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DS-1 DI SPLAY SYSTEM
| nt roducti on

Thi s docunent describes a proposed nodul ar graphic/al phanuneric

di splay systemcontaining a 512 x 512 line, 60 line per inch plasm
di spl ay/ menory panel and a mini- processor. It is intended to
conbi ne the advantages of display nmenory and | ocal processing power
to operate in three general nodes as foll ows:

1. As an "intelligent terminal" operating on data received fromthe
network or a local host to performtext editing, picture
processing, etc.

2. As a passive terminal in which the mni-processor translates
exi sting display lists, command strings and data structure for
storage tube terminals or other devices into the proper formto
operate the plasnma display. |In particular, a software nodule for
simul ati on of the ARDS 100A is provided.

3. As an offline system where the processor is operated as a stand-
al ong mni -computer for debugging, editing, and general display
wor k.

The DS-1 consists of a display nodule, a processor nodul e, and
keyboard (see Figure 1). The display nodel is a D d VUE_

di spl ay/ menory unit, nodel 512-60, produced by Owens-IIlinois, Inc.
contai ning the plasma panel and associated drive circuitry. The
processor nodul e was specially designed and built for the DS-1
application by the Raytheon Conpany.

A modemis enclosed in the processor nodule, and is described in
| ater sections. An alternative RS 232 interface is also available
for connection to a TIP or tel etype conpatible system

[Figure 1 DS-1 Display Systent]

In addition to the display nmodul e and the processor, the DS-1 has a
nodem for data transm ssion, and Ascii keyboard, and an I/0 interface
to support nunerous external devices. The mechanical design of the
DS-1 emphasi zes flexibility, so that both the keyboard and displ ay
nodul e can be oriented independently of the processor nodul e.
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Software will be supplied with the DS-1, for such functions as text
editing, vector generation, data nanagenent and various I/0 routines.

The DS-1 is intended principally to operate as an online term nal
the offline node is used for programm ng and data preparing chores

whi ch do not require access to the host conputer. |n describing
system operation, therefore, offline operations are sinply a subset
of online operations in which the only 1/0 functions are local. The

I/0 operations are acconplished by "direct" input/output
instructions, a special feature of the 700 series machi nes devel oped
at the Raytheon Company. A single instruction (DN for input, DOT
for output) enables the external device addressed by the instruction
to accept the data presently in the accunmulator (DOT) or to transm't
data to the accurmul ator (DIN) over the data buss.

The plasma display X and Y address registers are seen as out put

devi ces by the processor; the other basic output device is the nodem
The keyboard and i nput nodem are the basic input devices, in addition
to the optional cassette tape system for programloadi ng. These
devices, and the interfacing of other peripherals are described in

| ater sections.

Figure 2 is a block diagramof the basic DS-1 configurations,
enphasizing the 1/0 structure. The principal role of the processor
nodule is in the restructuring of input data to an appropriate output
form either fromnodemto-display (conputer to operator) or

keyboar d-t o- modem (operator to conmputer). Such processing consists
of handl i ng comuni cation chores,

[Figure 2 US-1 I/0 Configuration*]

string and stack mani pul ation, character suppression or translation
vector construction from endpoint data or character-encoded |ine
drawi ng comrands, and data stream protocol and managenent, so that
the input/output character stream over the nodem or channel remains
conpatible with the host computer, while the keyboard inputs and

di splay outputs are being effectively and efficiently handl ed.

The real significance of the DS-1 as a new di splay terninal stemns
fromits use of the plasma display/menory unit. Because of its

i nherent nmenmory and sel ective erase capability, it can be addressed
asynchronously, requires no special "refresh" or access to buffer
menory, and is indistinguishable fromany other output nmedium such
as tape, etc. Seen fromthe operator’s point of view, it has very
desirabl e human factors, such as high contrast and "crisp" line

di rensions, no jitter, flicker, or distortion, and the capability for
rear projection of pictorial or tabular data from slides or

m crofiche, for exanple.
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Both the display nodul e and the processor are described in details in
subsequent sections, as well as the mechanical construction
conmuni cation interfaces, keyboard, and the system software.

Section 2. Display Mdul e

The DS-1 display nodule is an Onens-111linois DA VUE_ display/nmenory
unit Mddel 512-60. It contains the plasnma panel, drive electronics,
and display logic. These three assenblies are described in the
fol | owi ng paragr aphs.

PANEL

The DI G VUE_ display panel (or plasma panel) is a matrix device. It
is constructed fromtwo pieces of 1/4" plate glass, upon which very
fine gold electrode lines are deposited. These electrodes are then
conpletely covered by a dielectric film These two plates are then
seal ed together with a gap of a few thousandths of an inch between
them and with their el ectrode patterns orthogonally oriented.

This "sandw ch" is then baked out and punped down to hi gh vacuum
backfilled with a gas mi xture consisting largely of Neon, and seal ed
off. The addition of flexible ribbon cable connectors conmpletes the
fabrication of the panel. The device is fat, roughly " thick, and
virtually transparent.

The panel is operated in such a way that any location (i.e., any X, y
intersection) may be individually turned "on" or "off" as a source of
visible light. Further, such a location has a "menory" and is
sustained in the "on" or "off" state until a new selection signa
changes it.

An AC voltage is applied between all x and all y electrodes in
parallel, so that an AC signal |ess than the breakdown potential is
applied across the gas at all times. This is called the sustaining
voltage, VS. Wen a single x,y point is to be addressed, a voltage
pul se, VP, is applied to the appropriate x and y lines, such that the
total addressing voltage at their intersection is given by

V ADD = VS + 2VP,

whi ch exceeds the breakdown potential of the gas, initiation a
di schar ge.

Since the el ectrodes are covered by a dielectric, no discharge
current can flowin the external circuit. Rather, the ions and

el ectrons produced by the discharge are carried by the applied field
and are deposited as stored charge on the dielectric surfaces, unti
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the resultant net field is nearly zero, quenching the discharge after
about one mcrosecond. As the AC sustaining voltage changes

pol arity, however, this stored charge constitutes a bias voltage,
adding to the sustaining signal and produci ng a new di scharge, which
results in stored charge causi ng another discharge on the next half
cycle, etc. Thus, once addressed, a single x,y location continues to
produce a discharge twice in every sustainer period, or about 100
thousand tines per second. Naturally, this appears as a conti nuous
glowto the eye. A sustained |ocation nmay be turned off by
addressing in such a way that the stored charge is allowed to return
to zero. Thus, a location, or ’cell”, may be turned on or off in a
bi st abl e, random access nanner.

The plasma di spl ay has a nunber of extremely useful visual
characteristics. |Its transparency permts the use of rear-projected
data frommcrofilm color slides, maps, forns, etc., to be "m xed"
with the dynam c, conputer generated data to be displ ayed
(characters, plots, graphics, etc.). In addition to the high

bri ght ness of the gas discharge, the contrast ration is extrenely

ni gh. The panel used in the nmodel 512-60 has 512 x 512 lines at 60
lines per inch. This high resolution and | arge size allows highly
readabl e characters and graphics to be nixed, without distortion or
jitter of the data. Dot matrix characters are especially attractive,
since the "dots" of the discharge sites have very clean, crisp

di mensi ons.

A significant systemcharacteristic of the plasna display matrix is
its random access nenory property. Unlike storage tube displays, it
may be selectively erased as well as witten, changing a single

poi nt, curve, or character without altering the contents of other

| ocations on the panel. Large quantities of text, tinme histories of
neasured data, or conplex nenory. This allows nore efficient use of
the processor and sinpler data managenent wi thin conmputer nenory.

The 512-60 panel used in the DS-1 application will have an active
area of 8.5 x 8.5 inches, containing 512 x 512 lines. There will be
an additional 4 line peripheral border around the addressable area to
provi de conditioning of the discharge sites.

The back of the panel will be frosted with an optically diffusing
surface suitable for the projection of optical inmages. A
circularly-polarizing neutral density filter with anti-glare coating
will be provided on the front of the display. The brightness and
contrast will be sufficient for use in a normal |ighted | aboratory
ar ea.
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Drive El ectronics

The Drive electronics for the display nodule will be the standard
Onens-111inois circuits requri 3ed to operate a 512 x 512 |ine pane

as part of our nodel 512-60 standard display unit. They consist of a
sustai ni ng generator, which maintains cells, once addressed, in the
appropriate state ("on" or "off") after renpoval of the addressing
signal, and pulse-forming circuits for the generation and appropriate
m xi ng of addressing pul ses at the sel ected panel sites.

The sustainer will operate with a basic period of 20 m croseconds,
with a peak voltage of approximately 130 volts. Exact voltage

| evel s, frequency and waveshape are adjusted for optinmal performance
subj ect to power supply constraints and data rate requirenents.

The address circuits are nultiplexed to reduce the nunber of active
circuits required and enploy a non-linear mxing scheme for |line
sel ection. A pulse of 100 volts is applied with the proper tine
phase to achieve witing and erasing. The pulse is disabled in al
but the selected line pair

Provision is also nade for bulk erasure in which the entire panel is
erased in two sustainer periods. A power supply of high density
design will provide the necessary sustaining, addressing, and |ogica
| evel voltages. The design will enploy high-frequency invertors and
switching regul ation for nmaxi num efficiency and reduced size. It
requi res about 250 watts, and will be housed inside the processor
nodul e.

Di splay Logic

The logic included in the display nodul e provides the tining and
control required for the sustaining generator and the address pul ses,
and al so provides the logic level interface to the processor nodul e.
The interface is TTL conpatible. It contains 2 nine-bit address
ports XO0-X8 and YO-Y8, which [not legible*], in absolute binary code
the x,y intersection which is to be addressed. These addresses are
accepted when given a wite command or an erase comand by the
control lines Wor E, respectively. These inputs rmust all be held
steady until acceptance of the data and conpletion of the operation
has been indicated by the status line, a logic level output fromthe
di splay unit. Ad additional control line, B, is used in conjunction
with the Hline to cause a bulk erasure of the entire screen.
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The nodel 512-60 display unit proposed in this docunent is of the
serial address type, and thus can wite or erase a single point each
20 u/seconds. This pernits vectors to be drawn at nore than 800

i nches/second. Characters in a 5x7 dot matrix can be witten at a
rate of about 1400 characters per second.

A parallel address type display unit is presently being devel oped at

Onens-1llinois. This nodule, when available, will be conpatible with
the DS-1 systemwi th no nodification to the processor required. This
display will address 16 lines in parallel, which will allow nore than

6, 000 characters per second to be displayed, or a conplete page to be
generated in .330 seconds.

Section 3 Processor Mdul e

The Processor is a mniconmputer (Figure 1) that accepts ASCI| encoded
conmands and generates outputs to control the witing of information
by the display nodule. The Processor perforns the functions of
storing information, data and instructions and regul ating the flow of
i nformati on between the terminal’s Keyboard, Mdens, D splay Mdule,
and Program Loadi ng Device (Figure 2).

In a typical operation, the processor calls up input conmmands from
the nodem and t he keyboard and generates instructions to the display
nodul e driver circuitry to produce the required characters, vectors,
or editing prograns.

Instructions and data are stored in 16 bit words. Arithmetic
functions are performed in 2's conplenent form The basic machine
cycle tinme is 1.6 m croseconds.

The maj or functional units of the processor are: (Figures 3 & 4)

0 Menory

o Menory Address Register

o Program Count er

o Instruction Register

o Accunul at or

0 Instruction Processing Synchronizer

o Terminal I/OCrcuitry

These units are briefly described next.
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Menory

An operational menmory of 2048 - 16 bit words plus bootstrap nmenory of
64-16 bit words are provided. The 2038 word nmenmory is a Random
Address Menmory (RAM) and is used to store the character generator,
the vector generator, and the editing progranms needed to provide the
specific operational requirenents of the termnal. Using the RAM
type nenory provides the flexibility

[Figure 3 Processor Data Fl ow]
[Figure 4 Instruction Processor Synchronizer*]

to alter instruction routines and to tailor the ternmnal for the
application. Since the term nal uses RAM an operational program
| oadi ng device (a nagnetic tape cassette read/wite recorder) is
proposed so that the operational program can be | oaded when the
termnal is turned on.

The RAM size is sufficient to permt storage of 128 characters, a
vector generation routine and an instruction set.

The bootstrap nenory is provided for storing a termnal start up
programthat puts the terminal in a state for reading instruction
data into its operational nmenory from external sources. Read Only
Menory (ROM) devices are used for the bootstrap nmenory. Both the RAM
and the ROM nmenories are nmade up entirely of MOS

Menory Address Regi ster

The Menory Address Register (MM is a twelve bit register that can be
| oaded with the program counter or the address portion of the nenory
dat a.

Program Count er

The Program Counter (PC) is a 12 bit counter-register that can be
| oaded with the address portion of the instruction register.

I nstruction Register
The Instruction Register (IR) is a 16 bit register of which 4 bits

contain the instruction and 12 bits the data associated with the
instruction. This can be loaded with a 16 bit nmenory word.
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Accunul ator (AC)

The Accunulator (AC) is a 16 bit shift register that can be | oaded
with the contents of the program counter, the data inputs, or the
arithmetic unit.

I nstruction Processing Synchronizer (IPS)

The Instruction Processing Synchroni zer controls the timng and data
flowin the processor. C ocked by its own oscillator, the IPS calls
up instructions fromthe nmenory, which then dictates the sequence to
be fol | owed.

Terminal 1/OCircuitry

The processor communi cates with the other elenents of the ternina
either directly on the 1/0O bus or via one of three device
controllers. The controllers are required to nake the |1/0O devices
conpatible with the processor. Separate controllers are provided for
Keyboard, Display Mdule, and Serial |/0O devices.

The 1/ 0 Bus i ncl udes:

o 16 Parallel Input Data Lines

o 16 Parallel Qutput Data Lines

o 4 lines for selecting the 1/0O device to comunicate with the
processor

o 4 Lines for specifying the function to be perforned
o 16 sense lines for nonitoring the status of each 1/0O device

O 2 strobe lines to initiate the transfer of data to and fromthe
I/ O devi ces

o 1 systemclock |line

Each of these lines are available at the I/O Bus Connector. The
lines required by each controller varies with the function perforned
by the controller (Figure 4). Three ports are provided with the
Serial 1/0 Channel Controller, two asynchronous and one synchronous.
The latter is for use with an optional cassette tape recorder that
can be either supplied as an option with the terminal or purchased at
a later date. The two asynchronous ports are for interface with a
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teletypewiter nmodem (not supplied) and a tel ephone nbdemthat is
supplied with the terminal. Direct connection with a data processing
machi ne ca be acconplished at the 1/0O bus connector.

The processor provides a single |level interrupt that causes the
processor to transfer control to a designated sub-programwhile
automatically storing the contents of all appropriate registers and
the return |linkage. The nask and unmask instructions cause the
interrupt line to be gated according to the state of an inhibit
flip-flop. The last instruction (Interrupt Return) restores the
program counter, accunul ator, and overflow indicator to the condition
existing at the time of interrupting.

Sof t war e

The desired term nal operations, that is, the |ogical capabilities of

the display termnal will be inmplenented in software. This approach
provides a degree of flexibility and versatility to the termnal’s
editing and display witing capability. 1In the latter area, the

generation and di splay of characters, synbols, and graphics are
[imted in variety only by the resolution (60 dots per inch) and the
size (8-1/2" x 8-1/2") of the display screen. The flexible nature of
this approach is enhanced by the expandability of the menory to 4K
(32K optional).

The software is divided into two segnments: (1) servicing routines for
the i nput nmodem the output nodem the keyboard, and the display
nmodul e and (2), specific function routines for |ine generation
editing, point generation, and character generation

Typi cal software processing starts with the programin an idle |oop
checking the input sense line. Wen a bit is ready in the nodem the
sense |ine goes true, the processor skips and the programinputs the
bit. The sense line resets. The programcounts the bit, saves it,
and returns to an idle loop waiting for subsequent bits. As each bit
is input, it is stored in proper sequence. Wen a word is entirely
nmenory, it is noved to another nenory |location where it can be
decoded. The programresets the input, counts for the next word, and
transfers to the task routine which analyzes the command and

det erm nes whi ch segnent of the programis to performthe function

For this case, assune that the programwas instructed to plot a
character. The program conputes a table fromthe value of the
character code. The table contains a conpacted i mage of the dots
representing the character. The inage is unpacked fromthe table
into a tenporary hold area. Then, starting at the top left corner
the program out puts the coordinates and the one or zero value of the
i mage. The next point is output in the next |Iower Y position. The
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process is repeated until 14 bits have outputted (one colum). The
programresets the Y coordinate to the original Y and increnents the
X.  The next columm is output the same as the first.

VWhen ni ne colums have been output, the programreturns to the idle
| oop.

Instruction Description
Instructions and data are in the formof 16 bit words. Arithnetic

functions are performed in 2's conplenent form The foll owi ng word
formats are applicable:

I nstruction 0 1 3 4 15
| oP Addr ess

Addr ess Dat a 0 1 15
| Addr ess

Dat a 01 15
S Dat a

The instruction format provides 1 bit to indicate indirect
addressing, 3 bits for the operations code (OOP) and 12 bits for the
address. The address data format contains 15 bits of address and 1
bit for indicating indirect addressing. The data word format
includes 1 sign bit and 15 bits for data.

Logi cal control of data flow in the display processor is centered
about the accunmulator, with the majority of the operations involving
it, or the sensing of data conditions involving the accumulator. The
19 processor operations represent 6 types of instructions:

o Data Mwvenent (Through the accumul ator)

o Logical operations (on accunul ator contents)

o Condition Checking

0 | nput/ CQut put

o Junp Contro

o I ndexing

Each of these instruction types are briefly discussed next. Refer to
Appendix | for a conplete description of the instruction set.
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Data Movenent Instructions - CLA, LDA, ADD, STC

These four instructions: enable the accunul ator to be cleared or to
be | oaded with data; effect the addition of a word to the

accunul ator’s contents; and enable the accunul ator contents to be
stored in nenory.

Logi cal Operations - AND, CMP, RAL, SAL

These four instructions: enable a word in menory to be logically
"anded" to the accumnul ator; pernmt the 2's conpl enent of the
accumul ator’s contents to be formed; enable a left rotation of the
accunul ator contents, and permt a left shift of the accumulator’s
contents to be nade.

Condi tion Checking - SAZ, SNZ, SAC, SNA, SNO

These five instructions allow for various condition checks. SAZ and
SNZ pernit the accurmul ator to be checked for zero or non-zero
contents. SAG and SNA enable any bit position in the accurmulator to
be checked for a 1 or 0 setting. SNO provides a check for
accurrul at or overfl ow.

I nput/CQutput - SS, DIN, DOT

The SS instruction provides a neans of deternining whether devices
which interface with the processor (e.g., nodemdi splay nodule) are
ready for data transfers. Actual transfer of data occurs through the
accumul ator, one word at a tinme. DIN causes one 16-bit word to be
transferred froman external device to the accumulator. DOT

indi cates the transfer of one 16-bit word fromthe accurmul ator to an
external device. The particular device DIN or DOT address is

i ndi cated by the value in the device address field of the
instruction; the instructions enable controller 1/Owith a variety of
peri pheral wunits.

Junmp Control - JMP, JSR

These instructions provide the means for altering the flow of program
logic. JMP is an unconditional transfer of control to a designated
menory | ocation. JSR provides a subroutine capability to the

program The execution of a JSR instruction involves saving the
return address to the junp at a designated |location. By designating
the store for the return address as not being in line with executed
code, the programwhich is in execution can be held in read only
menory.

I ndexing - | AS
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These instructions provide an indexing facility to the order code.
The indexing occurs in the menory |ocation specified in the address
field of the AS instruction; thus, multiple indexing is possible.

The above instruction types provide a fundanental but genera
progranm ng capability. A basic synbolic assenbly |anguage has been
built about this instruction set and is used to wite prograns which
do character, assenbler program the assenbler is witten in FORTRAN
| anguage.

Modem

The display terminal is supplied with a nodemfor interfacing the I/0O
controller with a tel ephone Iine. The nbdem operates asynchronously
t hrough one of the three I/O controller ports (Figure 5). It is an
FSK unit that operates at data rates fromO to 1800 bps in a four
wire full-duplex mode and fromO to 1200 bps in a hal f-dupl ex node.
In the four wire full-duplex nbde, both the local and renpte nobdem
operate fully independently. A data transfer sequence may be
originated fromeither nodel at any tine by activating the Request To
Send signal. The data transfer sequence is term nated by dropping
the RTS signal at the originating nodem In the half-duplex node,
the nodem operates with any data format. Selection between transmt
and receive nodemidentity is determ ned by the status of the Request
To Send signal fromthe processor

The nodem nmay be used over a dial-up network using the half-dupl ex
node. Operation in this manner requires the use of the Novenber,
1968, Data Access Arrangenent, number F-57951, supplied by the Bel

System In this operating node, a data call is originated by the
phone set associated with the Data Access Arrangenent. At the renote
location, the call is manually answered and the data key on the phone

se is placed in the data position

Keyboar d

A mul ti node keyboard with standard ASCI| character-to-key assignnments
is proposed. The keyboard includes codes for upper and | ower case

al phanunerics and special function keys and codes for editing
operations.

[Figure 5 DS-1 |/ O Data Lines*]

Section 4 Mechani cal Consi derations

The DS-1 consists of three separate self-contained sub-units: the
di spl ay nodul e, the processor nodul e, and the keyboard.
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Di splay Module - The Display Module will contain the plasnma panel and

the driver electronics. It’'s overall size will 14" Wx 14" H x 61/2"
D, and will weight approximately 25 pounds. An 8-1/2" x 8-1/2"
viewing area will be provided.

Interconnections to this unit will be provided at the rear of the
assenbl y.

Processor Mddul e - The processor enclosure will contain circuit board
assenblies, three separate power supplies, and a cassette tape
recorder (optional). The overall size of this unit will be
approximately 20" Wx 6-1/2" Hx 26" D and will weigh approxi mtely
60 pounds.

| nput/ Qut put connectors will be provided at the rear of the enclosure
to accommodate the units with which it nust interface.

Keyboard - This unit will provide a full al phanuneric keyboard housed
in a desk top enclosure approximately 15" Wx 3" Hx 7" D. The unit
will include:

o The entire displayable character set in the standard ASCI| | ayout.

o Special Function keys for editing and 1/0O control

Keyboard operation is simlar in touch characteristics to an electric
typewiter and suitable for use by an inexperienced operator.

Appendi x |

DS-1 Instruction Set The follow ng instructions are provided;

The execution itemfor instructions having indirect addressing
(optional with instruction marked*) requires one cycle for each
indirect |evel.

4 15

LDA, A | Load Wrd 0 1 2 3
I 0 0 O A

This instruction | oads the contents of address A into the
accunul ator. The previous contents are lost. The programcounter is
i ndexed by 1.

JMP, A, I, Junp
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This instruction causes programcontrol to be transferred to the
address A.  The contents of the accumul ator are not altered.

JSR, A I, Junmp & Save
Ret urn

This instruction stores the present address plus 1 at the |l ocation
specified by the contents of nenory location A and transfers program
control to location A+l. The accumul ator is cleared.
Time = 3 cycl es*

2 3 4 15
ADD, A, |, Add 1 0 A
This instruction adds the contents of nenory at location Ato the
accunul ator. The overflow indicator is set to the appropriate state
and remains set until the next ADD, |IAS, or CLA instruction is
processed.

2

3 4 15
AND, A, | And 0
The instruction ands logically the contents of the accunulator with

the data stored in Location AL The results is stored in the
accumnul at or.

ycl es*
4 15
A

2 C

3
STA, A | Store 1
Accunul at or

This instruction stores the contents of the accunulator in nenory
Location A

i 2
IAS, A | Index & Skip 0 1 2 3 4 15
If Zero I 1 1 O

This instruction reads the contents of nenory |ocation A and adds 1
toit. The results are then stored back in location A of the nenory.
If the results of the addition is zero (i.e., an overfl ow generated)
the next instruction is skipped. Oherw se, the next instruction is
executed. The accumul ator contains the contents of A plus 1
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SAL, N Shift

Accunul ator Left

This instruction shifts
bits, the least signif

RAL, N Rotate
Accumul at or Left

This instruction rotate

bits. The nost signifi
bit.
HLT, Halt

Thi s instruction causes
for debuggi ng purposes,
button causes conti nued
respectively.

SAZ Skip Accumul at or
Zero

This instruction causes
accunmul ator is zero.

SNZ Skip Accumul at or
Non- Zer o

This instruction causes
accunul at or

SAC, B Skip
Accurmul at or

Liddl e

DS-1 Display System January 1972

Time = 3 cycl es*
0 1 2 3 4 5 6 7 8 11 12 15
0 1 1 1 0 0 0 O n
the contents of the accunulator left by n
cant bits becone zero
Time = 1 cycle*
0 1 2 3 45 6 7 8 11 12 15
1 1 1 1 0 0 0 O n
s the contents of the accunulator left by n

cant bit becones the initial |east significant

Ti me I
0 1 2 4 5 6 7 8 15
0 1 1 1 0 0 1
program execution to stop. Used primarily
depression of the RUN button or SINGLE CYCLE

execution either continuous or one cycle

*

i'S non-zero.

Time = 1 cycle
0 1 2 3 4 5 6 7 8 15
0 1 1 1 0 1 0 O
the next instruction to be skipped if the
Time = 1 cycle*
0 1 2 3 4 5 6 7 8 15
111 1 0 1 0 O
the next instruction to be skipped if the
Time = 1 cycle*
0 1 2 3 4 5 6 7 8 11 12 15
11 1 1 0 1 0 1 B
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This instruction causes the next instruction to be skipped if bit
nunber B is one (1). The nost significant bit is zero and the | east
significant is 15.

*

cycl

o
N
=N
P WeE

y
4
0

[@NéN¢]
[@Ne)]
[@RN]

SNO Skip No
Overfl ow

This instruction causes the skipping of the next instruction if the
overflow is not set.

C

(@6 N¢]

6 7 8 15
CWVP Compl enent 1 1
Accurmul at or

This instruction stores the 2's conpl enent of the accunulator in the
accumul at or.

Tinme = 1 cy
0 1 2 3 4
1 1 1 0

([N No)

6 7 8 11 12 15
DOT Data CQut put 0 1 Add Func.
This instruction causes the contents of the accunulator to be gated
to the DIO Data buss and a Data Qutput Strobe (DOS) pul se to be
transmtted to the peripheral device. This pulse is used by the
device to store the contents of the Standard I/ O Buss. The device
Address and Function data is transmtted simultaneous with data.

*

Tinme = cl

i 1c
0 1 2 3 8 11 12 15
1 1 1

y
4 6 7
1 0 O Add Func.

= o1

DI N Data I nput

This instruction causes the device address and function data to be
transmtted as in the DOT instruction. Upon detection of this
address, function and DATA Input Strobe (DI'S), the device gates its
data onto the Standard 1/O Buss. The deactivation of the Data | nput
Strobe indicates that the data has been recei ved and stored.

T
2 3
1 1

1 cycle*
6 7 8 9 10 11 13 14 15
11 0 0 O L 0 0

e
B3
= a

0
I NR I nterrupt 0
Ret urn
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This instruction causes the Program Counter, the Accunulator, and the
Overflow indicator to be restored to the conditions prior to
servicing the present active level. Parameter L must be set to the

| evel being processed for correct return linkage. The interrupt is
returned to the idle state. See pages 3-3 and 3-4.

Tinme = cycl es*
0o 1 2 5 6
1 1 1 1 1

8 15

P Wwh

y

4 7
MBK Mask I nterrupts 1 0
This instruction causes the interrupt systemto be inhibited from
causing any interrupt to be processed. Interrupts waiting or
received while interrupts are nasked_ will be processed when they
are unmasked. See pages 3-3 and 3-4.

*

Time = cycl
1 2 8 15
1 1

P W

y
4
1

= o1 0

0 6 7
UNM Unmask I nterrupts 0 1 0

This instruction causes the interrupt systemto be processed in the
normal manner. See pages 3-3 and 3-4.

Time = 1 cycle*

* Pl ease see the PDF file for figures and missing text (not legible in
the original).
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