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This manual has been prepared by the University of
Il1linois Computer Based Education Research Laboratory (CERL)
utilizing, in part, proprietary development data furnished
by the Magnavox Company, for the exclusive use of maintenance
personnel responsible for servicing Plato terminals furnished
by CERL, Information contained herein s proprietary to the
University of Illinois and The Magnavox Company, Ft. Wayne,
Indiana and may not be reproduced or utilized in any way
other than the express purpose stated above without written

permission {rom CERL and Magnavox.
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This manual contasins the logic diagrams and description of
operations for the PLATO IV student terminal. Also included are
timing diagrams which depict each mode of terminal operation,

A block diagram description and logic symbol description pre-
cede the detailed circuit description.

Photographa of each of each of the printed circuit cards are
included to aid in servicing the temminal.

Several engineering design changes have been incorporated in
the terminal beginning with serial mmber 262, These changes are
noted in the descriptions of operation and addicional schematic
diagrams including the changes are shown wvhen appropriate.
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INSTALLATIOR AND OPERATION

PLACEMENT MECHANICAL
The FLATO Terminal is designed to fit on s standard 30" desk Height: 22 inches
top with keyset commected and placed against the front., At least Width: 18 inches
2 inches clearance at the back is required for the flow of exhaust Depth (with Keyboard): 30 inches
air. The terminal operating enviromment is for room temperature Weight: 130 pounds
conditions ranging from 20° to 40°C and moderate humidity. Power: 115V, 60 Hz, 5A
' 50°F to 100°F
INFUT POWER REQUIREMENTS 10% to 80%
Electrical . . relative humidity
The terminal requires electrical input power of 115 VAC,
50-60 Hz, 5A maximm,. A power cord is included with each terminal.
Pneumatic
Pneumatic power is required to operate the slide projector.
A source pressure of 10-12 psi should be provided through 3/8 0.D. x
i/4 1.D. PVD tvwbing (PV64-2). The diagram below illustrates the
pneumatic connector mating assembly conmnection to the terminal, The ) i ek 5.3 inches square

terminal is shipped with the mating assembly consisting of Nut,
Grab Ring, Tube Support, Spacer and O-ring screwed into the female
comnector P6FCL4. After unscrewing the Nut, the tube support should

(512 = 512 lines >250,000
addressable points.)

Luminance: Avg. point luminance exceeds
be placed in the end of the PVC tubing. Then the Nut, Grab Ring, 50 1
Spacer and O-Ring are placed over the tubing in the order and orienta- :
9 ’ Capacity; 2048 1/8-inch character.

tion shovm. This assembly may now be plugged into any terminal using
connector P6FC4A. The connector and fitting are manufactured by
Parker HBannifin, Inc.

Up to 4250 inches of vectors
(.033 inch grid).

Write/Erase Speed: 180 characters/second.
> 600 inches/second graphics.

O-RING (6 OR)
Viewing time: Until erased.
TUBE SUPPORT (PETS4) Full Screen Bulk

GRAB RING (6 GR) Erase 400 us.

FPanel Assembly Includes Self-contained X-Y Decode and Driver Circuits.
W R R TON SLIDE PROJECTOR  Luminance: > 20 £1 sereen luminance

Capacity: 256 1l/4-inch microfiche images
A Speed: Random image access within .3

second

- *%'-' PVC TUBING (PV64-2) LOGIC ELECTRONICS: Input/Output interface (20 bits/word, 60 words/second)

(300D = 1/410) Character generator 180 char/second

Line generator 60 lines/second
256 Character memory 128 rom and 128 Alterable




KEYSET ROOKUP
The keyset connects to the front of the terminal through a flex-

ible cable approximately 2-1/2 feet long. The connector may be locked
in place with the retaining springs mounted on the chassis mating half
of the connector. The flexible cord may be folded under the chassis

if it is desirable to place the keyser against the front of the terminal,

DATA IRPUT (OUTPUT)

Data input {(output) from (to) the computer or communicactions
network is at J34, the Serial Data connector. This connector is lo-
cated on the rear of the terminal and is identified by the marking
"PHONE". The comnector i{s a 4 pin Molex type 1490P using male contact
1434, The mating connector required is a Molex type 1490R using
fenale contact 1433,

PROJECTOR LAMP
Prior to initial power turm-on a check should be made to determine

Lf the projector lamp is installed. This is done by removing the top

cover which pops off by gently lifting at front and/or rear. The lamp
is located in the center of the slide selector mechanism. Care should
be caken not te get finger prints on the lower portion of the lamp as

this shortens operating life. The lamp can be replaced by first life-
ing the retaining spring lever located to the side of the lamp holder

assembly. Replace with standard lamp type EKP, General Electric.

POWER TURN-ON

When all Input-gutput commections and other conditions described
above have been sarisfied the terminal is ready for turn-on. The power
on switch is at che lower right under the front ledge., When the power
switch is actuated, the projectoer lamp may or may not turm-on. If 1:
turns on Lt will go out within 5 seconds when the terminal generates
"auto reset"., The "auto reset" signal initializes all terminal
clrcultry. (On terminals with serial numbers less than 262 the clear
switch must be depressed to initialize the terminal.)

Within 2 or 3 seconds after turn-on, the plasma panel borders
will light. The borders can be seen at the edge of the displavy area
although they are parcially masked bv the front panel structure.

CAUTION

If terminal is turned off, do not turm on again for at
least 10 seconds as this may damage high voltage
circuitry which drive the borders.

A check should be made to verify the fans are running. This
may be done by placing a hand at the rear of terminal to detect air
flow. A fan is alse lecated under the top cover to cool the slide
selector lamp and film. This fan may be checked by opening the film
access door locaced on the upper front panel or by removing the top

cOover.

FIILM LOADIRG

Microfiche film strips used in the slide selector are loaded
by opening the access door mentioned above. Opening the door causes
the film carriage to move to the home location (with air input
activated). The film strip is inserted {n the plastic holder and the
locating holes are placed over the locating rods. When the door is
clogsed, the film carriage returns to its previous index locatiom.
This location is randomly determined when power is first applied to
the terminal. Thereafter, it i{s determined by input data from what-
ever controller is used to exercise the terminal.

CGRTROLS

The main control interface for the terminal is through the key-
set wvhich transmits data to the computer. Two front panel switches
and an indicator are also provided. Thelir functions are described
in subsequent paragraphs.
Clear Switch

The white CLEAR switch is a momentary single-pole, double-throw
type switch used for imitializing the terminal, clearing the "Abort"
mode, and erasing the display. Actuation of the CLEAR switch will
also turn off the projector lamp if it is onm,
Error Indicator

When the terminal detects a parity error on input data, it enters
the "abort" mode and turns on the red ERROR indicator. The Indicator
remains on as long as the terminal is in the ABORT mode. The terminal
remains in the abort mode until it is cleared by an appropriate inpur
word from the computer or by actuation of the ERROR switch.
Error Switch

The red ERROR switch is a momentary single-pole, single throw
type switch. Actuation of the error switch clears the ABORT mode.



The block diagram depicts the main functional units in the
terminal, The terminal is designed to process 21 bit worde which
arrive serially at a rate of up to 60 words per second or 1260 bits
per second. The terminal transmits 12 bit words back to the compu-
ter. Both input and output word formats are described later.

MODEM (MODULATOR - DEMODULATOR)

The terminal is designed to operate on voice grade telephone
circuits using frequency shift keyed (FSK) modulated signals. The
demodulator section of the modem recovers the data from the FSK
signal and supplies it as a digital signal to the terminal. The
modulator section of the modem converts the out-going digital signal
into a FSK signal for transmission over telephone circuits.

Two types of modems are supplied for use with the terminal, The
FLATO IV modem is designed for use with full duplex (4 wire) circuics
of up to 5 miles in length. The 202 modem is designed for use on
balf-duplex (2 wire) circuits such as the direct dial (DDD) telephone
network or dedicated (schedule &) circuits. Each of these modems 1i»
described in detail later in this manual,

SERIAL INPUT REGISTER (SIR)

The SIR is a 20 bit shift register which receives the dara from
the demodulator section of the modem,., After a 20 bit word has been
assembled {n this register, Terminal control is signaled to begin
processing the wvord.

DATA REGISTER (D)

This 20 bit register is the main distribution center of the
terminal. Terminal control transfers an incoming word from the SIR
to D and from here the word may be delivered to any of the internal
registers in the terminal or to external equipment connected te the
terminal .

MODE REGISTER (M)
The 4 bit M register directs the Terminal Control section in the

processing of the incoming words. This register specifies the opera-
ting mode of the terminal snd the write-erase conditions for the plasma

panel.

. i

BLOCK DIAGRAM

X REGISTER
This 9 bit register specifies the horizontal addresses of

information on the plasma panel.

Y ERECISTER
This register speclifies the vertical addresses of informatiom

on the plasma panel, Address X = 0, Y = 0 is located at the lower

left cormer of the panel.

MEMORY ADDRESS REGISTER (MAR)
The 11 bit MAR supplies character address information to the

character generator.

CHARACTER GENERATOR

The character generator contains four memories each of which
contains the points for plotting 64 characters. Twe of the memories
are read-only memories (ROM) and two are shift register memories
(SEM). The SRM memories are loaded by the computer with special
character or graphical data as required by the terminal user, Char-
acters may be plotted from any memory at a rate of 180 per second.
The character generator is described in more detall later.

LINE GENERATOR
The line generator contains the registers and circuits for

plotting lines on the plasma panel. Lines of any length may be
drawvn at a rate of up to 60 lines per second. The line generator

is described in more detail later.

ECHO REGISTER
The Echo register is a 7 bit register which can be loaded by

the computer and its contents transmitted back te the computer
(echoed) automactically.

WORD COUNT REGISTER (WC)
The 7 bit WC register maintains a record of the number of non-

BOP words received by the terminal. Each rtime a non-NOP word is
received by the terminal the WC i{s incremented by 1. Upon receipt
of a word with a parity error, the terminal transmits the contents
of the WC to the computer and enters the ABORT mode by operatiom.
Poe M coxcring e tecres ot Hhe b sanradaten the erver.

ATy _..-,rr I. - ] &
e ORAPERRE T e TP VAR T |

Once in the ABORT mode the terminal will refuse to accept any
incoming words except for a LDM instruction. Receipt of the word
will clear the ABORT mode and return the terminal to normal operation.

SERIAL OUTPUT REGISTER (SOR)

Data to be transmitted to the computer from the various sources
internal and external to the terminal is entered into the S0R. From
here the data is shifted into the modulator section of the modem and

transmitted to the computer,

AUXILIARY EQUIPMENT

Three 15 bit output channels and two 8 bitr input channels are
provided to permit computer controlled operation of equipment ex-
ternal to the terminal.

One output chamnel is used to operate a random access slide
selector which projects slides on the rear of the plasma panel.

A second output channel is used to coperate an audio response
unit which can play back a pre-recorded message to the terminal
operator.

The third output channel is for use of other equipment as de-
sired.

One input channel is used with the Touch Panel. This i{s an
optional optical input device attached to the front of the terminal.
With this device the terminal operator may enter data about objects
on the plasma panel merely by pointing with his finger at the objects.

The remaining input channel {s free to be used by other equip-
ment as required.
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The data to be processed by the terminal comsists of 21 bit
wordas with the format shown in Figure 1. Bit 20, the message start
bit, is alvays a "one". This bit is used to synchronize the modem,
It is removed from the data by the modem before the data (s supplied

to the terminal and as a result i{s not shown in any of the word formats.

9 I8 o1 00
| ‘ C ‘ DATA ‘ PI
Figure 1.
Bit 00 Parity bit - odd parity
Bits 01 - 18 Data
Bit 19 Control bit - 0 = control word
= 1 = data word

Bic 20 Message start bit

Terminal words may be of two Cypes; control words and/or data words.
Data words (c = 1) contain the data to be processed by the terminal
vhile control words (c = 0) are instructions used to establish cer-
tain conditions within the terminal., The control word format is
shown in Figure 2.

19 B IT B |5 o 00
[o] o - Te
Pigure 2.
Bits 01 = 15 Data
Bits 16 - 18 Destination of data within
the terminal as described
below.
D = 000 (NOP)
19 18 IT 16 IS5 o1 00
o]0 o oo — o]0

This word iz a RDP (no-operation) instruction. The word is in-
put by the terminal but the terminal condition is nor altered in any

way.

D = 001 (LDM) LOAD MODE

9 B I7T 615 4 13 OT 06 05 ol 00
w 7
ojo 0 1|I]g WORD COUNT mmup

This instruction loads the Mode register (M) with bics 01-05.
In addition, if bit 14 (WC) 1ies a "1" the Word Count register will be
loaded with bits 07-13. Receipt of an LDM instruction while the
terminal is in the ABOET mode will load the Word Count register but
will not alter the Mode register. Bit 15 is used to actuate or in-
hibit external devices attached to the terminal. Receipt of an LIM
instruction with bic 15 = | will inhibit all inputs from external
devices, These devices will remain inhibited until receipt of an
LDM instruction with bit 15 = O. |

D = 010 (LDC) LOAD CO-ORDIMATE

19 18 I7T 16 15 i 10 09 ol 00

This instruction loads the X register (bit 10 = 0) or the Y
reglster (bit 10 = 1) with bits 01-09. Bits 11-15 are unused.

D = 011 (LDE) LOAD ECHO

19 18 I7T 16 08 0O7 Q00

This instruction loads the terminal output register (SOR) with
bits 01-07. This word is then transmitted back to the computer

center.

D = 100 (LDA) LOAD MEMORY ADDRESS
19 18 IT 16 15 11 ol
I-:- 1 0 0 MEMORY ADDRESS P

This instruction loads the Memory Address Register (MAR) with
bits 01-10. Bits 11-15 are unused. This data word specifies the
first storage address to bes used upom entry into a Mode 2 operatiom.

D = 101 (SSL) LOAD SLIDE
9 I8 I7T 6 B I 10 09 08 05 04 Ol 00
BOXX17//// RO A

This instruction is used to operate the slide projector. Bits
01-08 select one of 256 slides for display on the plasma panel. Bit
09 controls the projector shutter. For normal operation this bit is
always "0", However, if this bit is a "1", the shutter will be closed
and remain closed until receipt of a load slide command with bic 09 =
"0". Bit 10 controls the projector lamp. The lamp will be turned
on if bit 10 is a "1" and off if bit 10 ia a "O",

D = 110 (AUD) LOAD AUDIO

19 18 IT 16 15 o1 00
:‘IID‘ AUDIO DATA P

This instruction is used to control the audio response unit,
The audio response unit requires two of these instructions per audio
operation. The formats of each of these instructions is described
below,

15 14 13 12 06 03 ol
FIRST

1 |E|P TRACK SECTOR AUDIO
INSTRUCTION




Bies 01 -12 Specify rhe message starting
address; bits 01-05 specify
one of 32 gecrors and bits
06 - 12 one of 128 rracks.

Bits 13 - 14 Specify playback or erase as
follows:

00 - erase/rec
0l - record
10 - erase

11 - play

Bic 15 Always "1". JTdentifies first
of two audlio instructions.

IS5 14 08 Q7 Ol SECOND
olo o| MEFASELENSTH | audio
N INSTRUCTION

Bics 01 - 07 Specify length of message in
terms of sectors. One sector
equals *1/3 seconds.

Bits 08 - 14 Unused

Bic 15 Always "0" - identifies second

audio instruction,

D = 111 (EXT) LOAD EXTERNAL CHANNEL
19 18 I7 16 IS o 00
o[y v EXTERNAL DATA P

This instruction transfers bits 0l - 15 to any equipment attach-
ed to the external ogutput chammel of the cerminal.

MODE WORD

For each mode of terminal operation there is an associated mode
word which directs the terminal processing of incoming data. Once
placed in any given mode the terminal remains in that mode until re-
ceipt of a new LDH instruction. The mode word format is shown in

Figure ].

05 04 03 02 Ol
‘ M, Hu“FE|FWThI 3

Figure 3.

Bic 01 Screen Command, 1If this bit
is a "1", the entire display
panel 1is erased at the time
the Mode Word is loaded into
the M register.

Bits 02 - 03 Select write or erase function
as follows:
HIEI HfEﬂ
X 0 Erase
0 1 Write
1 Write; suppress all background
erase operations.
Bits 04 - 05 Specify operating mode
MODE O
9 18 iI0 09 Q1 00
) X Y P

Mode 0 is a point plotting mode. Each mode 0 data word speci-
fies the address of a point on the panel to be written or erased.
The HIEﬂ bit in the mode word determines which operation i{s performed.

MODE 1

19 18 10 09 01 00

| Xi Yi P

Mode 1 {s a line drawing mode. Each data word specifies the
terminal coordinates of a line, the origin of which {s contained in
the X and Y registers.

The terminal point of a given line is also interpreted as the
origin of the next line. Line origins may be relocated, however,
by the use of the LDC command without exiting from Mode 01,

MODE 2

19 18 I7_I6
| EEEE;J MEMORY DATA WORD ‘P\

Mode 2 1z a load terminal memory mode. Each mode 2 data word
contains a 16 bit word to be stored in the memory location speci-
fied by the present contents of the memory address register (MAR).
Up to 1024 16 bit words may be stored in the terminal. After the
data has been stored the MAR i{s automatically incremented by 1.
Thus, data may be stored sequentially in memory by transmitting
only Mode 2 data words, The contents of the MAR may be changed at
any time via the LDA instructionm.

The data, when displayed on the panel, appears as a vertical
column with bit 01 at the bottom and bit 16 at the rtop. Eighr of
these words stored at consecutive addresses comprise one character
which may be digplayed on the panel via Mode 3,

MODE 3
19 18 I3 12 or 06 o 00
; CHAR | CHAR 2 CHAR 3 ln‘

Mode 3 is a character plotting mode. The data words in this
mode contain three 6 bit character codes. Four 64 character memories
are provided in the temminal, Memories Mo and H1 are read-only
memories (ROM) which contain the characters shown in Table 1. Mem-
ories HI and Hj are shift register memories (SEM), each containing
512 x 16 bit words, the contents of which are loaded via mode 2.

The contents of B consecutive addresses are displayed as one char-
acter. Al characters are displayed within an 8 x 16 matrix as shown
in Figure 4. The top three and the bottom rows of the matrices for
all characters from Hﬁ and H1 are alvays unfilled,



ADDRESS MO Mi ADDRESS MO Ml
(OCTAL) CHAR CHAR (OCTAL ) CHAR CHAR
0 : ¢ 40 5 t
1 a A &1 6 -
2 b B 42 7 +
3 c C 43 8 -
& d D Gy 9 "
5 L E 45 + L
6 f 4 46 - )
7 N G 47 * n
10 h H 50 / u
11 i 1 51 ( {
12 ] J 52 ) )
13 k K 53 $ &
14 1 L 34 - ]
15 m M 55 SP sP
16 n N 56 ' |
17 ] 0 37 . o
20 P P 60 1 s
21 g Q 61 { a
22 T R 62 ] [
23 ] 5 63 r 4 é
24 £ T 64 x A
25 u v 65 o= "
26 v v 66 L "
27 v W &7 " [+
30 x X 70 . o
il y Y 71 : ™
32 2 z 12 < <
33 0 - " 73 > 2
3 1 74 B 0
15 2 - 75 ? 0
36 3 ‘ 76 > \
37 b4 N UNCOVER | UNCOVER

“ 77

Table 1.

Character Codes

|y

ek adil.

1]

— These rows are
olways empty if
1 character is from
ROM

l

Figure 4,

Character write/erase {s controlled by the write/erase bita in
the mode word. If Hfzu = 1, characters are written; if H!!D -0
characters are erased, If HIEI = 0, the background or normally un-
filled portion of each character matrix will be erased, if Hfﬂl - 1
the background remains unaltered.

CONTROL CHARACTERS

The "uncover” code (77) is used to gain access to 12 control
characters vhich are used to control display format in Mode 3 opera-
tions,

Upon recelpt of a 77 code, the terminal interprets the next
character code as a control character rather than a memory address.
Following execution of the control character normal Mode 3 operations
are resumed, A description of each control function is gliven below,
UNCOVER (77)

This code instructs the terminal to obey the next character
address as a control function, If several uncover codes are sent in
sequence, the first non-uncover code will be treated as the control

charac ter.

BACKSPACE (10)
This character decreases by 8 the panel x address, 1.e., moves
one character position to the left. A backspace over a display

character does not erase the character.

TAB (11)

This character increases by 8 the panel x address, i.e., moves
one character position to the right. A tab over a displayed char-
acter does not erase the character.

LINE FEED (12)
This character decreases by 16 the panel y address, l.e., moves
down one character position. A line feed over a displaysd character

does not erase the character.

VERTICAL TAB (13)
This character increases by 16 the panel y address, 1.0., moves
up one character position., A vertical tab over a displayed character

does not erase the character.

FORM FEED (14)

This character sets the panel address to the upper left cormer
(x =0, vy = 496), This is the first character position on the top
line of the display. No displayed data is erased in this operation,

CARRIAGE RETURN (15)

This character clears (sets to 0) the panel x address and de-
creases by 16 and y address. The screen address is thus set to the
first character position on the line {mmediately below the present
line. No displayed data is erased in this operation,

SUPERSCRIPT (16)

This character increases the panel y address by 5. All char-
acters recelved following this code appear as shown in Figure 5.
This selection may be removed by a subseript (17) code. No data is
erased in a subscript operation,
10



Figure 5.
SUBSCRIPT (17)

This character decreases by 5 the panel y address. All char-
acters received feollowing this code appear as shown in Figure 6.
Thiz character may be used to remove a superscript selection (16)
and the superscript code may be used to remove this selection. No
data 1is erased in a superscript operation.

Figure 6.

SELECT Hﬂ (20)
This code selects character memory O, All succeeding characters

will be read from the memory until recelpt of a difference memory

select code.

SELECT !-l.l (21)
This code selects character memory 1. All succeeding characters

will be read from this memory until receipt of a different memory

select code.

SELECT H2 (22)
This code eelects character memory 2. All succeeding characters

will be read from this memory until receipt of a different memory

select code.

SELECT M, (23)
This code selects character memory 3. All succeeding charactera

wvill be read from this memory until receipt of a different memory

select code.

11



CIRCULT DESCRIPTION
The logic circuits used in the PLATO IV terminal are implemented

using standard transistor-transistor-logic (TTL) integrated circuics.
A logical "one" is represented by a voltage of from 42.4 to +5 volts
and & logical "zero" by a voltage of from 0 to +.4 volta.

SIGNAL NOMENCLATURE

Signal lines on the logic diagrams are provided with a label
that identifies, often in a shortened form, the function which the
signal performs. If the logical "one" state of the signal performs
the labeled action, the label appears as, for exammple, CLEAR X: while
if the logical "zero" state performs the action, the label appears
with a bar over irc; inthht:ﬂphm.

RAND

The NAND circuit provides a logical “zero" output if and omly if
all of the inputs are s logical “one"™. If one or more of the inputs
is a logical "zero", the output will be a logical "onme™. RAND circuits
may have from two to eight inputs. The symbol for a 2-input NAND
circuit is shown is Figure 7. The N in the symbol specifies which
integrated circuit package contains the circuit while i, j and k
specify pin mumbers on the integrated circuit package. This label-
ing scheme applies as well to the other logic elements to be described

in the following paragraphs.

:'j : } k
)
Figure 7. HNAND Symbol
NOR
The NOR circuit provides a logical "zero" cutput if one or more
of the inputs is a logical "one". If all of the inputs are a logical
"zero" the output will be a logical "one". NOR circuits used in this

terminal have only two inputs. The NOR symbol is showm is Figure 8.

LOGIC DIAGRAMS

INVERTER

The inverter provides an output that is a logical inversion of
its input. The inverter symbol is shown in Figure 9, NAND and NOR
circuits may also be used as inverters by connecting all of the

— >

Figure 9. Inverter Symbol
inputs together., Examples of these circuits are shown in Figure 10.

_@_h H::)DDJ

Figure 10. NANDs AND NORs used as inverters

WIRED - OR
Open collector TTL circuits may be paralleled to perform the
AND-OR-NOT Ffunction. This paralleling of gates is often referred to
as a "wired-or" or "wired-and" circuit. An example of such a cir-
cult 1is shown in Figure ll. The ocutput of this circuit will be =
+3

>

D,

Output

moo

L

[ >
- .
>

Figure 11. Wired-Or

"zero" if all of the inputs to any one of the gates are "ones". Thus
if A and B are both "ones", or i{f C, D and E are all "cmes", or if

F and G are both "ones" or i{f H {s a "one", the output will be a
“"gero'. The output of this circuit will a "one" if one or more

of the inputs to each circuit is a zero.

EXCLUSIVE OR

The EXCLUSIVE OR circuit provides a logical "zero" output if
both of the inputs are logical “ones" or both are logical "zeros"”.
1f the inputs are not of the same logical state, the output will be
8 logical "one". The symbol for the EXCLUSIVE OR circuit is showm
in Figure 12. The EXCIUSIVE OR circuit has the property that if
one input is held at a logical "zero", the cutput will always be

]
Figure 12. EXCLUSIVE OR Symbol

logically equal to the other input, while if one input is held at a

logical "one", the output will always be the logical inversion of the
other input,

FLIP FLOPS (FF)

The flip flop functions as a storage device which has two atable
states designated as set and clear., The most basic type of flip flop
is composed of two HAND circuits as shown in Figure 13, This flip
flop is set when the A output i{s a "one" and the B cutput is a

D’ A

R [ » _

Figure 13, Simple Flip Flop 12




"zero" and the flip flop is cleared when the A output is a "zero" and
the B output is a "one". The flip flop is set by the occurrence of

a "zero" on the SET input and cleared by the occurrence of a "zero" on
the Eii'tnpu:.

The Latch flip flop, shown in Figure 14, is most often used in
storage registers., This flip flop is set when  i5 a "one"™ and cleared
when  is & "zero". When the GATE input is a "one" the state

Q 1 SET
- GATE
0
CLR

Figure 14, Latch Flip Flop Symbol

of the SET input is entered and stored in the flip flop. The flip
flop is cleared by a "zero" on the CLR input. Operation of the Latch
flip flop is 1llustrated by the waveforms in Figure 15,

ser [
qare -

! I

: | |

Figure 15. Latch FF Waveforms

The JK flip flop, shown in Figure 16, is used in counters, shifc
reglaters and as control elements. The state of this flip flop is
determined by the state of the J and K inputs at the time the CLOCK

9 1 J
CLOCK

] 0 K
CLR

Figure 16. JK Flip Flop Symbol

input is a "one" as follows: 1if J and K are both “zero', the state
of the flip flop remains unchanged; if J {s a "one'" and K a "zere",
the flip flop is mer; if J is a "zero" and K a "one", the flip flop
is cleared; if J and K are both "one'", rhe state of the flip flop is
inverted. This last operation is referred to as "toggling" the flip
flop. The flip flop may be cleared by a "zero" on the CLR input,
Waveforms deplcting the operations of the J K flip flop are shown in
Flgure 17. HNote that the flip flop cutput changes on the trailing,
1, e, "one" to "zero" transicion, of the CLOCK signal.

acce| | [ ||| [

o

Figure 17. JX FF Waveforms

The type D flip flop, shown in Figure 18 is also used in counters,
shift registers and as a control flip flop. The state of the D input

Is stored in this flip flop each time the CLOCK input makes & "zero”

SET

CLOCK
0

CLR

Figure 18. Type D Flip Flop Symbol

to "one" transition. The flip flop may be set by a "zero'" on the SET
input and cleared hy a "zern" on the C1R input. Waveforms depicting
the operation of this flip flop are shown in Figure 19. Note that
this flip flop changes state on the "zero" to "one" transition of

the CLOCE signal.

e | ] _

° |

——

Figure 19. D Flip Flop Waveforms

DELAY CIRCUIT

Capacitive delay circuits as shown in Figure 20 are sometimes
used to delay "one" signals & prescribed time. The time {s fixed
by the valve of the capacitor and the internal resistance of the
logic circuit connected to the output of the delay circuit. The
resistor (R) is used primarily to return the capacitor voltage to +5

volts at the conclusion of the delay,
+ 5

input O——H@ O output

Il
I
O

Figure 20. Capacitor Delay Circuit



TEST POINTS

Test points are provided on all printed circuit cards to permit
viewing the logic signals on an oscilloscope. These test points may
be mumbered from 1 through 12 with test point 1 always located at
the top of the card. The test points appear on the logic diagram as
shown in Figure 21.

O -

Figure 21. Test Point Symbol

Test points on d.c. voltages are color coded as follows:
+12V = yellow
+ 5V = red or orange
Cnd = black
- 5V = green
=12V = blue

CARD COHNECTIONS

Edge comnector labels appear on the logic diagrams as shown in
Figure 22. The letter A refers to the back side and B to the front
(component) side of the card while the mmber refers to the pin

[0

Figure 22. Edge Connector Symbol

oumber in the commector, On all cards, Al and A3l are always ground
and A3 is always +5 VDC.

TERMINAL CONTROL
The basic control element is a shifr register. Each time the

IRPUT DATA READY signal is generated a "one" is inserted into the
first stage of the register. This "one" Ls then shifted through the
register by the CLOCK (in some cases CLOCK) signal at a 1 =iz rate
until the processing of the data is completed at which time the EXIT
signal is generated.

A simplified diagrsm illustrating the use of the shift register
to generate timing signals is shown in Figure 23, The output of
each flip flop in the register is combined with the CLOCK signal to
generate a timing sigoal Ti" The diagram depicts how both positive
and negative timing signals may be generated. Negative timing sig-
nals T,., El' and Tz are generated inm NAND circuite using CLOCK and
the "one" side of the flip flops. Positive timing signals, 'Es and Iﬁ_
in this case, are generated in NOR circuits using CLOCK and the “zero"
side of the flip flops. In the actual control circuits positive or
negative timing signals are generated as required by the circuits at
that time,

The combination of shift register and logic gates as showm in
Figure 23 i{s veferred to as the main timing chain or controel chain
and the timing signals generated by the timing chain will be referred
to as time T,. These signals are combined with other logic circuits
in the terminal to generate gate signals which transfer the contents
of one register to another, increment (count) registers, and to
generate a variety of control signals required to process data within
the terminal.

At various stages in the control chain logic circuits are in-

serted to permit the control to remain at that point for some number
of clock times, or to jump back to some previous point in the control
to repeat an operation, or to permit termination of control (generate
the EXIT signal) L{f conditions necessitate. These circuits, for the
most part, appear in the Mode 1 (line mode) and Mode ] (character
mode) control chaln,
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TIMIRG DIAGRAMS

The timing diagrams identify for each clock time in the control
sequence the operations vhich must be performed to correctly process
the words received by the terminal.

Three timing disgrams are provided; one for ti.-l‘l.'nthruu.lh'r'.
another for Mode 1 and a third for Mode 3. All words received by
the terminal, with the exception of Mode 3 data words, require the
use of TD - Tﬁ. control for all or a part of their processing. A
separate control sequence is initiated at time T: which processes
Mode 3 worde. The Mode 1 timing diasgram contains timing informatiom
beginning with time 1'5. With the exception of Mode 1 and Mode ] data
words, the processing of all words is completed at time T,.

In using the ciming diagrams the following points should be
noted; i

l. The symbol o denotes a logical "and" conditionm.

2. The symbol (0) denotes a logical "or™ condition.

3. The above symbols are used to show the flow of controel.

They may or may not exist as actual logical circults in
the terminal,

&. Registers are generally denoted by one or more letters;

f.e., X identifies the X Register, WC the Word Count Regis-
ter; MAR the Memory Address Register,

5. The horizontal arrow + symbolizes a parallel transfer between

two reglsters.

6. In the case of the D register transfers, only the bits of

D required by the receiving register are actually transferred,
Refer to the word format section for the bits required by
each register.

The Mode 1 timing diagram is shown in the line generator section
and the Mode ]} timing disgram is shown in the character generator

section of this manual,

16
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The line generator contains two identical sections; one for
computing the x coordinates and one for computing the y coordinates

of a line,

Each section contalns:

l.
2.
3.

A 9 bit final coordinate register {If. Y.,

a 9 bir increment register ( Ax, 4y),

a 9 bic adder for adding or subtracting the contents of

the increment register to and from the contents of the
final coordinate register,

gating circuits for entering information into the final
coordinate register from the D register or the adder,
gating circuits for entering information into the increment
register from the present coordinate registers (X,Y) or the

- adder,

gating circuits for supplying the contents and the comple-
ment of the contents of the increment register to the adder,
gating circuits for incrementing or decrementing the X and

Y regiscers,

a comparison circuit wvhich compares the contents of the

final coordinate register with the contents of the D reglsater.

The following is a description of line generator operation as
shown in the 'I'ul - Ih and Mode 1 timing diagrams.

Time 0

Time 1

Time 2

Time 3

Terminal control loads the word inte the D register. The
upper half of this word specifies the x coordinate {:t} and
the lower half specifies the Y coordinate {yt} of the end
point of a line.

An error check is made on the word, the WC is incremented
and control continues in Mode 1.

The final coordinate registers (IE and Yf} are cleared. The
gating circuits on the adder inputs are set to receive the
complement of the increment registers (A x and Ay). The gat-
ing logic on the input to the increment registers is set to
receive the contents of the X and Y registers.

The point on the plasma panel specified by the contents of
the X and Y registers is written, if in write mode, or erased

if in erase mode.

Time 5

Time 6
Time 7

Time 8

Time 9

LINE GENEEATOR

The upper 9 bits of the D register are transferred to the If
register and the lower 9 bits to the Ef register. The con-
tents of the X and Y registers are transferred to the Ax
The gating logic on the
input to the increment registers is set to receive the out-
put of the adder. At this time, if the contents of the D
register are equal to the contents of the X and Y registers,
the line drawing process is terminated. This is the trivial
case of drawing a line of 0 length (end point address equals
In the more general case, the

and Ay registers, respectively.

starting point address).
process continues with the next step.
The output of the adders is transferred to the increment
This operation enters the quantities Xg-X and
Tf-T into the 4X and AY registers, The X and Y direction
flip flops RD and YD are set to "0" if overflow occurs in
the adders (IX, = 1 or I¥, = 1 respectively). If no over-
flow occurs the flip flops are set to "1", These flip flops
indicate the direction the X and Y registers must be ad-
vanced in the line drawing process.
The final coordinate registers, !f and TE' are cleared.
The output of the adder is transferred to the increment
reglsters, 4 x andd y, if the corresponding direction flip
flop Hn or TB = (0. No operation occurs to an increment
register if the direction flip flop is "1",
complements the quanticty in an increment register if it is

registers.

This operation

negative.
The final coordinate registers X_ and Tf, are both set equal

to 1/2 (100000000). The gating :ircuitn on the adders are
set to receive the contents of the increment registers,

(Set ADD)
The contents of both increment registers are shifred leftc

The increment registers are set to shifc.

until one or both registers has a "1" in its most significant
bit fﬂuﬁ or ﬂrﬂl. Following this step, the contents of the

line generator registers are:

x_ =X b i

By) = —=—2 o . -
A = (49) = 795 Rg) = . Dgdi 3

Time 10

Time 11

where:

where x, and ¥, are the end points of a line just received
by the terminal, x, and Y, are the inicial contents of the
X and Y registers in the terminal, and n is the number of
lefrt shifts performed in this step.

The contents of the increment registers are added to the
contents of the final coordinate registers and the sum
placed into the final coordinate registera:

1f overflow occurs in the adders, [xg Orp Yg = 1, the cor-
responding X or ¥ register is incremented 1if ite direction
flip flop is a "1" or decremented if it is "0",

The point on the panel specified by the present contents of
the X and Y registers is written, if in write mode, or erased
if in erase mode. The contents of the X and Y registers

are compared to the contents of the D register [It and yt].
if these quantities are not egual, control returns to step
10; 4if they are equal the line drawing process is terminated.

The line drawing process may be described by the following equations:

x =X
- - 1
x=x* 93 T*3

2

Y, -y

t ‘o 1
=% Y 15~n E¥ 2

LI initial contents of X and Y registers.

X.» ¥ = terminal coordinates of line as specified by
contents of D regiscer,

n = number of shifts required in Time 9

T = number of passes through Time 10 above.

The quantity 1/2 is added to effect automaric "round off",
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The character generator contains four 512 word memories, two of
wvhich are read only memories (ROM) and two of which are shift regis-
ter memories (SEM). The ROM memories, designated Hu and Hl' contain
data for the characters shown in Table 1 while the SEM memories,
designaced H2 and HE' contain data which is loaded by the computer
according to the needs of the terminal user.

The character generator as shown in the block diagram contains:

1. Two ROM and two SEM memories.

2. The 11 bit memory address register (MAR).

3. Gating logic for entering data into the MAR from the D

register.

4. 'The character counter.

5. Memory output logic.

6. Load-circulate logic for the SREM,

7. The SBEM address register and comparison circuit,

B. A 1l6 line to 1 line bit sultiplexor (MPX).

9. A 4 bit scanner which operates the MPX,

10. Mode 03 control.
11. BHon plot control.

MAR

Bits A’ and "IL'I' specify which of the four memories is to be
used, These bits are set by the memory select codes described pre-
viously in the Word Format section. Bits Ay through AB specify one
of 64 character addresses within a memory. Bits LD through Az. the
column select bits, specify one of B columns (words) of data which
compose A character.

GATIRG LOGIC - CHARACTER GENERATOR

The gating logic on the input to the MAR selects which of the
3 six bit character codes specified by a Mode 3 word and held in the
D reglster is to be loaded into bits 53 = Ag.

This logic is aleo used to load the 10 bit store address speci-
fied by a LDA control word into bits ﬁﬂ - Ag. In this operation ﬁlﬂ
is always set to "one",

The character counter specifies to the gating loglc which bits

of the D register are to be loaded into the MAR.

CHARACTER GENERATOR

MEMORY OUTPUT LOGIC
This circult selects which memory outputs are to be supplied to
the bit multiplexor,

SCANNER - BIT MULTIFLEXOR (MPX)

The scanner and PMX are used to specify to Mode 1 control the
contents of each bit of the character data words. Figure 24 illus-
trates the direction of the scamning sequence. This is also the
sequence in which the character is plotted on the plasma panel.

MODE 3 - CONTROL

Mode ] control generates the timing signals required ro operate
the character generator. The Mode 3 timing diagram illustrates the
sequence of operations used to process each Mode 3 data word.

A 8ix bit character code is loaded into .|k3 - .ha of the MAR and
bits A, - A, are set to "zero"”. The word specified by this address
is read from memory and supplied to the bit mulctiplexor where it is
scanned and displayed on the pamel. The column select bits are then
incremented by one and a new word is read from memory and displayed,
These operations continue until B successive 16 bit words have been
read from memory and plotted on the panel.

After a character has been processed, the character counter is
incremented and the next character is processed. Thie sequence con-

tinues until all 3 characters in a Mode 3 word have been processed.

NOR-FLOT CONTROL
Non plot control 1s used to process the Mode ] control characters.

These characters are not displayed on the plasma panel; they alter
the contents of the X and/or Y registers or bits "‘g - A'l,ﬂ of the MAR,
Operation of this control is described by the Non-Plot timing diagram.

SEM CONTROL
Each SRM memory contains sixteen 512 bit shift registers, one
stage from each of which is shown in the Character Cenerator block

diagram.

Each stage contains:

1.
2,

3.
4.

A 512 bit shift regiscer.

Load-circulate logic to enter data into or circulate data
already in the shift register. )

Logic for reading data from the shift register.

A flip flop for holding data read from the shift register,

The SEM control circuit consists of a 9 bit address counter which
specifies the address of the word appearing at the output (and input)
of the shift register and a comparison circuitr which compares the
contents of this counter with the contents of the MAR,

During Mode 2 operations the SRM control generates the SELECT
0-511 or SELECT 512-1023 signal when the MAR address is equal to the
SRM address. These signals allow data to be entered into the appro-
priate shift register by the load-circulate logic.

During Mode 3 operations, if the SRM is selected, the SRM con-
trol generates the GATE SRM signal when the MAR address is equal to
the SEM address. This signal stores the data at the output of the
shifec register (selected by A!l in the flip flop. This data is then
supplied to the bit multiplexor for processing.

i
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CARD 2 - T,-T

GENERAL

This card contains the master oscillactor (clock) circuit, the
write and erase circuits, and the timing circults which generare
times Tu through Tﬁ.

CLOCK

Transistors Q» q:, Qi and half of circuit Ul3 comprise a 1 mHz
oscillator which generates the CLOCK signal used throughout the ter-
minal. The CLOCK and CLOCK signals are supplied to the other cards
in the terminal by circuit Ul2. The CONT, CLOCK signal is supplied
only to card 14 (SEM Control).

Half of circuit Ul3 and U6 convert the 1 mHz clock signal into
two 500 kHz signals and supplies these signals to the shift register
memory (SRM) clock driver circuits. Transistors Qh. qﬁ. qﬁ and q?
supply the ¢, CLOCK signal and Qg , Q5. Q) and Q,, supply the
CLOCK signal to the SRM on card 3.

INPUT COURTER

Circuit U9 and half of Ul7 comprise a 5 bit counter which counts
the MODEM SHIFT pulses generated in the modem. After 20 shift pulses
have been received, the INPUT DATA READY signal is generated at Ul0
pin B. This signal indicates to the maln timing chain that a 20 bitc
word has been assembled in the SIR and that the terminal may commence
processing the word. The mailn timing chain responds to the INPUT
DATA READY signal with the INPUT RESUME signal which clears the bit
counter removing the INPUT DATA READY signal and resets the modem
with the RESET MODEM signal.

PARITY CHECK CIRCUIT

The parity check circuit ls composed of flip flop U17 and cir-
cuit U2, Each time a "one" appears in the data stream the PARITY
CHECK flip flop is toggled. An error is present in the word received
if this flip flop is a "one'" when the INPUT DATA READY signal is
initiated. The PARITY CHECK flip flop is reset, 1if it is a "one',

at clock time Tﬂ from the main timing chain.

4

TIMING AND LOGIC CIRCUITS

Time Tﬂ is generated at Ull pin 13, time Tl

at Ul5 pin 13, time
Tz at U17 pin 6, time 'L_.i at Ul7 pin 8 and time Tﬁ at U7 pin 11. These
signals are used to process all contreol words {Dlgl = 0) and all data
words {Dlﬂ = 1) with the exception of Mode 3. If a Mode 3 word is
being processed, control is transferred, at time I,. to Mode 3 con-
03 TRANSFER signal ac Ul5 pin 4.
In the processing of Mode 1 words, control is transferred, at

time T,, to Mode 1 control by the Mo1 TRANSFER signal at U8 pin 6.

trol by che M

ABORT MODE
At time Tl’ i1f the PARITY ERROR signal is a "one", the ABORT

Elip flop (circuit U21) is set and the EXIT signal is generated at
pin 10 of U4,

WRITE/ERASE CIRCUITS

Flip flop UlB generate the WRITE REQUEST and ERASE REQUEST
signals to the plasma panel. These flip Elops are set by the WRITE
and ERASE signals which originate throughout the control section,

The plasma panel responds to the WRITE {or ERASE) REQUEST by
removing the READY signal. This action sets the PANEL BUSY flip flop
{U19) and removes the REQUEST signal by clearing the write and erase
flip flops. When the panel has completed the requested operation,

the READY signal is returned to "one". (A write or erase operation
requires 20 Bsec.)

The CLOCX (and CLOCK) signals are inhibited at Ul2 pins 1, 2 and
5 while the write or erase or PANEL BUSY flip Elops are ser. This
action suspends terminal operations until the panel has completed

the requested operaction,

The timing diagram for WRITE (ERASE) operations is showm

bElWl

CONT. CLOCK | L 1. | L] L

WRITE (ERASE) ] ﬂ_'
WRITE (ERASE) REQUEST I "
READY [=—Ponel Write(Erose)=~20uS—~]

cock | [ | .

| LJ |
le——— (Clock Inhibited }——
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ﬂﬁ-ﬂ-ﬂ' 2 e Tu"‘Th

(Serial Ro. Above 261)

The major differences between this card and the one on the

previous page are:

l. 'The removal of the SEM clock-driver circult which is
relocated on card A3,

2. The addition of the auto-reset circuit (circuit U]I)
which automatically initializes the terminal upon
turn=-on.

3, The addition of the serial ourpur incerfan circuics
(circuits U6 - Ul2) for operating the AUDIO and EXT OUT
channeles, The use of these circuits eliminates card A4,

26






5RM

This card contains the shift register memory (SRM) which 1s used
to store the data for characters Iin memories M, and M. The SBEM is
organized as two 512 word by 16 bit memories. Circuits U9 through U24
comprise the shift register. Each of those circuits 1is a dual 512 bic
shift register., (These circuits may be either Intel 1403 or Signetics
2503). Ome register in each of these circuits contains bict { for all
words from address O through 511 while the octher contains bit 1 for
all words from address 512 through 1023,

Data to be stored in the SERM is supplied by the D register
{(card 7). Circuits Ul through UB are used to enter data into the SEM
and to circulate the data already stored. The memory select lines for
each memory, SELECT 0-511 and SELECT 512-1023 specify whether new data
is to be entered into or previously stored data is to be circulaced.
If a memory select line is a "zero", data is circulated while if the
select line is a "one" new data is entered intc the SRM, The memory
select lines originate on card 14,

Circuits U25 through U28 specify from which memory data is to
read. 1f bit 9 “‘9} of the memory address regiscer (MAR) on card 14
is a "zero", data will be read from M, while if Aq is a "one" data,
vill be read from Ha-

The data read from the SEM is stored in a 16 bit register com-
posed of circuics U29 and U30. The data is stored in this register
by the GATE SEM signal (pins B20 and B21) which originates on card l4.

The outputs of this register are supplied to card 11].

2

CARD 3 - SEM

CLOCK

Bit 1 | Biti+ 1 Biti+2 Bit'+3 | Biti1+ 4 I

J S [ S B

-2 — LJ
+5
¢
-2 - S
SELECT R 1
LINE i —
GATE r - ":
SRM ] "

SRM Timing Diogram

oo

s

T

N

o

- N W s 4y DWw

Mode O3 Test Pattern Using Program "TESTOR"
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CARD 3 - SHM

(Serial MNo. Above 261)

The only difference between this Card ) and that on
the previous page Is the addiction of the clock driver
circuit {(circuit U27).
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CARD &4 - OQUTPUT DRIVERS

OUTAUT DRIVERS

This card contains the inverters wvhich supply data to external
devices connected to the terminal. These circuits supply 15 bits of
data from the D register to the EXTERNAL OUTPUT connectors (J23) and
the AUDIO connector (J28).

Audio data should be sampled during the presence of the AUD1O
DATA RDY signal which is generated when a LOAD AUDIO (AUD) control
word is being processed.

External output data should be sampled during the presence of
the EXT DATA RDY signal which is generated when a LOAD EXTERNAL
CHANNEL (EXT) control word is being processed.

On terminals with serial No. 262 and above Card & is not used.
The serial interface on Card #2 is used instead.
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CARD 5 - QUTPUT REGISTER

GENERAL

This card contains the Word Count register (WC), the Echo reglis-
ter, and the Serial Output register (S50R). Data from all sources,
both internal and extermal to the terminal, i{s entered into the SOR
and transmitted to the computer center. Internal sources of data in-
include the WC and Echo registers. External sources of data include
the keyset (KST), the Extermal Input (EXT) channel, and the Touch Panel
(TCH).

WORD COUNT REGISTER (WC)

The WC is a 7 bit counting register contained in circuits Ul6
and Ul8. This register is loaded with bits Eu? =Dy, of the D regis-
ter when a Load Mode (LDM) control word with bit 14 {Dm} set is re-
ceived by the terminal. The register is loaded by the GATE D +WC
signal which occurs at time T,.. and which originates on card 8.

03
The WC is incremented by the INC WC signal which occurs at time
Tﬂl'
ECHO RECISTER

The Echo register is contained in circuits UZ and U4. This re-
gister is an 8 bit register in which the most significant bit {!7] is
alwvays a "one". This register is loaded with bits Dyy = Dﬂ? of the D
register when a Load Echo (LDE) control word is received. The register
is loaded by the GATE D +~ ECHO 2 and GATE D + ECHDO 1 signals generated
at time 1!3. These signals originate on card 6.

INPUT CIRCUITS

Circuits U8, U10 and part of U22 interface the KST and EXT sig-

nals to the bit multiplexors.

BIT MULTIPFLEXORS

Circuits U3, US, U7, Ull, Ul5, Ul7, U2l, and U23 comprise the
bit muleiplexers. Each of these circuits switches one bit from each
of the dats sources to the SOR. Signals Eu, S, and S, from a scanner

1 2
located on card 6 determine which data source is switched to the SOR,

SERIAL OUTPUT REGISTER (S0R)

The SOR is an 11 bit shift register composed of circuits Ul4 and
U19. The lower B bits of this register are loaded by the TRANSFER
signal and the upper 2 bits by the TRANSFER signal., The lower 8 bits
of the SOR contain the data while the upper 2 bits specify the source
of the data. The paricy bit is generated on card 6. The S0R word

formatc is shown below.

I'd Ol Q0
O 010 KEYBOARD DATA P

10 or O_00
0O 0O]1 ECHO CODE P
I0_ 09 08 05 04 o 00
o[ o [ ™= [¢
I0 [o]:] O 00
1 0 EXTERNAL DATA P
0 09 08 O7 Ol 00
I'ID‘ WORD COUNT Pl
iﬂDBDED? Ol 00
10 09 08 O7 06 OF 00
TIID‘ UNUSED P

Note: The terminal turn-on
code is used only in terminals
reading serial No. above 261,
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OPERATION

Flip flop Ul2 and circuit U6 convert the SCANNER CLOCK signal
into the SAMPLE and STROBE signals. (If a PLATO modem is being used,
both the SCANNER CLOCK and XMIT CLOCK will be the same 1260 Hz signal;
if a 202 modem is being used, the SCANNER CLOCK will occur at a 1260
Hz rate while the XMIT CLOCK signal occurs at a 126 Hz rate.)

The SAMPLE signal samples the DATA EDY lines and advances the
scanner. If a DATA RDY signal is present it is stored in the asso-
clated request flip flop., If a request flip flop is set and the
associated reply flip flop is not set,a request for data transmission
will occur at the cutput of the nor circuit (U13 or UlS5). The STROBE
signal samples these requests in circuit Ul4. If the request pre-
sently specified by the scanner is a "onme", the TRANSFER and TRANSFER
signals are generated by circuit Ul4 (pins 5 and 6). The TRANSFER
(and TRANSFER) signals:

1. Load the SOR on card 5.

2. Set the TRANSFER flip flop (U12).

3. Clear the PARITY flip flop (U21).

&. Set the START BIT flip flop (U23).

5. Set the associacted reply flip flop from an output of U3.
After the TRANSFER flip flop has been set, the XMIT CLOCK asignal is
routed through Ul7 pin 18 and becomes the SHIFT signal. This signal
is supplied to the modem (card 9), the SOR (card 5) and to the bit
counter (U'24) and other circuits on this card., At the same time
further SAMPLE and STROBE signals are inhibited at pin 1 of U6.

SHIFT pulses are generated umtil all 12 bits (start bit plus 10
data bits plus parity bit) have been transmitted. The contents of
the PARITY flip flop are switched into the data stream by the COUNT
10 signal and circuic UlB8. After 12 bits have been transmitted a
COUNT 12 signal is issued at pin 11 of U6 which clears the TRANSFER
flip flop and permits SAMPLE AND STROBE to be resumed,

Part of circuit U5 is used as an INHIBIT flip flop to imhibit
the transmission of data from the External Channel or the Touch Panel.
This flip flop is set by the GATE D + M signal (if D15 is a "one")
wvhen a Load Mode (LDM) instruction is received,

Tronsmit 7 %

A VA VA VA VA VA VA VA O

%

A A A VA P

N A___

Earliest time next

Reply Flip Flops
set at this time tronsfer pulse con
Tronsfer % occur
Tronsfer FF %Z
Shift
Count © T A
IT!BIT!BIT!'BIT'BITI1 BIT! BIT! BIT ! BIT ' BIT WA "
Dato | %BEEIBI r 71 61514l 312 ' ter i i
flm!: "
. “ .Il'm.
Request Flip Flops {Start BIT)

Set at this time

Output Control Timing Diagram

Eorlest time next

Messoge can stort
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CARD 7 - INFUT CONTROL

SERIAL INPUT REGISTER (SIR)

The SIR is contained in circuits U221, U22, and U24. Serial
data from the modem (card 9) is shifted into the SIR by the MODEM
SHIFT signal (pin B3l), also generated by the modem. After 20 bits
have been shifted into this register, the GATE D signal, generated
at clock time ‘ru, transfers the contents of the S5IR to the Data (D)
register.

DATA REGISTER (D)

The 20 bit D register is composed of circuits Ul6, U1l7, U18,
Ul9, and U20. The least significant bit of this register is loaded
with the PARITY CHECK signal generated on card 2. IF this bit i{s a
"one", a parity error has occurred in the received data.

Circuits Ul1, D12, U13, Ul4, and Ul5 interface the D register
to the rest of the terminal electronics.

X SWITCH

Circuits Ul and U5 specify which bicts of the D register are to
be transferred to the X register on card 10 (circuit U20 on card 8
is also a part of the X switch). 1If bic 19 {nlg; of the D register
is a "zero", the lower nine bits Dy, through Do, will be sent to the
X register. This conditiom occurs when a Load Co-ordinate (LDC) con-
trol word is being processed.

1£ I:Il9 is a "one", the upper 9 bite of the D register, nln
through “1! are sent to the X register. This condition occurs In
Mode 0 and Mode 1,

END POINT CIRCUIT

Cireculcs U2, U3, U4, U6, U7, U8, U9, and Ul0 make up the end
point circuit used in Mode 1 (line mode). This circuit compares the
contents of the X and Y registers with the contents of the D register
which specifies the end point of a line in Mode 1. When X and Y are
equal to D,a "one" is generated on pin AlD and a "zero" on pin BS,
indicating the end of a line.
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CARD B - CORTROL DECODE

GENERAL
This card contains the Mode Register and other circulits which
generare control signals required by other control cards.

MODE RECISTER

Cirecuit U4 contains the Mode register. This register is loaded
with bits Dy, - Dye of the D register by the GATE D+ M signal gen-
erated during the processing of a Load Mode (LDM) control word. The
lower two bita of this register specify the write/erase state while
the upper two bits specify the data processing mode of the terminal,
Circuit U21 and part of U22 decode the upper two bits into the four
mode signals 'HE.;. E{. H;. and % and supply these signals to cother
control cards. During the processing of a control word {DH = 0) all

of these mode signals are forced to a "one".

CONTROL WORD CIRCUITS

During the processing of control words {D“ = 0), circuit Ul5
decodes bits D,., D,, and D)g which specify the type of control word,
Circuits U9, Ul4, Ul6, U17 and Ul8 combine the outputs of the decoder
with timing signals from card 2 and generate the signals required to
process each of the control words. See 'rn - ‘I‘,. timing diagram for
the signals required to process each control word.

MODE 1 LOGIC

Circuit Ul, U2, U7 and part of Ul} are a part of Mode 1 control.
Flip flop Ul supplies the SUBTRACT signal to the adders and comple-
ment gates on cards 10 snd 11. The SUBTRACT signal 1is generated at

time T, by the action of Ul3 pins 1, 2 and 3, and removed by the SET

ADD signal generated at time Ty
Flip flop U2, pin B, is used ro set the input gate on the 4X and
8Y registers. This flip flop is cleared at time T

the X/Y+AX/AY signal, and set at time T,.

2 which generates

MODE 2 CIRCUITS
Flip flop U2, pin 12, supplies the WRITE REQUEST signal to the
SRM. This flip [lop Ls set ar time TI and cleared by the WRITE RESUME

from SRM control.
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CARD 9 - PLATO MODEM

GENERAL

This is the modem normally supplied with the PLATO terminal.
This modem is designed for cperation on full duplex (4 wire) tele-
phone circuits of up to a few miles in length. Input signal
range is from +3 o -20 dbm.

MODULATOR SECTION

Transistors ql. qz. Qj. and QJ' comprise a 5.04 kHz multivibrator
which is used to drive a counter (Ul0) which acts as a fregquency
divider supplying both 2520 and 1260 Hz signals. The 1260 Hz signal
is used as the XMIT CLOCK signal and is supplied to card 6 and also
used to clock the data inte this card at pin Bll. The data resides
in the SOR located on card 6. The data (SERIAL DATA) signal changes
only on the negative ("one" to "zero'") transition of the XMIT CLOCK
signal.

Circuit U9 selects one cycle of the 1260 Hz signal if the data
(TP1) is a "one" or two cycles of the 2520 Hz signal if the data is
a8 "zero"”, The composite signal is passed through a low pass filter
(R27, R28, C10, Cll1, and L1) which removes the high frequency compo-
nents and transforms the signal into an approximation of a sine wave,

The signal is then amplified by Q5 and delivered to the tele-
phone line. The gain ad justment {RHJ should be set to deliver a 2.1
volt peak to peak signal between pins Bl) and B15.

DEMODULATOR SECTION

The demodulator is designed to process signals of the same form
as those generated in the modulator.

The incoming signal is passed through a limicing amplifier Ul
and digital comparator U2 which converts the sine wave back into a
digital waveform. The signal is then supplied simultaneocusly to a
two-stage counter (U5) and an integrator-comparator {qﬁ and U3). The
integrator-comparatoer removes the high frequency pulses ("zerces")
from the wavform while the counter provides an output for each pair
of pulses. However, since the output of the integrator-comparator
will clear the counter (via pin 5 of U6), the counter will provide
an output only following two short pulses (a "zero'"). The counter
thus becomes a "zeroes" detector while the integrator-comparator
serves as a "ones' detector.

The output of the integrator-comparator and the counter set the
data flip flop (U6) to the appropriate state and trigger the shift
pulse circuit composed of flip flop U7 amd part of circuit U5. The
data flip flop is set on the leading edge while the MODEM SHIFT sig-
nal is generated on the trailing edge of the data signals thus in-
suring that the DATA signal is established in advance of the MODEM
SHIFT signal. The DATA and MODEM SHIFT signals are supplied to the
SIR or card 7.

The first bic in every word, always a "1", sets the MESSAGE
START flip flop (U7) which allows the remaining bits in the word to
trigger the shift pulse circuit., A counter located on card 2 counts
the MODEM SHIFT pulses and following receipt of 20 pulses issues the
RESET MODEM signal (B20). This signal clears the MESSAGE START flip
flop inhibliting further MODEM SHIFT pulses until the next word

arrives,
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CARD 9 - 202 MODEM

GENERAL

This modem permits the PLATO terminal to be operaced on a half
duplex (one pair of wires) telephone circuit. With this modem the
terminal may be operated on the direct dial (DDD) telephone network
or on dedicated (Schedule 4) lines., This modem is normally inter-
faced to the telephone network by a data access arrangement (DAA)
supplied by the telephone company.

Data teceived by the terminal (forward channel) arrives at a
rate of 1260 bits per second in the form of a frequency shifred (FSK)
signal with a “zero" represented by 2200 Rz signal and a "one'" by a
1200 Hz signal.

Data is transmitted by the terminal {reverse channel) at a rate
of 126 birts per second in the form of an amplitude modulate (AM) 387
Hz signal. A '"one" is represented by the presence and a "zero" by
the absence of the 387 Hz signal.

OPERATIOR

Circuits 8, 9, 10, 11, and 12 are counters which count down the
output of a 5.16096 mHz crystal oscillator (TP2) and generate the
1260 Hz SCANNER CLOCK signal (A4), the 126 Hz XMIT CLOCK signal (Bll)
and a 387 Hz square wave signal (TP12). Both the XMIT CLOCK and
SCANNER CLOCK signals are supplied to the Output Control circuit om
card 6,

The 387 Hz square wave is turned off for a "zero" or on for a
"one" at the input to amplifier Ul7 by the action of transistors
IN5485 and MPS3703 and the Elip flop in Circuit 7. The data to be
transmirted is shifred into this flip flop by the XMIT CLOCK signal.

Amplifiers Ul7 and Ul4 comprise a low pass filter which converts
the 387 Hz square wave into a 187 Hz sine wave, Amplifier Ul4 ad-
justs the amplitude of the 387 Hz before applying Lt to the telephone
line., The gain of this amplifier should be adjusted until a signal
of 2.1 volts (peak to peak) {s observed at TP1O,

The reverse channel signal and forwvard channel signal are sup-
plied to amplifier Ul) which subtracta the 387 Hz signal component
of the composite waveform. Circuits Ul3 and Ul5 are 387 Hz notch
filters which remove any remaining 387 Hz signal components. The
signal is then supplied to a delay equalizer (UlB) and limirer Ul5.
The limiter limits the amplitude of the received signal to approxi-
mately 1.5 volts peak to peak,

The delay equalizer circuit is used to compensate for delay in
the telephone network which may be present in longer circuits (100
miles or more). This circuit can be switched in or out as required.

The output of the limiter is supplied ro the demodulator cir-
cuit Ul6, which converts the received signal into the REC DATA signal.
(TP3) This signal is then supplied to the resynchronizer composed
of circuics 3, 4, 5, and part of 6.

Each time the REC DATA signal makee a "one" to "zero" transition,
a pulse is generated at pin B of circuit 6 vhich clears a counter
(circuit 4), Each time the counter reaches the count of 7 a pulse
is supplied at pin 6 of clrcuit 5, This pulse will occur in the
middle of a data bit interval. 1f the DATA signal is a "one", the
START flip flop (TP15) will be set permitting the generatiom of
SHIFT and SHIFT signals (TPl). These signals are supplied to card 7
and card 2. Afcter 20 SHIFT pulses have occurred, a RESET signal is
generated on card 2 which clears cthe START flip flop to await the

receipr of the next word.
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CARD 10 - X REGISTER

CARD 11 - Y REGISTER

GENERAL

Cards 10 and 11 are identical cards with card 10 containing the
X regiscer and all bucr che mosc significanc bir of che X section of
the line generator and card 1l containing the Y register and all but
the most significant bit of the Y section of the line generator.

X (Y) REGISTER

Circuits U4, UlO, and half of Ull contain the X{(Y) register.
The least significant bit, xﬁ{Yu}, is contained in Ull. This regis-
ter is a 9 bit register which may be parallel loaded or counted for-
ward (up) or backwards (dowm).

The X register is loaded with the output of the X switch {IID -
RIEJ on card 2 and the Y register is loaded with the least signifi-
cant nine bits {Dﬂl - nﬂﬂ’ of the D reglater on card 2. These
registers are loaded by the GATE X and CATE Y signals.

The X {TD} flip flop, part of Ull, indicates the direction the
X(Y) register is to be counted. If this flip flop is a "one", the
register will be incremented by the CLOCK X(Y) signal; if this flip
flop is a "zero", the register will be decremented by the CLOCK X(Y)
signal. Circuit U5 supplies the count up (pin 6) and count down
(pin 12) signals to the upper 8 bits of the reglscer.

Circuics U3 and U8 provide the gating circuits which allow the
AX (AY) register to be loaded with the output of the adder or thas
contents of the X(Y) register. If the X- AX (Y - AY) signal is a
"one", the contents of the X(Y) register are supplied as input to
the AX ( AY) register. If the X +AX (Y + AY) signal iz a "zero" the
output of the adder is supplied as inputs. The data supplied by U3
and U8 is loaded into the reglster by the CLOCK AX ( 4Y) signal and
the condition that the SUBTRACT signal (pin B8) is a "one". If the
SUBTRACT eilgnal is a “zero" when the CLOCK 4X ( AY) signal cccurs,
the data already stored in the register will be shifted left ome bit
position,

Circuits Ul5 and U2l provide gating circuits which permit the
xf {?f} registers to be leaded with the output of the adder or the
contents of the D register. If the SUBTRACT signal is a "one", the
contents of the D register are supplied as inputs; if the SUBTRACT
signal is a "zero", the cutput of the adder is supplied as inputs.
(1f the SUBTRACT signal is a "one" and the NULL XY, signal is a
"one'", zerces are supplied as inputs.) Data is loaded into the If
{Yf] reglster by the CLOCK ﬁf-ff signal.

Circuics Ul and U7 act as a complement gate between the
AX( AY) register and the input to the adder. If the SUBTRACT sigmnal

The X, (¥, flip flop is set by the SET X(Y) FWD signal, clear-
ed by the SET X(Y) RVS signal, and toggled (inverted from its present
state) by the TOGGLE HD(TD] signals.

is a "one", the complement of the AX( 2Y) register is supplied to the
adder,while if the SUBTRACT signal is a "zero" true (actual) contents
of the &8X( 4Y) register are supplied.
LINE GENERATOR
The remaining circuits on this card are used in generating lines
in Mode 1. Circuits U2 and UB comprise the AX ( oY) reglster, cir-
cults Ul4 and U20 the 1f {Yf} register and circuice Ul3 and UL9
comprise an 8 bit adder,
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CARD 12 - MODE 1 CONTROL

GENERAL
This card contains the most significant bit (bit B8) of the

line generator plus the timing circuits which generate the signals
required in a Mode 1 (line mode) operation.

LINE GENERATOR

Circuit Ul4 contains the most significant bit of the X and
:F (ﬂla and Ifﬂ}. Circuit U20 contains the most significant bit of
the 4Y and YF registers Lﬂ?a and YFH]' Circuits U7 and Ul) are each
2 bit adders. Circuit Ul9 acts as a complement gate between the
AX( AY) register and the inputs to the adder. If the SUBTRACT signal
is a "one", the complement of these registers is supplied to the adder,
if the SUBTRACT signal is & "zero", the true (actual) contents of the
registers are supplied to the adder.

Circuit U5, part of Ub, and part of U2l provide gating circuits
vhich permit the AX and AY registers to be loaded with the cutput of
the adder, the contents of the X and Y registers, or the contents of
the previous stage {ﬂI?, nT?} of these registers during a shift
operation.

Half of circuit U} and inverter U4 provide the control signals
which operate the gating circuits. If the X/Y-AX/AY signal is &
"one" and the SUBTRACT signal is a "one", the contents of the X and
Y registers {:ﬁ and YE} are supplied as inputs to the AX and AY
registers. If the X/Y=4X/ AY signal is a "zero” and the SUBTRACT
signal is a "one", the outputs of the adder are supplied as imputs.
1f the SUBTRACT signal is a "zero'", the contents of the previous
stage of these registers ﬂ!.’ and ﬁ'r?} are supplied as inputs.

Circuits U15 and part of UJ) provide the gating circuits for
loading the Xp and Yo registers with the outputs of the adder or
the contents of the D register (nug to TFB and Dla to EFB}'

Circuit U2, and inverters US and the outputs of the adders (S,
and 519] specify the signals to set the X and Y direction flip flops
on cards 10 and 11.

TIMING CIRCUITS

The remaining circuits on this card generate the timing signals
{Ij through 111} required in Mode 1, This control is initiared by
the Hﬂl TRANSFER signal (pin Al3) from card 2 and terminates with
the EXIT signal (pin AS).

Time T, is generated at Ul6 pin 10; time T, at Ul6 pin 13,

3 6

time T? at Ul6 pin 4; time Ih at Ul6 pin 1; time Tg at Ul7 pin &;

time Tln at Ul7 pin 10; and time Tll at Ul7 pim 13,
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CARD 13 - ROM/MDS/MPX

GENERAL

This card contains the read-only memory (ROM), the memory data
switch (MDS) and bit sultiplexor (MPX) sll of which are used in
plotting characters. (Mode 3),

ROM

The read-only memory is contained in circuicts U3, U4 and US,
These circuits contain the data required to plot the characters in
character memory 0 ﬂllu} and 1 (Hijl. See Table 1 for a list of these
characters.

Circuits U3 and U4 are each organized as 512 words of 8 bits
each while circuit U5 contains 1024 words of 4 bits each. A charac-
ter is stored in the ROM as 8 successive columns of data 12 bits high.
The upper 8 bits of character addresses 0 through 63 are stored in
U3 and the upper 8 bits of characters 64 through 127 are stored in
U4, The lower 4 bits of all 128 characters are stored in U5.

The outputs of circuits U3 and U4 are tied together as only
one of these circuits is selected at one time. These circuits are
selected by the presence of a "zero" on pin 3. If address bit Ay
is a "zero",circuit U3 1is selected, while if Ag is a "one", circuit
U4 is selected,

Address information, AIJ through "‘gr is supplied by the memory
address register (MAR) located on card 14, The address bits are
interfaced to the ROM by circuits Ul and U2. The cutput of these
circuits swing from 0 to +12 volts.

MDS
The memory data switch (MDS), circuicts Ul6, U7, UB and U9

specify whether ROM or shift register memory (SEM) data is to be
supplied to the bit multiplexor (MPX). SEM data is supplied from
card 3. If bit 10 (A,,) of the MAR {s a "gzero', ROM data is supplied
to the MPX while 1if A.l is & "un-“_ SEM data is supplied.

A character is actually 16 bits high wvhen displayed on the
plasma panel. While the SEM contains 16 bit words, ROM data consists
of 12 bit words. When ROM characters are being displayed,circuit
Ul0 forces the bottom bit {Bm} and the top 3 bita (113, llﬁ' lli}
of the character data to be "zero". See Figure 4 in the word format
section,

MFX

Circuic U9 is a 16 line to 1 line multiplexer. Each of the
16 data lines [lm through 315} is sampled by a scanner located in
Mode ] control (card 15). The scanner outputs, Hsu through I-IS3
specify which bit of data is to be processed. This data is supplied
to Mode 3 control as the MEM DATA signal on pin B6., (Also TP3).

32
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CARD 14 - MAR/SEM CONTROL

GENERAL
This card contains the memory address register (MAR) and a por-
tion of the shift register memory (SRM) control.

MAR
The MAR is an 11 bit counting register contained in circuits U7,
Ull, and U23, The organization of this register is shown below.

0 9 8 3 2 0
Character Column
MEM _Address Select \

Bits Ay and Yo specify which of the four memories is to be addressed.

Memories 00 {Hu} and 01 ml} are ROMs, and memories 10 {sz and 11
{Haj are SHMs. These bits may be set by the memory select codes in
a Mode 3 (character mode) operation or by a Load Memory Address (LDA)
control word. In the latter case Ao is always set to "one" and Ag
is set to the value of Dm. Circuit Ul2 provides the logic for set-
ting these bics.

Bits A, through Ay specify the address of the character to be
read from the memory. This character address is obtained from one of
the three character addresses held in the D register during a Mode J
operation. Circuits UJ, U4, and U5 select which of these character
addresses will be loaded into the MAR. A character counter located
on card 15 generates the CHAR 1 and CHAR 0 signals which specify
to circuit U3, U4, and U5 which character address to select.

As each character sddress is loaded into the MAR, the column
select bits Aq through “2 are set to "zero". A character is com-
posed of sixteen bit words located at consecutive addresses, After
each 16 bit word has been read from memory and plotted on the plasma
panel, the column select bits are incremented by 1 and the next word
is read and plotted. This operation continues until 8 successive
vords have been read from memory and plotted at which time a new
character address may be loaded into bits Ay through Ag.

During the Mode 2 operation (load memory wmode) the MAR is incre-
mented by 1 after each word is stored in the SEM,

SRM ADDRESS REGISTER

Circuits UB and U9 comprise the SEM address register. The most
significant bit I‘:Aa} of this repister is located in circuit 021,
This register indicated the address of the word present at the output
(and simultansously at the input) of the SRM.

Circuits Ul0, Ul4 and parts of Ul5, Ul6é and U20 compare the con-
tents of the MAR with the SRM address register. When these Two re-
gisters are equal the SEM = MAR signal i{s generated (TP-9).

SEM CONTROL

Circuits Ul, Ul3, U19 and flip flop U2l make up a portion of
the SEM control circuit, Write operations (in Mode 2) are initiated
by the occcurrence of the WRITE REQUEST signal (pin B29). This sig-
nal umlhukguf the MAR and the occurrence of the SEM = MAR signal
open one of the gates into the SRM (SELECT 0-511 or SELECT 512-1023)
allowing data to be stored in the SEM, After the data is stored,
the WRITE RESUME signal is supplied by U21, indicating the completion
of the operation,.

Read operations are initiated by the READ REQUEST sigmnal (pin
B5). This signal and the occurrence of the MAR = SRM signal generate
the READ RESUME signal at pin 8 of Ul9 and the GATE SEM 1 through
GATE SEM 4 signal at the output of the Ul. The GATE SEM signals
each load 4 bits of memory data into the register on card A3. The

READ RESUME signal indicates the completion of the read operatiom,
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CARD 15 - MODE 3 CONTROL

GENERAL

This card generates the timing and control signals required to
plot characters in Mode 3. Contained on this card are the timing
circuits (time T2
cord of which of the three characters in a Mode 3 word is currently
being processed and a bit scanner which scans each of the 8 sixteen

bit words which make up a character,

- T?l‘. a character counter which maintains a re-

TIMING
Circuits U7, half of U9, Ul3 and UlS5S generate the required
clock pulses. T, is generated at pin 10 of U7, T3 at pin 1 of U7,

2
T. at pin 13 of U7, T, at pion 1 of U9, and T at pin 10 of U9.

5 6 7

CHARACTER COUNTER
Each Mode 3 word specifies 3 character addresses. Circuit Ul6

and half of U23 specify which of these characters is currently being

processed. The ocutputs of this circuit, CHAR O and CHAR 1, are
supplied to card 14 wlhere they are used to load the MAR.

The character counter is cleared at time T and incremented at
time T? or by NON-PLOT EXIT if the character count is less than 2.
This action occurs at U23 pin 3. 1If the character count is 2 when
either of the abovs signals occurs, the EXIT signal is generarad ar
pin 10 or Ul0 terminating Mode 3 control.

During a Load Memory Address (LDA) control word operation, D, g4
is a "zero™ wvhich forces both CHAR O and CHAR 1 to be "ones™. This
action, allows the MAR on card 14 to be loaded with the 10 bic
memory address instead of a 6 bit character address.

BIT SCANNER

Circuit U6 is an up-down counter the outputs of which (M5,
through Hsa} are used to scan each of the eight 16 bit words which
make up a character, Bit O is always the bottom bit and bit 15 the
top bit in these words. The outputs of this counter are supplied
to the multiplexor on card 13. Circuics Ull, Ul2, U17, U23 and U4
also use the outputs of the bit scanner to specify the direction
and X and Y regiaters and the bit counter are to be advanced., See
the Mode 3 timing diagram for a description of operatiom.

WRITE/ERASE CIRCUITS

Circuits U3 and U10 combine the MEMORY DATA signal and the
write/erase information {Hlu and HEI} in the Mcode Register and
generate the WRITE or ERASE signals which write or erase information
on the plasma panel,
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CARD 16 - NON-FLOT CONTROL AND CHARACTER DECODE

GENERAL

This card provides the timing and control signals required to
process the control characters in Mode 3. These characters are non-
plotting characters, i.e. they do not result in the plotting of in-
formation on the plasma panel; only the contents of the X and/or Y
registers are changed., These characters and their octal codes are:

Uncover 77
Backspace (BS) 10
Tab 11
Line Feed (LF) 12
Vertical Tab (VT) 13
Form Feed (FF) 14
Carriage Return (CR) 15
Superscript (50) 16
Subscript (S5I) 17
Memory Select 0 20
Memory Select 1 21
Memory Select 2 22
Memory Select 3 23

CHARACTER DECODE

Circuits U6, Ull, U1l2, Ul7, Ul8, U23, and half of UlD decode
the character address held in bics lﬂ through ﬁa of the MAR. The
outputs of the decoding circuits are supplied rto U2l where they are
used to generate the signals which set the X and Y direction flip
flops (on cards 10 and 11), and to circuits U9 and Ul6 where they
are used ro generate the CLEX, CLEY and CLOCK X, CLOCK Y signals.

CONTROL

Circuits U2, half of U3, and U8 generate the timing signals for
processing the oon-plot characters.

Non-plot control is initiated by the NON-FLOT TRANSFER which
occurs At time 15 in Mode 3 control on card 15, Circuits 02, half
of U3, and U8 generate the three timing signals T_, T, and Ty used
in processing the non-plot characters. T, is generated at pin 13

&
of UB, T, at pin 1 of U8 and T, at pin 10 of UB., At the conclusion

of Tg cn::rnl is returned to H:da 3 control by the NON-FLOT EXIT
signal on pin A23.

Circuits Ul4 and Ul5 provide a means of locking the comtrol im
time T? for either 1, 4, 8, or 16 clock pulses. 1f the character
being processed is an uncover code or one of the Memory Select codes,
control remains at T? for 1 clock time by the acticon of Ul5 (pins
11, 12 and 13), If the character is a Superscript or Subscript,
control remains at T, for & clock times by the action of Ul5 (pins
8, 9 and 10). If the character is a Backspace or Tab, comtrol re-
nsins at T, for 8 clock times by the action of Ul5 (pins &4, 5 and 6),
If the character is a Line Feed, Vertical Tab, Form Feed or Carriage
Return, control remains at I, for 16 clock times by the action of
U1S (pins 1, 2, and 3).

Circuit U9 {(pins 1, 2 and 3) provide a means of resecting the
'l'a flip flop (U3) at the conclusion of control operatioms. If the
character being processed is on Uncover (77), the CTREL flip flop (U3)
is set at TE; if not the CTEL flip flop is cleared at T,. See the
Non-Flot timing diagram for a description of operation of this

circuit.
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On terminals bearing serial number 262 and above the
connections for J25, J28 and J34 are as shown below:
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SLIDE PROJECTOR

X AXIS VALVES LAMP

CONTROL LOGIC

FOCUS

A random access slide projector is located in the top compart- CONTROL

ment of the terminal, It projects microfiche slides onto the rear of
the plasma panel. The selection process is controlled directly by
the computer which enters data words to the terminal specifying

X, Y coordinates, shutter operation, and lamp on/off conditions.

The X, Y coordinates specify one of 16 positions in the fromt to
back (Y) location and left to right (X) location for a total of 256
available image selections. The "home" location of the carriage
coordinate 0, 0, is full forward and to the extreme left,

Positioning of the film carriage is achieved with pneumatic
cylinders. The cylinder stroke lemgths are binary weighted (8, &, Y AXIS VALVES
2, 1). Eighet eylinders, four in X and four in Y, are used. The
source pressure required to actuate the cylinders properly should be
10-12 psi provided through a 3/8 0,D, x 1/4 1.D. PVC tubing (PV64-2),

A microfiche is loaded in the slide projector by opening the
front access door of the terminal. This action actuates a switch
which causes the Film carriage to be driven to the "home'" location.

In this location, the microfiche can be inserted in the plastic
holder and placed over the locating pins of the carriage. The home
image is in the upper right corner of the microfiche, HNote that image
locations are always apparent opposites of carriage locations and must
be kept in mind when planning image addresses for new microfiche,

SHUTTER
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SLIDE
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The approximate location and orientation cof all connectors used
in the PLATO system are shown in Figure 25. Connector locarions are
numbers sequentially J1 through J34. J1 through J23 are located on
the printed circuit board card cage. Some locations are spare slots
vhere cards and connectors are not mounted . The normally unoccupied
locations are J1, J4, and J17 through J23, Those connectors which
mate to systems(s) external to the terminal and keyset are shown in
the lower rear view of Figure 25. Table 2 identifies all connectors
used on the terminal along with the corresponding part numbers re-
quired for mating external cables,

Part Mumber Designation Mating Part Function Source

185634-1 J2, J3, J5 to JI6  ---- P. C. Board Edge Magnavox
Connector

205207-1 (HSG) P32, J33 205208-1 (HSG) Plasma Panel, Amp Inc.

205311-4 (SOCKET) 1-205310-0 (PIN) neraat

1-480617-9 (HSG) J25, J28 1-480616-5 (HSG) FExt Out 1, Amp Inc

350019-1 (SOCKET) 350036-1 (PIN) Ext Out 2

1-480627-9 (HSG) J26, J27, J29 1-480626-9 (HSG) Ext in, Touch, Amp Inc.

350019-1 (SOCKET) 350036-1 (PIN)  -1ide Projector

180735-1 (RECEIPT) J30 180734-2 (PLUG) Slide Projector, Magnavox

Power (Molex Molex
equivalent is

11369R and 1369P
respectively for
Receptacle and Plug)

180821-1 (RECPT) Phone Line Input/ Magnavox
Output (Molex Molex

1433 (FEMALE PIN) _ . ivalent, 1490P

and 1490R respec-

tively for Plug and

Receptacle)

1381 (FEMALE PIN) 1380 (MALE PIN)

180820-1 (PLUG) J34
1434 (MALE PIN)

Table 2. PLATO Terminal Connectors

CONKECTOR LOCATICONS

"u TOP VIEW 11'
J29, PROJECTOR DATA 01 [0
30, PROJECTOR POWER i
J27, TOUCH
PANEL SIDE VIEW REAR VIEW

i J2 T0 JI6
JI TO J4
NOT USED

=l s 0
)28, EXT OUT 2

\-PEE.FLJHHHﬂ PANEL DATA

J32, PLASMA PANEL DATA J25,EXT OUT 1
J33 KEYSET PNEUMATIC J26
FUSE,F1
o) LOCATIONS 424, FONCR.COND
4

@00000 @O A AN

00000® @006 o

000006 @0 @ 0z

800006 125, 328 ® o

J26,427,429 J30 O

J 34

\bunaanauouunu' \'oncanannunnnd’

!50 O00O0O0O00CO ﬂhﬂﬂ “ﬁlC}tlﬁhiltbﬂifiﬂhC!()C&g

J32,433 J32

bl PIN ORIENTATION AS VIEWED FROM MATING SIDE

Figure 25 Connector Locations and Pin Onentation
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General

The touch panel is an optional input device which allows the
operator to touch the display panel and input positional information
directly to the computer. The touch panel i{s a 16 X 16 array of
light beams projected just above the display surface. Whenever both
an X and Y light beam have been Interrupted, for example, by a figure
touching the display, the address of the finger position is trans-
mitted to the computer.

The electronics consists of the scanning system, the light sources
the detectors, and the control logic. The scanning system employed elim-
inates any optical collimation problems. The scanning is controlled by
a counter (Ul2) operated by a 100 KHz oscillator (Ul)., The outputs of
the counter are decoded and used to sequentially address (select) the
light sources and detectors.

The light sources are infrared light emitting diodes (LED) type
MLED-200, arranged in & matrix configuration. This matrix is driven by
transistors Ql through qa. The outputs of the counter are used to drive
these transistors and cause two of the diodes to turnm on, one in the X
array and one in the Y array. In this manner each dicde pair is
sequentially pulsed and the array scanmed.

The detectors are silicon phototransistors, type MRD 450. The
detectors are located directly across the display from the LED's. Every
fourth detector shares a common amplifier and voltage compararor. Only
four amplifiers per axis are required because of the natural optical
collimation of the light beams. For example, although detectors 0, &,
8, and 12 are all selected (by circuit U20) when LED O is on, the light
is primarily received by the 0 detector while the other detectors shar-
ing the mmplifier receive very little lighe.

The voltage comparator contains hysteresis to eliminate false in-
puts from room light and partially broken beams. The hysteresis voltage
is generated by circuit U30, diodes CRl, CR2 and resistors R68, RE69.
The lower voltage threshold is used to detect & broken light beam while,
after detection of both a broken X and Y beam, the higher voltage
threshold i{s used to detect an unbroken light beam.

TOUCH PANEL

A set of four X detectors and four Y detectors (s selected
by circuit U20 for each pair of LED's that are pulsed. When a
broken beam is detected, the X address is stored in UlJ and the
Y address in Ul4, When both X and Y addresses have been accumu-
lated, this information is sent to the terminal (see card 5).
Scanning continues and with each scan any new detected positions are
compared by circuits Ul5, Ul6 and Ul7 with the previous detected
position (stored in Ull and Ul4). 1f the positione agree (i.e.,
the object has not moved), scanning continues, whereas {f they dis-
agree the system resets. Touch inputs for the FLATO IV system are
limited to approximately 10/sec by delay circuit U29 and £flip flop
U3l.

Circuit Operation

A 100 KHz oscillator (Ul) and circuies U2, U3, U4 and U5
generate the timing signals required to operate the touch panel.
These signals include LED CATE, RESET GATE, LATCH RESET, i; and 'l
and the clock signal for counter Ul2.

The outputs of the counter are decoded by circulcts U6, U7, UB
and U9 and are used to select the matrix drive transistors Q, through

QE‘ The two lower order bits of the counter select one of transistors

QE-QE wvhile the two higher order bits select one of transistors
Ql - Qh. The LED GATE signal (TPZ) applied to U9 turns on the selected
transistor generating a 500ma 40 usec current pulse which produces a
light pulse detectable by the phototransistors.
The detected signal from the phototransistors {s coupled through
a .047 ufd capacitor to an amplifier (Ul8 or U22) where it is amplified
100 times and supplied to the voltage comparator circult (Ul9 or U20),
The outputs of the comparators are supplied to multiplexer U20
which is also driven by the lower order 2 bits of counter Ul2. The
outputs of the multiplexer (pins 7 and 9) are trains of pulses repre-
senting the light pulses from the LED's, If light pulses are detected,
they are stored in the X and Y detect flip flops (U24). These flip
flops are sampled by Il and cleared by Ij. 1f a flip flop Lis "0" when
sampled by '1 (i.e., no lighet pulse detected because beam was inter-
rupted, the corresponding latch flip flop (U26) is set wvhich stores
the present address (X or ¥) into Ul3 or Ul4. In the event that only
one interrupted beam is detected during a scan, both X and Y latch

flip flops are reset by U2].

When both the X and Y latch flip flops have been set, the GO signal
is generated (TP10) initiating the DATA READY signal from U3l to the
terminal. After receipt of the DATA RESUME signal indicating the daca
has been transferred, the DATA READY flip flop is cleared and timing
circuit U32 {s triggered. This circuit produces a short audio beep
indicating to the user that the position has been transmicted.

Circuits U23, U25, U27 and U29 prevent multiple inputs of the
same position by comparing the present detected position to the previocus
detected position. Flip flops U25 will be set if the present address
is the seme as the previous address.

Maintenance

Always check to see that dirt or other objects are not blocking any
of the detectors of LED's. The system has mmerous test points to help
in troubleshooting the electronics. The most important is the sync test
point (TP1). The sync pulse is produced when the scan is in the last
position. By triggering the scope on its negative edge, the trace will
start at the beginning of a scan. If the pulse is present it also
indicates the clock and counter and power supply are operating. If
not present, check the power, clock, and counter circuits.

Other test points to check are the outputs of the time multiplexor,
TP] and TP4. These signals should consist of 16 pulses, each represent-
ing a light beam, Check the X and Y output signals by raising the panel
above the table a couple of inches; this will decrease the amount of
light reflections from the table top. Then interrupt a position, which
will raise the threshold on the voltage comparators to the high level.
If any signals are missing or extremely weak, check the amplifier
stage. If everything is okay, then the phototransistor is probably
woak and needs to be replaced.
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PLASMA PANEL POWER SUPPLY

After approximately six months of operation, minor adjustments
of the plasma panel power supply may be required, Symptoms which
indicate such ad justment is necessary are & fallure to always erase
selected cells or a tendency to write cells not addressed.

Using a dc voltmeter, set the voltages to the values shown
in the diagram below.

Note: 1f a digital voltmeter is used, it must be isclated from
the ac line.

There are three types of plasma panel power supplies in use,
MD-16, MD-30 and MDT. The voltage test points and adjustments for
the MD-30 and MDT are shown on the diagram below.

1f an MD-16 power supply is present the adjustment procedure
is:

1. Adjust the sustaince up to 2 turns counter clockwise

to correct erronecus writing or up to 2 turns
clockwise to correct a failure to erase.

2. If the sbove adjustment fails to correct the problem,

return the sustainer adjustment to its original
position and adjust both the X and Y pulser adjust-
ments up to & 1/4 turn clockwise to correct writing
problems or counter clockwise to correct erasing
problems.
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MAINTENANCE

SCHEDULED MAINTENANCE

Clean Air Filter

The alr flleer on the rear of the terminal must be removed
and cleaned approximately every 2 months (1 month in non-air
conditioned areas).

CAUTION

Failure to clean the air filter periodically may
result in & temperature rise within the terminal
and eventual damage,

The filter can be reached by removing the rear cover and pulling it
from the holding bracket. Cleaning in warm water with a mild de-
tergent is satisfactory. This maintenance should be performed with

power OFF,

Clean Mirror Assembly

Occasionally, dust will collect on the mirrors used Lo rear
project slide images on the front screen. It is good practice to
wvipe the mirrors with a soft cloth at the same time the filters
sre cleaned. Perform this maintenance with power OFF,

UNSCHEDULED MAINTENANCE
Unscheduled maintenance should be performed to correct observ-

able deterioration in pertormance which occurs as a result of normal

operation but on an Lrregular basis.

Clean Film Carriage Clamp Assembly

This assembly ts located in the slide projector just above the
lens, 1f collects dirt from the microfiche film strip during opera-
tion which may eventually impair clarity of projected images.





