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ABSTRACT

This thesls presents the logical design
of a peripheral unit to display the contents of the

memory of a computer on a cathode ray tube.

The peripheral unit is constructed with
3C and DEC logic modules and it incorporates a
magnetostrictive delay line memory, two shift registers,
two counters, comparator unit and gating. The
peripheral unit obtains 12 bit word information from
the computer and stores it in a delay line memory
at the proper address. It can display up to 61 words
simultaneously upon request. The contents of these
words are displayed on the cathode ray tube as vert-

ical voltage displacements.

This thesis includes a complete set of logic
diagrams of the peripheral unit, which utilizes NAND

logic, and the software support.
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INTRODUCTION

This thesis describes a method of generat-
ing a graphic display for a computer memory using a

cathode ray oscilloscope.

The display of the computer memory contents
can be carried out by one of two different methods.
One method is to have the data loaded into a buffer
register of one of the channels of the D to A Con-
verter from the memory with the help of programming.
The analogue output voltage of the standard converter
will give a voltage corresponding to the data in the
memory (Ref. No. 1). This output voltage can be stored
.on the cathode ray oscilloscope but, in this method

the cathode ray oscilloscope must have its own storage

capability.

As an alternative method, a circulating
serial memory is used to store the information from
the computer memory. The information from this cilr-
culating serial memory can be displayed on the cathode
ray oscilloscope by using the D to A Converter at the

required time. (Ref. No. 4).

This thesis describes the latter method of

graphic display. The advantage of the second method
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is that it does not need a cathode ray oscilloscope

with storage capabllity.

By programming, the contents of the memory
are transferred in parallel from the accumulator to
an input shift register in the peripheral unit using
controlled gating. The peripheral unit is synchronized
with the computer instructions by means of Input/

Output command pulses.

From the shift register the information is
transferred serially to a delay line with the help
of properly timed shift pulses. These shift pulses
are generated in the peripheral unit. From the delay
line, information flows serially to an output shift
register and then in parallel to a Digital to Analogue
Converter (D to A Converter) at the proper time by
using appropriate gating. This Digital to Analogue
Converter gives an output voltage according to the
information stored. This output voltage is connected
to the vertical input of a cathode ray oscilloscope.
The time base of the cathode vay oscilloscope 1s also
synchronized with the output of a word counter which
provides the horizontal displacement on the screen.
Brightness modulation is also applied to emphasise the

required information.
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CHAPTER I - PDP 8/S INPUT/OUTPUT

Digital Equipment Corporation's Programmed
Data Processor 8/S (PDP - 8/S) is designed for use as

a small scale general purpose computer.

The PDP ~ 8/S is a one-address, fixed word
length, serial computer using a word length of 12 bits
plus parity and two's complement arithmetic. It has
facilities for instruction skipping and program inter-
ruption as functions of input/output device condit-

ions.

Flexible, high capacity, input/output
capabilities of the computer allow the operation of
a variety of peripheral equipment. Equipment of
special design is easlily adapted for connection onto
the PDP - 8/S system. The computer is not modified

with the addition of peripheral devices.

Interface circuits for the processor allow
bussed connections to a variety of peripheral equip-
ment. Each input/output device 1s responsible for
detecting its own selection code and for providing
any necessary input or output gating. Individually

programmed data transfers between the processor and
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peripheral equipment takes place through the processor
accumulator. Standard features of the PDP - 8/S allow
the peripheral equipment to perform certain control

functions such as instruction skipping and a transfer

of program control when indicated by a program interrupt.
PROGRAMMED DATA TRANSFER

The bussed system of input/output transfers
imposes the following requirements on the peripheral

equipment. (Ref. No. 1).

I. The abillity of each device to sample the select
code generated by fthe computer during IOT instr-
uction and when selected, to be capable of producing
required sequential IOT command pulses. Circuits
which perform these functions in the peripheral

device are called device selectors (DS).

ITI. Each device receilving output data from the computer
must contaln gating circuits at the input of a
signal information into the register when triggered

by a command pulse from the DS,
IIT. Bach device which supplies input data to the

computer must contain gating circuits at the

output of the transmitting register.
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IV. Each device should contain a busy/ready flag
(flip-flop) and gating circuits which can pulse
the computer input/output skip bus upon command
from the DS when the flag is set in the binary 1
state to indicate that the device is ready to

transfer another item of information.

Figure 1% shows the information flow
within the computer which effects the programmed data
transfer with input/output equipment. _All instructions
stored in core memory as a program sequence are read
into the memory buffer register (MBR) for execution.
The transfer of the operation code in the three most
significant bits (bits 0, 1, and 2) of the instruction
into the instruction register (IR) takes place and is
decoded to produce appropriate control signals. The
computer, upon recognition of the operation code as
an IOT instruction, enters a 10 micro-second cycle
and enables the I0OP generator to produce time sequenced
IOP pulses as determined by the three least significant
bits of the instructions (bits 9, 10, and 11 in the
MBR). These IOP pulses and the buffered output of
the select code from bits 3 - 8 of the instruction
word 1in the MBR are bussed to device selectors in all

peripheral equipment.

*¥ A1l figures are given in an Appendix, 21 to 34.
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DEVICE SELECTOR

Bits 3 through 8 of an IOT instruction serve

as a device or sub-device select code. Bus drivers

in the processor buffer both in binary 1 and O output
signals of MBR 3-8 and distribute them to the inter-
face connectors for bussed connection to all device
selectors. FBach DS i1s assigned a select code and 1is
enabled only when the assigned code 1s present in the
Memory Buffer Register (MBR). When enabled, a Device
Selector (DS) regenerates IOP pulses as IOT command

pulses.
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CHAPTER II - PERIPHERAIL UNIT - CONTROL

In the peripheral unit both 3C modules
and DEC modules are used. Figure 2 shows the block

diagram for the peripheral unit.

When the device is selected by the correct
select code, three command pulses are generated by
the Device Selector (DS). These three command pulses
allow four commands to be executed with the circuit

shown in Figure 3.

Program controlled command pulses do the
following things in the peripheral unit. (Ref. No. 2).

I. The IOT, in first instruction resets the memory

2
address counter.

IT. The IOT2 in second instruction opens the gates

between Input Shift Register and Accumulator.
ITTI. The IOTq turns the write flag on.

The compare unilt compares the contents of the
M.A. Counter and Word Counter. On match and while the
write flag is on, the Compare Unit generates logic '1!

output at time pulse To. This output and pulse train Tl -

T1o are gated and used for shifting information from
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Input Shift Register to Serial Memory. The entry of
information to Serial Memory 1s gated with the output

of the Compare Unit. Pulse train Tl - T12 1s also used

to shift information from The Serial Memory to the Output
Shift Regilster. The time pulse T13 increases the

contents of the Word Counter by binary 1. Pulse T13 opens
gating between the Output Shift Reglister and the Digital to
Analogue Converter and also fturns off The write flag

which gives a signal to Computer to start the next cycle.

Time pulse qu turns off the Compare Unit.

Standard logic levels of the PDP - 8/8
and DEC modules are -3V to OV and the pulse width is
100 nano seconds. The standard loglc voltage levels
for the 3C modules are -6V and OV and the pulse width
is 2.5 micro-seconds. Therefore, when signals are fed
from the PDP - 8/S to the 3C moduels, the voltage levels

and width of pulses must be changed accordingly.
GATING BETWEEN ACCUMULATOR (AC) & SHIFT REGISTER (SR)

As IO0T pulses are generated by the Device
Selector (DEC module) and fed to 3C modules, the width
and level for these pulses must be converted accordingly.
For this conversion delays, flip-flops, and voltage con-
verters are used as shown in Figure 3 and 4, The process

is described in the following waveform dlagram,
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10

The first instruction in the program selects
the device and generates three pulses: (a) IOTl, resets
the flip-flop FFl and FF,. (v) I0T,, sets the flip-flop
FFS. The delay IOT2 resets the flip-fiop, FFB. The
output of FF3, after voltage conversion, clears the

memory address counter. (c) IOTy, sets the flip-flop

FF and FF .
1 2

I0T, in the second instruction 1s used to trans-
fer information from the AC to the Input Shift Register.
To convert the voltage level and with of the signals,
the same principle is used. IO’I‘2 in the third instruction
is used to test the skip flag. There is no conversion

needed for this as it moves in only DEC modules.

The IOT2 pulse opens the NAND gates and sets
or resets the flip-flop according to the information
in the AC. After a delay of 3 micro-seconds, produced
by the delay unit, the same IOT2 is used to clear all the
flip-flops. The output of each flip-flop is connected to
a negative output converter, which converts the voltage
levels to -6V and OV. FEach output of the converters cor-

responding to a '1!' sets a flip-flop of the input SR.

The method used is shown in Figure 4.
TIMING UNIT

A timing unit provides separate timing signals
TO, T13 and qu and also aApulse train Tl - T12. This 1is

clarified in the following figures:
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These time pulses are generated by means
of a Bit Counter, Master Clock and decoders as shown

in Figure 5.

The master clock, operating at a frequency
of 200 KHZ, supplies a continuous train of 2.5 micro-
second pulses, T. A four stage bit counter counts the
pulses, T, in order to provide a binary count of zero
to fifteen, as shown in Figure 6 together with the
waveforms. The desired timing pulses are then generated

using the logic given in the diagram in Figure 7.

DELAY LINE MEMORY ADDRESSING

A 6-stage word counter counts the words in
the delay line. As the delay line has a capacity of
61 words of 16 bits at the frequency of 200 KHZ the

word counter counts in binary from O to 60.

A 6-stage memory address counter MA gives
the memory address. The number in it is compared with
the number in the word counter by the compare unit. In
this way the word is stored in the delay line serial

memory at the correct place.

The diagrams for this addressing are shown 1in

Figures 8, 9 and 10,
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13
SHIFT REGISTER

There are two shift registers in the peri-
pheral unit. One is used for parallel data i1nput and
converts to a serial output for the delay line and the
other has a serial input from the delay 1ine and parallel

output to the digitale=analogue converter.

Both shift registers are of 12 bits and have
the capability of right shifting. The shiftilng pulses
clear all the bits of the input register. For both
shift register the pulse train T1 - le are used as
shifting pulses. The details are shown in Figure 11

for the input register and Figure 12 for the output

register.
DELAY LINE STORE

The recirculating magnetostrictive delay
line is an intregal element of the S-PAC system that
stores serial bilnary data. Magnetostrictive delay lines
are passive electromechanical devices capable of delay=-
ing electrical signals. They reduce the velocity of
an electrical signal by converting it to an acoustic
wave and then reconverting 1t to an electrical signal.
The delay line pack includes AND gating logic for
entering information into the memory and a flip-flop
to provide both assertion and negation outputs, as

shown in Figure 13.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



14

The delay line stores 61 data words of 12
bits each of which is separated by four spacer bits
to make up a word of 16 bits. The data words appear
in serial mode at the output of the delay line with
the least significant bit coming first, and are recir-

culated to form a continuous, sequential access memory.

Bits appear at the output of the delay line
at The rate of 200 K bits per second, or 5 micro-seconds
apart. The delay line has a delay of 4,880 micro-seconds
and stores 976 bits of information, (ie. 61 words of

16 bits each). (Ref. No. 3).

DIGITAL TO ANALOGUE CONVERTER

To convert binary information into analogue
information three module types A601 are used as shown

in Figure 14.

D to A Converter receives the 8 least signifi-
cant bits from the output shift register as binary infor-
mation in parallel and generates a coresponding analogue
output voltage, ranging from OV to -10V. Therefore, when
all the 8 input bits have logic '1' the output voltage
is zero volts and when all the 8 input bits have logic
'0' the output voltage is -10V. This implies that the
least significant bit of 8 input bits has an effect on

output voltage of 0.04 volts, ie. 1 part in 256, which
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is sufficient accuracy on CRO. The T1 - T12 pulse

train is used to shift the information and the T13
pulse is used to transfer the binary information from
output shift register to the D to A Converter. To

supply a reference voltage supply of -10V to the D to
A Converter a DEC module type A702 is used. The cor-

responding analogue output voltage is fed to the vertical

deflector of the cathode ray tube.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



16

CHAPTER IIT - SOFIWARE SUPPORT & RESULTS OBTAINED

Software for displaying the contents of

memory of the computer is minimal being only requilred

to check the freedom of the peripheral unlt and trans-

fer the data from AC to the peripheral unilt.

In the particular instance the device code

4L has been used and the appropriate instructions are

as follows:

6LUT

6446
6L4l2

Initialize M.A. Counter and
control cycle,

Looad display buffer and set flag

Ship if display flag = 1.

A typical program for display 61 values of

data 1s shown below :

*Lgd
6447 eLuT
732¢ CLA CLL
122¢ TAD INDEX
3¢1¥ DCA z 1¢
73@% INITL,CLA CLL
141¢ TAD I Z 1¢

6UL6  6LU6

6Ll 6LL2

52¢7 JMP.-1
2217 ISZ N
52¢4  JMP INITL
72¢¢ CLA

1221 TAD N1

3217 DCA N

T4ge  HLT

7793 N,=75

gu77  INDEX,LT7T

7743 N1,-75
*500
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The results obtalned for a serles of values
of data are shown in the following photographs for the
above particular programs, photograph 2 shows that in
memory location 500 the least 8 bits are logic!'l!.
Therefore, the output from the D to A Converter is 0V,
Then contents of each next location is reduced by a
certain number which gilves incrementing negative voltage
with respect to time. When all 8 bits are logic '0!
the contents of memory start increasing by a certain
number until all bits are again at logic '1l'. In this
photograph 2 cycles are shown. In photograph 3 the
data has the same nature as in photograph 2. In photo-
graph 4 the contents is increasing by a certain number
and after a half cycle it again starts from the beginn-
ing. In this way any type of memory content can be

displayed on the CRO.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Photograph 1 Photograph 2

Photograph 3 Photograph 4

Photographic Results
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CONCLUSIONS AND RECOMMENDATIONS

A peripheral unit to display the computer
memory content has been constructed and tested. It
is felt that the deslgn achieves 1ts goal of displaying
a table of values stored in a computer memory. If a
large serial memory could be used in the peripheral
unit a greater part of memory could be displayed on
the screen at any time. Also by using modules of one.
manufacturer only, this design would be less complicated

and hence cheaper.
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