked by an X and Y drive line. The
current magnitude of one Y line or one X line
corresponds to H; and their sum corresponds to a
field exceeding ﬂ? L. Currents entering from
opposite sides wii? ﬁave mutually cancelling
fields resulting in H = 0. Write currents have
the same amplitude but opposite polarity as do
read currents.

During a Write Operation:

(i.e. the second half of a Read/Restore,
Clear/Write full cycle or a Write half cycle)

One X-Drive line will carry half current in the
direction noted as Ixw.

One Y-Drive line will carry half current in the
direction noted as Iyw.

The core at the intersection of the 2-Drive lines
will switch to the state defined as a zero, unless
INHIBIT current is also flowing.

If inhibit current is on it will oppose the Y-Drive
current, effectively cancelling it. The net
current will be Ixw half current which will not
switch the core. This condition is defined as

the One state.

The source for X and Y Drive current selection is
the address provided by the computer. X and Y
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Drive currents shown in Fiqure 74 are active in
both the read and the write operations (although
in reverse diresction) inhibit current is only
active in the ~rite operation, and then only if
the binary bit to be written is a ONE.

4096 Bit Array:
There are 64 X-Drive Lines Xg —wmXg 3

There are 64 Y-Drive Lines YO —"Y63
A single sense and inhibit line threads through
all 4096 cores in the fashion shown in Figure H.

Read and write operations are as described for the
16 bit ARRAY.

Figure 74 repr:sents a 16 bit array.

Only 16 cores ire shown in a 4 x 4 matrix. The
important charicteristics, however, are extandable
to the full 64 x 64 matrix of 4096 cores. Opera-
tion will be described for the 16 bit array then
extended to th« full array.

X

There are 4 X-)rive Lines - X and X3 and

OI ll 2!
4 Y-Hrive Lines - YO’ Yl’ Y2, and Y3

A single sense and inhibit line threads through all
16 cores in a nanner to minimize noise accumulation
during sensing.

During a Read (peration:

(i.e. the tirst half of a Clear/Write, or
Read/Restore full cycle or a Read half cycle)

One X-Drive lire will carry half current in the
direction notec as T

One Y-Drive lire will carry half current in the
direction notec as I _.

vr
If the coincidence of the two half currents at their
intersection ceuses the core to switch, the flux
change will incuce current in the sense and inhibit
winding. This flux change will be interpreted in
the Micro 800 &s a binary zero. No flux change
would signal a binary ONE.
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The computer communicates address information to
all memories vie 15 address lines from the M and
N registers. Tris allows addressing of up to
32,768 byte locetions.

Three upper bits are used for memory unit selection
and the lower 1Z bits are decoded into individual
byte locations within the unit. Bit significance
and relationship between memory and central pro-
cessor are showr in the following table.

Processor Memory Significance

Bit 00 NOOA, MO0/ 20
01 NO1A, MO1A/ 21
02 NO2A, MO 22/ 22
03 NO 33, MO 3A/ 23
04 NO4A, MO 42/ 24
05 NOSA, MO5A/ 25
06 NOG6A, MOG6A/ 20
07 NO 73, MO 72/ 27
08 MOOA, MO 8A/ 28
09 MO1A, MO9A/ 2?
10 MO 23, M10/ 210
11 MO 32, M11A/ 211
12 MO 42, M122/ 212
13 MOS5A, M13a/ 213 ¥ unit select
14 MOGA, M14A/ 214

(NOOA/ indicates the least significant bit of
the N register, the slash "/" denotes the nega-
tion of the tern.)

There are four dentical decoders

2 for X and Y Drivers

2 for X and Y Sinks



Each decoder operates on 3 bits producing 8
outputs, only 1 of which is active at any one
time.

Bits 0, 1, 2, are decoded into 8 lines which are
routed to 16 drivers. Half are for read and
half are for write. The 16 outputs are called
XRDO - XRD7 and XWDO - XwDb7. Bits 3, 4, 5, are
decoded into 8 lines which enable current sinks.
The current sinks are called XS0 - XS7. Each
current sink is connected to 8 X Drive lines.

The process of driving current through a X line

is:

Address bits 0, 1, and 2 and the read or write
selection pick one of 16 current drivers. A
corresponding sink is sele-ted by address bits
3, 4, and 5. The X line which is common to both
Driver and 5inks is the one which will carry X
half currant.

A similar activity takes place to find a Y Drive
line using oits 6-11.

(Bits 6, 7, and 8 for Y Drivers and bits 9, 10,
and 11 for Y Sinks.)

At the coincidence of the X and Y Drive lines,
each carrying half current, is one core in each
bit plane. The direction of current flow depends
on whether read drivers or write drivers have
been selected. This one core of 4096 in each
plane has received full switching current in one
direction (without considering the sense and
inhibit line).

X~-Y Sink and Drive Circuits

The X-Y sink and drive circuits contain four
identical decoders as shown in Figure 75. Two
for the X and Y drivers and 2 for the X and Y
sinks. Each decoder operates on 3 bits producing
8 outputs, only one of which is active at any one
time. Bits 0, 1 and 2 are decoded into 8 lines
which are routed to 16 drivers. Half are for
read, the cther half for write. The 16 outputs
are termed RDOX-RD7X and WDOX-WD7X. Bits 3, 4
and 5 are decoded into 8 lines which enable
current sinks. The current sinks are termed

W
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X READ/WRITE DRIVERS

ADDRESS READ WRITE X DRIVE LINE
2170 DRIVER DRIVER
000 XRDO XWDO 2 6 10 14 18 22 26 30
001 XRD1 XWD1 3 7 11 15 19 23 27 31
010 XRD2 XWD2 62 58 54 50 46 42 38 34
011 XRD3 XWD3 63 59 55 51 47 43 39 35
100 XRD4 XWD4 0 4 8 12 16 20 24 28
101 XRD5 XWD5 1 5 9 13 17 21 25 29
110 XRD6 XWD6 60 56 52 48 44 40 36 32
111 XRD7 XWD7 61 57 53 49 45 41 37 33
X SINKS
ADDRESS
54 3 SINK
000 Xso0
001 Xs1
010 X s 2
011 XS 3
100 X S 4
101 XS5
110 XS 6
111 X S 7
TABLE 9

X DECODING AND DRIVE LINE SELECTION




Y READ/WRITE DRIVERS

ADDRESS
o READ WRITE
876 DRIVER  DRIVER Y DRIVE LINES
00 0 YRDO VDO O 4 8 12 16 20 24 28
1 5 9 13 17 21 25 29
001 YRD1 YWD1
2 6 10 14 18 22 26 30
010 YRD2 YWD2
0 1 ¢ RDZ ‘WD2 3 7 11 15 19 23 27 31
0O 1 1 YRD3 YWD3
60 56 52 48 44 40 36 32
100 YRD4 YWD4
o i oo 61 57 53 49 45 41 37 33
110 YRD6 YWD6 62 58 54 50 46 42 38 34
111 YRD7 YWD7 63 59 55 51 4/ 43 39
(W]
g
Y SINKS
ADDRESS
IT I0 9
000 Y S O
0001 Ys1
010 Y S 2
011 Y 8 3
100 Y s 4
101 Y S5
110 Y s 6
111 Y s 7
TABLE 10

Y DECODING AN ;RIVE SELECTION



X50-X57. The rcad and write drivers are
connected to the X-Drive lines through diodes.
Each current sink is connected to an X-Drive
line. The Y dr.vers and sinks are set up simi-
larly with bits 6, 7 and 8 decoding the driver
line and 9, 10 and 11 decoding the sink line.
Thus one X and one Y drive and sink line are
active at any one time. At the coincidence of
the X and Y Drivve lines, each carrying half
current, is one core in each bit plane. The
direction of current flow depends on whether

read drivers or write drivers have been selected.
Thus, one core of 4096 in each plane has received
full switching —urrent in one direction (neglecting
the sense and inhibit line).

The decoding and line driver selection logic for

the X and Y read/write drivers is given in Tables
9 and 10.

Sense Inhibit C.rcuits

The sense nhib:t circuits shown in Figure 76
function differently in a write operation than

they do in a read operation. In the read cycle
RTSB/ goes to ground and gates the output at MD--/.
With WTSB/, higl., the INHIBIT line is not active
and the sense o the core is read out under STRB
control. Gates 9002 shown with the 470 ohm feed-
back resistor act as a latch to hold the contents
of the core since the strobe pulse is approximately
50 nanoseconds wide. Gate 7401 inverts the core
state and presents MD--/. When WTSB/ goes

negative enabling the write cycle a 1 at MD--/ will
result in a 0 being written into the core. This
action occurs as follows:

If a 0 was read out of the core, the state of
MD--/ would be a 1, turning output J of gate 9002
low. In addition Q6 (2N 3725) delivers current
into the core array which is equal and opposite

to the write current, when a zero is being written.
If the output of gate 7401 were a 0, then INHIBIT
current would not be delivered. Waveshapes and
timing for the operation described above are given
in Figure 77.
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3.8

PROCESSOR OPTION BOARD

3.8.1

General

The Processor Option Board provides up to four
separate computer options. Power fail protection
and real time clock functions are combined on the
same printed circuit board. An additional function
permits processor control of the external interrupt
lines.

Features of the processor option board include:

a. Power Failure Detection and Automatic Restart
b. Memory Parity Generation and Check

c. Real Time Clock

d. External Interrupt Enable/Disable

Functional Description

The Processor Option Board is available in three
different configurations. Each type includes the
external interrupt control function and one or
more of the other optional functions. Figure 6
in Section I herein shows the Processor Option
Becard location in the machine is at J13.

Power Failure Detection

The power failure detection option shown in

Figure 78 mcnitors the AC power line for signi-
ficant voltage transients. This circuit is

located in the power supply assembly and generates
ar. interrupt to the computer during a power failure
or interrupticn.

The normal DC supply voltages of the power supply
will remain in regulation for at least two milli-
seconds after the detector signals the impending
line loss. A computer software program is required
to store all necessary information prior to an
orderly shutdcwn. When the processor halts, the
option boarc cetects the new condition and generates
a master reset which is held as the DC voltages
relax.
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The application ot the master reset signal is
entirely dependent upon the processor coming to
a halt. If the service routine requires more
than one millisecond, the shutdown may occur
improperly.

As power returns, the master reset is held for
approximately 150 milliseconds to allow the DC
voltages to assume power regulation. When the
reset is disabled., the interrupt is generated
and the processor is set to the RUN mode. A
computer software program is required to restore
all information saved prior to the shutdown
operation.

Firmware in the computer recognizes the power

fail and automatic restart interrupt signals and
enables the service routines via addresses stored
in dedicated core memory locations. These pointers
are as follows:

POWER FAILURE 008E 15-BIT ADDRESS OF POWER
008F FAILURE SERVICE ROUTINE

AUTOMATIC RESTART 0090 |15-BIT ADDRESS OF AUTO-
MATIC
0091] JRESTART SERVICE ROUTINE

The power fail ani auto restart flip flop (Z6) 1is
asynchronously coatrolled by an OR gate reset
signal comprised >f MRST/ or K2XX and AENI. K2XX
is a clock signal generated by the NAND combina-
tion of CPH1 and ZPH2/ and is identical to CLK6/
generated on the control board. When PWRD/ falls
to a low level then the Z8 AND-OR-INVERT gate sets
up the trigger for the power fail flip flop and
sets PWRF. The PWRF flip flop is reset at the
next K2¥X/ gated under AENI which provides for

an automatic restart by generating RUNP/ or upon
the next master restart MRST/.

Real Time Clock

The real time clcck option schematically shown

in Figure 79 contains a 12-bit counter which is
enabled by software commands and referenced to
the processor master clock. When the counter is
preset to the desired value and enabled, the
processor is interrupted each time a carry bit

is generated. Tre rate at which interrupts occur
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is adjustable by the selected preset value. The
clock may be dicabled by software command. The
processor employs interrupt rates from one milli-
second to 65.5 seconds based upon the software
control. This :range of interrupt rates may be
altered by selection of wire jumpers on the
circuit board.

Operation of th s option consists of two distinct
functions. When the 12-bit counter generates a
carry (after cointing from the preset condition),
the content of .« core memory location is incre-
mented by one. This operation is implemented via
firmware. When the incrementing causes the
memory location to produce a carry bit, the
processor 1is in:errupted and the software program
is switched to 1 service routine.

Dedicated memor' locations in the computer are as
follows:

oos4[——1 (Increments each
Chunter Real Time Clock
ooss[— 1 carry interrupt.)

00861 15-bit address to subroutine
f>r handling memory counter

0087] (1084, 0085) carries.

The preset valu:s, selected by wire jumpers, are
determined by tie following simplified procedure.
Since the 4.55 negahertz processor master clock
signal (K2XX/) .s connected to a flip flop on

the processor o»>tion circuit board, the resultant
timing signal (3TCC) which drives the 12-bit
counter is 2.275 megahertz. This value is divided
by the desired interrupt rate to yield the preset
value N. The vilue N is converted to binary form
with extended high order zero bits to give a

total of 12 bits. The ONE's complement is obtained
and incremented by one to yield the TWO's comple-
ment. The order of the binary bits is reversed to
place the least significant bit on the left and
the most significant bit on the right. Wire
straps are installed in solder points 1 through

12 correspondiny to the zero bits in the final
value.

Example: Determine wire straps for 3 KHz interrupt
rate.
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1. RTCC = 2.275 x 10°
2. 2.275 x 10%/3 x 103 = 75814

This value corresponds to the number of counts
required to obtain an interrupt.

4, 1001 000 101l + 1 = 0101 0000 1011
5. Install wire straps: (Points 1, 3, 5, 6, 7, 8, 10.)
1234 5678 91011 12
0101 0000 10 1 1
Software programning for the real time clock includes
the machine instructions for enabling and disabling
the function:
06,6 DRT Disable Real Time Clock

07 ERT Enable Real Time Clock

The dedicated core memory locations for the count value
and execution address is as follows:

0084-0085| ]16-bit Counter
0086-0087| 115-bit Address of Service
Routine

Memory Parity Generator

The optional memory parity circuits shown in Figure 80
generate parity :nformation for storage in core memory
and check operations during memory access. This option
is used with core nemory modules employing Bit 09 as
the parity indicator,.

Even parity is used. For example, if the number of ONE's
in the data byte is odd, the parity Lbit is set to a ONE

to make the total number even. The parity bit is generated
whenever data is f:rst stored in a memory cell. Every

time the cell is read thereafter, the parity bit is checked
against the data content. If an error is detected, an
interrupt is generated. Since data is rewritten from the
memory internal register, during a Read/Restore full cycle,
an error, once detected will remain in the same error
condition for subsequent reads. The rewrite during restore
does not regenerate parity. A parity failure detection
causes generation of an internal interrupt with source
indication in internal status byte, bit 04.
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Firmware is provided in the computer to recognize
this interrupt. 2 computer sub-routine is required
to process the interrupt. Dedicated memory locations
in the computer fcr parity fail interrupt subroutine
pointers are as fcllows:

008A | 1 15-bit address to subroutine

008B L 1 for handling parity error

The true states of the memory data bus MD0O0 through
MD07 are processec¢ by a pyramid of AND-NOR gates and
generates a high ¢r low voltage at Z12 pin 8 which is
a function of the number of 1's or 0's contained in
MD90-MD07. When ¢n even number of 1l's is contained in
MD0O-MD07 Z1l2 Pin 8 output will be high and when an
odd number of 1's are contained in MD00-MD07 the out-
put at 212 Pin 8 vill be low. This output is logically
combined with TDB(, T-register to Data Bus Control and
READ/ to form a ccntrol gate which will set the state
of the memory par:ty flip flop 210. 210 is clocked

by K2XX/.

External Interrupt! Enable/Disable

Interrupt control is mechanized with a control flip

flop which is set and reset by microcommand. Installation
of the option bre.ks the interrupt line and adds an over-
riding control to the interrupt line before passing it

on to the CPU.

An external inter -upt is indicated directly in File D.
bit 07.

Special Micro Comnands are:
1708 Literal o Register - Enable External-Interrupt
1704 Literal :o0 Register - Disable-External-Interrupt
Dedicated macro iastructions in Micro 810 are:
05 EIN Enable Interrupt System These instructions
translate directly

04 DIN Disabl: Interrupt System into microcommands
listed above.
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DIRECT MEMORY ACCESS

COXX and DOXX shown :n Figure 81 are control outputs
from the DMA channel
that control byte is
through MDO07/.

on DMA output data 1:

DOXX/ are derived frc

flops.

101a/

102n/

103a/

COXX/

DOXX/

I

CRDY/ is a signal
the channel is ready

10:

10:

10

102

1035

fre

EWRT/ is an input frc

whether a read cr wr:
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w4z

1034/ -

®

to the I/0 device. COXX/ indicates
available on DMA output lines MD0O/
indicates that data byte is available
nes MD00/ through MD07/. COXX/ and

m the states of the I/0 control flip

X/
X/
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DMA (ONTROL SIGNALS
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The CLK1l/ and CLK5, c¢locks, Figure 82 used on the DMA
channel are derived from the processor oscillator.
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FIGURE 82
CMA CLOCKS

Figure 83 shows the timing diagram for the DMA clocks.
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FIGURE 83
TIMING DIAGRAM DMA CLOCKS
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CREQ/ shown in Figure 44 is an input signal from the
addressed external dev.ce used to initiate each byte
transfer. It may be pilsed for 250 nanoseconds to 1
microsecond or it may be reset on the leading edge of
DRDY/ which is the Data Ready or Data Receive pulse

from the DMA Channel. Maximum time from CREQ/ to DRDY;
is 1.1 microsecond. If CREQ/ is tied to 0 volts, when-
ever the DMA channel is started by the processor, output

bytes will be transfer-ed at a memory cycle rate of 1.1
microsecond each.

ALCESD REQUEST STORAGE

vcau-ae?{o‘—

554 2
M50,
STAT/

F . GURE 84
ACCESS RIQUEST STORAGE
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DRDY/ shown in Figure 85 is a control signal from the DMA
channel to the I/0 device indicating byte data is present

on output lines MD00/ through MD07/ during an output operation
or that the channel. has captured the data byte on inppt lines
DDO00/ through DD07,/ during an input operation.

DMAW/, (Figure 85) is a control signal from the DMA
Channel to the processor indicating to the memory control
whether a DMA wr.te cycle is to be initiated.
DMAR/, DMA request, is generated by the following:

DMAR/ = Sl-MBSY/

and enables the gates on the control board which set up
the DMA half cycle and write cycle sequences.

MAS/, DMA select, is generated Ly

DMAS = DMAR/* SS0
and is used as a control term on the control board.
CsTB/, start of buffer, is a control signal from the DMA

channel to the I,/O device indicating the start of each
buffer transfer by the DMA channel.

+5V
4 ”9
22K

3 28 : % 1MAL/
K = VE-B50
MG
p , DEDY,

STAS/ * p3. a/o -A22

E]

CONTROL S
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FIGURE 85
DMA CCNTROLS TO COMPUTER
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Major Activity Sequence

The mafor activity sequence shown in Figure 86 is basically
comprised of control term activation of a 4-bit shift
register. Parallel input operation is provided when Pin 9
of Z50 goes low. MRSD,/ is a reset signal which sets the
outputs of the shift register (MS1, MS2, MS3, MS4) to low
states and initializes the major activity sequencer. When
the parallel entry input (Pin 9) is high, the shift register
performs a l-bit shift for each clock pulse input. The
shift occurs after the low-to-high transition of the clock
input. When the parallel input is low the next condition
of the shift register synchronous with the clock input is
determined.

Control terms effecting the major activity sequencer are:

MS00/ = MS1l/-MS4,

MS06/ = MS1l/°-MS4

MSK2/ = MS06°SS4°CEEQ"SS0
IABC/ = MS1°SS4-c£s0

IBCW/ = MSK2°CAlE

DAl6 = MD02°*MD(02°-MDO03-MD04-MDCO

&

s 44
vecy w[ED) ¢ Sl 180w oo
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—EVE ADORESS DECODING
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<
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FIGURE 86
MAJOR ACTIVITY SEQUENCER
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Memory Cycle Sequencsar

The memory cycle saguencer shown in Figure 87 is comprised
of a 4-bit shift ragister controlled by the S1 and SS04
control terms and CLK1l/. The control terms are functions

of the output states of the memcry cycle and major activity
sequences, along with other control terms such as MBSY,
PRIN, COXX/, DOXX/, INST, etc. The memory cycle sequencer
does not employ a parallel entry feature. The output states
of 8S1, SS2, SS3 and SS4 are low after the master reset
MRST/.
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Address Generator for Block Control Words & Status Byte

The Address generator for block control words and status
byte shown in Figure 88 is comprised of a series of gates
whose inputs are controlled by the outputs of the Address
Byte Counter, Block Coatrol Word Counter and control
terms.

STAT = STAS/°S1A/
CADD/ = DMAS-MS1
CDST = CADD/*STAT’/

The Block Control Word Counter is clocked by IBCW/ and
generates BCW1l/ and BCW2/.

The Address Byte Count2r is clocked by CLK5/ and reset
by MRSD/. The Address Byte Counter is inhibited when
IABC/ is high.

TBCW/

LK S/ g 2 2| Z9

rDm ': 2

= = " )

sla
(B

FISURE 88
ADDRESS GENERATOR FOR BLOCK CONTROL WORDS AND STATUS BYTE
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The status input cycle in progress indication shown in
Figure 89 is generated by STAS which is controlled by

S1A,/ going low ard flip flop 28 clocked by CLK1/. The
status input cycle is ended with SS4/ becoming low and
the flip flop beinc reset on the next CLK1l/.

52308 .3 o
" %rfg li’—sms
ZR
cLe/ i:
a4 2022 7 sTas/
o4 / .
MRST/
FIGURE 89

STATUS INPUT CYCLE IN PROGRESS
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The instruction storag: flip flop shown in Figure 90
is clocked by (DAl6:COXX). The STOP/ control term, used
as a parallel entry in the major activity sequencer, is

set by MD06 and the (DAl6°COXX) clock and reset by MD07/
and the clock.

The clock term generat2d by DAl6°-COXX is gated with MDO7
to form MRSD/ which is used to asynchronously reset the
logic elements in the DMA channel. MRSD/ is also formed
upon application of MSRT/, the master reset which is a
low signal used to clear all control flip flops to
initialized conditicns.

INSTRUCTION STORAGE

S10P: START-STOP
STOPf= CYCLWL

STA

MRST

MND OF BUFFER INTERRUPT GLMERA R

FIGURE 90
INSTRLCTION STORAGE
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The Status Byte to Memory Data Bus shown in Figure
comprised of a series of gates with inputs derived
from the I/0 device status bits 1 through 6.
device dependent status bits are transferred from
the I/0 device to dedicated memory locations.

These bits
during the

ecuting a block transfer operation.

reflect the status of the
time it is connected for service and
The memory

bus is enabled by STAT.
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The current address register and counter circuitry

shown in Figure 92 is comprised of four 4-bit binary
counters which are parallel entry controlled to utilize
T-register outputs MDOC through MD0O7 to generate the
current address CA00 through CAl5. The registers are
loaded under control of LDCU/ (load upper section of

the current address) ard LDCL/ (load lower section of
current address). The 4-bit binary counters are clocked
and enabled by CTEN.

The address drivers also shown in Figure 92 which
generate the M and N registers, establishing the

memory address, are comprised of a series of gates.
Address 1 (ADDl) enables the M-register gates whose
inputs are CA08 througt CAl4. Address 2 (ADD2) enables
the N-register whose irputs are CA00 through CAO6.
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The End Address Register shown in Figure 93 is comprised
of four 4-bit latches which are loaded under control of
LOAD/ and MS4 (or MS4/). The T-register outputs MDO0O
through MDC7 are used to set the latches whose outputs
are named EAOO through EAlS,

A comparator netwo:k also #Hown in Figure 93, compares
the contents of the current address register with the
contents of the end address register. If the comparison
of EA-- and its counterpart CA-- results in the signal
CEEQ going low (OV. then the end of buffer interrupt
generator is activated and the control term INTC goes
low, effecting the status byte being transferred to
memory data bus. Again when CEEQ goes low the clock

for the block control word counter is diabled.
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FIGURE 93

END ADDRESS REGISTER AND COMPARATOF.
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The data input buffer shown in Figure 94 is comprised

of two 4-bit latches which are loaded under control of
$sl1/ and CLKl1l/. The input data is derived from the data
input bits 0 through 7  The §ata byte stored in the
latches is transferred to the memory data bus via a
series of gates which .re controlled by DTEN. The
contents of the memory data bus (MD0O0 through MDO07)

is derived from the ou:put data drivers which are a
series of gates whose .nput is the data byte.

OUTPUT DATA DRIVERS

DATA__WPUT BUFFER DATA BYTE 70 JO_ DM BUS
MEMORY DATA —)#‘ffg;‘ o Mooz f

™ P3-A3

b P2-BOS
B 2>

- — - = 72& ‘ ' 213 %
ril )@ iwgf@

e/
Bl

25008 oo

Mooz /
2 P3MG

CLK 1 /-
ssi/? 3

bwer

FIGURE 94
DATA INPUT BUFFER AND OJTPUT DATA DRIVERS TO DMA BUS
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3.10

SYNCHRONOUS MODEM INTERFACE

3.10.1

3.10.2

General

The Synchronous Modem Interface enables the computer
to transmit data over communication lines via a
synchronous data set. Data rates up to 9600 baud
are available for point to point, multipoint, or
switched network communications with optional auto-
matic calling and/or automatic answering features.
The interfaced data sets may use two or four wire
service. All control functions and interface levels
between the Modem Interface and the data sets are
per EIA Stanadard RS-232-B. The Synchronous Modem
Interface employs the following features:

* Programmed data transfers (in and out)

* Concurr=nt data transfers (in and out, but not
simultaneous

* Full dunlex service

+ Internal or external I/0 bus control

+ Search mode with auto sync detection

+ Control by software, firmware, or both
The Synchronouas Modem Interface is also available
with optional features of automatic calling and
answering, and a status request interrupt. The
latter feature when enabled generates an interrupt
on completion of a concurrent operation or when a

ringing condition exists.

Functional DJescription

A functional »lock diagram of the Synchronous Modem
Interface is shown in Figure 94. The processor is
connected to the interface via the input and output
data busses. Commands and data are decoded by logic
circuits which enable the control circuits on the
interface. The following is a brief description of
each of the fuanctional circuits on this device.



3.10.2.1

3.10.2.2

Input Output Busses

Funct onal control, addressing, and data
signa s are transmitted via the eight-bit
outpu’ bums from the processor. Routing of
this aformation is directed by the control
comma:ds and the channel control logic for
eacn eripheral device. Data and status
inforiiation is routed to the processor via
the e ght-bit output bus from the interface.

Addre s Decoder

The alidress decoder circuits monitor the

low o "der five bits of the output bus for

the dc:vice address. Normally, the synchronous
modem interface is designated address hex-
adecinal ten 10,,.+ Addressing is determined
by th wire jumpers located on the circult
board and may be altered easily for a part-
icula - application. Detection of the jumpered
devic address in conjunction with a control
comma 'd enables the respective response from
£he c:annel control and function store logic
circu ts.

The iiterface board is normally s<rapped for
devic: address 10 and sync codes 16, .-
These values may b8 altered for a spe&§fic

applitation by removing the unnecessary jumper
wires and substituting connections accordina
+o0 Ta»yle 11. Points 2, 5, 8, 11, and 14

(silk -screened on the board) receive the
addre ;s bits from the processor. To select

a spe:ific address the inverted or non-

inver -ed bit is connected via jumper wires.

Point; 48, 45, 42, 39, 36, 33, 30, and 27
deteriine the sync code used by the interface.
Since the eight bits allow a total of 65,535
combiations, only the typical example is
proviled on Table 11. This jumper wire con-
figurition produces the sync code of 1616.
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3.10.2.3 Function Store

The high orda=r three bits of the output bus are
decoded and stored each time the device 1is
addressed. The decoded functions are used to
control subsaquent input and output operations.
A summary of the function codes is provided in

Figure 95.
BIT
765 OUTPUT INPUT CONTROL
000 Data Out Data In
001 Function Out Data Set Status
010 Spare ACU Status
011 Spare Spare
100 Disconnect
101 Spare
110 Concurrent Input
111 Concurrent Output
FICURE 95

FUNCTION CODE SUMMARY

The transfer of data into or out of the inter-
face is dependent upon the type of command
generated ir the processor which may be via
the firmware, software, or a combination of
both. For e¢xample, to send data from the
processor tc the interface, the Output Byte
From A instruction may be used to effect the
transfer. This presumes of course that the
desired date was previously loaded into the

A register.

To receive cata from the interface to the
accumulator, the identical function code is
used with tte Input Byte to A instruction.
In each of the above cases, the second byte
consisted of the actual data which is trans-
ferred.

When bits 7, 6, and 5 of the function code are
set to 00l1,, the function output instruction
enables or“cisables the control signals de-
scribed in paragraph H below. If the input
signal is used, the processor receives the
data set status information. Similarly, the
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ACU status information is obtained by using
the functior input signal with bits 7, 6,
and 5 set to 0102.

The concurrent input, concurrent output, and
disconnect furnctions are obtained via the
unigque function codes. The second byte of
information is not functional.

The format for the information required irn the
above operations consists of thrze bits of
function coces (7, 6, 5} and five bits of
device address 10,,.. The second byte consists
of eight bits whi%ﬁ depend upon the source.
For example, the Status Word contained in the
second byte corresponding to the Data Set and
ACU is as follows:

BIM DATA SET STATUS AUTOMATIC CALLING UNIT

0 Data In Request (DIR) Not Used

1 Search Mode (8M) Not Used

2 Concurrent Mode (CM) Not Used

3 Data Out Request (DOR) Present Next Digit (PND)

4 Carrier On (CO) Abandon Call and Retry (ACR)
5 Ring Indicator Or. (RIO) Data Line Occupied (DLO)

6 Clear to Send (CTS) Data Set Selected (DSS)

7 Data Set Ready (DSR) Power Indicator On (PIO)

3.10.2.4 Channel Control

Trhe channel control logic detects I/0O opera-
tions requested for this device and routes

the data/furiction information to the appropriate
register or selects the required data, status,
or address word to be gated onto the input bus.

3,10.2.5 Data Switch ard Bus Drivers

These circuits consist of logic switches for
gating the cata, status, or address word as
selected by the channel control logic to the
bus drivers. Data is gated into the input
bus by open collector line drivers. These
drivers are ernabled by the channel control
logic circuits.
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3.10.2.6

3.10.2.7

3.10.2.8

Output Hold Register

This regista:r stores data from the processor
to be either transmitted via the output
shift regis:zer or presented to the Automatic
Calling Uni: (ACU) as a digit for automatic
dialing. T1e digit information is stored in
binary codei decimal form and occupies only
the least significant four bits of this
register.

Output Shif: Register

This regista2r consists of a parallel to serial
converter used to drive the transmitter cir-
cuits. Dati to be transmitted is gated into
this registar in parallel from the output

hold registar. With the appropriate timing
signals present, the data is shifted serially
to the transmitter at the transmit clock rate.
As the last bit is shifted out, a parallel
transfer oc:-urs to reload the last transmitted
byte from tie output hold register. In this
manner, the program can repeatedly transmit the
sync codes oetween data blocks with only one
actual data transfer.

Control Storage

Storage for control lines to the ACU, Data Set,
Interrupt, and Search Detect Logic is implemented
in this section. Enabling and/or disabling of
these lines is controlled by the second byte

of the function out command from the computer.
Following is the format of the second byte.

BIT FUNCTION
7 Disarm Interrupt
6 Arm Interrupt
5 Spare
4 Spare
3 1 = enable call request
0 = disable call request
2 1 = enable search mode
0 = disable search mode
1 1 = enable data terminal ready
0 = disable data terminal ready
0 1l = enable request to send
0 = disable request to send
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3.10.2.9 Input Shift Register

Serial to parallel converter. When "carrier
on" occurs in the receiving data set, the
"receive clock" is enabled and data is shift-
ed in at the receive rate.

3.10.2.10 Sync Detector

To synchrronize the receiver portion of the
modem interface to the received data, a
minimum nunber of sync codes must be trans-
mitted prior to the block of data.

Initiallv the receiver is set into the search
mode. In this mode, the eight bits of data

in the input shift register are compared to

a predetermnined code set up by jumper wires

on the modem interface board. (Refer to

Table II.) Once found, the data is gated

in parallel to the inpuat hold register and a
status flag is set signifying to the computer
that a data input is requested. The program

in the computer should input the data and

then reset the search mode. The modem inter-
face board will then parallel load from the
input shif: register to the input hold register
every eight clock pulses. The "data in" status
flag will be set for each parallel transfer.
The program should test for the receipt of a
minimum aumber of contiguous sync codes and
then the first non-sync code shall be considered
the first byte of the data block.

3,10.2.11 Input Hold Register

As each word is assembled in the input shift
register, it is gated in parallel to the input
hold register. As each word is loaded, the
"data in" ready flag is set and will remain

on until the processor inputs the data byte.
(Note: Should the processor fail to input

the data byte prior to the assembly of the
next byte of data, the original piece of in-
formation will be lost.)
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3.10.2.12

3.10.2.13

3.10.2.14

3.10.3

Timing Cont:-ol

The timing control circuits synchronize data
input and output requests and parallel trans-
ferring of data from output buffer to output
shift and input shift to input buffer
registers. 1In the current mode, the timing and
control logic will enable the concurrent re-
quest to the processor, test for acknowledge,
and place the device address on the input bus
at the appropriate time. When the current
address and the end address are equal, the
firmware automatically issues a disconnect to
the device =o terminate the concurrent opera-
tion. However, the software may issue a
disconnect command at any time to terminate
the concurrent operation early, if so desired.

ETA Transmi-ters

Information sent to the data sets is trans-
mitted in conformance to the EIA Standard
RS-232-B. A positive signal into the
transmitter results in a negative output
while a ground into the transmitter results
in a positive output.

EIA Receive:s

Information is received from the data set in
conformance with EIA Standard RS-232-B. A
negative input to the receiver results in a
positive ournput while a positive input results
in a ground output.

Wire List Information

The following is a glossary of interface
signals and a wire list for the connectors
used on the circuit board.

Processor to Interface

apoo/
CaxXx/
DAXX/
DIXX/
ACK1

PRIN/
K@XX/
MRST/

0D00/ B data lines from processor
Control out command line
Data out command line
Data in command line
Acknowledge command line
Priority enable to interface unit
/0 clock
Master reset
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Interface to Processor

1D00/ 1D07/
EINT/

Data Set
Frame GRD

Send Data

Received Data

Request to Send

Data Set Ready

Data Terminal Ready

8 input data lines
External interrupt request

Connected to frame of data set

Data to be transmitted is sent
serially over this line. Prior
to transmission Request to Send,
Clear To Send, and Data Set Ready
must be on.

Data is received serially over this
line. Data is shifted intoc the
Input Shift Register at a rate
controlled by the receive serial
clock.

Conditions data set to transmit.
This line must be enabled during
entire transmission of message and
turned off no sooner than 1 ms
after last bit transmitted.

Indicates the data set is operational
and connected to a communication channel.

For point to point or multipoint data
only service, this line is not required.
For switched or called circuits, this
line is enabled to permit the data set
to be connected to the communication
channel. When automatic calling is
used, data terminal ready maintains
the connection to the communications
channel during transmission and is
used to terminate the connection when
the transmission is completed. When

a station is being called, this line
is used to connect the data set to

the communication channel and, as
before, terminates the connection

when transmission is complete.
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Data Carrier Detector Indicates data carrier being
received. An off condition
represents end of transmission
or fault.

Transmit Clock Square wave generated by the data
set to control shift rate of out-
put shift register in the modem
controller. This line is used
with internal timing only.

Received Clock Timing signal used to sample
received data.

Ring Indicator Used with automatic answering
option. An on condition indicates
a ringing signal from a remote
station.

Signal Ground Used to establish common reference

for circuits in the modem controller
and the data set.
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COMPUTER INTERFACE CONNECTOR P1

A0l GND
A02 GND
A03 CP1
A0S +12V
A06 CPH1
AO7 DY/
A0S -16V/-8V
A10 TO5X/
A26 TO2X/
A31 192X/
A32 ID04/
A38 EINT/
A55 PROT/
A58 TO7X/
A60 ID01/
A61 ID06/
A62 1D03/
A64 GND
A65 GND
BO1 +5V
B02 +5V
BO4 AK/
BOS DX/
B10 TO1X/
B22 CPH2/
B26 TO6X/
B31 I@1X/
B32 1D00/
B37 TO4X/
B39 TOOX/
B42 ECIP/
B44 MRST/
BS54 PRIN/
B58 ID0S/
B60 ID07/
B61 193X/
B62 ID02/
B64 +5V
B65 +5V
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Automatic Calling Unit P2

A01 CRQ/
A02 GND
AO3 DPR/
AO4 GND
A0S NB1
A06 GND
AO7 NB2
AO8 GND
A09 NB4
A10 GND
All NB8
Al2 GND
Al8 DL@
Al9 PWI
A20 ACR
A21 DSS
A22 PND
B18 GND
B19 GND
B20 GND
B21 GND
B22 GND

Data Sc¢t Interface Connector P3

AQ1 CTS
AQ2 DSR
A03 SCT
A04 SCR
A0S CAR
A06 RD

AOQ7 RG1
Al7 SD

Al8 GND
Al9 RC

A20 GND
A21 RS

A22 GND
BO1 GND
BO2 GND
B0O3 GND
BO4 GND
BOS GND
BO6 GND
BO7 GND
B13 KEY
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3.10.4 Flow Charts

The following flow charts are included to
indicate the firmware routines which may

be writter. to create specific routines
related to operaticnal use of the Synchronous
Modem Interface.
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TRAVSMIT INFORMATION FLOW

ENTRY FOR TRANSMIT

(TO ERROR ROUTINE)
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1
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(DISABLE REQUEST TO SENT AND
DATA TERMINAL READY)
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RECEIVE SYNC FLOW

ENTRY

(ENTRY FOR NON AUTO ANSWER)

i

INPUT
DATA SET
STATUS
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TEST FOR:
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DISABLE SEARCH MODE
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AUTO DIAL FLOW
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AUTC ANSWER

SUBROUTINE ENTRY

< DISABLE RING
INPUT
DATA SET
STATUS
ENTER CONCURRENT
N 1/0 COMPLETE
ROUT INE
.
] FUNCTION IS:
FUNCTION ENABLE DATA TERMINAL READY
OUT AND
ENABLE /DISABLE INTERRUPT
EXIT

(ENTER RECEIVE OR TRANSMIT FLOW)
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3.11 INPUT/OUTPUT

3.11.1 Genergl

This section describes the three primary input/ocutput
interfaces of the computer and provides guidelines
for connecting external eguipment to the interfaces.
The information in this section should not be con-
sidered the final authority for the I/0 interface
configuration of any particular machine. The final
authority in all cases is the latest revision of all
applicalble engineering drawings and specifications.

Input/output operations in the computer are performed
under control of microcommands designed for a wide
range of I/0 operations.

3.11.1.1 1I/0 System Organization

A block diagram of a typical computer system is ill-
ustrated in Figure 96. The three primary I/0 interfaces
shown in Figure 96 are the serial I/0 interface between
he Teletype and the processor, the parallel byte I/0
interface (both internal and external), and the I/0
interface to th= direct memory access (DMA) channels.

These three int=rfaces provide the system designer with
the flexibility to structure efficient I/0 systems for

a wide range of applications. The serial I/O interface,
although normally used with a Teletype, can be used for
other bit-serial devices as well. The byte I/O interface
can be used by controller circuit boards that plug into
the mainframe chassis, or it can be extended to an ex-
pansion chassis through the I/0 Line Driver aad Receiver
circuit board ootion. In the configuration shown in
Figure 96, an expansion chassis is used for additional
controller and optional Priority Interrupt circuit boards.
The Priority Interrupt boards can also be located in the
mainframe chassis. The DMA interface provides the
facility for =xternal I/0 devices to communicate directly
with core memoary through optional DMA channels located

in the mainframe chassis.
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3.11.1.2

3.11.1.3

Serial I/0 Inter ‘ace

The serial I/O iiterface is designed for communicating
with a full duplix Teletype. Character assembly and
disassembly, inc.uding all timing and synchronization,
are performed at the microprogram level in the computer.

Byte I/0 Interface

Data transfers tlirough the byte I/0 interface are
basically two-phuase operations. During the first
phase a control )yte is placed on the byte I/0 bus.
The control byte contains a device number specifying
the address of oi:e of the I/0 devices connected to

the bus and a deice order signifying the type of
operation to be performed during the transfer (data
transfer, status, function transfer, and so on). All
devices on the bus examine the device number, but only
the device with « matching address accepts the control
byte and logical.y connects itself to the bus for the
subsequent data lyte transfer. During the second phase
of the byte I/O operation a single byte is transferred
to or from the I,’0 device. After each byte transfer
the device disconnects itself from the bus.

As shown in Figu:re 96, I/0 devices can be connected to
the byte I/O interface at the internal byte I/0O bus
inside the mainframe chassis or to the external byte
I/0 bus outside 1he mainframe chassis in an expansion
chassis. The external byte I/O bus is an extension of
the internal bus brought out of the mainframe chassis
through an optior.al plug-in I/0 Line Driver and Receiver
board. The I/O l.ine Driver and Receiver board is one
of several optioral I/0 interface circuit boards avail-
able for use witl the computer. All of the boards are
made to plug intc the mainframe chassis, but they can
be used as well :n an expansion chassis.

Although the external byte I/O bus is an extension of
the internal bus, there are a few major differences
between them. These differences are as follows:

a. All nine output lines of the external byte 1I/0
interface are buffered by nine type 944 DTL
drivers for criving terminated lines.

b. Outputs from the three control flip flops of the
I/0 control register are directly abailable at the
internal interface, but are decoded and made avail-
aple at the external interface on seven individual
lines buffered by type 944 DTL drivers.
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3.11.1.4

3.11.2
3.11.2.1

c. The internal computer clock is used by interface
boards conne«ted to the internal bus, but a half-
frequency, 5" percent duty cycle clock is used by
boards conneacted to the external bus.

External Priorit: - Interrupts

The external intcrrupt system of the computer operates
through the byte I/0O interface. Interrupts can originate
from device contirollers or from optional Priority
Interrupt interf.ce boards connected to the byte I/0O

bus. Each Prior ty Interrupt interface board provides
control of eight interrupt signals, Up to eight boards
can be used in ore system to control a meximum of 64
interrupt signal:..

The byte I/O intcrface contains a single interrupt

line common to a 1 I/O devices on the byte I/0 bus

and a hard-wired priority line that is carried through
all devices on tle bus. Each I/0O device receives
priority from th¢ preceding device in the priority chain
and passes it along to the next device in line if it is
not ready to request an interrupt. A device receiving
priority and reacy to request an interrupt does not

pass along the priority signal, but instead activates
the interrupt sicnal.

After receiving :cknowledgment of the interrupt request,
the interrupting device places on the I/O bus an address
byte that the prccessor uses to transfer program control
to the proper interrupt servicing routine.

Detailed descriptions of the timing, logic, and in-
structions associated with the byte I/0 interface are
given later in tlis section.

Serial I/0 Interface

General

The serial Teletype I/0 interface is a standard feature
of the computer. A Model 33 or 35 Teletype wired for
four-wire, full cuplex, 20-mA operation can be connected
directly to the cable provided with the computer.
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The four-wire I/O interface circuit is shown in
Figure 97. The transmit portion of the circuit
contains a 20-mA current source that can be turned
on or off cepending on the state of the I/0 control
register. When the I/0 control register is in any
mode other than mode 3, the output of gate 242 is
high, emitter follower Q5 conducts, and approximately
20~-mA of current is available through resistor R23.
This currer.t holds the Teletype in the mark condition.
When the I,/0 contiol register is set to mode 3 by-a
microcommarid, the output of gate Z42 is low, emitter
follower Q&f cuts off, and no current flows to the
Teletype.
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The receive portion of the interface circuit contains
a low-pass filter network connecting the Teletype
distributor to bit 6 of file register 0 where it
may be sensed by microcommands. One side of the
Teletype distributor is connected to -6V through
resistor R62. The other side of the distributor
is connected t¢ a TTL gate, which forms bit 6 of
file registar 0. When the Teletype sends a mark
signal, the output of the gate is held low and a
0-bit appears in bit 6 of file register 0. When
the Teletype sends a space signal, a l-bit appears
in bit 6 of file register 0.

3.11.2,2 Character Assembly and Disassembly

Teletype character assembly, disassembly, synchron-
ization, and timing in the computer is accomplished
by a firmware routine. Figure 98 shows the timing
for transmi<ting or receiving 110-baud Teletype
characters.

START BIT STOP BITS
1 2 3 4 5 6 7 8 —I\\\\
MARK  —
I { | [ } 1
SPACE : | | | | ! |
L EIGHT DATA BITS J
TEST FOR SPACE |45| 9.09 | 909 909 | 909 | 909 | 9.09 | 909 | 9.09 { 909
- w{mS| mS mS mS mS mS mS mS mS mS I
SAMPLE POINTS | | i l I I
{a) INPUT TIMING
START STOP
1 ' 3 4 5 6 7 8
SPACE | I I | | |
9.09
mS
SET 1/0 CONTROL I I I I I I l I l I
REGISTER i 4 : ’
{b) OUTPUT TIMING
FIGURE 98
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3.11.2.3

During an input operation the firmware program
searches for the leading edge of the start bit by
continucusly testing the Teletype input lines. Once

a space level is detected the firmware program delays
4.5 milliseconds and then samples the input every

9.09 milliseconds until the eighth information bit is
shifted into the assembly register. The initial delay
of 4.5 milliseconds after detecting the leading edge
of the start bit causes sampling to occur in the
middle of each signaling element.

During an output operation the firmware program sets
the I/0 control register to the appropriate mark or
space conditicn every 9.09 milliseconds according to
the start and stop bits and the data to be serially
transmitted. Before the first information bit is
transferred, the I/0 control register is set to mode
3 to transmit the start bit. The firmware program
for transmitting a Teletype character remains active
for 11 intervals (100 milliseconds) to assure the
proper stop irterval before the next character is
transmitted.

Microcommancs for Serial I/O

References to the serial input bit and generation
of serial ouvtput bits are under microcommand control.

The serial input bit is constantly available as bit

6 of file register zero. Access to this bit is usually
performed by the Test Zero (TZ) or Test Non-Zero (TN)
microcommands. These commands are 4040 and 5040
respectively.

The state of the serial output bit is affected by bits
4-7 of the Control microcommand. To space the serial
Teletype, the Command instruction 7XBX"is executed.

To change the serial output bit to a mark state, any
Control type command is executed with the value of bits
4-7 in the range of 1000 through 1llll-excluding pattern
1011 which corresponds to the space operation.
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3.11.3
3.11.3.1

3.11.3.2

3.11.3.3

Byte I/0 Interfac:s

General

The byte I/0 interfaces (both internal and external)
comprise eight in»ut data lines, five input control
lines, eight outpait data lines, ten (internal) or
thirteen (external) output control lines, and three
spare lines. Figire 99 shows the internal and external
byte I/0 data and control signals including the point
of origin or destination in the processor for all
interface lines. It also shows the interface logic
on the I/0 Line Driver and Receiver interface option
(shown plugged in:o connector J21) and shows how the
option is used to extend the byte I/O bus to logic
external to the computer chassis.

Byte I/O Bus

The following parigraphs describe the input and output
data lines and th: control lines of the byte I/0 bus.
Except where specifically stated otherwise, the
descriptions appl’ to both the internal and external
byte I/0 buses.

Input Data Lines

Input data lines [D00/through ID07/ are continuous

from the last intc:rface unit on the I/0 cable through
the I/0 Line Driv:r and Receiver board, the backplane,
and into the proc:ssor via B-bus. A termination network
for each line is located in the processor. The lines
are driven by DTL or TTL power gates (944 or equivalent)
with uncommitted :ollectors. Because of the termination
network, the lines;s are allowed to swing only between
ground and +3V. tach line is at ground potential when
any one of the powver gates on the line is turned on.
Each line is at +3V when all gates on the line are off.
When a gate is sw.tched on, the line to which it is
connected places .1 logical 1 onto the B-bus and into

the destination r«gisters.

The input data liies are handled exactly the same
whether a device :rontroller is connected to mainframe
connectors J16 th-ough J21 or to the I/0 cable in the
expansion chassis
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3.11.3.4 OQutput Data Lin:s

Output data lin:s TO00X/ through T07X/ and 0D00/
through 0D07/ connect the processor T-Register to
external I/0 desices. The T-register is the physical
source for outpit data. Data or address information
to be transferr:d to an I/0 device is first fetched
from a register or memory and then placed in the
T-register. From the T-register it is transferred

to the I/0 devi:e.

Lines TO00X,/ thrcugh T07X/ are available at mainframe
byte I/O connectors J16 through J21. Lines 0D00/
through 0D07/ a:'e the external byte I/0 equivalent
of lines T00X/ through T07X/. They carry the same
signals (slight.y delayed) through the I/0 cable to
the expansion classis.

To preserve the expansion capability of the output
data bus, each cevice controller on the bus is re-
stricted to a single unit load (one DTL or TTL gate)
or 1.6 mA maximum on each output data line. Both
the T0XX/ and 0I XX/ lines have the following charac-

teristics:

T-Register Content TOXX/ 0DXX/
Binary 1 ov ov
Binary 0 +4V (nom) +3V (nom)

3.11.3.5 Input Control Lines

The five input control lines available at the byte
I/0 interfac. are:

a. ECIO/ - ccncarrent 1I/0 request
b. ERPY/ - I/O reply

c. EINT/ - external interrupt

d. SELI/ - Sele:t in

e. PRIN/ - priority return



3.11.3.6

A1l five lines are continuous from the last inter-
‘ace unit on the I/0 cable, through the I/0 Line
Driver and Rece:ver board, the backplane, and into

:he processor. The lines are driven by DTL or TTL
power gates (Y44 or equivalent) with uncommitted
collectors. i termination network for each line is
included in the processor. Because of the termination
networks, the l:_nes are allowed tc swing only between
ground and +3V. All five lines are active, or indicate
assertion, when they are at ground potential. For
example, ground on line EINT/ causes an external
interrupt.

Input control lines ECIO/, ERPY/, and EINT/ provide
inputs to file register 0 in the processor. The
3tatus of these lines can be determined in the micro-
program by testing the associated bits of the file
register.

Line ECIO/ is used as the concurrent I/0 request

3ignal and is shared by all device controllers. This
3ignal becomes bit 3 of file register 0. It is typically
used by the microprogram to initiate a concurrent type
data transfer It is included for those system designers
whc may want o effect their own microprogrammed I/0
cransfers.

Line EINT/ is the external interrupt line, which is
shared by all Priority Interrupt boards and device
controllers. It becomes bit 7 of file register 0.

[t typically causes the processor to discontinue normal
macro instruction execution and begin a firmware se-
quence to determine the address of the interrupt device.

Line PRIN/ is the priority input line from the next

1igher pricrity controller. It is used by each con-
zroller in determining priority before requesting an
axternal inte:rupt.

Dutput Control ILines

Of all the inzerface lines, only the output control
lines are functionally different at the internal and
axternal byte I/0 interfaces.

The following lines are available at each interface:
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3.11.3.7

Internal Intarface External Interface

101X/ COXE/
102X/ DOXE/
103X/ SP1/
CPH1 CAKE/
CPH2/ IAKE/
MRST/ DIXE/
PROT/ SP3/
PRIN/ KOXE/
SEL)/ MRES/
SELI/ PROT/
CSTP/ PRIN/
SELO/
SELI/

Internal Byte I/0 Control Lines (Mainframe Chassis)

Internal I/0 con-rol lines I01X/ through I03X/
originate at the false outputs of the three I/0
control flip flops in the processor. These flip
flops are set anc reset at the microcommand level.
The- eifght states that the flip flops can assume are
assigned meanings to indicate various I/0 control
modes. Definiticns of the eight control flip flop
States for the ccmputer are given in Table 12.
Other definitions can be applied for specialized
computer configurations.

0 None None

1 Control cutp t COXXx/ TABLE 12
2 Data output DOXX/

3 Space serial Teletype sr1/

4 Spare : spr2/

5 1/O acknowle ige I0AK/

6 Data input DIXX/

7 Spare Spr3/
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As shown in FPigure 99, lines INiX/ through IN3X/

are decoded on the I/0 Line Driver and Receiver
hoard, and seven lines are then available (state

0 is not usecd) at the external interface. A device
controller designed for use in the mainframe chassis
rust decode these three lines, as needed, as 1s done
cn the I/0 Line Driver and Receiver board. Device
controllers cdesigned for the processor are required
to decode only states 1 (COXE/), 2 (DOXL/), 4 (CAKE/) .,
© (IAKE/), and 6 (DIXE/). These states represent
control output, data output, concurrent acknowledge,
interrupt acknowledge, and data input functions,
respectively.

Tt is important to remember that a device controller
in the mainframe chassis must decode the I/0 control
flip flop lines, but one in the expansion chassis does
not, since the external bus is used to connect the

two chassis.

Tines CPH1 and CPH2/ provide processor clock signals
to device controllers connected to the mainframe

Fyte I/0 connectors. Each line can be used indepen-
cently as a square wave source (4.55 MHz), or they
may be used together in a NAND gate to produce a

35 ns clock pulse (CPHL is inverted and delaved 35 ns
from CPH2/). The relationship of the signals on lines
CPH1 and CPH2/ is shown in Figure 100.

fe———-220 N ——={
R ey I
I ) WU ey I

D ——— I

= 220 n$ |

FIGURE 100
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Control line CSTP/ of the internal byte I/O interface
carries a signal to indicate that the internal pro-
cessor clock has been stopped for either of the
following reasons:

a. The processor is halted.

b. The processor is executing a logical pause (for
1 to 5 clock times) while performing a jump or
attempting to overrun a memory operation during
a microcommand sequence.

Line CSTP/ is available to gate clocks in device
controllers when intimate microlevel control of a
device is required. It is not included in standard
byte I/0 interfaces and must be jumpered to an open
pin of an option board connector if its use is re-
quired.

Control line MRST/ is the master reset line. It is
activated by the RESET or SAVE switch on the operator's
console, or by the optional power fail circuit during
power failure or restart. It is used to clear all
control flip flops to their initialized conditions.
Ground potential is applied to this line when the

RESET or SAVE switch is pressed. MRST/ is double
buffered and becomes MRES/ in the expansion chassis.

Control line PROT/ carries the Interrupt priority
signal from controller to controller. It becomes
line PRIN/ at the input of the next lower priority
controller. Backplane strapping on the mainframe
chassis determines the relative priority of devices
ornn the I/0 kus. A modification of the strapping
permits interface units in the mainframe chassis to
have lower priority than units in the expansion
chassis at the end of the I/0 cable. Standard
strapping is provided on connectors J18-J21 in that
each board in order from J18-~J21 has higher priority.

Line SEZI/ 1is the Priority input line from the next
higher priority Controller. It is used by each
Controller in determining priority during an interrupt
nr concurrent acknowledge sequence.
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Control line SILO/ carries the priority signal from
controller to controller to enable the requesting
device to place its address on the bus during an

I/0 acknowledge sequence. This line becomes SELI/

at the input of the next lower priority device.
Strapping of tl is priority line is standard on
connectors J18-J21. A modification of the strapping
permits interfece units in the mainframe chassis to
have lower pricrity than units in the expansion chassis.

3.11.3.8 External Byte 1/0 Control Lines (I/0 Cable)

Figure 99 shows how the output control lines are
modified in the I/0 Line Driver and Receiver board

to develor the control lines available in the I/0O
cable. As explained in the preceding paragraph,
lines I01X/ through IO3X/ are converted into unitary
control lines. The main reason for this conversion
is to eliminate ambiguity caused by flip flop cross-
over variations. These crossover variations could
produce spikes that would cause incorrect operation,
if the decoded terms were used as clocks. This
problem can be overcome in the mainframe chassis

by using a syncaronous clock created from signals
CPH1 and CPH2/. Since this solution is unacceptahle
at the end of the I/O cable, the outputs of the three
I/0 control flip flops are converted into seven unitary
lines on the I,/) Line Driver and Receiver board after
crossover skew has been eliminated.

Of the seven dezoded control lines available at the
I/0 cable, only five are presently used for byte I/0
operations: CCXE/, DOXE/, CAKE/, IAKE/, and DIXE/.
Lines SP1l/, an¢ SP3/ are spare control lines that are
not used in the computer. They can be used to carry
I/O control sicnals originated by special firmware.

NOTE

Although control line SPl/ is considered a
spare, it represents I/0 control state 3,
which is tie space serial Teletype mode.
This line zan -be used only in the absence
of the serial Teletype.
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Zontrol line ZOXE/ carries a low signal to specify
that a control byte containing a device number and
device order is on the output data lines. The
device being addressed accepts the byte and decodes
the order.

Zontrol line DOXE/ carries a low signal to specify
that an information byte is on the output data lines.
The previously addressed device accepts the hbyte.

Zontrol line IAKE/ carries a low signal tc acknowledge
a request from an I1/0 device for an interrupt. The
regiesting devize uses the signal to transfer an
address byte on the input data lines to the rprocessor.

Control line CAKE/ carries a low signal to acknow-
ledge a request from an I/0 device for a concurrent
traasfer.

Control line DIXE/ carries a low signal that is used
oy a previously addressed I/O device to transfer an
information byte on the input data lines to the
2rocessor.

Zontrol line KOXE/ carries a 2.275-MHz, 50% duty
cycle clock signal that can be used by external
devices for timing.

Zontrol lines PRIN/, SELI/, and SELO/ have the same
meaning in thz I/0 cable as they do for the internal
byte I/0 interface.

3.11.3.9 Spare Lines

Spare lines SP4 through SP7 are continuous from the

last interfacs= unit on the I/0 cable, through the

I/0 Line Drivar and Receiver board, and onto the
cackplane. Tiese lines are not terminated in any

way and are provided only for special user requirements.

3.11.3.10 Byte I1/0 Fundamz2ntals

Although the flzaxibility of the byte I/O system lends
itself to custouizing for individual applications,
certain standari conventions have been adopted for

oyte I/0 operations in the computer. These conventions
are described in the following paragraphs.
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3.11.3.11 Device Addressirg

Each I/O device on the byte I/0 bus is assigned a
unique five-bit device address or number. On most
controllers, the addresses are selected by the
placement of jurper wires on the printed circuit
board of the cortroller.

Each device controller on the I/0 bus determines

if it is being ¢ddressed by comparing its assigned
address to the five-bit device number in the control
byte sent to all controllers on the output data lines.
The device number portion of the control byte appears
on data lines T(0X/ through T04X/ (OD00/ through 0OD04/).
The assigned deiice address is also used to identify
the I/0 device requesting an interrupt or concurrent
I/0 transfer. 7The processor acknowledges each request
with signal IAK!/ or CAKE/. On receiving the acknow-
ledge signzl, a’ong with SELI/, the requesting device
places its address (times 2) on input data lines IDOLl/
through IDC5/.

Table 13 lists tihe device addresses assigned to the
standard interf:ce units. Customer-designed controllers
should not use the assigned addresses if the use of
standard controllers is planned.
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Table 13. Standard I/0 Device Addresses

Address
I/0 Device
(Hexadecimal)

00 T2letype (parallel interface)

01 Low-Speed Asynchronous
Modem or Teletype Interface

02 Highr-Speed Paper Tape Reader
03 Figh-Speed Paper Tape Punch
04 Card Reader
05 Not assigned
06 D:rum/Disc
07 Not assigned
08 32 x 32 Discrete Input/Output
Interface option
09 and L0 Not assigned
11 Low--Speed Asynchronous

Modem or Teletype Interface

2 and 15 Not assigned
16 DMA Selector Channel No. 1
17 DMA Selector Channel No. 2
18 Priority Interrupt Group 7
19 Priority Interrupt Group 6
1A Priority Interrupt Group 5
1B Priority Interrupt Group 4
1cC Pricrity Interrupt Group 3
1D Pricrity Interrupt Group 2
1E Pricrity Interrupt Group 1
1F Pricrity Interrupt Group 0O
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3.11.3.12 Deviee Orde:s

Accompanyinj the five-bit device address in the
control byt: sent to all devices before each pro-
grammed traisfer, is a three-bit device order
specifying ~he I/O operation to be performed by

the device. The device order portion of the control
byte appears on output data lines TO05X/ through T07X/
(OD05/ throigh 0D07/). A list of standard device
orders is given in Table 14. Not all device con-
trollers ar: required to use all the orders listed
in the Tabl:. Their use is dictated by controller
design.

ORDER
NUMBER

OPERATION 'DESCRIPTION

Data

T:e data order causes a data byte to be trans-
fi:rred between the processor and the addressed
dvice. The direction of transfer depends on
t:e type of instruction (input or output).

Status/function Tie status/function order causes a status byte

t» be transferred from the addressed device
t» the processor, or a function byte to be

t -ansferred from the processor to the device
d:pending on the type of instruction (input
o - output).

Block input T:e block input order notifies the device to

p ‘oceed with a concurrent block input to
memory. This order can be sent with either
a: input or an output instruction.

Block Input Tie block input with interrupt order notifies
with interrupt tie device to proceed with a concurrent

Stop

b .ock input to memory and to generate an
iiterrupt at the end of the transfer. This
o-der can be sent with either an input or

o 1tput instruction.

Tie stop order causes the block input or

o itput operation in progress to be stopped.
A1 external interrupt is generated if an
interrupt would normally have been generated
a: the end of the block transfer.
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ORDER
NUMBER OPERATION

DESCRIPTION

5

Protect State

Block ocutput

Block output
with interrupt

The protect state order allows the device to
woite into protected areas of memory with
concurrant input. The device is taken out of
tais mode at the end of the transfer.

The block ocutput order notifies the device to
proceed with a concurrent block output from
memery. This order can be sent with either
an input or an output instruction.

The block cutput with interrupt order notifies
the devica to proceed with a concurrent

block ouatput from memory and to generate an
interrupt at the end of the transfer. This
order can be sent with either an input or an
outrat wnstruction,

TEZBLE 14

STANDARD I, ) DEVICE OJEDERS

3.11.3.13 Status Bytes

In response to a status crder from the processor,
the addressec I/0 device places a status byte on
input data lines IDO0/ through ID07/.

3.11.3.14

Daza Output Timing

The timing diagram for a typical data output opera-
tion is showr in figure 1J1. When an output byte
instructicn is executed, the second byte of the
instructicn containing the device address and order
is placed on output data lines TO00X/ through T07X/
{OD00/ through 2D07/). A minimum of 220 ns later,
control line COXX/ {(COXE/) goes low to indicate

the presence cof a control byte on the output data
lines. During the 880 ns that linc COXX/ (COXE/)
is low, each device controller on the bus examines
lines TO0O0X/ thr>ugh T04X/ {OD00/ through 0OD04/) to
determine if it is the controller being addressed.
The: controller whose address is on the lines
connects itself for service and decodes and stores
the device crier on ocutput data lines TO05X/ through
TO7X/ (ODG5/ through 0OD07,/). When the controller
is connected for service, it is susceptible to
either data oitput or data input signals from the
processor and trransfers data accordingly. Once
cornected for service, the controller remains
connected until a data output or deta input signal
ocgurs.
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TRANSFER OCCURS
HERE

OUTPUT DATA LINES

TOOX/-T0O8X/ |

DATA TRANSFER
OCCURS HERE

FUNCTION CODE AND —
DEVICE ADDRESS —\

(0D00/-0D08/) '

COXX/

DATA QUTPUT

DOXX/

3.11.3.15

4 b
CONTROL OUTPUT | I A4

220 nS— f=—

<~
™

| S

FI SURE 101
DATA OR FUNC 'ION OUTPUT TIMING

After removing the control output signal and
control byte from -he lines, the processor places
a data byte on the output data lines. A minimum
of 220 ns later, data output line DOXX/ (DOXE/)
goes low to indica:e the presence of data on the
lines. The contro.ler then strobes the data byte
from the output da-a lines into its data register.
When line DOXX/ (DOXE/) again goes high, the
controller disconnects itself from further service.

Typical Data Output Logic

The timing diagram of figure 101 can be related
to the typical data output logic shown in figure
102. The eight output data lines are connected
to eight TTL or DTI, inverters in the device
controller. Each output line is buffered by an
inverter or gate tc minimize the loading on the
line and to allow for expansion to the Full
number of devices. Receiver outputs (0OD00/
through 0D04/) are TOOX/ through TO7X/ applied
to an address decocing circuit. In the example
shown, the circuit is connected to decode a
device address of (0 (all false terms are used).

Control lines COXX, (COXE/) and DOXX/ (DOXE) are
used for dual purposes in the example logic.
Signal COXX (COXE) is used as a qualifying signal
in the addressing decoding circuit, and its
complement COXX/ (COXE/) is used to clock the
connect-for-service flip-flop. Signal DOXX/
(DOXE/) is also used to clock the connect-for-
service flip-flop and its complement (DOXX)

(DOXE) generates the signal for strobing data into
the controller register.
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When the connect-for-service flip-flop sets, the
controller is receptive to the actual transfer
of data (the second phase of the data output

The signal for gating the output
data lines into a device register or similar
storage device is generated by the connect-for-
service signal and control signal DOXX (DOXE)
‘data output).

operation).

1/O BUS OUTPUT
DATA LINES

1/0 BUS CONTROL
LINES”

DATA RECEIVERS

0D0o ’_\k}ooow
anDe

I

""‘) 0Do04 ‘_\poow

I ./

oDos [~ N\, 0DOs/
P2 [
> e/

DEVICE ADDRESS DECODING

) DAQO/ DOD_AOO

CONNECT FOR SERVICE

CONN

B

[ ———

FIGURE 35
opo7 [ O\, oDo7/
— - jo—»
CONTROL RECEIVERS
)>coxx ™\ COXx/
___/ [___ﬂ_
poxx [\ _ DOXX/ o
- > ___/

)

-

DATA STROBE
TO REGISTER

) DSTR/
»

* THESE LINES AVAILABLE AT QUTPUT OF 1/0 LINE DRIVER BOARD ONLY.
{F THIS BOARD IS NOT USED, THESE LINES MUST BE CREATED BY DECODING
1/0 CONTROL LINES IC1X/ 102X/, AND 103X/,

FIGURE 102
DATA OUTPUT LOGIC

3 -

160




3.11.3.16 Function Output Timing

3.11.3.17

The timing diagram shown in figure 101 for a

data output operzstion is also valid for a function
output operation. The function output operation

is typically useé¢ to control a discrete action in
an I/0 device for which data transfer is not re-
quired. Rewinding tape is an example of such an
action. The most efficient way to perform this
operation is to issue a single instruction contain-
ing all the information necessary to alert the
device and cause the tape to rewind.

On the 810 macro level, the output byte instruc-
tion (OBA, OBB, and OBM) is also used to per-
form the function output operation. The only
difference in the instructions is the assignment
of the f-code (bizs 5 through 7) in the control
byte of the instriction. When an output byte
instruction is us2d for function output, the f-
code of the contr»>l byte designates the unique
function in the I /0 device to be controlled.

The assignment of f-codes for function operations
precludes the use of the same codes for data
transfer operations.

The function output operation is executed similarly
to the data outpu" operation described in paragraph
3.11.3.14. This data byte is usually ignored by

the device contro .ler, since the f-code of the
control byte contains enough information to describe
most function operations. However, should a
controller require more function definition than

is possible in the control byte, the data byte
transferred durinc the function operation could

be used to carry @dditional function information.

Typical Function (utput Logic

The alerting of tte device controller by sending
the control output signal (COXX/) (COXE/) along
with the device acdress is accomplished exactly

as described for cata output. When line COXx/
(COXE/) goes low, the controller examines TO5X/
through TO7X/ (ODC5/ through OD07/) of the control
byte and, if necessary, stores them so that it can
perform the crdered function.
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FUNCTION STORAGE

0D07  ——— FST7
s 1
I o FUNCTION DECODER
In
0D07/ | . | _bcoo
" |
oD0s < qLFuT6 Ix8 i
E ™1 becopen |
. |_Dco7
R C
onoeG;
oDos )'S " rsts
0DO5/ ]
FIGZRE 103

A0 —— e FUNCTION OUTPUT STORAGE AND DECODING LOGIC

Figure 1C3 shows typical logic for storing and then
decoding the function bits. An alternative method
would be to decode the function bits first (during
DAOO time) and then store the decoded results in
unitary flip-flops. This method would be advantageous
when several control states are required, each one
executing a separate function and each one having

an asynchronous reset term dependent on the device.

The important point to remember is that functions
needed for longer than the control pulse must be
s-ored either before or after decoding. A suitable
clock for stor:.ng this information is signal DAOO,
derived from the device address bits and signal
COXX,/ (COXE/).

3.11.3.18 Data Input Timing

The <iming diagram for a typical data input opera-
tior is shown in figure 104. When an input byte
iastruction is executed, a two-phase data input
ooeration, similar to data output, is performed.

The first phase is identical to the first phase of
tne data ourput operation. The control byte contain-
ing the device address and order is placed on out-
put data lines TJ0X/ through TO07X/ (OD00/ through
OD07/) by the processor, and then control output
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line COXX/ (COX:3i/) goes low. At that time the
device controller connects itself for service and
prepares to transfer data to the processor on
input data lines ID00/ through ID07/. In terms
of controller design, the device controller is
not required to detect, during the device address
phase, whether an input or output operation is to
be performed. .t can connect itself for service
in either case ind then allow the data input
(DIXX/ or DOXE/ (DOXX/ or DOXE/) or data output
control lines t» direct its further activity.

OUTPUT DATA LINES
TOOX/ — TO8X/
{0D00/ — ODO8/

CONTROL QUTPUT
COXX/

DATA INPUT
DIXX/

INPUT DATA LINES
1000/ - 1D08/

FUNCTION CODE AND DEVICE
/_ ADDRESS TRANSFER OCCURS HERE

L, |
220 nS -->| = -

L_J

440 nS MAX _.-I l:-—l I‘_MO nS MAX

vz 43 |

INPUT STATUS BIiS
OR DATA BYTE

FIGURI. 104

DATA OR STATUS INPUT TIMING
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3.11.3.19

As shown in figure 104 after the control byte is
removed from the output data lines, data input
line DIXX/ (CIXE/) goes low. Device data to be
transferred to the processor must be settled no
later than 440 ns after line DIXX/ (DIXE/) goes
low. The data byte can be applied to the input
data lines as early as the beginning of signal
COXX/ (COXE/). For interface design freedom,
the input data may be applied even during an
output byte instruction with no adverse effect.

The input data must be removed from the input
data lines no later than 440 ns after line DIXX/
(DIXE/) goes high again.

For normal cperation on the external byte I/O
bus with less than a 30-foot twisted pair cable,
it is feasible to use the DIXX/ (DIXE/) signal
itself for gating or qualifying the application
of input data to the input data lines.

Typical Data Input Logic

Figure 105 shows the additional logic required
for a data inou: operation. Eight power drivers
are used to drive the eight input data lines
(ID00/ througa ID07/). The power drivers are
tvps 944 DTL or TTL (or eguivalent) power gates
~#itn open collectors. A single pull-up resistor
is contained in the processor. The power drivers
nust be held 2ff when the device is not being
addressed, and should be <urned or only when the
device is conaected for service.

FIGUT:

/0 BUS CONTF O

LINE®

INPJT DATA BLIS

CONTROL LiNE RECEIVERS

DIX: ™\ DIXX/
- h_ﬂ_—w e
CONN —— }3 ) ]

INPUT DRIVERS

D00/ | —
DEVICE DATA BIT 0O

; 1
! E
4 H |
\ f————— QEVICE DATA BIT 7

i

l
|
|
kN 1007/

f 3

T T4t LINE AVAILABLE AT OUTPUT OF 1/0 LINE DRIVER BOARD ONLY .

105

I THIE BOARD IS NOT ULED, THIS LINE MUST BE CREATED BY
CECODING 1/0 CONTROL

ANES 101X/, 102X/, AND 103X/

DATA INPUT LOGIC
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3.11.3.20 Status Input Timing

3.11.3.21

The timing diagrar shown in figure 104 for a data
input operation is also valid for a status input
operation. A similar relationship exists between
a status input and data input operation as existed
between a function output and data output opera-
tion. The input byte instructions are used both
for data input and status input operations. To
differentiate betwz2en the two operations, an f-
code of 000 is usel in the control byte for data
transfer, but a cole of 00l is used for status
transfer. Otherwise, the operations are identical
except that a statis byte is placed on input data
lines ID00/ througi ID07/ instead of a data byte.

Typical Status Inpit Logic

Figure 106 shows tie change in data input logic
required to accomm>date a status input operation.
As shown in the eximple, the false terms of both
data and status bi-s are used as inputs to the
drivers. The func=:ion code stored during the
control output phase of the operation (DC0O0 for
data or DCOl for s-:atus) determines whether a
data byte or a sta:us byte is transferred to the
processor over the input data lines.

The combination of logic shown in figures 102,
103 and 106 produces a device controller that
can perform data otput, data input, function
output, and status input operations.
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|
INPUT DATA BUS 4 | DATA/STATUS SELECTION
|

|

|

|
|

l
|
|
1
1
| T |
l<—-—-—'—Dﬁz/‘<@;:_“_o(/j:—r DEVICE DATA BIT 7/
— (]

DEVICE STATUS BIT 7/

FIGURE 106
STATJS INPUT LOGIC

3.11.3.22 External Interrupt Operation

Interface lines PROT/ PRIN/, EINT/, IAKE/, and
ID00/ through ID07/ are used by device controllers
or optional Priority Interrupt interface boards

orn the byte [/0 bus for external interrupt opera-
tions. Lines PROT/ and PRIN/ make up the hard-
wired priori:ty chain that determines the relative
priority of each controller and Priority Interrupt
bocard on the byte I/0 bus. These lines determine
priority interrupt 1/0 operations. Lines EINT/

and IAKE/ carry the interrupt request and acknowl-
edgement, respectively, between the interface units
and the processor. Input data lines ID00/ through
ID07/ carry an interrupt address byte from the
interrupting interface unit to the processor in
response to the I/Q0 acknowledgement signal on line
IAKE/. The in:terrupt address byte is used by the
processor to locate the entry address in core memory
page 1 of the interrupt servicing subroutine.
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3.11.3.23 Priority Determination

Interface units on the byte I/0 bus are assigned
priority for coatrol of external interrupt opera-

tions.

The priosrity is achieved in the way that

lines PROT/ and PRIN/ are used to link the inter-

face units toge:her.
ity wiring is siown in figure 107.

A typical example of prior-
In this example,

three controllers in the mainframe chassis and four
controllers in the expansion chassis are connected

in the priority chain.
Receiver board

The I/0 Line Driver and
serves only to pass priority from

the mainframe ciassis to the expansion chassis

and is not a functional part of the priority chain.
As shown in the figure, the priority of an inter-
face unit in th: chain is not necessarily the same
as the physical order of the unit on the I/O bus.

M£ INFRAME CHASSIS

PRI/ PRO1 PRIT/  PRO1 PRI/ PROV/ PRI1/ PRI/
,l, 1 18 19 J20 J21
]
)
] E 1/0 LINE
DRIVER
AND
RECEIVER
BOARD
CONTROLLER CONTROLLER CONTROLLER

HIGHEST PRIORITY SECOND HIGHEST PRIC RITY THIRD HIGHEST PRIORITY

——

C 1/0 CABLE
- - T EX >ANSION CHASSIS j
PROV/ PRI/ PR 1/ PRI1/ PRO1/ |
PRI/ PRO1/ PRI/
[ ] | 14 1 |
|
CONTROLLER CONTROLLER CONTROLLER CONTROLLER I

FIFTH HIGHEST PRIORITY SIXTH HIGHEST PRIOHITY FOURTH HIGHEST PRIORITY

LOWEST PRIORITY

FIGURE 107
TYPICAL PRICRITY WIRING SCHEME
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Before a contrcller can make an interrupt request,
it must receive priority from the next higher
priority controller on the chain in the form of

a ground signaal on the priority line, The ground
signal indicates that the controller now has no
request to make, it places a ground signal on

the priority line to the next lower priority
controller o1 -“he chain. A controller never
passes priority along to a lower priority controller
while making a request. Failure to follow these
guidelines will result in improper operation.

3.11.3.24 Interrupt Reguests

External intaerrupt requests from interface units
are carried on line EINT/ to the processor wiere
they appear in bit 7 of file register 0. The
internal microprogram recognizes the presence

of an external interrupt request by sensing bit
7 and then responds as dictated by interrupt
handling firmware.

Ex-ernal interiupt line EINT/ car be used both by
device controllers and by optional Priority Inter-
rupt interface boards. The Priority Interrupt
opzion provides the proper interface to the I/0
bus, contains priority logic for each interrupt
level, and permits processor control over the
handling of in-errupts. This standard option

thus provides, on one circuit boarxrd, convenient
hardware for eight levels of system interrupts.
Because the bhasic interrupt facility makes use

of the byte [/0 bus, all device controllers have
access to the interrupt request line and can

react to the firmware interrupt handling sequences
in the processor, provided they operate according
to the design guidelines given in the following
paragraph.

NOTE

Request.ing an interrupt remcves
priority from all controllers
lower on the priority chain for
interrupt operations.

3.11.3.25 Interrupt Sequence and Timing

Figure 108 shows the timing for a typical external
interrupt sequence. The firmware, processor, and
I/0 device operationduring the sequence is as
follows:

3 -168



EXTERNAL INTERRUPT I l
EINT/ § &

mJ
— TIME DEPENDENT ON CURRENT INSTRUCTION
-—

£ !

1/0 ACKNOWLEDGE ~ I l I

330 1S MAX - —l }—— ——‘ f=— 440 ns MAX
;.
—

INPUT DATA LINES

1D00/-1D07/
INTERRUPT ADDR ss-—// \\—INTERRUPTADDRESS
PLACED ON INPUT REMOVED FROM LINES
DATA LINES
IFI+ URE 108

EXTEENAL NTERRUPT TIMING

a. The I/C devi:e controller lowers line EINT/
to sigral a reguest for microprogram attention.

b. At the end cf the macro instruction currently
being executed, the microprogram senses the
interrupt rejuest and jumps to a firmware sub-
routine to landle the request.

¢. The mciroprcyram lowers line IAKE/ to ack-
nowledge the request.

d. In response to the acknowledgement and select
in the devic= controller places an eight-bit
interrupt acdilress on input data lines ID00O/
through IL07/. The interrupt address specifies
the location in core memory page 1 of the two-
byte entry aldress for the interrupt servicing
subroutine.

€. The microprc jram accepts the eight-bit inter-
rupt address and raises line IAKE/.

f. The microprciram fetches the two-byte interrupt
subroutine eitry address from memory using the
interrupt adiress byte supplied by the controller
as the lower eight bitw of an address with the
upper address: bits set to 01 (page 1).

g. Using the tw)-byte entry address, the micro-

program exec 1tes a pseudo return jump to the
interrunt se -vicing routine.
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3.11.4

3.11.4.1

h. The interrupt servicing subroutine then
proceeds to service the interrupt.
DIRECT MEMORY ACCESS INTERFACE

Seneral

The direct memnory access (DMA) interface provides
the facility for connecting external I/0 device
controllers to the memory address, data, and
control buses through the DMA Selector Channel
Interface opt:on. Figure 109 is a simplified
block diagram showing the points of interface
between the processor, memory, DMA channels,

and I/0 devices. The remainder of this section
describes the interface between the DMA Selector
Channel and external devices.

IAIMIFRAME CHASSIS

PROCESSOF

DATA IN

DATA OQUT

] [ ! W I
MEMQORY l
ADDD IESS .
J Y [ Jy w |
Yy | i |
J7* J5*
Jo*
DMA DMA
SELECTOR SELECTOR EZ’EX"\?S;R |
CHANNEL CHANNEL BOARD |
NO. 1 NQ. 2
.___1_ — o e e e ]
¥ ] y
1/0 1/0 EXPANSION
DEVICES DEVICES CHASSIS

" IF MEMO Y EXPANDER BOARD ISNOT JSED, DMA SELECTOR CHANNEL NO. 1 PLUGS
INTO J9, AND DMA SELECTOR CHAMNNEL. NO. 2 PLUGS INTO J7

RELATIONSIHIT? OF PROCESSOR,

FIGURE 109

MEMORY, AND DMA CIHANNELS
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3.11.4.2

3.11.4.3

3.11.4.4

3.11.4.5

DMA Selector Channels

Each DMA channel is physically contained on a
single plug-in circuit board, which can be
inserted intc mainframe connector J9, J7, or

J5. Connector J9 is wired to accept either a

DMA Selector Channel or a Memory Expander board
(used when additional memory is added in an
expansion chassis). Connectors J7 and J5 are

also wired to accept DMA boards so that two
completely indeocendent DMA channels can be added
to the computer even though connector J9 is

used for memory expansion. However, when connectors
J7 and J5 are used for the DMA option, the maximum
memory size tha: can be accommodated in the main-
frame chassis is 8K bytes.

As shown in figire 109, DMA Selector Channels can

be inserted in mainframe connector J5, J7, or J9,

but the Memory :ixpander board can be inserted only
in connector J9.

DMA External In—-erface Lines

The external DM interface (between the DMA

channel and I/0 devices) comprises eight data
output lines, e .ght data input lines, six device
status lines, and eight control lines. These lines
are described in the following paragraphs.

Data Output Lincs

Data output lines MD00/ through MD07/ connect
directly to the memory data bus. They are used
for control of rhe devices connected to the DMA
channel as well as for transferring data from
memory to the devices. Because these lines
reflect the operation of the byte I/O interface
lines, they permit the use of output instructions
to control DMA channels and the device controllers
attached to ther.. During a direct memory output
operation the lines are sampled by the controller
when control lire DRDY/ goes low.

Data Input Lines

Data input lines DD00/ through DD07/ connect

to the memory deta register in the DMA channel.
The data appliec to these lines by the controller
must be settled when line CREQ/ goes low and must
not be removed cr changed until line DRDY/ goes
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3.11.4.6

3.11.4.7

low. The DMA channel accepts the data on these
lines some time after line EREQ/ goes low.

Device Statas Lines

Device status lines DST1 through DST6 are
connected through the DMA channel to the memory
data bus. The six bits of status information
applied to these lines by the device controller
are transferred to a dedicated memory location.
The controller applies appropriate status to these
lines all daring the time it is connected for
service and executing a block transfer operation.

Control Lines

The following eight control lines are available
at the external DMA interface:

a. COXX/ - control output

b. DOXX/ - data output

¢. MRST/ - master reset

d. EREQ/ - controller access request
e. EWRT/ - external write

f. CRDY/ - channel ready

g. DRDY/ - data ready

h. CSTB/ -~ start of buffer

Control outout line COXX/ carries a low signal
from the DMA channel to the controller to specify
that a device address is on the data output lines.
This line is =2xactly the same as line COXX/ on
the byte I/D bus.

Data output line DOXX/ carries a low signal from
the DMA channz2l to the controller to specify
that an information byte is on the data output
lines as thes result of an output byte operation.
This line is identical to the DOXX/ line on the
byte I/0 interface with the following exception:

The data cutput phase of an output byte operation
is subject to alteration if performed during the
time either DMA channel is connected and trans-
ferring data. For this reason, only function

type I/0 commands (those that use the COXX phase
of the I/0 oparaticn) should be sent to device
controllers on the DMA channel when the channel is
active. This restriction applies only to device
controllers connected to the DMA channels.
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Master reset 1 .ne MRST/ carries a low signal from
the DMA channe . to the controller to clear all
control flip-f ops to their initialized conditions.
This line is identical to control line MRST/ on
the byte I/0 interface.

Controller access request line EREQ/ carries a

low signal from the controller to the DMA

channel whenev«r a direct memory input or output
operation is requested by the controller. The

line must be held low for a minimum of 250 ns and
must be releas«d when line DRDY/ goes low in order
to prevent a second memory access immediately after
the one request.ed.

External write line EWRT/ carries a signal from
the controller to the DMA channel to indicate
the direction of data transfer (input or output).
A low signal on:i the line specifies an input *o
memory; a high signal specifies an output from
memory. ‘The l:ne must be in the required state
when line EREQ, goes low and must remain in

that state unt:1l line EREQ/ goes high again. As
long as this rule is followed, the line can be
changed during the transfer of one block of data
in order to intermix input and output operations.

Channel ready -ine CRDY/ carries a low signal from
the DMA channel to the controller to indicate that
the channel is not in use. The high state of the
line indicates that the channel is busy, has been
commanded, and is operating in the block mode

with some other device. The line stays high dur-
ing the transfer of multiple blocks of data when

a continuous block transfer operation is performed
(see paragraphs 3.11.4.11 and 3.11.4.12).

Data ready line DRDY/ carries a low signal from
the DMA channel to the controller to indicate that
data is present on the data output lines during a
memory output cperation, or to indicate that the
channel has the device data during a memory write
operation. The signal is used as a strobe by the
controller to capture the data on the data output
lines when a memory output operation is being
performed. When the signal occurs during a memory
input operation, the controller can begin removing
or altering data on the data input lines for sub-
sequent accesses. 1In either case the signal lasts
for 440 ns.
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3.11.4.8

Start of buffer line CSTB/ carries a low signal
to indicate thz start of each new buffer trans-
fer by the DMA channel. This signal is useful
for identifyiny the starting point of a cyclic
mode. Line CSTB/ then identifies the start of
cach block. The line goes micro seconds/low for
approximately 4.4 n at the address initialization
time of each block.

NDMA Control

fach DMA channel uses pairs of control words to
Jefine the starting and ending addresses for
sach block of data to be transferred during a
direct memory access operation. Each pair of
sontrol words identifies a buffer area in memory
into which cr from which a direct memory trans-
fer operaticn is performed. One DMA channel can
have up to four pairs of control words stored in
memory. Normally only cne pair is required for
a simple (one block) transfer, but the four pairs
can be used to link up to four buffer areas for
a continuous klock transfer.

Each control word occupies two bytes (16 bits) of
ccre memory. Fifteen bits of each word contain
address datz. The sixteenth bit of each word is
used as a link or interrupt flag. The flag bit
in the startirg address word is set if a block
transfer with linked buffers is to be performed.
The flag bit in the ending address word is set if
ar. interrupt is to be generated at the end of the
block transfer. This interrupt is an internal
one that transfers control to a service routine
whose address is stored in memory locations 82
and 83 (hexadecimal). The first instruction
executed in the interrupt service subroutine
must be Input Status, which resets the interrupt
signal.

The four paris of control words for each channel
are stored in dedicated locations in memory by

the software program before the start of a block
transfer operation. After being initialized by

the software program, the channel automatically
fetches its control words from memory. Thereafter,
the block transfer operation proceeds automatically
under control of the channel and device controller.



3.11.4.9

3.11.4.9.1

Figure 110 shovs the dedicated memory locations
allocated to tle two DMA channels for storing the
control words. The figure also shows the posi-
tions of the link and interrupt flag bits in

the control words.

Each DMA channel is assigned a device address
exactly as an 1/0 device: DMA channel 1 is
assigned 1/0 acddress hexadecimal 16, and channel
2 is assigned address hexadecimal 17. Micro-
commands execute the control functions of the
output byte instructions in the computer.

DMA Channel Operations

Simple Block Transfer

The timing diagram for a simple block transfer
through the DMA channel is shown in Figure 111.
Line CRDY/ goes high when a device controller
is connected ani communicating with the channel.
Each time the controller is ready to send or
receive a data oyte it causes line EREQ/ to go
low. The contr>ller holds the line low for a
minimum of 250 1s and must return the line to
the high state >y the time line DRDY/ goes low.

Line DRDY/ goes low when a data byte is present
on the data out»ut lines or when the channel
has sampled the data byte on the data input lines.
As shown in the diagram, data on the output data
lines is valid “rom approximately 100 ns before
line DRDY/ goes low until 200 ns after if goes
high again. During this period the data is
captured by the device controller. When the
controller is transferring data to the channel,
it must maintain the data input lines in the
appropriate sta“e from the time line EREQ/ goes
low until line DRDY/ goes low. The termination
of CRDY/ indica*“es that the block transfer opera-
tion is complete. All DMA channel devices must
be ready to termninate all operations when line
CRDY/ goes to the low state.
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3.11.4.9.2 Continuous Block Transfer

The timing diagram shown in figure 111 for a
simple block transfer is also valid for a
continucus (cyclic) block transfer. The only
difference is that line CRDY/ does not return

to the low state at the end of a block, since

the transfer continuously cycles through the

same block. Instead, to terminate the operation,
the processor must initiate a disconnect command.
Examples of devices that operate in this mode
are CRT controllers with continuous output to
some recording media, and other analog-to-digital
converters,

T

CHANNEL READY —] —L—
CRDY/

CONTROLLER REQUEST I I 11 I I

EREQ/

.44 f=— 880 nS< d < 2.0 US

Y
DATA READY LY

DRDY/ - i

it |—— 440 nS ——l '4— 440 nS

lOOSMIN‘.I

pongl—
DATA QUTPUT LINES X )q': X 1
F

MDO00/-MDQ7/

l." MAY CHANGE HERE FOR NEXT INPUT
It

by X

{ i
LR

DATA INPUT LINES )(
DD00/-DD07/

FIGURE 111
DMA CHANNE'. BLOCK TRANSFER TIMING
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3.11.4.9.3

3.11.4.10

Block Transfer with Linked Buffers

The timing diagram shown in figure 111 applies
also to the linked buffer operation, whether

the buffers are being handled on a start-stop
basis or cyclically. If they are being cyclically
transferred, line CRDY/ continues high indefinitely
until the processor disconnects. During start-
stop operation, the timing for one buffer transfer
is equivalent to that shown in the diagram with
the next buffer transfer occurring as directed

by the instruction from the processor. The only
difference between linked and unlinked operation
is that the block control words are fetched from
different memory locations when a linked operation
is performed.

Interface to DMA Channel

The output from the DMA Channel is a multiplexed
bus, that ig¢, the drivers can accommodate multiple
loads. The input channel is in the form of
collector-ORecd drivers. All of the input lines
described in paragraphs 3.11.4.4 through 3.11.4.7
must be driveri from the controller with DTL or

TTL power gates (type 944 or equivalent). To
maintain channel expandability, the output lines
from the DMA channel should be received by DTL

or TTIL gates with only one load per device.

A single 44-pin connector (P3) on the DMA channel
circuit board is used for connecting to I/0

device controllers. If multiple device controllers
are to share one DMA channel, thesy must be connected
in a daisy-chain fashion as shown in figure 112.

TERMINATION BOARD

DMA SELECTOR DMA CONTROLLEH DMA CONTROLLER
CHANNEL
P2 P3 . l
LT_j J |*_J ] ( —rJ
DMA 3US i\
1/0 DEVICE /0 DEVIGE DMA BUS CABLING
FOR MULTIPLE CONTROLLERS
FIGURE 112
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SECTION 4

INSTALLATION AND MAINTENANCE

INTRODUCTION

This chapter presents the installation and maintenance
procedure for operation of the computer from unpack-
aging through checkout and repackaging for shipment.

PACKAGING CONFIGURATION

The computer is shipped in two containers: One
contains the computer chassis, and power distribution
cables, core memory and all processor, control and
option boards, but =xcluding power supply and power
cord.,

Optional printed circuit boards (if specified).
Documentation
The other contains the power supply with power cord.

Both containers consist of a 350 pound test single

wall, corrugated box conforming to Federal Specification
PPP-B-636, Class I. Both are sealed with reinforced
tape conforming to Federal Specification UU-T-106 and
banded. Two pound lensity Ester Polyurethane foam
conforming to ¥ederal Specification MIL-C-46842 is used
to preclude movement of printed circuit boards.

The computer is shipped in a foam container fabricated
from a polyurethane foam conforming to MIL-P-26514A.
The foam holder is fabricated in three sections. Top
and bottom section, P/N RM5-1917, center section,

P/N RI17524, Reference Figure 1.

The foam container is banded in two places using nylon
web straps (Reference Figure 113).

In Addition, the power supply is mounted on a sandwich
type pallet cushioned with two pound density Ester
Polyurethane, 2 1/8 inches thick, per Federal Spec-
ification MIL-P-26514. Securing of power supply to



o]

the sandwich is accomplished by utilizing wood clamps
with hanger bolts and wing nuts. A sleeve of 350
pound test double wall, corrugated conforming to
Federal Specification PPP-B-636, Type I, Class 1,

is placed top to bottom, side to side, and end to end
to hold the pallet in a fixed permanent condition.

If a teletype is ordered with the computer, it will
be packaged in a container supplied by the teletype
vendor,

UNPACKING INSTRUCTIONS

Following is the procedure for unpacking the computer:

1: Be sure carton is in upright position as indicated
by arrow labels on outside of carton.

2: Insert diagonal cutters under wire band and cut
banding.

Remove wire from around carton.

4. Using a pair of carton cutters, cut 'reinforced
tape around carton.

5. Open flaps of carton and remove the foam container.

NOTE

For precautionary measures it is advisable that the
following steps are performed by two people.

6. Remove nylon web straps from foam container and
remove top section and the insert (s). Remove
computer from bottom section.

NOTE
DO NOT DESTROY FOAM CONTAINER OR CORRUGATED BOX.
(USE FOR RETURN OF COMPUTERS FOR WARRANTY REPAIRS
OR SHIPMENT OF COMPUTERS TO REMOTE LOCATIONS).

7. Cut polyurethane bag with scissors or knife.
8. Slide computer out of polyurethane bag.



FIGURE 113

NYLON STRAP

P/N RM5-1917

P/N RI17524

REF Micro 800



BROKEN
CRACKED
RESISTO

RECEIVING
JACK

9.

Remove wooden back from computer then remove
foam shipping blocks from inside computer.

Following is the procedure for unpacking the power

supply:

1. Refer to steps 1 through 4 listed above.

2. Remove sleeve of corrugated 350 nound test double
wall from around power supply.
Remove wing nuts from hanger bolts,

4. Remove wood clamps and 1ift out power supply.

SiE NOTE ON PREVIDUS PAGE

.3 SYSTEM INSPECTION

1.

S
.

il
.

With board puller P/N 9002, move printed circuit
hoards (PCB) from the jacks. Exercise extrene
care when handling PCB's. Component lead feed-
through occasionally leaves rough/sharp edges on
hottom side of board. Rough handling may result
in skin abrasions or minor scratches.

Record type board, part number, and serial number
as applicable.

Inspect PCB's for broken, loose, or shorted com-
ponents. -

— (
N .
OR \\ LOOSE \ SHORTED
3 ~_ INSULATED I\M—' DIODE LEADS
o L \_ BUS WIRE
REPAIRED SECURED BY CAUTIOUSLY
AS PER WARRANTY RTV SILICON RUBBER SEPARATE TO AN
UPRIGHT POSITION
4., Notice that each PCB has contacts on both ends.
The correct position of the board for proper in-
sertion is shown below.
il __r \ - (’l
KEY v A=
, B s
/ DIRECTION |
4 . PCB OF ( \
INSERTION CONTOURED DOUBLE
B - PLUG END ROW OF
¥ 65 PINS
i , —
y
L KEY SLOT FIGURE 114
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MEMORY

DMA

Exercise caution when handling the PCB during re-
placment.

Figure 115 shows the proper location of PCB's
within the chassis. Use this drawing as a guide
for proper location of the boards during re-
placment.

DATA
CONTROL

. ‘e — DATA
= osttstiemrlimmpesrassetausibeam e i e va— — _—_——_ OPT ION
L

ROS

=

FIGURE 115

(END VIEW)

There are three (3) sets of guides that support and
align each board with its respective jack. See
Figure 116.

(FRONT)
) i) | 1 3
) P yiew { 1 3
) P { 1 1
(REAR)

(SIDE VIEW)

Y W\

N ! ¢ -~ i . - . .
3 ! le—f + £ 3 f —3

L __k | STS——" — 1 - |
—_— 1 s -

1__=- } T I ! !

i | f ——

| I ]}—e:;.; Tt

L !

N e .
WRONG RIGHT
<::> FIGURE 116 (::>
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NOTE

[t may be applicable to record by part number and
serial number the location of each board.

9. Identify a data board P/N 100(1193 (1000774).
Insert this PCB in J10. Insure proper alignment.
with the gzuides. -

1). Because of the necessity of good electrical
connection, the PCB's will exercise an initial
resistance upon full insertion into the jack.

11.  To fully insert the board into the jack it may
be necessary to push the board up and forward
from the underneath. This will position the
PCB at jack opening. See Figure 117.

BOARD

P4 A S\
— O S T
JACK ———
FIGURE 117

12. While securing the CPU from the front with your
left hand, push the board fully into the jack.
See Figure 118.

—= \
\

FIGURE 118
4-6



13. Another method miy be used in conjunction to that
above by gently jushing down or lifting up on the
end of the hoard while pushing forward (board
aligned correctl) and feeling the board '"seat"
in the jack. Se¢ Figure 119.

PUSH DOWN RESULT
o [HEN IN ‘
. -~y o
= ‘1 =3 1 - OR KL-_{:J_ 1 ‘}'? poi |
RESULT 4
LIFT THEN PUSH
FIGURE 119

14. When the board has '"'seated" properly, you will
usually hear a dull snap which will indicate that
the board has ho-tomed out (seated) in the jack.

15. Insert the contr«l board next, P/N 1000197 or
1000775 in J11.

16. Insert the seconc data board P/N 1000193 or
1000774 in J12.

IOTE

The two (2) data boards are interchangeable,
but do not exchange the control board with a
data, PCB electronic component damage may
result.

17. Insert the proce:sor option board as applicable
in J13.

18. The read only storage (ROS) boards, those with
groups of diodes have a significant installation
sequence which must be adhered to or your CPU
will not function properly.

19. The following chiart is a guide to follow for
correct ROS PCB .nstallation



(Interchangeable within jack locations only)

~ J14 ROS #1 1000275 1000279 1000590
L- J15 ROS #2 1000276 1000280 1000591
EW_JEE_ROS #3 1000277 1000281 1000592

FIGURE 120

CAUTION

[xercise care when installing ROS PCB's. Improper
handling may cause the shorting of diode leads which
will result in CPU malfunction,.

Install each ROS PCB as per Figure 120,

a. If you have only three (3) ROS PCB's, insure
that you skip jack location J17 before inserting
the first I/0 board.

b. Insert the first I/0 board in J18 (as applicable).



c. Insert remaining [/0 boards in J19 through J21,
(as applicable).

d. The magnetic core memory unit is a two (2) board
module,

A A G

FIGURE 121

e. The side with the large ceramic resistors (mounted)
in black colored heat sinks) is the top side of the
memory module. This side contains the sense/inhibit
circuitry.

f. The bottom side of the board is sink and drive cir-
circuitry. Current loop wire (white insulated wire)
should be secured to the board by RTU silicon com-
pound. This is t> prevent obstruction when inserting
the next memory module.

g. With sense/inhibit side (large ceramic resistors)
up, insert the memnory module in the double sets of
board guides.

h. Fully seat the menory module.
i. Insert remaining nemory modules (as applicable).
j. Insert direct mem>ry access PCB (as applicable).

k. Inspect power sup»sly for loose hardware, loose or
broken components.



Remove a CPU power cable/harness from plastic
bag as applicable.

Place power supply on top of CPU (to the rear)
or on table top near the CPU as applicable.

220VAC POWER SUPPLY OPERATION

The computers are shipped wired for 115VAC power,
50 or 60 cycles. If operation at 230VAC is re-
quired, the following changes should be made to the
power supply:

1. Observe that on the main transformer on the
power supply are four screw-type terminals
1ab€1€"d H‘A\H ”BH’ HCH’ and H‘D"‘

2. Disconnect the ring-tongued terminal from "D"
and connect it to '"C'".

The system is now operational for 230VAC power.

CAUTION

Do Not connect power cord to power source outlet
at this time.

Remove power supply terminal strip cover (2 hex
head nuts).

Set power supply toggle switch to OFF position.



With VOM or othe - suitable voltage measuring
device measure the power supply output voltages.

Connect power supply cord twist lock connector
to the power supnly.

Connect power supply cord to 115-120 VAC 60 ohm
power convenienc: outlet.

Set power supply switch to power ON.

Push power switc) on front panel down (ON).
Measure the following voltages:

. +12V ¢

. + 5V ¢+
. COM

. -1.5V +
. -6V +
-V - -16.5V

DET - +15V 1in normal operation - ground
during power fail detect)

9. REM - 115VAC
10. PWR - 115VAC
Set power supply switch to power OFF.

1
2
3
4
5
6
7.
8.

Remove 115-120VAt power from the power supply by dis-
connecting the tvist lock connector or power supply
cord plug from 1 5-120VAC source.

1. On the power supply terminal strip loose the ten
(10) pan heac screws to allow enough clearance
for insertin; the CPU power cable/harness.

2. Install the (PU power cable/harness on the
terminal str p.

3. Tighten the 'erminal strip screws to secure
the power ha'ness.

4. Insure that 'he front panel power switch is in
the upper mo:t position (should be released from
its holding : 1ternate action position).



8.

Bring out the teletype cable (as applicable).

If you wish to install the power supply in
chassis, carefully 1lift the power supply and
turn at a right angle to the rear of the CPU,
then lower the power supply and insert into
the rear of the CPU.,

Secure the power supply to the chassis with five
(5) screws (as applicable).

Do not obscure the vent slots on each side of the
CPU or the fan exhaust in the rear. An ob-
struction will result in the restriction of air
flow and may cause the CPU to over heat. This
will cause machine malfunction if not corrected.

Reconnect power 115-120VAC to the system.
Set the power supply switch to the ON position.



4.4

SYSTEM TURN-ON

NOTE

You are now ready tc apply power to the CPU.

1.
2.
3.

Always remove power Hefore removing or installing any PCB.

4.

Set the SAVE switch ON.
Set the POWER switch ON.

The HALT lamp should be illuminated. If the
HALT Tamp does not illuminate to the next step.

\\\\H//
1 Olo3io
AT
FIGUKE 123
NOTE

If the HALT lamp did not come on, perform the
following as necrssary:

a. With power on, check +5VDC, +12VDC. If you
do not have -5V, +12VDC go to (b).

b. Depress power switch to OFF.

C. With a ohmetcr check fuses F1 and F2. Re-
place if found to be defective. Go to step 2.

d. Proceed to step 1 of 4.6

If power suprly continues to blow fuses,
check the following:

i. Insure tlat the PCB on the power supply
is properly seated.

ii. With ohmeter, the voltage terminals to
chassis ground should be open circuited.

If you have an ADC power supply P/N 1000134

insure that the large heat sinks have not
become lcose and shorted to ground through
its suppert. (At four (4) places).

!
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4.

f. If problem still exists replace power supply
as per warranty.

g. Set power to OFF.

h. Remove HALT lamp lens by pulling out. Remove
lamp, check with ohmeter. If open circuit,
replace with a new ESB-12 lamp.

i. Replace lamp and indicator.
j. Return to step 4.5,1.
k. Set power to OFF,

1. Reset both Data Board #1 in J10 and control
board in J1i.

m. Return to step 1 of 4.5.
n. Set power to OFF.

Interchange Data Board #1 in J10 with Data
Board #2 in J12.

p. Return to Step 1 of 4.5. [f the HALT goes on,
the data board in J12 is defective and must
be replaced as per warranty.

q. Continue with the next step.

PCWER DOWN PROCEDURE

If the CPU is con the "RUN" or "HALT" lamp will be
illuminated. Depress switches in the following sequence
tc properly turn off power:

1. CLOCK (momentary) then,
2. RESET (momentary) then,
3. SAVE (alternate action) then,
4. POWER OFF (alternate action).

At this time tlre illuminated lamps will go out and
tke sound of tte power supply fan will diminish.

TELETYPE INSTALLATION

If an ASR 33 type "TY" Teletype is purchased with the
computer, the only requirement for use with the computer
is to insert the computer cable connector into plug S2
(located at left rear of teletype).

4-14



However, if an ASR 335 Teletype is not purchased with
the computer the following procedure may be required
to make the teletype compatible with it:

1. Remove cover of -eletype.

2. Note terminal strip 151411 located at lower left
of teletype view>d at rear of machine. Teletype
Corporation wiriig diagrams 6353 WD Sheet 1 are
helpful, but not mandatory for the following
changes.

Move purple wire from terminal 8 to terminal O.

On terminal stri» 151411, move white/blue wire
from terminal 4 ro terminal 5.

5. Move brown/vellow wire from terminal 3 to terminal
5.

6. Observe Power Re:istor 181816 located at center
of right side of teletype (viewing from the front
with cover removed). When cover is in place, the
resistor can be :een centered under the removable
plate on the right side.

7. Move blue wire from terminal 3 to terminal 4 of
the power resistor.

Connection to an ASR 35 Teletype

To medify an ASR 35 “ype "TY" Teletype for use with
the computer, perforn the following procedure:

1. Remove the top cover from the teletype.

2. Observe the powe- terminal block (151415), denoted
in wiring diagram by T, which is located at the
right lower rear (viewing from the front) of the
cabinet behind the teletype printing mechanism.

3. Remove strap between T6 and T7.

4. The existing cabie from the computer must also be
modified to connect to a Teletype ASR 35.

a. Cut off the connector.

b. Conﬁect the ‘our wires to the "T" terminal
block in the Teletype as follows:

01d Connecter

1 Terminal
Pin Number Wire Color Block Pin #
(O TTYX 8 Send Loop White 7

_I:—ﬁC) GRD 7 to teletype Black 8

-6 _ﬁ/\/VA_~<) TTIR 5 Receive Loop Brown 6

—(_

——— ") TTIN 6 from teletype Red 6

FIGURE 124
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LOADING A PROGRAM TAPE

A Program Tape is loaded into memory via the basic
paper tape loader. This basic loader is in the
bootstrap forma: [1 data byte per frame of tape)
and is spliced onto the front of the program tape
The splice is made so that the last frame of the
loader is followed immediatcly with the leader of
the program tape. The microprogrammed bootstrap
loader loads the basic loader and transfers con-
trol to it. Then the basic loader loads the pro-
gram tape and, after a successful load, transfers
control to the address contained in the end-of-tape
record. Following is a procedure for loading a
programmed paper tape through the teletype via the
bootstrap and basic loaders:

Place the TTY in rhe off-1line mode, place the reader
control lever to the "free' position and enabhle the
teletype reader. Type control and O,

Place the TTY in the on-1line mode and insert the
program tape in the reader with the first rub-out
character at the read station. Set the reader
control lever in the stop (center) position.

Se+ the front panel sense switches as follows:

Sense Switch 1: Off for serial TTY interface.
On for parallel TTY interface.

Sense Switch 2: Must be Off
Sense Switch 3: nust be Off

Sense Switch 4: nust be On. This selects the boot-
strap loader whenever the run switch
‘s selected and was preceded by a
reset.

Press the TTY reader lever to the start position.

When the basic ‘oader is loaded and operating properly,
the teletype page printer mechanism will chatter when-
ever a record separator passes the read station. This
is caused by the :ssuance of reader off and a reader on
code between records.

If a checksum error is found, the message 'CE' is typed
and the system will halt. Another attempt to properly
load the record may be accomplished by backing up the

tape to the previous record separator, (indicated by 3
successive rub-outs), placing the reader control lever

in the stop (center) position, and pressing the run switch

4-16



4.9

on the front console., When the tape is properly loaded,
the reader will be stopped, and control will transfer

to the loaded program. If another input device (card
reader, high-speed paper tape, etc.,) is available on the
system, it may be used to load the program. The basic
loader for that device is supplied as a separate paper
tape and is read through the teletype reader by the
previously described procedure. Following the loading
of this short tape, the program will be automatically
loaded via the other device.

TOS OPERATION

If TOS is in the mach:ne, the R operator causes TOS
to load a program tape, This operation can be con-
figured for any standard input device, but normally
the device will be the teletype paper tape reader.

The tape must be inserted in the reader with the
leader (any frame with the channel 8 present) placed
at the read station before the R is typed. When the
loader encounters a record with a zero byte count

the loading process i: terminated and control is
transferred to TOS or to the transfer address. If
there is no zero byte count record, loading will con-
tinue until the comnuter is halted or until the con-
sole interrupt is act vated. A checksum is calculated
for each retord loaded and if it doesn't equal the
checksum read with the record, the letters 'CE' will
be typed and control will return to TOS. By backing
up the tape to the previous separator and typing an R,
another attempt may b. made to load the tape.

DIAGNOSTIC TEST PROGRAMS

The system is now ready for use as a computer, to
further ascertain the system operation proceed to
run the following diagnostic test programs,

1. GIT - General Ins- ruction Test
2. MDT - Memory Diagnostic Test

3. POT - Processor Ontion Test (if option board is used).



.10

For description of tests and instructions or diagnostics
operational procedure, consult the instruction manual
P/N 70-1-0810-007, Memory Diagnostic Test, Processor
Option Test and General Instruction Test.

PREVENTIVE MAINTENANCE

The computer does not require a rigid schedule of
preventive maintenance routines. However, to insure
the operational accuracy of the computer, it is rec-
ommended that the Diagnostic Tests cnn be conducted
either on a dailv basis or whenever other system
maintenance is percormed and that the +5 volt power
supply be checked and verified for operation within
5 percent of its nominal value. When checking the
power supply voltage level, turn on all input/output
equipment and measure the voltage with a digital
voltmeter having a full scale accuracy of 3 percent.
Measure the voltage at the Control Board after the
card extender has been inserted between the Control
Board and the Backplane.

CAUTION
Do not remove the Control Board or insert the Control
Board with the power on.
Measure the +5V supply on the Control Board with the
power on,

Measure the +5V supply on the Control Board across
the capacitor locazed between the components at
coordinates Al and Bl. The voltage should measure
4,75V (min.) to 5.25V (max).

4,19.1 TPower Sunply Adjustment

I1f additional loads are added to the Power
Supply, readjustment of the +5 voltage may be
necessary. The procedure would be to monitor
the voltage, either at the backplane or at the
connector. Vary Trimpot R located on the
regulator board to +5V +5 percent,

1f the +5 volt supply is out of tolerance,

then the appropriate power supply potentiometer
is to be adjusted to set the correct voltage
level. The potentiometer to be adjusted is
located on the printed circuit board within

the power supply.



4,10.2

If the power supply is the type as depicted in
Figure 1C, then the potentiometer to be ad-
justed is the center one on the horizontally
mounted circuit board.

If the power supply is the type as depicted
in Figure 1E, then the potentiometer to be
adjusted is the lower one on the vertically
mounted circuit board.

Corrective Maintenance

Circuit Board Replacement, When troubles with
the processor have been isolated to a circuit
board level ard it is necessary to replace that
sub-assembly, the following procedure should

be implementec:

1.

Shut off the computer power and remove the
power input connector to the computer.

Remove the five power supply panel mounting
screws anc remove the power supply from the
computer,

Be careful not to pinch or shear the rainbow
wiring stiip.

At this pcint, all the circuit boards are
accessible. Firmly grasp the circuit board
to be remcved and pull outward. Grasp the
assembly with both hands or a card extractor.

CAUTION

Do not use long nose pliers in place of a
card extractor.

Be careful not to damage components on the
assembly by inadvertently banging them against
other boards or structure within the body

of the corputer.

Insert the replacement card and insure that
it is prorerly seated in the backplane connector.
Sometimes it may be necessary to take the sag
out of the circuit boards when inserting them.
To accomplish this support the center of the
board with one hand, keeping the board straight
and use the other hand to apply sufficient force
to seat the board in its mating connector.



5. Replace the power supply into position again
being careful not to damage the rainbow wiring
strip and secure the power supply to the chassis
by replacing the five screws previously re-
moved.

6. Replace the power connector and resume operation.

It is recommended that a diagnostic check and
power supply voltage check be performed at this
point.

Power Supply Replacement. The power supply is
replaced by following the procedure outlined
below:

1. Shut off the computer power and remove the
power input connector to the computer.

2. Remove the five power supply panel mounting
SCrews,

3. Loosen the 10 spade lugs on the rainbow
wiring strip from terminal board TBI1.

4. Withdraw the power supply.

Be careful not tc damage any wiring during
this operation.

Insert the new power supply, being careful
not to damage any wiring.

6. Fasten the 10 spade lugs to the appropriate
terminals on TBI1.

7. Secure the power supply panel with the five
mounting screws,

8. Replace the power cord and resume operation.

Front Panel Replacement. Components located on the

front panel may sometimes require replacement due to
either burn-out or damage. This paragraph suggests

procedures for maintaining the front panel.

Lamp Replacement

1. Remove plastic protective cap covering lamp
to be replaced. The cap is a snap-on device
and is removed by applying finger pressure
across opposite sides and pulling outward.

2. Remove the lamp, to be replaced, from its
bayonet socket.

3. Insert the new lamp.
4. Replace plastic protective cap.



Switch Replacement

1. Insure tha® power is disconnected from the
computer.

2. Remove face plate by removing the four 6-32
X 1/2 Philliips screws at the corners of the
face plate.

The front panel mounting plate is now exposed.

Remove the top center screw from the front
panel moun+ing plate.

5. Do not remove the two lower screws. These
screws are used to mount a connector located
behind the front panel mounting plate.

6. Withdraw the front panel mounting plate from
the chassis. It is being held by two connectors.

Be careful not to damage the connectors by
rocking the front panel from side to side or
top to bottom when withdrawing the front panel.

7. Carefully tag the wiring and its location on
the defective switch assembly.

8. Remove the wiring from the switch assembly.

9. Remove the mounting nuts which secure the
switch assembly and remove the defective assembly.

10. Install the replacement switch assembly and
carefully tighten the mounting nuts. Be sure
the nuts de not damage the switch assembly
mounting tabs due to overtightening them.

11. Install the wiring on the new switch.

12. Replace the front panél mounting place and
insure that the connectors are properly mated.

13. Install the top outer mounting screw previously
removed.

14. Replace the face plate and the four mounting
SCrews.

15. Connect power and resume operation.
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PACKAGING AN) PACKING FOR SHIPMENT

There are times when the computer must be packaged
for shipment, either to a remote locatior, or back

to the computer manufacturer. In case of a need

to ship the zomputer the following procedure should
be followed using the packaging material the computer
was delivered in if possible.

If the original packing case and material was
destroyed or lost, the computer must be packed with
extreme:. care adhereing to the following procedure
as closely as possible with the available packing
material.

Packing Method

The assembly when completed, and accepted for shipping,
shall be placed in a pre-cut and shaped foam holder
that is nested in a fiberboard box meeting the require-
ments of PPP-B-636, 350 pound test style, or to an
equivalent industry standard.

The foam holder shall be fabricated from a polyether
polyuerthane foam conforming to MIL-P-26514A.

The foam holder is fabricated in three sections. Top
and bottom section, P/N RM5-1917. Center section,
P/N RI17524. Reference Figure 125. The foam con-
tainer shall be banded, using Nylon Web strap, in

two directions (ref. Figure 125).

AN — NYLON STRAP REF.
e :

\
/

\\
/
\

P/N RM5-1917

AY
N

o P/N RI 17524

(3 pieces)

/“P/N RM5-1917

-

~

o
- \ REF. M800

FIGURE 125
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4,11.2 §E:ppihg‘Method

The fiberboard container nesting the
foem holder, shall be used as the
shipping container,.

The container may be fabricated, either
as a rigid fully assembled box, or as
a folded die cut box with flaps.

Sealing - The fiberboard container
shall be sealed, using a three inch
wide paper tape (gummed craft or equiv-
alent) on the closure flap and the open
ends,

4.11.3 Mar<ing of shipping container

The shipping container shall be marked

as shown in Figure 126. Marling labels
shal!l be applied or marking may be hand
let-ered using marking pens. The marking
sha' 1 be legible and readable from a
dis-ance of two feet.

4.11.4 Powcr Supply Preparation

Insrall Power Supply on foam package
mounting block reference 127.

Place foam holder and power supply in
fiber board container.

Place fiber board packing in place. Power
corc¢ and other accessories in proper
paclage locations.

Seal fiber board container using three
inct wide paper tape, on closure flap
and open ends.

Preraration for delivery.

Mark shipping container as directed in

STEEL STRAP 4.11.3, this specification.

ue

FIGURE 126
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.12

FIELD MAINTENANCE

Field maintenance is concerned with assuring that
the computer system is performing properly, as well
as for rapidly repairing a defective system.

4.12.1

4.12.

[R]

4.12.3

Field Mairtenance Kit

The folloving list specifies the minimum
requiremerts for adequate performance of
field mair tenance goals,

Digital Vc1lt Meter - Data Technology Corp.
DT-430 ( or equivalent)

Complete computer System

Maintenance Manual

Technical ‘fanual

Test diagrostic programs and instructions
Electronic tool kit

Vacuum cleaner

Cleaning Solvant (MEK, FREON, etc)

Wiping clcths

Preventative Maintenance

Basic quality assurance check-out can take
place on a time available basis, daily, weekly,
Oor in conjinction with maintenance on other
system equipment. Diagnostics can be run on
the comput °r memory, the firmware, and per-
ipheral eqiipment controllers at the same time.
At intervais, not exceeding ninety days, com-
plete syst m checkout should be run as listed
in the following sections.

General Ph-sical Clearing

Vacuum, as necessary, the inside of the computer,
especially the power supply, and air vents.

lleavy accunulation of dirt will hinder the cooling
effects of the fan. If desired, an occasional
clearing o~ logic cords and connectors with

MEK, TREON, denatured alcohol, or other non-
residue so'ution may be performed as needed.



Svstem Diagnostic Tests

The {GIT), General Instruction Test, should

be run to assure the proper operation of the
firmware. (MDT) should be performed to test
proper memery opérations. “eripheral ecquipment
diagnostic tests should be run on each piece

of equipment.

Voltage Margin Test Procedure (reference 1000441)

Voltage margin testing can b>ften isclate a
failing svstem hefcre a problem exists. The
technicue is to cary the powser supply voltages
about the nominal cperating point while running
a test program.  [¢ a marginal conditicn exists,
this techknique may find 1it.
Femcve the power supply fror the chassis and
set it along-side the computer taking care not
to damege the computer power wiring. Turn on
the conptter and run the core memory diagnostic
yrogran cn one memary module., Use a digital
volt meter to monitor the supply outputs.
Notc: Mcnitor the voltages on the backplane

it possible,
et the cupply voltages as specified in Figure
728 (8, and aliow the memory diagnostic to
nake ore complete nass for each setting. Memory
test tokes approximately four minutes for a 4K
memory svstem. If errors occur, refer to MDT
reference manual.

Test # 1 45 +17 -16.75
1 5.25 12,60 -17.09
2 5.25 12.60 ~16.41
T 5.25 11.40 ~17.09
4 5.25 11.40 -16.41
5 i, 75 12.60 -17.09
6 4.7 12.60 -16.41
7 4.75 11.40 -17.09
8 1.75 11,40 -16.41

FIGURE 128

After conpletion of this test, reset the supply
voltagss to their nominal +5.00, +12.00, and
~16.75 volt levels.
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DEPOT MAINTENANCE

The depot level i: the second in the three levels

of computer maintcnance. It is at this point where
most logic «card ind sub-system repair takes place.
Repairs that cannst be accomplished here should be
referred to the f.ctory. Factory type repairs would
include most inte mittant component failures, damaged
core memory mats, and slow switching diode problems
on read only memo"y systems.

4.13.1 Test Equi ment and Fixtures

The folloving list enumerates the various pieces
of test equipment, test boards, computer pro-
grams, documentation, and tools required to
perform-depot level maintenance.

Oscilloscope - Tektronix Model 453 or equiv-
alent
Digitalypit Meter - Data Technology Corp
DT-430 or equivalent

Extender ‘oard P/N 1000219
ROS P/N 1000590
ROS P/N 1000591
ROS Dhiagnnstic Board P/N 1000593
System Control Panel P/N 1000237
Teletype ASR33-TTY

Memory Diignostic Test Program P/N 11004
Basic Computer P/N 8001

Electroni+ Tool Kit

Technical Manual

Maintenan:e Manual

Schematic: and wire lists for computer

Map and 1 sting of ROS #1 board

Map and 1 sting of ROS #2 board

Read Only Memory test program

General Instruction Test or equivalent P/N 11008



Read Only Memory Troubleshooting

General troubleshooting a ROS board, the
engineer should have a thorough knowledge

of the theory of operation of this system
(refer to section 3, in the maintenance
manual). Reference to drawing #1000192

for logic drawings, figure 129 for component
location, and the diode map and ROS instruction
listing for the particular board under test
will be necessary.

Mechanical failures - Visually inspect the
board urder test for physical condition. Re-
move any foreign material from board that might
tend to short electrical signals together.
Check fcr cracked, broken, or otherwise damaged
componerts. Replace any damaged components.
Inspect tte diode matrix for touching diode
leads. If any are found, gently the touching
leads apart. If any physical defect has been
found tlter execute the Read Only Memory Test
program tc determine if the board now functions
properly.

Flectronic Failures - Electronic failures can

be groupec into classes by symptoms. By deter-
mining the specific malfunction, the cause can
normally hbe found. The following procedures will
require the board under test to be plugged into
the extencer board which is inserted into J14

in a basic computer. The computer must he fitted
with a c<ystem control panel, In the testing
procedures, micro instructions will be executed
from the system panel (refer to section

of this menual if neccessary). Apply power to
the computer and release the SAVE switch,

Ensure thet the SELECT switch 1s in ROS mode
Depress RI'SET. Display "L". All data lights
will be ouvt. Display "R2" and then "R1'",

If "R2"™ ard "R1" do not display hexadecimal
"FFFF'", ccntinue the following tests,

Voltage Clecks measure the -1.5 volt etch bus
with respect to ground, If this voltage reads
less then zero volts but more positive, than
-1.35 volts then replace capacitor C5. If
this voltage reads positive with respect to
ground then capacitor C3 or C4 is shorted. If
the -1.% volt bus reads zero volts then there
is a shcrt circuit between the bus and ground.
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Measure the +5 volt bus with respect to ground.
If this voltage is less than +4,75 volts, then
capacizor Cl, C2, or C6 is shorted or there

is an etch short circuit on the board.

Data Enable DENB/

The signal DENB/ (collector or case of Q1)
and pin 8 of Z1 should be at logic zero.
Pins 6 and 12 of Z1 should be at logic one.
Pins 3, 4, 9, and 13 of Z2 and Z3 should be
at logic one. If not, then analyze these
circuizs to find the bad comnonents.

Word Select Lines WDX

After execution of the specified micro
command, the following signals should be
observed on the collectors (cases) of these
transistors.

MICRO _COMMAND — WDO WD1 WD 2 WD3

02 Q3 Q4 05 Q6 07 Q8 09

1400 -l.5+5 -5 -1 -.5 -1 -,5 -1
1401 -5 -1 -1.5+5 -.5 -1 ~-.,5 -1
1402 -5 -1 -.5 -1 -1.5+5 =-.5 -1

1403 -.5 -1 -.5 -1 -.5 -1 ~-1.5 +5

Row Select Lines RDX

After execution of the specified micro
command, the following signals should be
ohserved on the collectors (cases) of these
transistors. Y = 0 volts, N = -1.5 volts

COMMAND  RDO  RD. RD2 RD3 RD4 RD5 RD6 RD7
010 Q1. Ql2 Q13 Ql4 C15 Q16 Q17

L400 Y N N N N N N N
L1404 N Y N N N N N N
1408 N N Y M N N h N
L40C N N N Y N N N N
L1410 N N N N Y N N N
1414 N N N N N Y N N
1418 N N N N N N Y N
141C N N N N N N N Y



Column Select Lines CDX

After executicn >f the following micro command,
the following signals should bhe observed on the
collectors (cases) of these transistors.

Y = -1.0 volts N = +2,5 volts

COMMAND DCO CD1 CDZ D3 CD4 CD5 CD6 CD7
Q19 Q21 Q23 25 Q27 Q29 031 Q33

1400 Y N N N N N N N
1420 N Y N N N N N N
1440 N N Y N N N N N
1460 N N N Y N N N N
1480 N N N N Y N N N
14A0 N N N N N Y N N
14C0 N N N N N N Y N
14E0 N N N N N N N Y
Line Drive Select Lines LDX

After execution >f the specified micro command
the indicated transistor collector (case) should
be at a -1.0 volt potential., If a transistor is
not selected, ttz voltage should be +5 volts.

COMMAND @  COMMAND ¢ OMMAND Q COMMAND 0

1400 66 1440 82 1480 98 14C0o 114
1404 67 1444 83 1484 99 14C4 115
1408 68 1448 84 1488 100 14CS8 116
140C 69 144C 85 148C 101 14CC 117
1410 70 1450 36 1490 102 14DO 118
1414 71 1454 87 1494 103 14D4 119
1418 72 1458 88 1498 104 14DS8 120
141C 73 145C 89 149C 105 14DC 121
1420 74 1460 90 14A0 106 14E0 122
1424 75 1464 91 14A4 107 14E4 123
1428 76 1468 92 14A8 108 14ES8 124
142C 77 146C 93 14AC 109 14EC 125
1430 78 1470 94 14B0 110 14F0 126
1434 79 1474 95 14B4 111 14F4 127
1438 80 1478 96 14B8 112 14F8 128
143C 81 147C 7 14BC 113 14FC 129



Program (MAP. Diode Failure

i { the above procedures have not isolated the
rroblem then the next step is to verify the
rrogram matr .x (MAP). The reference data for
+his test is the program listing for the board
vnder test. The program listing has two columns
+f numbers. The left hand one is the address
Tisting which _s numbered 000-0FF, 100-1FF,
J00-2FY, or 300-3FF, Correspording to each
cddress 13 a 1o bit, four hexadecimal digit
.umber which is the particular ccmmand for the
recifled adidress, Successively execute the
T4XX commind and read out on the DATA lights
R2" and "R1" ecach location., For example 17 the
irst Tocation is 200, execute tl2 command 1400.
TR2'" wl.ll display the urmer two Pexadecimal diglts
rJd R1 ths Ioswer two, Make a 1ist of the bhad bit
‘ccations by address. After all programnme.l
sddresses hare beer exarinec, al. that is required
s te locste the bad Jdioiies on tte card and replace
“hem, A missing "one' indicates an open diode.
missing "z:ro" should never ocrur.,

cferring to Figure 129 shows thrt the diode layout
< made up of sixty-four rows ane sixty-four columns.
"t coiumn hz2aded by the resistor marked "0 has
crds with aldresses X008, X01, X022, X03. The

Tumn associated with *he verv vight-hand resistor
hes addresses {(FC, XFD, XFE, XFF. This demonstrates
“tat each column has four words in it. The two low
order hite of the first word in e¢ach column are
"0, The n2xt werd in each column has low order
its 0l., Bvarvy fourth rvow of diode positions
corresponds to one bit in one word within a part-
icular columna.

‘in the right-hind side of the card above sixteen
proups of four diagnol mounted diodes each is the
tegend: STRIB:

71 23

There are sixtzen diodes in each column under this
legend marked '0", "1'', "2", and "3". The highest
i{iode in the column marked "0" is in the row corres-
nonding to bit position "0" in each word on the card
whose address ends in binary "00". The highest diode
in the column marked "1" in the same way marks the
row for bit position "0" in each word whose address
ends with binary "01". These groups of diodes are
marked off for the bit positions which they mark.



From this it is secen that the four words in each
column have their bits interleaved so that every
fourth diode ir & column is in the same word.

As an example if the first four words on the card
were BFOZ, 2B0C, 2A00, and 4010 then the column
under resistor marked "0" would look like the
following drawing.

A = diode in word X00
B = diode in word X01
¢ = diode in word X02
D = diode in word X03
N = no diode

ANNNNNNDABCNANNVABCVANNNAB(NASNIVNNNNNNNNNNNNNNDNNNNNNVNANNNNNNN
| 15 !14' 13l 12 ]11 llO l | 8 I 7 ' 6 I 5 ‘ 4 , 3 ' 2 [ 0
Using this informition, replace the defective diodes.

Final Test

After going throu:h the above troubleshooting pro-
cedures the corre -t operation of the hoard should

be verified hy th: Read Only Memory Test program.

If the board stil: fails this test, then it should
be returned to th: factory for checkout on automatic
test equipment anl! repair. Slow switching diodes
and intermittant omponents generally cannot be
found at the depo- level of maintenance.
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BACKPLANE TROUBLESHOOTING

For this discussion the backplane and the front

pancl p.c. beard will be covered as a unit. Refer

to Jrawings 1000579, backplane, 1000260, front panel,
p.c. hoard, and 1000269 wire list for interconnecting
wiring betwecen the two systems. The only twe failure
modes for this system are mechanical and electronic
conronent.

Meclt anical Failurces

Rencve the contro. panel and examine the pin «ide of
the bazkplane for broken wires and bent pins. FExawmine
the cxnosed side of the front panel p.c. boovd for
forcign materia which could cause a short herween
etcl lines. FExamine for broken wires and roprir.

[ connectur or contact p'n is damaged the connector
wi.l have to be removed from the backplane. Renove the
bacipiaine and front panel p.c. board from the chassis.
Us rg a2 low volrage soldering iron and solder extractor;
onc by one remove wires and solder from each nin on

the bhald connector. Replace the connector with a new one,
so cer to the backplane, and then replace the wirves,

if unv, that were removed. loosely bolt the hackplane
and front panel p.c. board ntc the chassis. Insort

an lozic cards in the connectors on the top and hottom
two connectors —o act as al:gnment guides. Tighten

al . the backplane hold down screws. Tighten the hold-
dowr holts for ~he front panel p.c. board.

Electronic Fallurcs

Reicrence Drawing 1000260. The only electronics circult
in this assembly are on the Front Panel p.c. bhoard. This
electronics is used to filter the serial teletype line,
provide passive pull-up loads for the front panel
sw:tches, and control the lamps on the front panel. Using
the system control panel, select '"Panel' mode and reset
al. "Command" switches. Display "R1'" and "R2". ''Data"
lights 0" through "7" should be out, o

Note any vamp that is illuminated. Enter all ones (FFFF)
into the Command switches. Display R1 and R2 and note
that data lights 0" through "7'" should be on. Note

any descrepency. Execute the following commands in

this order from the front panel to set "L'", "M",6 "N'",

and '""D'" to zeroes.



4.

15

1300
1400
1100

Set SELECT switch

"N", and "D'". Al

Execute the {follov:
bits to "Ones'".

13FF
12FF
1DFF
2FFF

With the SELECT s
"7" for DISPLAY
lighted. Also "L’
on.

Any bad bits foun.
by replacing the
assciated with th.

FATLURE ISOLATION

When a failure oc:
the best method o
replacement hasis
with long time in-
placement of the

vised - leaving p-
factory. Past hi
junction with fai
valuable establisi
test. For exampl:
troller has exper
this unit would p
boards to interch.

One at a time, rej
with a known good
Mark the last sys-
Next put the mach
while leaving the
entire systen tes-
the system does nc
the assembly swapy
system 1s conmplete

Clear M,N
Clear L
Clear T

to ROS mode and display "L", '"M",
Data lights should be out.
ing commands to set all the above

Load N with ones
Load M with ones
Load L with ones
Load file F with ones

itch in ROS mode, bits '"0'" through
L™, "M", "N", and '"D" should be
bits "8" and "9" should also be

in the above procedure can be fixed
ntegrated circuits and transistor
t bit.

urs in a computer system, probably

fault isolation is on a module

If the failure is random in nature,

ervals between failures, then re-
ntire computer system would be ad-
oblem isolation to the depot or

tory of failure indications, in con-
ed sub-system information, can prove
ing a sequence of sub-systems for

, 1f a particular peripheral con-
enced a high rate of failure, then
obably be one of the first circuit
nge with a known good one.

lacement of each computer sub-system
one until the fault disappears.
em removed as a suspect bad assembly.
ne back to its original configuration
replaced assembly in place. Run

to verify proper operation. If

t perform properly now, then repeat
ing as outlined above until the

ly operation.



A typical order of assembly replacement would be:

Power Supply

Peripheral Equipment Controllers

Data Boards

Control Board

Read Only Memory Boards

Core Memcry Systems

Chassis, Backplane, and Front Panel Board

ST BN
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TROUBLE-SHOOTING TH! CONTROL PROCESSING UNIT (CPU)

For purposes of thi: discussion, it will be assumed
that the reader has a thorough understanding of the
engineering description of the Data Boards and Control
Board (refer tc Section 3.4). Section 4,17 should be
reviewed, if necess: ry, Tor operation of the system
control panel.

This section will t:y to point out useful test se-
quences to be used n fault isolation within the CPU.
Each area of intere' t will be treated individually

even though in actu: lity proper operation of one portion
usually requires mary other sub-systems to be functional.
The System Control !'anel will be used extended from

the Front Panel P.C Board by using a Front Panel P.C.
Extender assemhly. At times various boards of the CPU
will have to be ext:nded from the backplane to erable
signal monitoring w th an oscilloscope. It will be
assumed that the 3a.kplane, Power Supply, and System

Control Panel are frnctioning normally. Data Board
#1 (DB1) is in J10, Control Board (CB) is in J11, and
Data Board #2 1DB2) is in connector J12. Pin numbers

on the logic cards +ill be called out as DB1-G7-8
which indicates pin #8 of the chip in location C-7

on Data Board #1 wh ch is in connector J10. Signals
on the Backplare wi 1 be called out by connector
number and pin numb. r (J11-A46). Numbers at right of
test stops refer to entries in Figure 130 for error
conditions.

FRONT PANEL "CONTRO:'" SWITCHES AND RUN CONTROL

1. Remowe ROS #1 f om J14

2., Depress Save

3. Turn on Power

4. Select ROS Mode

5. Mode should be .falt

6. Release Save

7. Mode should be ialt

8. Display "L" shoi.ld be all zeroes

9. Display "R2'", ""1" should be all ones



10.

11.

12.

13,

Enter C
Observe
Enter C

Observe

ommand
-
e [\/I 1] ,
ommand

Hl\”' -5

OTHER LOAD COMMANDS

HNII

1200

are Hex 00
12FF

Hex FF

AND I/0 CONTROL

1.

10.

11.

13.
14.
15.
16.
17.
18.

19.

Release

Save

Select ROS Mode

Depress
Execute
Execute
Display
Execute
Execute
Display
Execute
Depress
Depress
Observe
Execute
Depress

Depress

NDepress

Reset

Comnand
Comnand
"D for
Command
Command

"D" for

11FF Load "T"
B020

Hex FF

1100

B020

Hex 00

Command 1700

Run
Command bit 7
Computer in Halt Mode
Command 1617 Load "U"
Run
Command Switch 7

Note Compuze: in Halt Mode
Rese:

Execute 7070 (Set 101X, 102X,

103X)



10.
11.
12.
13.
14.

15.

16.
17.
18.
19.
20.
21.
22.

Depress Clock

Mocde should be Halt

Display "1'" sh:uld be Hex 001
Depress Clock

Display "I" shculd be Hex 002

Depress Clock .53 more times to ensure that
"L" reaches lle. Off.

Depress Clock, observe "L" to Hex 000
Depress Run, M:de should be Run
Depress Clock, Mode should be Halt
Depress Step, }Mode should be Run
Depress Clock

Depress INT, Mide should be Run

Depress Reset, Mode should be Halt

COMMAND SWITCHES

1.
2.

Enter Command 11 FF
Depress Run

Observe "L'" is 1ex 3FF
Enter Command 1<00
Observe "L'" is lex 000
Enter Command 1. 00
Observe '"M" is lex 00
Enter Command 17 FF

Observe '"M" is I ex FF



20.

21.

Monitor with Oscilloscope pins J11-B30,
J11-A31, J11-A63 should be Low

Execute Ccmmand 7080 (clear 119)

Monitor with Oscilloscope pins J11-B30,
J11-A31, J11-A63 should be High



READ ONLY DIAGNOSTIC P/N 1000593

A1l other commands f«(r the CPU are checked out with
the Read Only Memory Diagnostic Board. This system
has the capability o diagnosing various errors and
halting or looping o1 the error for dynamic check-
out of the CPU.

Figure 130 AREAS FOR INVESTIGATION

1.
2.

10.

11.

12.

13.

14.

15.

RUNX/, HLTL,

Run Control, latches for Front Panel Switches
MRST/ to L regis-er

CPEN/, CLKG,, R -egister

CLKS5/, LOOX, L register

RUNX, RUNL

MRST/ to Rurn Control

RJKX, CPEN/, R register

Destination Decocer, Command Decoder, BENR, "B"
Bus, ANDX, ADDX, ADDER, CLK3 "A" Bus for particular
bit in error

Destination Decocer (MRXX), Command Decoder (LRXX)
BENR, "B' Bus, AI DX, ADDER, CLK1l, "A'" Bus, 'M"
register for bit in error

Destination Decocer (NRXX), Command Decoder (LRXX)
Clocks (MCLE/, Cl1K1/), BENR, "B'" Bus, ADDX, ADDER,
"A'™ Bus, "N'" register for bit in.error

Destination Decocer (TRXX), Command Decoder (LRXX)
CLK1, BENR, "B" tus, ADDX, ADDER, "A" Bus, "T"
register for bit in error

Destination Decocer (CG7X), Command Decoder (LRXX,
LRSP), Run Contrcl (RUNH/, RUNX/)

Destination Decocer (URXX1), Command Decoder (LRXX1),
CLK1, BENR, "B'" Fus, RENU, ADDX, ADDER, "A" Bus,
"U" register for bit in error.

Command Deccder (I0XX), EXIO, CLK1/, I01X/, 102X/,
103X/.
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Ccre Memory Trouble-Shooting except under very
unusual circumstances, repair of the core memory
systems should not be attempted in the field.
Refer to Section 3.7 for engineering information
relating to this assembly.
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SYSTEM CONSOLE OPERATING PROCEDURES

The operating procadures that are contained in this
section will provile maintenance personnel with the
following information:

1.
2.

10.

System Control Console configuration
Abbreviated sy:;tem commands

General practi :es

Initial set-up procedures

Exercising the systm control console

Load and displiy registers

a. L Register

b. R2 Register
c. Rl Register
d. M Register

e. N Register

f. T Register

g. File Regis:er
h. Link Regis:er

Performing reg:ster/data transfer utilizing:

FILE Regis:ers

"C Field"

Register D:signators
LITERAL Comands

a0 o

Performing register/data control
Performing arithmetic operations

a. ADD
b. SUBTRACT

Performing logical operations

a. COPY

b. AND

c. OR

d. EXCLUSIVE )R
e. SHIFT



11.
12.

"13.

o 14.

Performing READ/WRITE Memory Operations

Application of System Control Console operation
to system logic fault location:

a. Broéd Fault

b. Major Logic Circuit Fault

c. Logic Circuit Fault

d. Component Fault (as applicable)

This information is for the express purpose of
introducing to user the fundamentals of the

system control console. It was not practical

to use all possible combinations of each command
nor all commands in the system command repertoire.
Some commands are unique and can only be exercised
in a total operating system. Manual manipulation
of the controls do not allow such commands as
loading the U register, 1/0 control register,

load zero control, etc. to be implemented and
observed on the data lamps. However, when
troubleshooting and tracing through the logic
with test equipment, these commands can be
exercised and their results observed at the hard-
ware level.

After you have used this seciton several times
your proficiency will allow you to expand the
use of System Control Console to meet your re-
quirements.

4,17.1 System Control Console Configuration

The system console provides complete con-
trol and display facilities. It is primarily
used for maintenance, system and firmware
checkout. This console provides for dis-
play of the CPU registers in addition to
the control functions activated by the
operator. The features include:

Run and Halt indicators

Display of A-bus

Display of M, N, and L registers

Display of output of read only storage

Four sense switches

Six control switches including: Run, Step,
Interrupt, Clock Reset, and Save.

Manual Command execution

Power On/Off
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4,17.2 The sys:em control console is shown in
figure "31. A brief description of each
major group of switches is given. £ A more
detailec description is given in below.

4.17.3  System (ontrol Console Switch Description

1. Disylay Selector

These seven interlocked switches select
the register or bus to be displayed on
the system console. The displays which
can be selected are:

/ E-L Register,

‘Rl-eight high order bits of the read-only-
stcrage register

*R2-eight low order bits of the read-only-
register -

"M-M register,

“N-N register,

_D-A-bus.

2. Commind

Thes: 16 alternate action switches are
subs:ituted for the read only storage

on tie system and operator consoles when
the SELECT switch is in the PANEL posi-
tion. Depressing the CLOCK switch causes
the :ommand set on the switches to be
execited. The command may also be
exec:ted repeatedly by depressing the
RUN :witch. These switches are used to
gate registers to the A bus display and
for 'ntering data into the file and
regi- ters.

3. Cont ol
a. ' un

"his momentary contact switch places
he processor in the run mode caus-
'ng it to exeucte microcommands.

b. ‘tep

“his momentary contact switch

I laces the processor in the run
node and as long as the switch is
cepressed causes an internal
interrupt. The halt internal
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interrupt is bit 7 of the internal
status. This switch is normally
microprogrammed tc cause a processor
halt. Since the processor is forced
to run when the switch is depressed,
the machine can be microprogrammed
to cause a single macro instruction
to be executed.

Interrupt

This momentary contact switch
places the processor in the run
mode and causes an internal inter-
rupt. The console interrupt is

bit 0 of the internal status. This
switch is normally microprogrammed
to cause a console interrupt.

Clock

This momentary contact switch
causes the processor to execute
a single microcommand. If the
processor is running at the time
the switch is depressed the
processor will come to a forced
halt.

Reset

This momentary contact switch halts
the processor and clears the L
register, I/0 control register and
other control flip-flops. The reset
is made available to I/O devices.
_The computer should not be stopped

by this switch., Starting the
computer after a reset causes it

to start execution at memory location
0.

Save

This alternate action switch is

the same as the RESET switch but

can be set for providing a continucus
reset. If this switch is on at the
time the power is turned on or off
the contents of the memory will not
be lost or altered.



Select

This alternate action switch selects
the (onsole panel command switches
(PANI'L) or the read only storage (ROS)
as tle command to be executed next.
This switch is not available on the
basic console.

Sensct

The iour alternate action sense switches
are w=vailable on all consoles. The
state of these switches may be trans-
ferred to a file register or machine
regis ter by the Control command. These
switches may be used to provide manual
contr0ol of micro level and macro level
programs.

Powe1

This alternate action switch provides
operating voltages to the system.

Displays
a. Fun Lamp

The run lamp is illuminated when
the processor is running.

b. Falt Lamp

The halt lamp is illuminated when
the power is on and the process
is not running. ‘

c. Iata Display

(n the system console eight lamps
{0-7) display the data which is

cn the A bus of the processor.
When the processor is halted the
contents of a file register or the
T register can be displayed by
setting the proper command in the
COMMAND switches and enabling the
switches by placing the SELECT
switch in the PANEL position. The
hexadecimal commands used for
display are:



4.17.4

4.17.5

File Register f Cf00
T Register B020
Link Register B0S8O

Lamps 8 and 9 make up a two bit
register for ROS board selection.

Abbreviated System Commands

A brief outline of the System Commands, -«
flags and registers are shown in Tables
4,17.1 thru 4.17.6.

Generzl Practices

Contirigent to daily use, it would be a
good idea to physically inspect the system
especially if the system has not been
operated for several days. The following
is only a guide and should be used as
applicable to your system operation and
environment.

1. Check out system in accordance with
specifications in section

NOTE

Always remove power (power down)
before removal or replacement of
a PCB.

2. If you expect to be removing and
replacing PCB boards, checking PCB
boards on extender boards, etc.
carefully place the power supply on
top of the CPU chassis, or to the
side.

3. Removal and replacement of a memory
module or DMA PCB will require the
power supply be moved to the side
(to the left side as viewed from the
rear of the CPU chassis).

4. Ensure that the cooling fan exhaust
at the rear of the unit is not
obstructed. Also the air vents on
both sides of the chassis should be
free of any foreign material to
allow for proper cooling air flow
tarough the unit.
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DAT\ DISPLAY

DISPLAY OF L REGISTER
DISPLAY OUTPUT OF READ ONLY STORAGE

DISPLAY OF M AND N REGISTERS
DISPLAY OF A-BUS

—— DISPLAY OF ROS BOARD ADDRESS
~EIGHT DISPLAY LAMPS

o4 o T T el T T8

D Lt fezim | m | njfoe ) ||7 3 s 4|: 2 1 ] C

coNTReL SELECT SENSE nobE POVER
RUN | STEP | INT |CLOCK |RESEY | SAVE E [ (1] 4 3 2 1 L L) WALT OFF
) ES U 3 -
! !
o\ 00
COMMAND MODE
16 Alternate action RUN: Run lamp
switches provide for illuminated
manual command execu- : when CPU 1is
tion. running. POWIIR
HALT: Halt lamp Provid
illuminated S
CONTROL j when CPU is sgiigtjzg
‘ i ges
RUN: Momentary action places | not running. to tho
CPU in the RUN mode. ' systenm.
STEP: Momentary action causes
" execution of one in- ; SENSE
struction. i Four alternate action
INTERRUPT: Momentary action switches proylde manual
——pTaces CPU in run mode control of micro/macro
and causcs a console level programs.

interrupt.

CLOCK: Moment%ry action SELECT
causes (CPU to execute a

a single microcommand. | Alternate action selects

) panel or ROS as the
RESET: Halts the CPU. | command to be executed
SAVE: Alternate action pro- next.
vides continuous re-

set.

F15URE 131
SYSTEM ( ONTROL CONSOLE
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COMPUTER FUNCTIONAL

BLOCK DIAGRAM
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CODE  MNEMONIC NAME OPERATION
LITERAL 0XXX E Execute XXX is ORed with U Register
CLASS 10XX LZ L»rad Zero No Operation
COMMANDS 11XX LT Lrad T XX replaced contents of T
12XX LM Lrad M XX replaced contents of M
13XX LN L>ad N XX replaces N, and M is cleared
14XX JP Jamp to page 0
15XX JP Jump to page 1
1CXX JP Jump to page 2
1DXX JP Jump to page 3
16XX LU I>ad U XX replaces contents of U
17XX LS I>ad Seven Internal Controls
2£XX LF load File (f) f = File Number
3fXX AF Add to File f = File Number
4£XX TZ Test if Zero Skip on Full Mask
5fXX TN Test if Zero  Skip on Any Mask
6 £XX cP ( ompare Skip on £ + Xx >2% -1
TABLE 4.17.4.1
continued....



CODE MNEMONIC NANE C FIELD (BINARY)

OFERATE 7fC*r K Cortrol 0000 No Operation
CLASS D001 Enter Sense Switches
COMMANDS 0010 Shift Right Four Bits

0100 Enter Console Switches
1000 Clear I/0 Mode

1001 Control Output

1010 Data Output

1011 Space Serial TTY

1100 Spare

1110 Data Input

1111 Spare

8fC*r A Add 0001 Modify Flags
0010 Select T
0100 Sum -1
1000 Sum -+ Link Bit

9fC*r S Subtract (0001 Modify Flags
0010 Select T
0100 Inhibit Increment
1000 Difference + Link

AfC*r R/S Read/Arite 00XX Transfer
Memory 01XX Decrement
10XX Add Link
11XX Increment
XX1X Half Cycle
XXX1 Write (Not Read)

BEfC*r C Copy XXX1 Modify Flags
XX1X Select T
X1XX Sum + 1
IXXX Sum + Link

CfC*r 0 OR XXX1 Modify Flags
XX1X Select T
X1XX Select T Complement
IXXX Reset ZERO Flag

DfC*r X Exclusive OR Same as OR
EfC*r N AND Same as OR
FEfC*T H Shi-~t XXX1 Modify Flags

XX1X Shift Right
X1XX Insert ONE
1XXX Link Control

* = 1, result of operation placed in file (f).

TABLE 4.17.4.1
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Operation

Code Mnemonic Instruction Name
Control
00 HLT Halt
01 TRP Trap
02 ESW Enter Sense Switches
03 PMP Protect Memory Page
04 DIN Disable Interrupt System
05 EIN Enable Interrupt System
06 DRY Disable Real Time Clock
07 ERT Enable Real Time Clock
08 RO1 Reset Ovflo and Set WL to 1
09 ROZ Reset Ovflo and Set WL to 2
0A RO2 Reset Ovflo and Set WL to 3
0B RO4 Reset Ovflo and Set WL to 4
0C SO01 Set Ovflo and Set WL to 1
0D S0:2 Set Ovflo and Set WL to 2
0E S03 Set Ovflo and Set WL to 3
OF S04 Set Ovflo and Set WL to 4
34 NOP No Operation
Conditional Jump
10 JOov Jump if Overflow Set
11 JAZ Jump if A Equal to Zero
12 JBZ Jump if B Equal to Zero
13 JXZ Jump if X Equal to Zero
14 JAN Jump if A Negative
15 JXN Jump if X Negative
16 JAB Jump if A Equals B
17 JAX Jump if A Equals X
18 NOV Jump if Overflow not Set
19 NAZ Jump if A not Equal to Zero
1A NBZ Jump if B not Equal to Zero
1B NXZ Jump if X not Equal to Zero
1C NAN Jump if A not Negative
1D NXN Jump if X not Negative
1E NAB Jump if A not Equal to B
1F NAX Jump if A not Equal to X
Shift
20 LLA Logical Left A
21 LLB Logical Left B
22 LLL Logical Left Long
24 LRA Logical Right A
25 LRB Logical Right B
26 LRL Logical Right Long
28 ALA Arithmetic Left A
29 ALB Arithmetic Left B
2A ALL Arithmetic Left Long
2C ARA Arithmetic Right A
2D ARB Arithmetic Right B
2E ARL Arithmetic Right Long
TABLE 4.17.4.2 continued....



Operation

Code Mnemonic Instruction Name
Input/Output
30 1BS Input Byte Serially
31 IBA Input Byte to A
32 IBB Input Byte to B
33 1BM Input Byte to Memory
38 0BS Output Byte Serially
39 OBA Output Byte from A
3A OBB Output Byte from B
3B OBM Output Byte from Memory

Register Operate

40 ORA OR B with A

41 XRA Exclusive--0OR B with A
42 ORB OR A with B

473 XRB Exclusive--0OR A with B
44 INX Increment X

45 DCX Decrement X

46 AWX Add Word Length to X
47 SWX Subtract Word Length from X
48 INA Increment A

49 INB Increment B

47 0CA One's Complement A

4B 0CB One's Complement B

4C TAX Transfer A to X

4D TBX Transfer B to X

4E TXA Transfer X to A

4F TXB Transfer X to B

Memory Reference

60 JMP Jump

68 RTJ Return Jump

70 IWM Increment Word in Memory
78 DWM Decrement Word in Memory
80 LDX Load X

88 STX Store X

90 MUL Multiply

98 DIV Divide

AQ ADA Add to A

A8 ADV Add Variable

BO SBA Subtract from A

B8 SBV Subtract Variable

co CPA Compare A

C8 CPVv Compare Variable

DO ANA And

D8 ANV And Variable

EO LDA Load A

ES8 LDV Load Variable

FO STA Store A

F8 STV Store Variable

TABLE 4.17.4.2
continued....



Addressing Modes

0 Direct Page 0 6 Extended

1 Direct Relative 7 Literal

2 Indirect Page 0 Fixed Length

3 Indirect Relative Two Byte with A
4 Indexed Variable

5 Indexed with Bias Indirect Jumps

TABLE 4.17.4.2

SOFTWARE INSTRUCTIONS

o~}
—
3

FLAG

- Overflow Result Condition

- Negative Result Condition

- Zero Result Condition

- Concurrent I/0 Request Line
Internal Interrupt

- I/0 Reply Line

- Serial Teletype and/or T
- External Interrupt Line

N A WO
1

8

TABLE 4.17.4.3

FILE REGISTER 0 FLAGS

DESIGNATOR MNEMONIC REGISTER

none

Register

Register

v Register

Register-addresses: 000-OFF and 200-2FF
Register-addresses: 100-1FF and 300-3FF
Register

Register ORed into command (except for
Control command)

NOoOUMTEARNNNHD
noex=e=2=24
coEEZZS

TABLE 4.17.4.4

REGISTER DESIGNATORS FOR OPERATE COMMANDS
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INTERNAL STATUS

NN BN RO

Console Interrupt

(spar=z)

Real-Time Clock Interrupt
Memory Protect Error Interrupt
Memory ?arity Error Interrupt
Memory Boundary Error Interrupt
Console Halt Switch

Power Fail/Restart Interrupt

TABLE 4.17.4.5

INTERNAL STATUS BITS

MODE

SONTRCL ACTIVITY

NI NN O

None

Contro1l Output (COXX/)
Data Output (DOXX/)
Space Serial Teletype
Spare

I/0 Ackaowledge (IOAK/)
Data In»ut (DIXX/)
Spare

TABLE 4.17.4.6

BYTE I/J CONTROL MODES
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4.17.6

5. REA) through a section before per-
forning the steps specified. Repeat
the step through if the desired
resilts are not obtained at first.

~Stens performed out of sequence or
stens not properly performed may
easily end in undesirable results.

6. When turning the CPU OFF, make it a
Habit to perform the following steps
in this sequence.

a. DEPRESS CLOCK, then
b. DEPRESS RESET, then
c. DEPRESS SAVE.

This will ensure that when power
is +urned OFF, the contents o
memory will not be altered or lost.

7. When turning the CPU ON, ensure that
the Save switch is ON (depressed in the
Downn Position). This will ensure that
when the power is turned on, the contents
of nemory is not altered or lost.

8. Use the CPU System Block Diagram and
log.c diagrams to aid you while
exercising the commands. When practical,
use an oscilloscope to aid in circuit
ana ysis. Make notes on your logic
dravings as applicable.

9. If the CPU is used daily, it may not
be 1ecessary to perform all preliminary
steys. However, if you should experience
Oor suspect any problems, go to the
applicable section and perform all
preliminary steps.

Initial Set-Up Procesures

The CPU should conform to the specifications
in section .  Ensure that you have
checked the central processor (data and
control boards) with ROS diagnostic board
P/N 100(593.



Exercising the System Control Console

At this point a statie operation of the
systen control console will be performed.
This will give you a feel of the switches

NOTE

Before performing the static operation.
remove the 115-120VAC from the CPU.
This can be accomplished by setting the
power supply toggle switch to OFF or
removing the power cord from the CPU or
AC source.

1. This system control console (SCC)
incorporates three mechanically
different switches. Physically
thevy appear similar, however they
exhibit different responses to being
dzpressed.

2. Taese switches are categorized as:
a. ALTERNATE Action (A)
b. MOMENTARY Action (M)
c. INTERLOCK Action (I)

Shown in Figure 133 as applicable to
each switch function.

2
v

o/

o\

SPLAY

n2

n

I

I

. ¢

plajalal |alajalal [alalalal (alalala
e | P »::. ':u:hnn save “::' 4 :mz 1 -u..um.r ”:r“
PATATV (MM A A AlAIA[A A

L [ ] C:

I

F GURE 133 - SYSTEM CONTROL CONSQOLE
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3. Alte nate Action Switch. - The SCC
employs a spring loaded alternate
action switch. When the switch is
depressed it will remain locked in
the <own (ON) position. Depressing
the :witch again will release the
lock ng mechanism, allowing the switch
leve: to return to its upper-most
posi*ion (OFF).

}.0TE

Do not push up to release the switch.
Irreparal le damage will result.

a. (n the SCC, DEPRESS (SET) the
jower switch to the ON position.
'ou will note the clicking sound
«f the locking mechanism.

b. (n the SCC, DEPRESS (RESET) the
jower switch to the OFF position.
You will not the clicking sound
«f releasing the locking mechanism.

‘
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¢. ACTUATE the following switches 1in
the same manner:

1) SENSE Switches 1-4

2) SELECT Switch

3) SAVE Switch

4) COMMAND Switches 0-15
(It is possible to set more
than one COMMAND switch at
at time.)

Momentary Action Switch. - The SCC
employs a spring loaded momentary
action switch. When the switch is
depressed it will make contact for

as long as it is held down. Releas-
ing the lever will allow the switch to
return to its normal (upper-most) OFF
position.

a. In the control section on the SCC,
DEPRESS the RUN switch, thenrelease.

b. ACTUATE the following switches in
the same manner.

1) STEP
2) INT.
3) CLOCK
4) RESET
nterlock Action Switch. - The SCC

employs six spring loaded interlock
action switches located in one array.
Depressing one switch will release
and deactivate all others. Only one
switch is to be depressed at a time.

a. In the DISPLAY section on the SCC,
DEPRESS the "L" switch, this will
release any other switch that was
down.

b. DEPRESS the "R2" switch, the "L"
switch will be released.

¢. Continue with the remaining DISPLAY
selector switches.



6. Reconnect AC power to the power supply.

a. Insure that the SAVE switch is ON
(DOWN position).

b. Insure that the POWER switch 1s OFF.
c. Set the power supply AC toggle

switch to the ON position. (upper-
most position)

[« 1

Depress POWER ON. You should hear
the power supply fan start up and
blowing air. The HALT Lamp should
be ON (illuminated). If you do
not get these results go to
section for locating the problem.

e. If the fan functions and the HALT
lamp goes ON then proceed by re-
resetting the SAVE switch to OFF.

NOTE

You are now ready to exercise the CPU
system -ommand.

NOTE

Figure 134 shows the conventions used
throughout this section. These will

provide an aid to the user so he may quickly
and easily check his performance against

the expeocted results.



INDICATES THAT DATA LAMP
IS ILLUMINATED (ON)

° O
J AT As 1\
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\ \ INDICATES ALTERNATE ACTION
X X SWITCH IS OFF (UP)
STEP 1) OF PROCEDURE -\ —-—
STEP 2) OF PROCEDURE
STEP 3) OF PROCEDURE N\
STEP 4) OF PROCEDURE ——
STEP 5) OF PROCEDURE —-—
FIGURE 134
SYSTEM CONTROL CONSCLE
4.17 .8 Lozd and Display Registers
Incure completion of section 4.17.7 (a-e¢).
4.17.9 1 _EEGISTER
Jp JUMP
14/15/1C/1D I.iteral
15 0

The contents of the eight-bit literal are
placed in the eight low order bits of the
L register; the content of the bit 8 1is
placed in Lg and the content of bit 11 is
placed in Lg. The location of the next
cormand to be executed is at the address
specified by the new contents of the L
register. The execution time of the



command i;. two cycles. The Jump opera-
tion code: for the four 256 word pages

in

14
15
1C
1D

1.

read oily storage are as follows:

- Jump to locations 000-OFF (page 0)
- Jump to locations 100-1FF (page 1)
- Jump to locations 200-2FF (page Z)
- Jump to locations 300-3FF (page 3)

NDEPRE S the SELECT switch to the PANEL
posit on (DOWN).

JEPRE -S "L'" DISPLAY select switch.

Set tie COMMAND switches with the
hexadrcimal (Hex) code of 14014.

DEPRE 5S the CLOCK switch.

OBSER E the "0" DATA lamp. It should
be ON.

DEPRE sS the 'D'" DISPLAY switch.

OBSER 'E the "0'" DATA lamp. It should
he ON.

MSPLAY

“

- 9) \ 2 4 conmane € ‘
ololo|i] |o|1 {o|o] lolololo] |olclol;
| m}) 3) - )
oon [omee | v u-rm P ‘Il 'RENERE o z

! v | |olololo] O |y

(o

FIGURE 135 - SYSTEM CONTROL CONSOLE
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NCTE
You have just manually entered a count of
one (1) in the read only storage address
counter as displayed by "L". The "D"
display indicates that this data is still
held on the "A" bus.

8. Reset the SELECT svitch to ROS.
9. Depress "L'" display switch.
10. Continucusly DEPRI'3S the clock switch.

11. OBSERVE the data display lamps. Each
time the CLOCK is DEPRESSED the displayed
data will change.

The sequence in which the displayed data
changes is relative to the ROS micro-
program. The first fev commands appear
in binary order. Howeser, they will seem
to jump around to diffz=rent binary values.
This is normal. You mriy want to observe
the display and check it against the
machine listing for youar particular ROS.
You may start at address "0'" by simply
depressing reset. This will always start
the microprogram at adlress zero.

12. With both data lam»>ys ''8'" and "9"
out, ROS #1 (J14) was selected. To
address (be sure t> start with step 1).

ROS #2 (J15) substitute 15017¢ in step 3)
ROS #3 (J16) substitute 1C0lg in step 3)
ROS #4 (J17) substitute 1D01 in step 3)

DEPRESS the "L'" display switch and
OBSERVE the data 1aimps.

13. This MANUAL "L" register loading
operation will allow you to enter
at any point withii the micro-
program. Rather tian stepping
from location 000 ip to 1C8, enter
15C8 in the commanl (step 3) and
start at address 1.8 stepping through
as required. .

Data

Lamps
98
01
10

11



4.17.10

NOTE

REMEMEEF, you must be in SELECT ROS mode

to step through the addressing of the micro-

program.

"RZ2" ("F'' register most significant 8 Bits
R0O7X Through RI5X)

1. DEPFESS the SELECT switch to the PANEL
position (down).

2. DEPRESS "R2" display.

3. Set the COMMAND switches with the
HEX code of FF00q¢4.

4. OBESIRVE the DATA lamps 0-7. All lamps
shot1ld be ON (0-7).

5. Reset each command switch one at a
time (8-15)

6. OESIRVE the data lamps go out (0-7).
All lamps should be out.

NOTE

You have just manually entered
a data value of FFjg into the
upper half of the "R'" register.
You reset that same data. In
effect, cach flip-flop RO8X
through R15X was checked.

©

o\

R nnnn o

v commase 4)u)
Vi (434 [0]0jolo] [ololofo
393)s) ) DN D 3k 3)s)

sLaeY L (4 L1 rewen

1 (I Ba s

14

> e

FIGURE 13€ - SYSTEM CONTROL CONSOLE
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4.17.11 "R1'" ("R" Register Least Significant 8-Bits

ROOX-RO7X

1. DEPRESS SELECT switch to the PANEL
position (down).

2. DEPRESS R1 DISPLAY switch.

3. Set the command switches with a hex
code of 00FFjgq.

4, OBSERVE the DATA lamps 0-7. All lamps
should be ON (0-7).

5. RESET each command switch one at a time
(0-7).

6. OBSERVE the data lamps go out (0-7).
A1l lamps should be out.

NOTE

You have just manually entered a

data value of FFjg in the lower half

of the "R" register. You reset that

same data. In effect, each flip-flop

R0O0OX through R07X was checked.

O o,
J erLAY sam k
Y L jelm [} » ] ] r [} ] 4 3 2 1 [} =
r—/ C-
| HE 0T gt

27 A)lo)
— L]
s 12 13 n 10 L] 4 [ 3 ] 4 3 2 1 [
- | i H '
0l0[0[0] |0[0[0[O] [} [414]¢] [L[4]4]4

o\

T Y lololole] i [3 |
S .

FIGURE 137 - SYSTEM CONTROL CONSOLE
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ROS DATA

J ]
ROS ADDRESS B - F 0 | 2 HEXADECIMAL
00O 1011|1111 !1 ojojojolofoi1rlo BINARY
v 765432710 7 6543210 DATA LAMPS
DISPLAYED DISPLAYED DISPLAYED
BY BY BY
"L" R2 R2
| |
2 | 3 0 X 0
001 0j0t1j0of1§0(1]1 ojojojojoiojojo
765432710 76 5432710
etc.

NCTE
The folloving steps are set up to
enable the user to step through his
particulal microprogram. This
procedure shows you how to extract
and displ:y the data, but in no way
i1s it meart to be exactly like your
particular microprogram. Chart
informaticn is used in steps below.
Substitute your microprogram for the
one listed to obtain desired read out.

1. RESET the SELECT switch to the ROS position. (UP)
2. DEPRESS "L" display switch.

5. DEPRESS RESET switch.

4. OBSERVE data lamys 0-7. All lamps should be out.
5. DEPRESS '"R2" dis:lay switch.

6. OBSERVE data lam s 0-7



ROS Data Display

The data information in Chart

is typical of a microprogram routine.
This exanple is entitled '""Read Next
We exercise control of

Instruction."
the ROS
observe the data

"R'" register.

“"A") address counter,
in both halves of the

then

(Figure 138)

ROS
ADDRESS

000
001
002
003
004
005
006
007
008
009
00A
00B
00C
00D
00E
00F
{010
011
012
013
014
015

ROS
DATA

BF 02
2300
ZA00
4910
1518
7110
4180
1574
2F00
€302
AAQ3
1110
8A43
ABR2
4398
1503
BL1Z20O
2010
7129
8.0
61A0
Ces

* Read Next Instruction

RNIO

RNI1
RNTIS
RNI4

RNI
RNI3
RNI12

RN16

* Yes,

JP

LF
KT*
A
CP
MK

ov
PU,X'00"
PL.X'00"
FO,X'10"
INT?2

I,1
I,X'80"
Load
ov,X'oo"
PU

PL

RNT6

PL

PU, L
FO,X'98"
INT

1,T

s
2

X'AQ!

nNn—unr—n
— -

1

1,0TAB+16

Clear OV/W and M
Clear P

Internal Interrupt
Yes

Enter Sense
Switch 4 on
Yes, Load Boot Strap
Clear OV/W

Switches

Get OP Code
Ignore Interrupts
Update P

Test for Interrupts
Service Request

Save OP Code
Base Address
Shift Right 4

of Table

Memory Reference
No

Get Operand Address

CHART 4

1707




With reference to chart
the data displayed would be:

ROS B |, F -=— HEX
ADDRESS
000 11Cp111f 1] 1] 1] == BINARY

76543210
K——

R

7. DEPRESS "R1" display switch.

8. OBSERVE tle data lamps 0-7.
With reference to chart

the data displayed would be:

ROS ( ' 2 -a— HEX
ADDRESS
000 0101010]0}0|1}0]-=BINARY
\Z’E 543210
27
"R] '

o/

O\_

i..., AERID t].E . .lﬂj, e
2) By 1) — 4)¢)8)
T EL (olololo] Bl [

3) ) =

o

FIGURE 133 - SYSTEM CONTROL CONSOLE



To stzrt at some location
other than 000 perform the
following steps (also, see
section 4.1.6.81.12).

9, With refererce to Chart 4.17.7, the contents of
address, 017 can be displayed.

10. DEPRESS the SELECT switch to PANEL position.
(Down)

1.. SET the COMMAND switches with the hex code 14127¢
(Jump to page 0)

12. DEPRESS the CLOCK switch.
15. OBSERVE the data lamps 0-7. You should
: 2 ———HEX
have: | 040}C11}0}0]1 |0} — BINARY

7 654543210 —DATA LAMPS
14 . RESET the SELECT switch to the ROS position (up).
15. DEPRESS "R2' display switch.
16. OBSERVE the DATA lamps. You should

: 1 --—HEX

have OF: 12111010701

pt

«a— B INARY

7 65473 21 0-eDATA LAMPS
17. DEPRESS THE "R1" display switch.

18. OBSERVE the DATA lamps 0-7. You should

&
. ‘\.\w 1, q
2 ' 0" g HEX

have 010110311400 1}~ BINARY

70543 2 1 0-eDATA LAMPS
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4.17.13

"M'" REGISTER (12XX)

LM LOAD M

i 12 Literal

15 0

1. DEPRESS the SELECT switch to the PANEL
position. (Down)

2. DEPRESS the '"M" display switch.

3. SET the COMMAND switches to the HEX
code 12FF16" (Load "M" with FP16.)

4., DEPRESS the CLOCK switch.

5. OBSERVE the DATA lamps 0-7. All lamps
should be ON (0-7).

6. RESET the COMMAND switches to the HEX
code 0000, ..

16

7. DEPRESS the clock switch.

8. Observe the data lamps 0-7, all lamps
should be out (0-7).

NOTE
Any hexadecimal value may be

used to replace the "XX" in

the command 12XX as you may
require.
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4.17 44

"N'" REGISTER (13XX)

LN LOAD N

13 Literal

15

0

The contents of the eight-bit field are
placed in tie N register and the M register
is cleared.

1.

DEPRESS the SELECT switch to the PANEL
position (down).

DEPRESS the '"N'" display switch.

Set the COMMAND switches to the HEX
code 13FF16 (load "N" and Clear 'M").

DEPRESS the CLOCK switch.

OBSERVE the DATA lamps 0-7. All lamps
0-7 should be ON.

RESET tl e COMMAND switches to HEX code
000016'

DEPRESS the CLOCK switch.

OBSERVE the DATA lamps 0-7. All lamps
should te out.

NOTI.

Any hexadec.mal value may be used to replace
the "XX" in the command 13XX as you may re-
quire LN(13(0) also clears '"M" register.
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"T" REGISTER (11XX)

LT LOAD T

11/19 Literal

15

The coantents of the eight-bit literal field
are placed in the T Register.

1.

10.
11.

12.

DEPRESS the SELECT switch to the PANEL
position (down).

DEPRESS the "D" display switch.

Set the COMMAND switches with the HEX
code LlFF16 (load T with FF).

OBSERVE DATA 1lamps 0-7, as each switch
0-7 is depressed, the DATA lamp above
it will go ON.

DEPRESS the CLOCK switch.

SET COMMAND switches with the HEX
code BOZO16 (copy T).

OBSERVE the DATA lamps 0-7. All lamps
should be ON.

Set the COMMAND switches with the HEX
cole 110016 (load T with 00).

OBSERVE DATA lamps 0-7. All lamps
0-7 should be out.

DEPRESS the CLOCK switch.

SET the COMMAND switches with the HEX
cole BOZO16 (copy T).

OBSERVE the DATA lamps. All lamps
should be out.

NOTE

Any hexadecimal value may be used to
replacz the "XX" in the command 13XX
as reqaired.

N
l
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4.17.16

- SYSTEM 'ONTROL CONSOLE

I0TE

The comm:ind B020 used above is
frequent y utilized in checking
the data flow through the CPU.
It is th copy (BfC*r) command.
B020 is lefined as: copy the
contents of the "T" register.
Data is lield on the "A" bus.

FILE ("'f') REGISTERS (2fXX)

LF LOAD 'ILE

f Literal

15 0
The lite:'al command for loading a file is
2£fXX, where "f" is defined as files 1

through 5. File "0" is used for flag
status ard cannot be loaded with a command.



1. DEPRESS the SELECT switch to the
PANEL position (down).

2. DEPRESS the '"D'" display switch.

3. SET the COMMAND switches with the HEX

code 21FF16. (Load file with FE.)

4. OBSERVE DATA lamps 0-7 go ON.
5. DEPRESS the clock switch.

6. SET the COMMAND switches to HEX code
C100. (OR file 1 with 0)

7. OBSERVE DATA lamps 0-7, all should be
ON.

8. SET the COMMAND switches with the HEX
code 2100l16 (load file 1 with 00)

9. DEPRESS the CLOCK switch.

10. OBSERVE the data lamps 0-7, all should
be out.

11. SET the COMMAND switches with the HEX
code C100.

12. OBSERVE DATA lamps 0-7, all should be out.

Any hexadecimal value from 1 through F may
be used in the f field, so as to select the
desired file. The command CfC*r is the
inclusive OR function. C100 as used above
1s detined: Inclusive OR the contents of
file 1 with "0". This will put the selected
data in file 1 on the "A" bus.
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4.17.17 "LINK'" REGISTER (Control Board J11)

1. DEPRESs SELECT switch to panel
positiosn (down).

2. DEPRES-> "D'" display switch.

3. SET th: COMMAND switches with the
HEX cole llFF16 (load T with FF).

4. OBSERV: DATA lamps 0-7, all should be
ON.

5. DEPRESs CLOCK.

6. Check -hat "FF'" was entered into the
"T" rezister by entering BOZO16 on the
COMMAN 5 switches.

7. OBSERV : DATA lamps 0-7, all should te
ON.

8. Enter .101 6 (load file 1 with 01) on
the COIMAN& switches.

9. DEPRES; CLOCK.

10. Check -hat "01" was entered into
file 1 by entering C100 on the
commani switches.

11. OBSERV: DATA lamps 0-7 only. Lamp
#) shoi1ld be ON.

12. Enter 3120 (add to file 1 the contents
of the "T" register, sum placed in
file 1.,

13. DEPRES> cilock.

14. OBSERV: DATA lamps, all should go ON, as
this i; the "FF'" data from the "T"
register dumped into the "B'" bus then
put on the "A'" bus.

NO'E

The addition of the FF,_. to 1
has just been accompli}ﬁed. +gb
result in 3 bits equals zero.

The CARRY OUT (DATA BIT CRY7) one set
the LINK register.

15. Check the sum of the addition by
entering C100 (Inclusive OR the
contents of f}?e 1 waith 0).

4-77



16. Observe data lamps 0-7, all should be
Out.

17 CHECK the LINK register by entering
B()BO16 into the command switches.

18. OBSERVE DATA lamps (-7, only lamp #0
should be ON.

19. CHECK the ZERO SET cf the LINK register
bv sutstituting two numbers whose sum
will equal no greater than FF, .. After
the addition, the link regist%? should
be zero set.
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4.17. 18

4.17.19

Performing Register/Data Transfer

Transfer of cata from the designated
file register or the "T" register to
designated registers is accomplished
in the folloving procedures.

"T'" Register Data Transferred to a Designated
File Registez

1. DEPRESS the SELECT switch to panel
position (down).

2. DEPRESS the "D" DISPLAY switch.

3. Enter 11101 on the command switches
(load "T' wlth FQ6).

4. DEPRESS (LOCK.

5. CHECK the contents of the "T" register
by entering BOZO16 on the command switches.

6. OBSERVE that only data lamps 4-7 are ON.

7. ENTER 21(01 on the command switches
(load file1®1 with 00).

8. DEPRESS (LOCK.

9. Check the contents of File #1 by
entering 310016 on the command switches.

10. Observe the DATA lamps. All lamps
should be out.

11. ENTER B1:9D on the command switches.
(Copy "T" %gto File 1.)

12. DEPRESS (LOCK.

13. CHECK the contents of File #1 by enter-
ing C100 on command switches.

14. OBSERVE the DATA lamps 0-7, only lamps
4-7 should be on (F016).
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4.17.20 "T'" Rzgister Data Transferred to File #1
and Back to "T'" Register

1. DEPRESS the SELECT switch to PANEL
paysition (down).

2. DEPRESS the "D'" DISPLAY switch.

3. ENTER 11FO. on the COMMAND switches
(load T witR Fo. ).

16

4. DEPRESS CLOCK.

5. CHECK the contents of the "T'" register
by entering BOZO16 on the COMMAND
switches.

6. OBSERVE that only data lamps 4-7 are
ON (P016).

7. Enter 21001 on the COMMAND switches.
(Load Filelf1 with 00 ).

8. DEPRESS CLOCK.

9. CHECK the contents of FILE #1 ty enter-

ing C100 on the COMMAND switches.

16



10.

11.

12.

13.

14.

15.

OB-ERVE that all DATA lamps are OUT
(0016).

EN"'ER B161 on the COMMAND switches.
(Copy the égntents of "T'", ADD one,
plice sum in File #1 and back in "T".

DEVPRESS CLOCK.

CHIICK the contents of the "T" register
by entering B020 on the COMMAND switches.

OB:ERVE the DATA lamps. Lamps '"0"
and 4-7 should be on (F116).

CHiiCK the contents of File #1 by
entering C100 on the COMMAND switches.
(Same as 14).

NOTE

A value of FO in "T" plus a value of

01
tolﬁT"n

WiS tran%gerred to File #1 and back
The value of "plus 01,.' came

from the "C" field (bit 6) of tRe BfC*r
comman:l. This was used to show that the
transfer of