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Circuit Description

Section 1

CIRCUIT DESCRIPTION FOR THE 410972
TERMINAL LOGIC CIRCUIT CARD

OPERATION AND DESCRIPTION CF THE CIRCUIT

1. INTRODGCTICH
1.1

The Terminal Logic Circuit (TIC) card (410972) may contain either a WE
32001/BELIMAC 32A (TPN 404132) processor or a WE 32100/BELIMAC 32B CPU Card
Assembly (TPN 410862) as the terminal CPU., For those TLC cards equipped with
the 328 CPU Card Assembly, disregard SECTION 2 of this document {with the
exception of sections 2.11.1-2.11,2 and 2.11.5-2.11.7 which are relevant to both
CPUs) and refer in it’s place to the 4862 Circuit Description (4862CD). The CPU
commmicates with the peripheral devices such as Dual Asynchronous
Receive/Transmit (DUART), Mouse XY Coordinate Counters (MOUSEXY), and Parallel
Input/Output (PIO) circuits. The CPU reads and writes Dynamic Random Access
Memory (DRAM), Battery Back-Up Random Access Memory (BBRAM), and Electrically
Programmable Read Only Memory (EFR(M). Programs executed by the CPU are stored
in the EPROM (firmware) and the DRAM. DRAM programs are downloaded from the
host computer over the EIA RS232C communications line. The CPU address space
selects both peripheral addresses and memory addresses, so there 1s no
distinction between peripheral and memory operations. The peripheral device
circuits generate interrupts to the CPU when service 18 required.

1.2

The TLC card contains video logic that reads the DRAM and cenverts the bits into
dots for the display, and generates horizontal and vertical synchronization
signals to control the display monitor.

1.3

The TLC card has three connectors. A video conmnector 1links the card to the
display monitor and supplies horizontal, vertical, and video signals. A power
supply connector links the card to the +12, -12 and +5 volt power supply. An

input/output connector 1links the DUART, MOUSEXY, and PIO peripherals to the
410973 I/0 Filter Card.

1.4

Voltage levels for logic signals are:

Issue 2

g

..~ 4972CD

Teletype Corporation , I-2 e T
’ Issue 1.

Circuit Description

Voltage Voltage Range
Low 0.0 to 0.4V
High 2.4 to 5.5V

1.5

This document is constructed as follows: Level one heading titles correspond
directly to individual blocks of the 4972SD Block Diagram (except for the
section on the Address Space of the TLC Card). After giving a description of
each block of the circuit a description of the corresponding Functional
Schematics will be given. The notation used in this documeat is as follows:

- A zero or a one appended to a module function symbol identifiea if the
signal 18 active 1low (0) or active high (l1). PFor example, the

physical-address strobe PASQO is active low, while physical address PADl
is active high.

= If a signal has two functicns, the O to 1 suffix is embedded in the
symbol name. For example, the function RIWO identirfies a read operation
when the signal is high and a write when it is low.

=

.
IS e
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= In some cases, several signals as a group form a single function. For
such functions, we always cite the highest and lowest signals {or bits)
in the range. For example, consider the signals MA221-MA0Q1 that form
the address bus. The rightmost digit identifies the function as active
high, while other digits correspond to the bit numbers of the bus.
Therefore, MA221 is bit 22 of the address bus and MAOOL is bit 0. (Bit
numbering always starts at 0.)

- Labeling convention for Logic Devices is as follows:
ML H6 -9

Micrologic Pin Number Designation
Board Location
Row-Col

2. FS~1 - BELLMAC 32A PROCESSOR

The BELLMAC 32A processor (CPU) fits naturally into the friendly software
environment defined by the UNIX (UNIX 4s a trademark of Bell Laboratories)
system and the C language. The CPU consists of five Very Large~Scale Integrated
(VLSI) circuit devices mounted 1in a single 214 pin epoxy-glass package that
measures 3.650 inches long, 2.190 inches wide, and 0.243 1inches high. The
module operates at 7.2 MHz with +5 Vdc of input power and dissipates about 4
Watts. .
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Circuit Description

2.1 ARCHITECTURAL CHARACTERISTICS
Some of the architectural characteristics of the CPU are:

Sixteen 32-bit registers for processor and programmer use

An address arithmetic unit (AAU) that -omputes addresses and extracts
data from the instruction

A 33-bit ALU that performs arithmetie and leoglecal operatioas

A 32-bit barrel switch that performs shift, rotate, and mask operations

- A macr- ROM for instructions and

microsequences

executing operating system

[}

A 12-byte instruction queue for storing prefetched bytes from the
instruction stream.

2,2 INSTRUCTIOH SET

2.2.1 The module supports a powerful inastmuection set that includes the standard
data transfer, arithmetic, and logical . sperations for microprocessors, plus
several unique operations. 1Its many progran control instructions (branch, jump,
return) provide flexibility for altering the sequence inm which instructions are
executed. Operating system instructions establish an environment that permits
other processes to take control of the module,

2.2.2 The processor’s instructions are essentially mnemonic-based assembly
language statements. Besides defining the operation to be performed, most of
the module’s instructions also define one of the data types (byte, half-word, or
word). Other instructions operate on bit flelds (sejuences of from one to 32
bits that are contained in a word), or or blocks or strings of data locations.

2.3 MODULE READ AND WRITE

2.3.1 Address and data are transferred within the processor in two stages. In
a read or write operation, the module outputs the address during the first two
CPU machine cycles of the access and uses the remaining machine cycles for data,

2.3.2 The CPU requives a minimum of two machine cycles for data access. Thus,
a read or write operation with cache (fast memory) requires at least four
machine cycles. The same operation without cache requires at least five machine
cycles. The n_aber of cycles available may be extended with a w. ¢.

2.3.3 The module begins an access by driving address and status onto the
corresponding module busses. After address and status have stabilized, the
nodule asserts its address—and-status strobes (active 1low). The module then
checks its fault input (active low) for an address fault.

i ,"' Py *b_,.,«

I TE .~ S I NS W A S U S R S PN ORDER
Teletype Corporation I-4 4972CD
Cirvuit Descriptior Issue 1
2.4 FAULTS
2.4.1 Trying to write EPROM and wait timeout are CPU recognized faults. They

are reported by an active fault input and terminate bus operation.
2.5 I1/0 INTERRUPTS

2.5.1 The CPU is connected to two levels of 1/0 interrupts. Interrupt requests
are acknowledged in an interrupt-acknowledge cycle that has the same timing as a
read operation. The priority level af the interrupt being acknowledged 1is
inverted and output on bits 2 through 5 of the address bus, and the interrupt
vector is read into the module on bits O through 7 of the data bus.

2.5.2 After acknowledging the interrupt, the module completes 1its interrupt
sequence which saves the context (internal pointers and registers) of the CPU

for the curreant process. Then, control of the module passes to the operating
system’s interrupt handler.

2.6 RESET

2.6.1 The module handles two types of reset requests: system and internmal. A
reset has the highest priority and will interrupt any on-going bus operation.

2.7 EXCEPTIONAL CONDITIONS

2.7.1 1In additfon to I/O interrupts and reset requests, several types of events
may interrupt the execution of a program. The events, called exceptional
conditions, may be detected internally by the processor, such as a trap or
illegal cpcode, or may be generated externally vy the hardware such as a memory
fault (also see FAULTS). When an exception occurs, the CPU saves the coantext of
the current process and gives the operating system information it needs to
locate the correct exception handler. The saved context enables the program to
resume executing after the exception is handled.

2.8 DATA HANDLING

2.8.1 Internally, all operations are pverformed on 32-bit quaantities, but data
may be read or written as a byte, half-word, or word. Bits are numbered from
right to left, starting at 0, and are right adjusted on the b 3 (both the data
bus and the internal microbus). The CPU automatically extends a byte or half-
word to 32 bits before performing an operation., Zeros £ill the high-order bits
for unsigned operitions, while the sign bit (bit 7 for bytes, bit 15 for half-
wordas) fi'ls the high-order bits for signed operations.

e SR
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2.9 DATA IR MEMORY

2.9.1 External memory consists of a series of 8-bit locations for storing data.
Half-words occupy two consecutive memory locations; words occupy four
consecutive memory locations. Although boundary restrictions apply to the
starting location of half-words and words, th> module does not generate a fault
if these boundaries are violated.

2.10 PIN ASSIGNMENTS

2.10.1 Table I~l identifies the symbol, pin(s), type, and function assigned to
each pin of the BELLMAC 32A processor used by the TLC card. The type may be
voltage level, input (I), output (0), or bidirectional input and output {I/0).
Pine 001 thro 3h 072 are voltages. Of these signals, pins 004, 008, 012, 020,
024, 028, 032, 036, 040, 044, 048, 052, 056, 060, 064, 068, and 072 supply +5
Vdc power to the module, while the other 62 pins serve as module grounds.

b — e

Teletype Corporation 1-6 . 4972Cp
Circuit Description Issue 1

TABLE I-1 MODULE SIGNALS BY FUNCTIONAL GROUPS

ADDRESS AND DATA

NAME PIN(S) TIPE FUNCTION

Module Address Bus. These pins are
the physical address outputs.
Qutputs are valid when ASO is

242, 143, 129, 232, active. Bits MA[02-06] are also
133, 236, 228, 125, used to output the interrupt

224 acknowledge level during an
iaterrupt acknowledge operation.

MAOO 18 the least significant data
bit.

MA[02-22]1 1271, 230, 131, 222, 0
: 234, 135, 151, 250,
147, 246, 238, 139,

Dty Kot e

MD[00-311 225, 122, 126, 229, | 1jO
130, 221, 233, 134,
152, 251, 148, 247,
239, 140, 243, 144,
128, 231, 132, 235,
227, 124, 223, 120,
138, 241, 253, 142,
245, 146, 249, 150

Module Data Bus. These pins provide
a bi-directional bus to traansmit
data and interrupt vectors to and
from the module. MDOO is the least
significant data bit.

INTERRUPT SIGHALS

HAME PIN(S) | TIPE FUNCTION

“XIPL[0-3]0

Interrupt Acknowledge. Indicates that an
iaterrupt vector fetch is being performed.
The interrupt vector is always a byte 3 (bits
07-00) fetch.

IACKO 210 0

204, 207, 1
206, 205

Interrupt Priority Level. These asynchronous
inputs indicate the level of the highest
priority pending interrupt. Level zero
(XIPL[{0~3]0 = 1111) indicates no pending

RESET SICHALS

interrupts.
. {

iﬁset Eun..:. An asyachronous znput to 3

reset the module saapled twice per machine
cyclee It must be detected active for two
econsecutive samplings before belag accepted
and executed.

) BT .
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TABLE I-1 MODULE SIGHALS 3Y FONCIIDRAL SEOUFS {econtfuued)

INTERFACR CONTRIOL

PIH(8)

TIrE

FUNCTIOH

166

[+]

Addiress and Status Strobe. ‘fhdicates a valid
address on the module address bus and valid
aodule bus status on the status bus. Modulz
bus status includes RIWO and IACKO.

CAHITO

259

Cache Hit. Indicates that the cache has a
hit for the address of the readfwrite xccess-.L
It 18 a synchronous signal and is valid at a
pre~determined time with respect to ASO.

DSO

189

Composite Data Strobe.
logical OR of the four Byte Data Strobes.

This output 1s the

FLTO

267

cycle faults.

FAULT. Notifies the module of an address or
data cycle fault condition.
an asynchronous input for all address cycle
faults and as a synchronous input for data

It is treated as

ws{0-3jo

101, 157,
156, 155

write operzstion.

Byte write Strobes.

Indicates data is valid
on that hyte of the module data bus during a
WSO00 represents byte O
(bits IT-24] WS10 represents byte 1 (bits
23-16), WS20 represents byte 2 (bits 15-08),
and WS30 represents byte 3 (bits 07-00).

WSELQO

268

the data cycle.

asynchronous input.

Wait Selects. This input selects the minimum
wait period to be ingerted’before completing
NOTE: This is normally an
Under appropriate timing
conditions, however, the Wait Select will
produce a synchronous wait period.

CLOCXS

NAME

PIN(S)

TirR

FUNCTION

OSCINL

212

Oscillator In. Provides the module clock
gsource. The basic CPU cycle rate is 1/4 of

this oscillator frequency.

e I L R R RS I S P e S

() Teletype Corporation

CIrcuft Description -8 . . 4972¢D

Issue 2

TABLE I-1 MODULE SIGNALS BY FUNCTIORAL GROUPS (continued)

TEST SIGHALS

NAME PIN(S) TYPE FUNCTION

TESTO 263 I | Test. Causes all the above module outputs
except the system clocks to go into a high
{mpedance state.

2.11 FS-1 DESCRIPTION

2.11.1 Interrupt Logic

2.11.1.1 MLD11-6 Highest level interrupt used on card.
sources from:

Three 4interrupt
1. EIA RS232C send buffer ready for data (INT232R).

2. EIA RS232C receive data available (INT232S).

3. PIO interrupt (PIO000).

2.11.2 MiD11-8 Llowest level interrupt used on card. Three interrupt sources
from:

1. [Keyboard receive data available (INTKBD).

2. Mouse buttons have changed, vertical blank €60 Hz) has started, or EIA
RS232C (INTMO).

3. CTS, DSR, DCD lines have changed
4. PIO interrupt (PIOO1)

2.11.2.1 MLDI2-3, 5, 7, 9, 12, 14, 16, 18 Interrupt Vectors

These six interrupt sources cause 64 interrupt vectors to be generated. The
interrupt vectors point to a prioritized transfer vector table that points to
the following six interrupt routines.




o d el et e b

3 Always O

5 Always O

7 0 = EIA RS232C receive routine.
9 0 = EIA RS232C send routine.

12 0 = PI0 highest level routine.
14 0 = Keyboard rout .e.

16 0 = Mouse routine.

18 0 = PI0 lowest level routine.

2.11.3 Processor Clock

2.11.3.1 MLB13-8 28.8 MHz clock for the processor. The processor generates
l4.4 MHz and 7.2 MHz clocks used for processor timing.

2.11.4 Processor MLBLS

2,11.4.1 MDOOl to MD31l Bidirectlonal data Bus connected to alIl ™mory and 1/0
circuits.

2,11.%.2 RIWO Read, Write output status line.

2,11.4.3 WS00 to WS30 Byte usata true far. writing signals. Enables write
signals to selected bytes ~f RAM when the “prmcessor has the RAM cycle.

2.11.4.4 TESTQ Floats processor outputs for testing bus.

2.11.4.5 MAO21 to MA221 Address true signal.

Other processor signals are input from other parts of che circuit and are
discussed as part of those circuits. Unused inputs are pulled to +5V.

2.11.5 Address Decoder

2.11.5.1 MLC12-15 EPROMO Enablec the EPROM’s, selects the EPROM cycle time as
4 cycles when 0S1 - 8, 9 is closed and as 5 cycles when it is open, and
generates a fault when a program atteupts to write EPROM.

2.11.5.2 MLC12-13 DUARTO Enables the DUART for a 5 cycle access.

2.11.5.3 MLC12-12 PIO0 Enables the PIO for an asynchronous (TIME 0) external
1/0 access, '

2.11.5.4 MLC'2-11 MOUSEQ Enables the MOUSE for a 4 cycle read.

2.11.5.5 MLC12-10 ADDCLKO Enables the scroll address register for a 4 cycle
write.

A 2
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Circuii Description Issue 1 ! Circuit Description Issue 1
PIN ROUTIRE.. 2.11,5.6 MLC12-9 BRAMO Enables the non-volatile memory for a 5 cycle read or

write.
2.11.5.7 MLC12-7 RAMO Enables the RAM for an asynchronous (ENSELOO) access.

2.11.6 Watch Dog

2.11.6.1 MLE9-15 Generates a fault when an asynchronous device 1is not ready
after a quarter second time-out.

2,.11.7 Field Clock

2.11.7.1 MLC2-9 FIELDl Generates a 30 Hz signal with transition at the start
of vertical blank,

3. ADDRESS SPACE
3.1 OVERVIEW

The CPU addresses 8,388,608 (2**23) bytes of memory and I/0 logic on the TLC
carde A word in memory consists of 32 bits and is divided into 4 bytes. See
Figure I-1 for word division.

31 24 23 16 15 8 7 0
| BYTE O | BYTE 1 | BYTE 2 | BYTE 3 |

Figure I-1  Word Division

In order to reduce the time required to select a peripheral or memory location,
a simple address decoding scheme was used. A single decoder selects one of
eight blocks of address space. Each block contains 256K word addresses
(1,048,576 bvte addresses). The block size 1s equal to the address space
required when 256K DRAM packages are used in the DRAM block. See Figure I-2 for
the TLC card Memory Map.

3.. ADDRESS SPACE ALLOCATION

3.2.1 The first block addresses up to 64K words (000000 to O3FFFF) of EPRIM.
Addresses 040000 to OFFFFF are reserved.

3.2,2 The next block, addresses 100000 to LFFFFF, is not used.

3.2.3 Addresses 200000 to ZF7FFF are devoted to the DUART., The DUART has
sixteen internal 8 bit registers, so it uses only sixteen bytes of the block.
These registers are mapped onto the address space as shown in Figure I-3. (See
also Table I-3). Note that only byte 3 of each word is used. All other unused
bytes in the table along with addresses 200040 to 2FFFFF are reserved.

L T g o e ey v S St Aegierar— > ne g g n
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FIGURE I-2
MEMORY MAP
3YIZ O BYTE 1 BYIE 2 BYIE 3
31 24 23 16| 15 gl 7 0
JFFFEC JFFEFF
R/W FUTURE OPTIONAL RAX {NONDISPLAY ARKA)
740000 . 192K x32 BITS 740003
R/W BASIC RAM (DISPLAY AREA)
700000 64K x 32 BITS 700003 |
i
|
R/W BRAM 60LFFF
600000 I 2K x 8 BITS 600002 l
W0 DISPLAY START ADDRESS
500000 1 x 16 BITS I 500001 I
|
MOUSE
400000' 1 x 32 BITS l 400003
R/W P10 30G07F
300000 32 x 8 BITS 300003 |
I
',.
R/W DUART 20003F
200009 I 16 x 8 BITS 200003
| OOFFFC) EPRON ‘ OFFFF i
| RO I
| 008000 8K x 32 BITS 008003
| RO EPROM
| 000000 8K x 32 BITS 000003

O b . T e

Teletype Corporation
Circuit Description

I-12

FIGURE I-3

Map of DUART Registers onto Address Space

*: Indicates reserved byte location

MEMORY ADDRESS SPACE DUART
BYTE O BYTE 1 BYTE 2 BYTE 3 ADDRESS
I * 1 * | # | 200003] <—— | 0 g
| * | * | * | 200007] <— | 1 |
| * | * | * | 20000B| <-— | 2 |
| * | % | * | 20000F| <—— | 3 |
|+ | % | * | 200013} <— | 4 |
| * | * | * | 200017) <— | 5 |
| % | %= | * | 200018} <— | 6 |
| * | % | * | 20001F| <— | 7 |
| % | % | * | 200023 <— | 8 |
| % | * | * | 200027| <— | 9 |
| * | %= | * | 200028} <—- | 10 |
| % | % | * | 20002F| <~ | 11 |
|+ | * § * | 200033] <—- | 12 |
| * | %= | =*x | 200037 <-— | 13 |
| * | * | * | 200038] <—-- | 14 [
| * | * | * | 20003| <—- | 15 |

4972CD
Issue 1
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Circuit Description

3.2.4 Addresses 300000 to 3FFFFF are devotexdt tar the PIO. The PIO port can be
used to address up to thirty-two extermal § bit registers, so it uses only
thirty-two bytes of the block. Byte 3 of the ffrst 32 words of the specified
space 1is used. Unused bytes in the first 32 words along with addresses 300080
to 3FFFFF are reserved.

3.2.5 Addresses 400000 to 4FFFFF are set ¢ ide for the MOUSEXY. MOUSEXY uses
the first word of this space, addresses 4_)000 to 470003. Addresses 400004 to
4FFFPF are reserved.

3.2.6 Addresses 500000 to SFFFFP are set aside for the Display Start Address.,
This 16 bit address 1s located in byte 0 and byte I of the first word cf the
specified space and caan only be written. This start address must be written
usizg only the half-word addressing modes. Memory addresses 500002 to SFFFFF

are reserved.

3.2.7 Addresses 600000 to 6FFFFF are devoted to BBRAM. The 2K bytes needed for
the BBRAM are located in byte 2 of the first 2K words of the spec. led memory
space. The first byte occurs at address 600002 and the 1last byte occurs at
60.FFE. All other addresses in this space are reserved.

3.2.8 The next 64k x 32 bits, addresses 700000 to 73FFFF, is devoted to basic
DRAM (Display Area). Addresses 740000 to 7FFFFF of DRAM is for future RAM.

4, FS$-2, 3, 4, & 5 DYNAMIC RANDOM ACCESS MEMORY {DRAX)
4,1 DESCRIPTION

The TLC card is capable of utilizing either 64K x 32 bits or 256K x 32 bits of
DRAM, depending on which of two RAM packages, 64K x 1 bit or 256K x 1 bic, is
used. Both modules use a 16 pin package but the 256K pack requires one extra
address line to provide access to its additional memory. This extra address
line is always wired in but is not used by the 64K x [ bit package.

4.,1.1 Since Dynamic RAM 1is used, 1t 1s necessary to refresh the least
significant bits of address every 2msec. This is done when the video circuit
reads DRAM to refresh the display.

4,1.2 To read and write DRAM the following control signals, in addition to the
data I/0 and address lines, are needed:

1. Row Address Select (RAS): On the falling edge of the RAS e’3nal the least
signific=nt address levels are loaded Into the RAM.

2. Column Address Select (CAS): On the falling edge of the CAS signal the
most significant address levels are loaded iato RAM. Also, when CAS is
low the RAM can be read from or writteam to.
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3. WRITE: When the WRITE signal is low, during CAS low, data can be written
and when the WRITE signal is high data can be read.

4.2 Fs-2, 3, 4, & 5 DRSCRIPTION

4.2.1 Address Multiplexer

4.2.1.1 MLEG, MLF6, MLF7, MLF8, MLF9 Selects the processor or display address
and selects the row or column address for the RAM.

4,2.2 Address Drivers

4.2.2.1 MLG7-12, 18 Drive the RaM address bus.

4,2.2.2 MLG8-12, 18 Drive the RAM address bus.
4,2.2.3 MLG6-12, 18 Drive the RAM address bus. (256K RAMS only)
4,2.3 RAM

4.2.3.1 MLLS to MLL8, MLL1O to MLL13 RAM for 64K x 32 or 256K x 32 bits of
memorye.

4.2,3.2 MLK5 to MLK8, MLK10 to MLK13 RAM for 64K x 32 or 256K x 32 bits of
memoTYe

4.2.3.3 MLJ5 to MLJ8, MLJ10 to MLT13 RAM for 64K x 32 or 256K x 32 bits of
memorye.

4.2.3.4 MLH5 to MLHS, MLEIO to MLHi3 RAM for 64K x 32 or 256K x 32 bits of
memory.

4.2.4 RAM Data Out Registers for the Processor

4.2.4,1 MLL9, MLK9, MLJ9, MLG9 Hold the processor’s RAM data so display
servicing can continue.

5. FS-6 MEMORY ARBITER
5.1 OVERVIEW

The DRAM ht2s a arbiter circuit that determines whether the BELLMAC 32A processor
or the video -ircuit has access to memory. The circuit operates on a first come
first served basis. Lf memory is busy the processor or video circuit has to
wait for the other to complete its memory cycle. Once memory is given to the
processor or video circuit there are five steps to be performed to complete the
access cycle. First, the address multiplexers are switched to the processor or
video circuit. Next, the RAS signal is generated to load the least significant
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bits of the address. The address multiplexerw are then switched to the most
significant bits of the address and the CAS signal 1s generated to load these
bits. Finally, the read or write operation is performed.

5.2 DETAILED DESCRIPTICN

The following description of the Memory Arbditer is based on TABLE I-2. Each
nuabered entry of this description correspond: lirectly to the state numbers in
TABLE I-2. In the following explanation it shail be assumed that oaly the
processor is requesting RAM for a read or writea.

1. Ipizial condition of the arbiter given that no display or processor
requests have been generated for several cycles of the 32MHz clock input
at MLA15-10.

2. The Arbiter operation is initiated with a request from the processor,
MLEl-13., This low to high transition at MLJl-4 clocks iz a } en MLJ1-6
and a 0 on MLJ1-7, This request is then stored in the R-S latch (MLJ2)
getring MLJ2-1 to 1. MLJ1-6 causes a zero to occur at MLL3-5. This zero
will enable the bimary counter (MLL2) on the next positive tramsition of
the 322Hz clock.

NOTE: All of the following state changes.are-initiated by every positive
edge of the 32MHz clock, excluding state KF¢

3. MLL2, binary counter, is enmabled. NOTE: The counter’s initial state 1is
Qa=1, QB=0, QC=0, QD=1.

4. Counter steps to 10.

5. Counter steps to ll. This causes MLL2-9 to be active.

6. The binary counter is loaded with zeros. This activates the RASO signal,
MLL2-11. The RASO signal is fed to the binary shift register, which is in
the parallel load state, and will be delayed 3 clock cycles and then
generate CASO at MLL3-13. WRSTO is activated and ENSELOO is generated for
a RAM write request.

7. RASO complemented and delayed ome clock eycle generates the SEL1 signal.

8. RASO complemented and delayed 2 clock cycles disables the clear 1input of
the J-K flip-flop (MLJIL-15).

9, CASO is generated.

10. Counter steps to 4.

11. Counter steps to 5.

Teletype Corporation 1-16 4972CD
Circuit Deseription Issue 1

12. Counter steps to 6.
13. Counter steps to 7.

14. ENSELOC is generated for a RAM read request. RASO is deactivated. This
low to high transition of RASO clocks in a 0 on MLJ1-9 which causes MLJL-7
to go to 1 clearing the R-5 latch of the processor request and sets MLL2-5
to 1 which will disable the birary counter on the next clock pulse.
PLOAD1 is activated.

15. Counter is disabled and SELl 1is deactivated.

16, CASO is deactivated.

17. Some time later, depending on the BELLMAC timing, PREQ (MLEl1-13) will be
deactivated.

A display request would generate the same sequence of events as the above except
that DQl {(MLJ2-4) would be 1 and ENSELOO, PLOAD1, and WRSTO would not be
generated. Lf during a prccessor request a display request is generated, the
arbiter will hold the display request until finishing the processor request and
then immediately process the display request and vice versa.
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TABLE I-2 5.3 FS~-6 DESCRIPTION

.

5 MEMEY ARBITER CIRCUIT STATE TABLE 5.3.1 RAM Timing Generator

SIATR T 21 31 &] o) 6f 7] 8] 91 10] 11} 12§ 13] 14} 15| 16 17 5.3.1.1 MLA15-10 32 MHz counter clocke. The clock 1is fed through an
Il E o o 1y rf 11} 1rjrypry1rjiyi}jo EXCLUSIVE-OR for purposes of buffering and noise elimination.
MIl-6 of 1 b 1}ty opoyporyyyrjr]jryfryojo}lofo
MJ1-7 1} of of of 0 of of ol Mfoj oo} o} 1} 1} 1yl 5.3.1.2 MLL2-11 RAS signal generated low for counts one through seven.
Ml-1 1} 1] i} 1} 1 1} 14 1 RS R O U N A A ' N 0O O O A O [ § —_—
3—“‘% ’i i : i : i i i } ]1' i ; } g ]l‘ i i 5.3.1.3 MiL3-11 SELl signal switches the RAM address multiplexers from the ROW
MJ1- s he COLUMN ad .
w12 i1l 1 1] 1} ofofoloojojojoj1fr1 L] 1| | to the COLUMN address one count after RAS
AJ1-10 of of of of of of of ofj ofj ojojo)ojrfo}o}lo | 5.3.1.4 MLL3-15 Coatrols the end of the load signal used to clock the RAM data
MJ1-9 i1 1 o ooy o1y 4y 1 1 1 1 0 1 1 1 out regis_—ters.
MI1-15 ot o ofl of o ojoj 1y 1{f v} 1} Lr}1ryl}joOo}jaojoO
-4 of tf 1f 1 1y 1f yip it rpojojoloy ! 5.3.1.5 MLL3-13 CAS signal generated low for couats four through ten.
MJl-13 of 1) 1) 1} 1y 1y 2y oy 1pryryrjrjojojo}o | —_—
MJ2-1 of 1 1f 1 1 1 i a1 rjprpojojo}o 5.3.2 RAM Data Available Por The Display
MR- Il ol of o] ol o] of ofj of 0f 0oj 0o}J 0] O}jOf O] O] O i
MLI2-10 1} of of of of of of of ofj 0oj 0o} 0} O} L} 11 | 5.3.2.1 MLK1-7 Loads the RAM data out register for the display and resets the
M1 1y 1 14 1} 1J 1y ojojojojojojojojijr] 1y | RAM reque—s-t_:—— ,
3 ¥135 1} 0}, ofj o] of O0J O 0f O OJ O}J O} O} L] 1} L} 1
- Mid-6 1 1 1y 1f 1 1y 14 0 0p0ojojoyofoj iyl 5.3.3 RAM Data Available For The Processor
: HI3-7 1 1f 1 1j 1y ol ojojojojojojojiji] 1y}
—4 MU3-15 1 i 1} 1 1y 1f 1y of oj oj o} 0} 0fjuj O 1 1 5.3.3.1 MLI1-10 Loads the RAM dat t ister for the processor.
41314 1 1 Yol oojojojojojojojojoj1rfjijl -3 Teamo- Loads the ata out reg P
M3 s i ity yyopoyojojofojolojl 5.3.3.2 MLJ1-9 Resets the processor RAM request.
Mid-12 i 1 1} 2y 1ijojojojojojojojojr}ilj —_—
i MI3-11 SEd ol ol oj oj of of j 1}y 1t} 1} 1y 1} 1} rjo}oyo0 $.3.4 RAS CAS Drivers
: Mi2-14 i) 1} 1j ol 1joj tjo}tjo} o} ijof )]y
§ #12-13 of of of 1} 1f of of 1f 1} ofof 1} 1lo}o}olo0] 5.3.4.1 MLG6-14, 16 Drive the RAM RAS and CAS bus.
; MI2-11 RAS 1 1} 1} 1} 1} oy ojojolojo}jojof il
: M9 i toypyoptfoapap o rfryprrprprgorgt | 5.3.5 Display RAM Request
! MiZ-10 ol o) 1} 1} 1] 1} 1} i} v} ) ryrjrjojofo |
' M71-3 &SN 1y 1} 1f 1§ 14 of oj of 0of 0} Of O} O} 1 1 L1 | 5.3.5.1 MLK1-9 Hold the display RAM request until the display has accessed
: wr-13 mesmool if 1f tf 1) 1 1) 1) 1} 1y 1}y 1)1y 1jojojo| o] RAM. -
; t}!.JZ-B esaool 1 t)-1) 1 ojojlojojojojojojo 0| 0] 0} wIE|
: 5.3.5.2 MLK1-10 Enables counter MLL2Z to count from one to eleven thus
! senerating an eleven count memory cycle.
1
5.3.6 Processor RAM Request
5.3.6.1 MLJ1-7 Holds the processor RAM request wuntll the processor has
accessed RAM,
5.3.6.2 MLJ1-6 Enables counter MLL2 to count from one to eleven thus
i generating an eleven count memory cycle.
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5.3.7 RAM Write Delay

5.3.7.1 MLF1-3 GCive the processor more time to set up data by delaying the RAM
write signal.

5.3.8 RAM Contention Latch

5.3.8.1 MLJ2-1, 4 First come, first served memory cycle latch. A high on
MLJ2-1 indlcates the processor has the current RAM cycle. A high on MLJ2-4
indicates the display has the current RAM cycle.

5.3.9 RAM Data Out Enable

5.3.9.1 MLK2-¢ Enables the RAM data out registers to drive the processor data
bus during a processor read cycle.

5.3.10 Processor Request Decode

5.3.10.1 MLE1-13 PREQl is the Decoding of the processors RAM request. PREQl
is active as soon as the address is true for read cycles, so the processor will
operate with a minimum read cycle delay. For a write cycle PREQL is not active
until the write data 1is true on the processor, so the RAM will not load bad
datae.

5.3.11 RAM Read Ready For Processor

5.3.11.1 MLH1-6 Prevents the processor from completing a RAM read cycle uatil
the RAM has loaded the processor RAM data out reglsters.

5.3.12 RAM Write Ready For Processor

5.3.12.1 MLH1-10 Prevents the processor from completing a RAM write cycle
until the RAM has grantad the processer the curreat BAM cycle.

35.3.13 RAM Ready For Processor

5.3.13.1 MLJ2~-13 A low enables Lhe processor to complete a RAM read or write
cycle when the RAM has granted the processors RAY request.

6. PS-7, 8, & 9 - D"SPLAY TIMING, VIDEO TIMING, AND SHIFT REGISTERS

6.1 OVERVIEW

The Video circuitry is used to transform bits stored in the DRAM to images
displayed on the screen. For proper circuit operation it 1s necessary to load

the sixteen least significant levels of the start address of the rirst word to
be displayed in the Display Start Address register located at 5000004,

-
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The display consists of a matrix of 800 dots by 1024 dots at 100 dots
per inch resolution. At the beginning of the display cycle the start address of
the first word stored in the Display Start Address register is locaded 1into the
Display Address counter. As the display is scanned from left to right and top
to bottom the Display Address counter reads consecutive locations in memory into
the video shift register for serializing. The video shift register takes 32
parallel data bits and converts them to a serial video signal. Since there are
32 bits in each word read, 25 words are read each time the video beam traces the
screen from left to right. This must be repeated 1024 times to fill the entire
screen. In addition, the video circuit also generates horizontal and vertical
syachronizing signals. The synchronizing signals control the monitor so the
video image 18 displayed properly.

The video circuit provides aan interlaced timing for flicker free
operation at a 30Hz refresh rate. As stated above there are 1024 scans of the

display. In interlaced operation odd scans are laid down in one pass followed
by the even scans in the second pass of the screen. Each individual pass takes
1/60 of a second so the entire sereen is refreshed 30 times per second.

6.2 FS~7 DISPLAY TIMING DESCRIPTION

6.2.1 Vertical Scan Counter

6.2.1.1 MLB4, MLB3, MLA2 Modulus 1067 counter counts from O to 1066 at 64.02
kHz, Two counts for every horizontal scan. The 1067 horizontal scans are
divided into 533.5 for the odd and even fields of the frame. The 533.5 scans
per field are divided into 512 for the displayed part of the vertical scan, and
21.5 for the retrace part of the vertical scan.

6.2.2 Horizontal Scan Counter

6.2.2.1 MLA6, MLAS Modulus 128 counter counts from O to 127 wusing a 4 MHz
clock, One count for every eight horizontal dots on the screen. The 1024 dot
intervals are aivided into 800 for the displayed part of a horizontal scan, and
224 for the retrace part of a horizontal scan.

6.2 3 Vertical Scan Signals

6.2.3.1 MLC5-2 DOG CLKlI 60 Hz clock used for the processor watch dog timer and
the DUART vertical blank Linterrupt circuits.

6.2.3.2 MLC5-19 VSYNC Synchronizes the vertical deflection clrcuit ia the
display mr.aitor with the video signal. The vertical sweep frequency is 60 Hz.

6.2.3.3 MLC2-6 Generates a vertical blank signal when the ;vertical scan is
returning from the bottom to the top of the <creen.
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6.2.3.4 MLC3~8 Resets the vertical scan counter at count 1066.

6.2.4 Horizontal Scan Signals

6.2.4.1 MLC4-6 ADDCNT FEnables the display address counter to  increment
twenty-five times during the displayed part of the horizontal scan and another
twenty-five times during the retrace part of hovizontal scan. The resulting
twenty-five displayed addresses are used to read 8U0 RAM bits per horizontal
scan into the video shift registers. The twenty-five retrace addresses are ot
used for this field but will be used on the next field to generate the other
half of the scan lines. Note! The display uses interlaced scan, so the odd
scans are displayed during the odd fie:d and the even scans are displayed during
the even field. An even field and an odd field (a frame) make up a complete
imaz2. The com lete image must be refreshed 30 times a second.

6.2.4.2 MLC4-7 DREQl  Request twenty-five display RAM read cycles every
horizontal scan. The requests are generated as soom as the display RAM data out
registers are available. The RaAM has 32 dot clock cycles to load t..  requested
data 1into the display RAM data out registers. If the display request had to
wait for a processor request it would take a maximua of twenty-two dot clock
cycles to load data.

6.2.4.3 MLC4—8 Enable the vertical scan counter to 1increment twice every
horizontal scan. The ver-ical scan counter increments at the end and middle of
each horizontal scan. The odd and even fields are caused to interlace by
starting vertical retrace at the end of a horizontal scan for odd fields and at
the middle of a horizontal scan for even fields.

6.2.5.4 MLC4-9 Resets the horizontal scan couater at count 127.
6.2.4.5 MLC4-11 ADDLOAD Loads the start address register, which contains the

address of the first 32 dots displayed, into the display address counter during
vertical retrace blank when the display is not reading RAM.

f.2.4.6 MLC5-15 Clocks the vertical blank signal on MLC2-6 so the vertical
blank starts and ends during horizontal blank. Blank occurs when the horizontal
scan is returning from the right to th: left side of the screen and when the
vertical scan is returning from the bottom to the top of the screen.

6.2.4.7 MLC4-14 HSYNC Synchronizes the horizontal deflectlion circuit in the
display monitor with the video signal. The horizontal sweep frequency is 32.01
kHz.

6.3 FS-8 DISP7AY ADDRESS DESCRIPTION

6.3.1 Display Start Address Registers
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6.3.1.1 MLD2, MLD3 These chips are loaded by the processor and contain the
address of the first word of the first scan line displayed on the screen.

6.3.2 Display Address Counter

6.3.2.1 MLES, MLE4, MLE3, MLE2 These chips are loaded from the display start
address registers at the start of each field. The even scan line field uses the
start address and the next twenty-four word addresses to read the 800 dots of
the first scan (scan line 0). The address counter is then advanced tweanty-five
addresses during horizontal retrace blanks and the next twenty-five addresses
are used for scan line 2. The odd scan line field advances the start address by
twenty-five addresses before teading the first word of the second scan line
(scan 1line 1). The entire display refresh cycle consists of: reading and

displaying the even field (all the even scan lines from 0 to 1022). followed by
reading and displaying the odd field (all the odd scan lines from l to 1023).

6.4 FS-9 VIDEO TIMING & SHIFT REGISTERS DESCRIPTIOR

6.4.1 RAM Data Out Registers for the Display

6.4.1.1 MLG2, MLG3, MLG4, MLG5 These chips are loaded by the memory arbiter
circuit in response to a request for data from the display timing circuit. They
contain the next thirty-two dots to be loaded into the low speed video shift
register.

6.4.2 Low Speed Shift Registers

6.4.2.1 MLF2, MLF3, MLF4, MLK5 These chips are loaded from the RAM data out
registers for the display. They are loaded in parallel with all thirty-two dots
when the high speed video Shift Register is shiftjing the last four dots of the
previous thirty-two dots. After loading, the four shift registers that .omprise
the low speed video shift registers are shifted im parallel causing eight
sequences of four dots to be presented to the high speed video shift registers.
The low speed video shift registers are not loaded during retrace blank, but do
continue to shift out a blank video.

6.4.3 High Speed Video Shift Register

6.4.3,1 MLDI3 This chip parallel loads the four dots from the low speed video
shift registers and serially shifts out the dots at the display clock rate.

6.4.4 Dot Counter

6.4.4.1 MLCL: This chip is a counter used to divide the display clock {into
secondary clocks used in video timing. MLH2-3 loads the high speed, four bit,
video shift register by generating one pulse every four display clocks. MLH2-6
increments the horizontal scan line counter every eight displayed dots. MLH3-6
loads the low speed thirty-two bit video shift register by generating one pulse
every thirty—-t'7o display eclocks.

T ——————— T T T T T
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Circuit Description

6.4.5 Display Clock

6.4.,5.1 MLA13 This chip generates a 32.77824 MHz dot signal used for video and
RAH timing. 2. This frequency is based on a 30 Hz refresh of 1067 scan lines where

each scan line consists of thirty-two words and ea<ch word of thirty—two bits.
6.4.6 Video Driver
6.4.6.,1 MLD9 This chip drives the video signal to the displey monitor.

6.4.,7 Reverse Video Gate

6.4.7.1 MLAIS This chip causes the video to be reversed (inverted) f£for the
entire screen. Retrace blank 1s also blank for reversed screens because the
blank input to the low speed video shift registers is also inverted.

7. FS-10 - MOUSE DECODING

The MOUSEXY circuit is identical for the X and Y coordinates. Each coordinate
has a 12 bit up/down counter. Serial signals from the mouse cause the counters
to count up when the mouse is moved forward -amk down when moved backwards. No
interrupts are generated by the MOUSEXY cfzvwil and the MOUSEXY couaters can
only be read. Since no in -rrupts are generated the program either reads the
MOUSEXY in a random fashion under program control or uses the vertical iaterrupt
from the DUART circuit to read the MOUSEXY and update its cursor during video
blank.

7.1 FS-10 DESCRIPTION

7.1.1 Y Mouse Counter

7.1.1,1 MLC9, MKC8, MLC7 These chips are up-down couaters that transiorm the ¥
movements of the mouse into a ¥ coordinate used to locate the mouse cursor on
tie screen. The Y Mouse Counter is identical to the X Mouse Couater in
operation. See X Mouse Counter for more information.

1.1.2 X Mouse Counter

7.1.2.1 MLC6, MKD5, MLD4 These chips are up-down counters that transform the X
moveaents of the moiuse into a X coordinate used to locate the mouse cursor on
the screen. PAL MLC6 contains ecircuits that convert the two serial clock
signals X0, X1 from the mouse into a couat up~down control sigr 1 and a clock
signal, HLC& 2.30 contains a four bit up~down counter that provides the first
four levels of the X coordinate and 2nables MLDS to provide the second four
levels of the X coordinate. MLDS enables MLO%S to: poowkde the third four levels
of the X coordinate, The mouse handler software reads the counters and coaverts
the 12 bit coordinatas into the address of the mouse cursor.
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7.1.3 Mouse Button Buffers

7.1.3.1 MLD6-3,5,7 This chip isolates the MOS DUART from the external mouse
buttons and provides input hysteresis to improve noise wmargins.

8. FS-11 -~ KEYBOARD AND EIA INTERFACES
8.1 DESCRIPTION OF THE DUAL ASYNCHRONOUS RECEIVE/TRANSMIT (DUART)

The 404381 DUART provides two independant asynchronous receiver/transmitter
channels in a single package. The operating mode and data format of each
channel can be programmed independently. Additionally, each receiver and

transmitter can select 1its operating speed as one of eighteen fixed baud rates.
The baud rate genzrator operates directly from a crystal. Each recelver {s

buffered to minimize the potential receiver overrun and to reduce interrupt
overhead in interrupt driven systems.

8.1.1 The DUART, besides having 2 asynchronous serial send receive ports, also
interfaces the processor to individual 1/0 signals on the circuit board.

8.1.2 1Input O, Input 1, and Input 3 (MB2, MBlL, and MBO respectively) are
connected to the 3 buttons on the MOUSEXY. Whenever a button is depressed or
released the DUART will send an interrupt to the processor if it {8 programmed

to do so. In normal operation, depression aand release of the MOUSEXY buttons
causes data to be selected or moved.

8.1.3 TInput 2 (DOG CLK) 1is a signal from the viden section that indicates the
screen 1{s blanked. This input will generate two laterrupts to the prociasor 60
times per second. Interrupts occur at the start (DOG CLK = 0) and end (DOG CLK
= 1) of vertical blank. Programs use this interrupt to update screen images
such as the MOUSEXY cursor during blank so flicker does not occur. DOG CLK can
also be used as a clock input to a Counter/Timer (C/T) circuit inside the DUART.
The C/T circuit can generate time intervals and interrupt the processor at the
end of time out,

8.1.4 Input 4, Input 5, and Input 6 (IP4,IP5, and IP6 respectively) are used to
receive the following control information via the EIA RS232C line from the host
computer.

- IP4: Clear To Send (CTS)
- IP®: Data Set Ready (DSR)
- IP6: Data Carrier Detect (DCD)

8.1.5 Output 0 and Output 7 (OPQ and OP7) are used to control the EIA RS232C
link to the host computer. OP0O sends Data Terminal Ready (DTIR) to the host and
OP7 sends DTR t~ an auxiliary send only EIA RS232C printer port.

8.1.6 Output 1 (NP1l) is used to invert the video signal.
- OPl = 0: dark background
-~ 0Pl = 1: green background

Lt - O tegemammperars Sl S S = o
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Circuit Description

8.1,7 Output 3 (OP3) is used as the selectiam contxod line for multiplezing the
gend signal to the keyboard (OP3 = 1) or the auxfliary EIA RS232C auxiliary
printer port (0P3 = 0). This signal can be used to direct the control words to
the keyboard or direct data to the auxiliary printer.

Note: The recelve port from the keyboard 1s used only for the keyboard.

8.1.8 Output 4, Output 5, and Output ¢ (INT232R, INTKBD, and INT232S
respectively) can be used to interrupt the processor. INT232R iaterrupts when
data is received on the EIA RS232C port. INIKBD interrupts when data 1is
received from the Xkeyboard. INT232S iaterrupts when the EIA RS232C send
register is empty. The EIA RS232C line has dedicated serial 1/0 ports oa Cthe
DUART. A general purpose iaterrupt to the processor is used for other interrupt
conditions such as the MOUSEXY buttons.

8.1.9 Associated with the interrupt system are the Interrupt Mask Regilster
(IMR) and the Interrupt Status Reglster (ISR). The IMR may be programmed to
select only certaln conditions to cause an intervupt. The ISR can “e read by
the CPU to determine all curreatly active interrupting conditions.

8.1.10 The baud rate of all of the EIA RS232C send and receive lines can be
programmed to be any commonly used baud rate. The baud rate of the keyboard
{nterface is 4800 baud per keyboard requiremeats... When the keyboard send line
ig used for the auxiliarv prianter, any normal Fsud rate can be used. The DUART
interfaces to the processur by eight parallel” h¥d¥rectional data signals.

8.2 BAUD RATE GENERATOR

The Baud Rate Generator (BRG) operates from the crystal oscillator (X1) and 1is
capable of generating 18 commonly used data communications baud rates ranging
from 50 to 38.4K baud. The clock outputs from the BRG are at 16X the actual
baud rate. The C/T can be used as a timer to produce a 16X clock for any other
baud rate by counting down the crystal clock or an external clock. The four
clock selectors allow the independent selection, for each receiver and
~ransmitter, of any of these baud rates or aan external timing signal.

8.3 COMMDNICATIONS CHAEEELS

The transmitter accepts parallel data from the CPU, converts it to a serial bit
stream, inserts the appropriate start, stop, and optional parity bits aad
outputs a composite serial stream of data. The recelver accepts serial data on
the Recelve Serial Data (RxD) pin, converts this serial iamput to parallel
format, checks for start bit, scop biL, parity bit (if any), or break coanditioan
and sends an a~sembled character to the CPU,

2 i""i"i...h‘.. i

= €. L : : - . N .
R RS WS ST EPNP: SUNEETURI, . SEOVIPEE: - PRy PRSP NS I SIS, UL P TR R O - Ay e e s
Teletype Corporation 1-26 4972CD
Circuit Description Issue 1

8.4 INPUT PORT

Four change-of-state detectors are provided which are associated with 1inputs
MBO, DOG JLK, MBl, and MB2. A high-to-low or low~-to-high transition of these
inputs lasting longer than 25-50 micro-seconds will set the corresponding bit in
the Input Port Change Register (IPCR). The bits are cleared when the register
is read by the CPU. Any change of state can also be programmed to generate aan
interrupt to the CPU.

8.5 OUTPUT PORT

The 8-bit multi-purpose output port can be used as a general purpose output
port, in which case the outputs are the complements of the Output Port Register

(OPR). OPR[a]=1 results in OP[a]=low and vice-versa. Bits of the OPR can be
individually set and reset. A bit is set by performing a write operation at

address 200038 with the accompanying data specifying the bits to be set (1l=sget,
O=no change). Likewise, a bit is reset by a write at address 20003F with the
accompanying data specifying the bits to be reset (l=reset, O=no change).

8.6 TRANSMITTER

The DUART is conditioned to transmit data whea the transmitter 1is enabled
through the Command Register (CR). The DUART indicates to the CPU that it is
ready to accept a character by setting the Transmitter Ready (TxRDY) bit in the
status reglster. This condition can be programmed to generate an iaterrupt
request at OP6. When a character is loaded into the Transmit Holding Register
(THR), the above conditions are negated. Data is transferred from the THR te
the Transmit Shift Register (TSR) when it is idle or has completed transmission
of the previous character. The TxRDY conditions are then asserted again which
means one full character time of buffering is provided. Characters cannot be
loaded into the THR while the transmitter is disabled.

8.6.1 The transmitter converts the parallel data from the CPU to a serial bit
stream on the Transmit Serial Data (TxD) output pin. It automatically sends a
start bit followed by the programmed number of data birs, an optional parity
bit, and the programmed number of stop bits. The least significant bit is sent
first. Following the transmission of the stop bits, if a new character is not
ava.lable in the THR, the TxD output remains high and the Transmitter Empty
(TxEMT) bit in the Status Reglster (SR) will be set to 1. Lf the transmitter is
disabled, it continues operating until the character currently beiag transmitted
is completely sent out. The transmitter can be forced to send a continuous low
condition by issuing a send break command.

8.7 RECZLVER

The DUART 13 conditioned to receive data when enabled through the command
register. The receiver looks for a high to low (mark to space) transition of
the start bit on the RxD input pin. If a transition is detected, the state of
the BRxD pin 1is sampled each 16X clock for 7-1/2 clocks. Lf the RxD signal 1is
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sampled high, the start bit is invalid and. tie seaxch for a wvalid start bit
begins again. If the RxD signal is stifl low, a valid start bit is assumed and
the receiver continues to sample the input at one bit time intervals at the
theoretical center of fthe bit, until the proper number of data bits and the
parity bit (if any) have been assembled, and one stop bit has been detected.
The least significant bit is received ‘'rst. The data is then transferred to
the Receive Holding Register (RHR) and th. Receiver Ready (RxRDY) bit in the SR
i3 set to a l. This condition can be programmed to generate an interrupt at
INT232R and INTKBD for the EIA RS232C input and the keyboard input respectively.

8.7.1 After the stop bit is detected, the receiver will 1immediately 1loox for
the next start bit. However, if a non-zero character was received without a
stop bit (framing error) and BxD remains low for one half of the bit period
after the s.up bit was sampled, then the receiver operates as if a new start bit
transition had been detected at that point.

8.7.2 The parity error, framing error, overrun error and receiw 1 break state
(if any) are strobed into the SR at the received character houndary, before the
RxRDY status bit is set. If a break condition is detected (RxD is low for the
entire character 1including the stop bit), a character consisting of all zeros
will be loaded intoc the RHR and the received break bit in the SR is set to 1.
The RxD input must retura to a high condition for at least ome~half bit time
before a search for the next start bit begins.

8.7.3 The RHR consists of a PFirst-In—First—Pot Data Buffer (FIFO) with a
capacity of three characters. Data is loaded from the receive shift register
into the topmost empty position of the FIFO. The RxRDY bit in the status
register 1is set whenever one or more characters are available to be read, and a
FIFO Full (FFULL) status bit is set if all three stack positions are filled with
data. PRirher of these bits can be selected to cause an interrupt. A read of
the R4R outputs the data at the top of the FIFO. After the read cycle, the data
in the FIFO and its associated status bits are ‘popped’ thus emptying a FIFO
position for new data.

8.7.4 1In addition to the data word, three status bits (Parity Error (PE),
Framing Brror (PE), and received break) are also appended to each data character
in the FIFO (overrun is not). Status can be provided in two ways, as programmed
by the error mode control bit in the mode register. In the ‘character’ mode,
status is provided on a character-by-character basis: the status applies only to
the character at the top of the FIFO, 1In the characters coming to the top of
the FIFO since th. last ‘reset error’ command was issued. The FIFO 1is ‘popyed’
only when the RHR 13 read., Therefore the status register should be read prior
to reading the FIFO.

8.7.5 If the FIFO i{s full when a new character is received, that character 1is
held 1in the receive shift register until an FIFO position is 2vailable. 1f an
additional character is received while this state exists, the contents of the
FIFO are not affected: the character prestausly in the shift register is lost

and the overrun error status bit (SR[4]) wiII be set upon receipt of ~'the start

—

i ittt i e . ik, el A . i

Teletype Corporation
Circuit Description

T e M ettt fad b G e D oAl S Gk meB R e O

I-28

bit of the new (overrunning) character.

8.7.6 If the receiver is disabled, the FIFO characters can be read.
can be received until the receiver is enmabled again.
If the receiver 18 reset, the FIFO and all of the receiver status,
corresponding output ports and interrupt are reset.

no additional characters

can be received until the receiver is enabled again.

8.8 PROGRAMMING

The operation of the DUART is programmed by writing
appropriate registers.
which can be read by the CPU.

Table I-3.
Table I-3 DUART REGISTER ADDRESSING

| ADDRESS] READ WRITE
200003 |Mode Register A(MRIA,MR2A) |Mode Register A(MRIA,MR2A)
200007 |Status Register A(SRA) Clock Select Reg. A(CSRA)
200008 |*Reserved* Command Register A(CRA)
20000F {RX Holdinz Register A(RHRA)|TX Holding Reg. A(THRA)
200013 |Input Port Chg. Reg.(TPCR) |Aux. Control Reg. (ACR)
200017 |Interrupt Status Reg.(ISR) |Interrupt Mask Reg. (IMR)
20001B |Counter/Timer Upper (CTU) |C/T Upper Register (CTUR)
20001F |Counter/Timer Lower (CTL) C/T Lower Register (CTLR)
200023 |Mode Register B{MRIB,MR2B) |Mode Register B(MR1B,MR2B)
200027 |Status Register B(SRB) Clock Select Reg. B(CSRB)
20002B |*Reserved* Command Reglster B(CRB)
20002F |RX Holding Reg. B(RHRB) TX Holding Reg. B(THRB)
200033 |*Reserved* *Reserved*
200037 |Iaput Port OQutput Port Conf.Reg.(OPCR)
20003B |Start Counter Command Set Output Port Bits Command
20003F |Stop Counter Command Reset Otpt Port Bits Command

8.8.1 The contents of certaia control registers
Care should be exercised

RESET.
example,

contents

T TR T T e T TR s —

No additional characters

control words into
Operational feedback is provided via status registers
The addressing of the registers is described in

are initialized to zero on
1f the coantents of a register are changed
during operation, since certain changes may cause operational problems.
changing the number of bits per character while the traasmitter is
active may cause the transmission of an incorrect character.

In general,
of the Mode Register (MR),

the Clock Select Register CSR, and the
Output Port Configuration Register OPCR should only be changed while the

receiver(s) and transmitter(s) are not enabled, and certain changes to the
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Auxiliary Control Register ACR should only be made while the C/T 1is stopped. TABLE 1-4a DUART REGISTER BIT DESCRIPTLONS
]
i
8.8.2 Mode Registers 1 and 2 (MRL and MR2 respectively) of each channel are i BIT7 BIT6 BITS BITA BIT3 BIT2 | BITL  BITO
accessed via independent auxiliary pointers. The pointer is set to MR1A (MRLIB) | RX RIS RX INT ERROR PARLTY
by RESET or by issuing a "reset” command via the corresponding command register ; _ CONTROL SELECT MODE PARITY MODE typg | BITS PER CHAR
CRA (CRB) or at Power On Reset (POR). Any read or write of‘the mode register ; MRIA O=n0 O=RXRDY| O=char 00=with parity O=even 00=5
while the pointer is at MRIA (MRIB) switches he pointer to MR2A (MR2B). The ] MR1B l=yes 1=FFULL| l=block| Ol=force parity| l=odd 01=6 l
pointer then remains at MR2A (MR2B), so tha. subsequeat accesses are always to : 10=no parity 10=7
MR2A (MR2B) unless the pointer is reset to MRIA (MR1B) as described above. ; Must be O ll=not used 11=8 l
8.8.3 Mode, command, clock select, and status registers are duplicated for each .
channel to ;rovide total independent operation and control. Refer to Table I-%a BIT7 BIT6 :i;;s Bzfg BIT3 BIT2 BIT1 _ BITO
- iptions. * :
and I-3b for register bit description CHANNEL MODE CONTROL ENABLE Tx STOP BLIT LENGTH
MR2A UU=normal U=no U=no U=0.505 4=0,81l5 o=1.0b3 U~l.013
MR2B| Ol=Auto echo l=yes l=yes 1=0,625 5=0.875 9=1.625 D=1,875|
10=Local loop 2=0.688 6=0.938 A=1.688 E=1.938|
1l=Remote loop| Must be 0| Must be 0| 3=0.750 7=1.000 B=1.750 F=2.000|

*Add 0.5 to values shown for 0-7 if channel is programmed for 5 bits/char.

BIT7 BIT6 BITS BIT4} BIT3 BITZ BIT1 BITO
CSRA RECELVER CLOCK SELECT TRANSMITTER CLOCK SELECT
CSRB see text see text
BIT7{ BITé BITS BIT4 BIT3 BIT2 BIT1 BITO
not MISCELLANEOUS COMMANDS DISABLE Tx ENABLE Tx DISABLE Rx ENABLE Rx
used ;
CRA| must see text O=no O=no O=no O=no
CRB| be O l=yes l=yes l1=yes l=yes
BIY7 BIT6 BITS BITS BIT3 BIT2 BIT1 BITO
RECELVED FRAMING PARITY OVERRON
BREAK ERROR | ERROR ERROR | . 1XEMT| TxRDY{ FFULL| RxRDY
SRA O=no O=no O=no O=no O=no O=no O=no O=no
SRR layes l=yas l=yes 1=yes l=yes| l=yes| l=yes| l=yes
* * *

*These status bhits are appended to the corresponding data character in the FIFO.
A read of the status register provides these bits (7:5) from the top of the FIFO
together with bits 4:1., These bits are cleared by a ’‘reset error status’
command. In character mode they are discarded whean the corresponding data
character is vead from the FTFO.
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TABLE I~ b DUART REGISTER BIT DESCRIPTIONS
BITI BIT6 BITS BITh BIT3  BII2 BIT1I  BLIO |
oP7 OPb6 oP5 0P4 023 QP2
0=0PR[7] 0=0PR[6]) 0=0PR[5] 0=0PR|[4] 00=0PR[3] 00=0PR|2]
OPCR| 1=TxRDYB 1=TxRDYA 1=RxRDY/ T=RxRDY/ 01=C/T OUTPUT 01=TxCA(16X)
FFULLB _FULLA 10=TxCB(1X) 10=TxCA(1X)
RS232 11=RxCB(1X) 11=RxCA(1X)
Must be 0| Must be 1 Must be 1| Must be 1 Must be 00 Must be 00
BIT7 BIT6 BITS BITA BIT3 BIT2 BIT1 BITO |
BRG SET COUNTER/TIMER DELTA DELTA DELTA DELTA
SELECT ! MODE AND SOURCE IP3 INT IP2 INT IP1 INT IPO INT
ACR| TO=setl | See Table I-6 O=off O=off O=of £ O=off
l1=set2 l=on 1=on l=on 1=0n
Must be 1 Must be 1 Musgt be 1 Must be 1
BIT7 BITS BIIS BIT4 BIT3 BIT2 BIT1 BITO
DELTA|{ DELTA| DELTA DELTA
1P IPO
wer| 13| 12| 1| 1o | 2 1
O=no O=no O=no O=no O=low O=low O=low O=low
l=yes| l=yes| l=yes| layes| l=high| 1l=high| Il=high| l=high
BI1T7 BITS BITS BIT4 BIT3 BIT2 BIT1 BITO
INPUT DELTA RxRDY/ TxRDYB COUNTER DELTA RxRDY/ TxRDY:
PORT BREAK B FFULLB READY BREAK A FFULLA
ISR}| CHANGE
O=no O=no O=no O=no O=no O=no . O=no O=no
l1=yes l=yes l1=yes 1=yes l=yes l=yes l=yes l=yes
BIT/ BIT6 BITS BITS BIT3 BIT2 BIT1 BITO
IN. PORT DELTA RxRDY/ TxRDYB| COUNTER|. DELTA RxRDY/ TxRDYA
CHANGE BREAK B FFULLB INT READY BREAK A FFULLA INT
MR INT INT INT INT INT. INT |
O=off O=off O=off QO=off O=off O=off O=off O=0f§
l=on l=on 1=0n 1=on 1=on l=on 1=0n l=on
c/Tl15)| c/T(14}| cC/T(13] c/T{12]§ cC/T(l1]} c/r(10] Cc/T[9] Cc/T(8]
CTUR
CITI?]LgﬁC/T[6] C/T[5]) C/TL4] c/TI3]] c/T(2 c/T.:-T1 c/x{o]
CTLR |

——
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8.9 CHANNEL A AND B XODE REGISTER OKE

A. MRIA - EIA RS232C MODE REGISTER

B. MRIB - KEYBOARD (SEND ONLY AUX. PRINTER) MODE REGISTER
8.9.1 MRL[7] MUST BE O.

8.9.2 MR1[{6] - Receiver Interrupt Select - This bit selects either the channel
receiver ready status (RXRDY) or the channel A FIFO full status (FFULL) to be
used for CPU interrupts. It alsc causes the selected bit to be output on OP4 if
it is programmed as an interrupt output via the OPCR.

8.9.3 MR1{5] - Error Mode Select — This bit selects the operating mode of the
three FIFO status bits (FE, PE, received break). In the “character" mode,

status 1s provided on a character—by-character basis: the status applies ounly to
the character at the top of the FIFO. In the "block™ mode, the status provided
in the SR for these bits is the accumulatfon (logical OR) of the status for all
characters coming to the top of the FIFO since the last "reset error” command
was issued.

8.9.4 MR1[4:3] - Parity Mode Select - Lf "with parity"” or "force parity" is
selected, a parity bit is added to the transmitted character and the receiver
performs a parity check on incoming data.

8.9.5 MR1[2] - Parity Type Select — This bit selects the parity type (odd or
even) 1f the "with parity" mode !s programmed by MR1[4:3], and the polarity of
the forced parity bit Lf the "force parity" mode is programmed. It has no
effect if the "no parity” mode is programmed.

8.9.6 MR1[1:0] - Bits per Character Select - This field selects the number of
data bits per character to be transmitted and received. The character length
does not include the start, parity, and stop bits.

8.10 CHANNEL A AND B MODE REGISTER TWO

A, MR2A - EIA RS232C MODE
B. MR2B - KEYBOARD (SEND ONLY AUX. PRINTER) MODE

8.10.1 MR2{7:6] - Mode Select - Each channel of the DUART can operate in one of
four modes. MR2[7:6]=00 is the normal mode, with the transmitter and receiver
operating ‘adependently. MR2[7:6]=01 places the channel in the automatic echo
mode, which automatically retransmits the received data. The following
conditions are true while in automatic echo mode:

l. Received data is reclocked and retransmitted on tie TxDA output.

L g L
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2.
3.
4,

5.

6.

7.

8‘
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The recelve clock is used for the transmitter.
The receiver must be enabled, but the transmitter need not be enabled.
The TxRDY and TxEMT status bits are inactive.

The received parity is checked, but °~ not regenerated for transmission,
i.e., transmitted parity bit is as re.aived.

Character framing is checked, but the stop bits are retransmitted as
received.

A received break is echoed as received until the next valid start bit 1is
detected,

CPU to receiver communication continues normally, but the CPU to
transmitter link is disabled.

8.10.2 Two diagnostic modes can alsc be configured. MR2[7:6]=10 selects local
loon~-back mode. In this mode:

1.
2.
: 3.

6.

The transmitter output 1is internally connectad to the receiver input.
The transmitter clnck Is used for the receiver.

The TxDA output 1is held high.

The RxDA input is ignored.

The transmitter must be enabled, but the receiver need not be enabled.

CPU to transmitter and receiver communicatioas continue normally.

8.10.3 The second diagnostic mode s the remote loop-back mode, selected by

1.

2.

3.

Ao

5.

e s ket s e et v e A .

e

MP2([7:

6]=11. In this mode:
Received data is reclocked and retransmitted on the TzDA output.
The receive clock 18 used for the transmitter.

Received data is not sent to the local CPU, and the error status
conditions are inactive.

The rereived parity 1is not checked and 1s not 1 yenerated for
transmission, i.e., transmitted parity bit 1is as received.

The receiver must be enabled.
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6., Character framing is not checked, and the stop bits are retransmitted as
received.

7. A recelved break is echoed as received until the next valid start bit {is
detected.

8.10.4 The user must exercise care when switching into and out of the various
modes. The selected mode will be activated immediately upon mode selection,
even 1f this occurs in the middle of a received or transmitted character.
Likewise, 1if a mode 1s de-selected, the device will switch out of the mode
immediately. An exception to this is switching out of auto-echo or remote
loop-back modes: if the de-selection occurs just after the receiver hus sampled
the stop bit (indicated in auto-echo by assertion of RxRDY), and the transmitter

is enabled the transmitter will remain in auto—echo mode until the entire stop
bit has been retransmitted.

8.10.5 MR2[5] - MUST BE O.
8.10.6 MR2[4] - MUST BE O.

8.10.7 MR2{3:0] - Stop Bit Length Select - This field programs the length of
the stop bit appended to the transmitted character. Stop bit lengths of 9/16 to
1 and 1-9/16 to 2 bits, in 1increments of 1/16 bit, can be programmed for
character lengths of 6, 7, and 8 bits, For a character length of 5 bits, 1-1/16
to 2 stop bits can be programmed in increments of 1/16 bit. The receiver only
checks for a ‘mark’ conditiom at the center of the first stop bit position (one
bit time after the last data bit, or after the parity bit if parity is enabled)
in all cases.

8.11 CHANNEL A AND B CLOCK SELECT REGISTER
A, CSRA - EIA RS232C CLOCK SELECT REGISTER
B. CSR3 - KEYBOARD (SEND ONLY AUX. PRINTER) CLOCK SELECT REGISIER

8.11.1 CSR[7:4] - Recelver Clock Select _ This field selects the baud rate
rlock for the receilver as follows:

CRPTXA T R T T TG, T N Sy I
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Baud Rate
CLOCK=3,6864MHz

CSR{[7:4] ACR[7]=0 AC “7]=1
0000 50 75
0001 110 110
0010 134.5 134.5
0011 200 150
0100 300 300
010! 600 600
oO1L1¢ 1,200 1,200
o111 1,050 2,000
1000 2,400 2,400
1001 4,800 4,800
1010 7,200 1,800
1011 9,600 9,600
1100 38.4K 19.2K
1101 Timer Timer
1110 DO NOT USE DO NOT USE
1111 N0 NOT USE DO NOT USE

8.11.2 The receiver clock is always a 16X clock.

8.11.3 CSR[3:0] - Transmitter Clock Select - This field selects the
clock for the transmitter. The Field definition is as per CSR[7:4].

8.11.4 The transmitter clock is always a 16X clock.
8.12 CHANKEL A AND B COMMAND REGISTER

A. CRA - EIA RS232C COMMAND REGISTER

B. CRB - KEYBOARD (SEND ONLY AUX PRINTER) COMMAND REGISTER
8.12,1 CR7 - MUST BE 0.

8.12.2 CR[b:4] - Miscellaneous Commards - The encoded value of this
be used to specify a single command as follows:

4972CD

Issue 1

baud rate

field may
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CR[6:4] COMMAND

000 No command.

001 Reset MR pointer., Causes the MR pointer
to point to MRI.

010 Reset receiver. Resets the recelver ag If a
hardware reset had been applied. The receiver is
disabled and the FIFO is flushed.

011 Regeti transmitter. Resets the transmitter
as if a hardware reset had been applied.

100 Reset error status, Clears the Received
Break, Parity Error, Framing Error, and Overrun Error
bits in the status registers (SRA[7:4]. Used in
character mode and in block mode to clear all error status.

101 Reset break change interrupt. Causes the
break detect change bit in the interrupt
status register (ISR[2]) to be cleared to zero.

110 Start break. Forces the TxD output low (spacing).
If the transmitter is empty the start of the break
condition will be delayed up to two bit times. If
the transmitter is active the break begins when
transmission of the charactar is completed. If a
character is in the THR, the start of the break will
be delayed until that character, or any others loaded
subsequently are transmitted. The transmitter must be
enabled for this command to be accepted.

111 Stop break. The TxD line will go high (marking)
within two bit times. TxD will remain high for one
bit time before the next character, if any, is
transmitted.

8.12.3 CR{[3] - Disable Transmitter - This command terminates trausmitter
operation and resets the TxRDY and TxEMT status bits. However, 1f a chacacter
is being transmitted or if a character is in the THR when the Ctransmlitter is
disabled, the transmission of the character(s) ls completed before assuming the
Lnactive state.

8.12.4 CR[?] - Enable Transmitter — Enables operation of the transmitter. The
TxRDY status bit will be asserted.
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8.12.5 CR[1] - Disable Receiver -~ This command terminates operation of the
receiver immediately — a character belng received will b2 lost. The command has
no effect on the receiver status bits or any other control registers.

8.12.6 CR[0] - Enable Receiver — Enables operation of the receiver. Forces the
receiver into the search for start-bit state.

$.13 CHANNEL A AND B STATUS REGISTER
A. SRA’- EIA RS232C STATUS
8., SRB — KEYBOARD (SEND ONLY AUX. PRINTER) STATUS

8.13.1 SR[7] - Received Break - This bit indicates that an all zero character
of the prograumed length has been received without a stop bit. Only a single
PIFO position is occupled when a break is received: further entries to the FIFO
are {inhibited until the RxD line returns to the marking state for at least one-
half a bit time.

8.13.1.1 When this bit is set, the Delta Break bit in the ISR is set. ISR 1is
also set when the end of the break condition, as defined above, is detected.

8.13.1.2 The break detect circuaitry can detect breaks that originate in the
middle of a received character. However, if a break begins in the middle of a
character, it must persis. uctil at least the end of the next character time in
order for it to be detected.

8.13.2 SR[6] - Framing Error - This bit, when set, indicates that a stop bit
was not detected when the corresponding data character in the FIFO was received.
The stop bit check is made in the middle of the first stop bit position.

8.13.3 SR[5] - Parity Error - This bit is set when the ‘with parity’ or ’force
parity’ mode 1is programmed aad the corresponding character in the FIFC was
received with incorrect parity.

8.13.4 SR[4] - Overrun Error - This bit, when set, indicates that one or more
characters in the received data stream have been lost. It is set upon receipt
of a new character when the FIFO is full and a character is already 1in the
receive shift register waiting for an empty FIFO positior. When this occurs,
the character in the receive shift register (and its break detect, parity error
and framing error status, if any) is lest. This bit is cleared by a ‘reset
error status’ command.

8.13.5 SR[3] - Transmitter Empty (TxEMT) - This bit will be ‘et when the
transmitter underruns, i.e., both the transmit holding register (THR) and the
transmit shift register are empty. It is set after traasmission of the last
stop bit of a character if no character is in the THR awaiting transmission. It
{s reset when the THR is loaded by the CPU or when the transmitter is disabled.
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8.,13.6 SR[2] ~ Transmitter Ready (TxRDY) - This bit, when set, indicates that
the THR 1s empty and ready to be loaded with a character. This bit is cleared
when the THR is loaded by the CPU and is set when the character 1s traansferred
to the transmit shift register. TxRDY is reset when the transmitter is disabled
and is set when the transmitter is first eanabled. Note! Characters loaded into
the THR while the transmitter is disabled will not be transmitted.

8.13.7 SR[l] - FIFQO Pull (FFULL) - This bit is set when a character {is
transferred from the receive shift register to the receive FIFO and the transfer
causes the FIFO to become full, i.e., all three FIFO positions are occupied. It
is reset when the CPU reads the RHR. If a character is waiting in the recelve
shift register because the FIFO is full, FFULL will not be reset when the CPU
reads the RHR.

8.13.8 SR[0] - Receiver Ready (RxRDY) - This bit indicates that a character has
been received and is waiting in the FIFO to be read by the CPU. It is set when
the character is transferred from the receive shift register to the FIFO aund
reset when the CPU reads the RHR, 1if after this read there are no more
characters still in the FIFO.

8.14 OUTPUT PORT CONFIGURATION REGISTER (OPCR)

8.14.1 OPCR[7] - OP7 Output Select - This bit programs the OP7 output to
provide the complement of OPR[7]. It must be ‘0°.

8.14.2 OPCR[{6] - OP6 Output Select - This bit programs the OP6 output (INT232S)
to provide the channel A transmitter interrupt output, which is the complement
of TxRDYA. When in this mode OP6 acts as an open collector output. Note that
this output is not masked by the contents of the IMR. It must be “l°.

8.14.3 OPCR[5] - OP5 Output Select - This bit programs the OP5 output (INTKBD)
to provide the channel B receiver interrupt output, which is the complement of
ISR{5]. When in this mode OP5 acts as an open collector output. Note that this
output is not masked by the contents of the IMR, It must be ‘1’.

8.14.4 OPCR[4] - OP4 Qutput Select - This bit programs the OP4 output (INT232R)
to provide the channel A receiver interrupt output, which is the complement of
ISR 1]. When in this mode OP4 acts as an open collector output. WNote that this
output is not masked by the contents of the IMR. It must be ‘l’,

8.14.5 OPCR[3:2] ~ OP3 Output Select - This field programs the OP3 output to
provide the complement of OPR{3]. It must be ‘l’.

8.14.6 OFKCR[!':0] - OP2 Output Select - This field programs the OP2 output to
provide the cumplement of OPR[2]. It must be “00°.
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8.15 ADXILIARY CONTROL REGISTER (ACR)

8.15.1 ACR{7] - Baud Rate Generator Set Select - This bit selects one of two
sets of baud rates to be generated by the BRG:

Set 1: 50, 110, 134.5, 200, 300, 600,
1.05K, 1.2K, 2.4K, 4.57, 7.2,
9.6KX, and 38.4K baud.

Set 2: 75, 110, 134.5, 150, 300, 600,
1.2K, 1.8K, 2.0K, 2.4K, 4.8K,
9.6K, and 19.2K baud.

8.15.2 The selected set of rates is available for use by the channe. A and B
recelvers and transmitters as described in CSRA and CSRB. Baud rate generator
characteristics are given in Table I-5.
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TABLE I-5. BAUD RATE GENERATOR CHARACTERISTICS

CRYSTAL OR CLOCK=3.6864MHz

T NOMINAL RATE(BAUD) | ACTUAL 16x CLOCK (kHz) | ERROR (PERCENT)|

50
75
| 110
134.5
150
200
300
600
1050
1200
1800
2000
2400
4800
7200
9600
19.2K
38.4K
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NOTE: Duty cycle of 16X clock is 50X +/- 1Z.

8.15.3 ACR[6:4] - Counter/Timer Mode and Clock Source Select- This field
selects the operating mode of the counter/timer and its clock source as shown in

Table I-6.
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TABLE I-6. ACR[6:4] FIELD DEFINITION

[ACR[6:4] | MODE ] ICK SOURCE ]
000 Counter IP2 i3 connected to the 30Hz video
signal which has its transitions at
the start of vertical blank.
00 : Counter TXCA-1X clock of channel A transmitter
010 Counter TXCB-1X clock of channel 3 traasmitter

011 Counter 3.6864MHz Crystal

100 Timer (1P2) is conneczed to the 30Hz video
signal which has its transitions at
the start of vertical blank.

101 Time: IP2 (see above) divided by 16.

110 Timer 3.6864MHz Crystal

111 Tiner 3.6364MHz Crystal divided by 16

8.15.4 ACR[3:0] - 1P3, IP2, IPl, IPO Change of State Interrupt Emable - These
must be “1° so the Input Port Change register (IPCR) cause the input change bit
in the interrupt status register (ISR[7]) to be ser. This results in the
generation of an interrupt when mouse button 0, 1, or 2 (IP3, IPl, 1IPQ) ara
pressed or released, or when video vertical blank starts (IP2).

8.16 INPUT PORT CHANGE REGISTER (IPCR)

8.16.1 1Inputs IP3, IPl, IP0O are conanected to mouse buttor~- 0, 1, and 3
respectively.  Input IP2 is connected to a 60 Hz signal that has transitions at
the start and end of vertical blank.

1
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8.16,2 TIPCR[7:4] - MBO, DOG CLK, MBl, MB2 Change of State — These bits are set
when a change of state, as defined in the Input Port section of this data sheet,
occurs at the respective input pins. They are cleared when the IPCR is read by
the CPU. A read of the IPCR also clears ISR[7], the input change bit in the
interrupt status register. The setting of these bits can be programmed to
generate an interrupt to the CPU.

8.16.3 1IPCR[3:0] - MBO, DOG CLK, MBl, MB2 Current State - These bits provide
the current state of the respective inputs, The information is unlatched and
reflects the state of the input pins at the time the IPCR is read.

8.17 INTERRUPT STATUS REGISTER (ISR)

This register provides the status of all potential interrupt sources. The
contents of this register are masked by the iaterrupt mask register (IMR). 1If a
bit in the ISR is a ‘1’ and tiie corresponding bit in the IMR is also a ‘l°, the
INTRN output will be asserted. If the corresponding bit in the IMR is a zero,
the state of the bit in the ISR has no effect on the INTRN output. Note that
the IMR does not mask the reading of the ISR - the true status will be provided
regardless of the contents of the IMR. The contents of this register are
initialized to 00 when the DUART is reset.

8.17.1 1ISR[7] - Input Port Change Status - This bit is a ‘1’ when a change of
state has occurred at the MB2, MBl, DOG CLK, or MBO inputs and that event has
been selected to cause an interrupt by the programming of ACR[3:0]. The bit is
cleared when the CPU reads the IPCR. This bit indicates that a mouse button has
been depressed or rcleased or that vertical blank is starting.

8.17.2 ISR[6] - Channel B Change in Break - This bit, when set, indicates that
the chaanel B receiver, which 1s connected to the keyboard, has detected the
beginning or the end of a received break, It is reset when the CPU 1issues a
channel B ‘reset break change interrupt’ command.

8.17.3 1ISR[5] - Channel B Recelver Ready or FIFO Full - The function of this
bit is programmed by MRIB[6]. If programmed as receiver ready, it indicates
that a character has been received in channel B and is waiting in the FIFO to be
read by the CPU. It is set when the character i{s trausferred from the receive
stift register to the fIF0 and reset when the CPU reads the RHR., ILE after this
read there are more characters still in the FIFO the bit will be set again after
the FIFO is ’‘popped’. If programmed as FIFO full, it is set when a character is
transferred from the receive holding reglster to the receive FIFO and the
transfer causes the channel B FIFO to become full, 1{i.e., all three FIFO
positions are occupled. It i3 reset when the CPU reads RHR, If a character is
walting in the recelve shift register because the FIFO is full, the bit will be
set agaln wuen the waiting character is loaded into the FIFO,.

8.17.4 1ISR[4] - Channel B Transmitter Ready - This bit indicates data can be
sent to the keyboard or the auxiliary printer. This bit is a duplicate of
T«xRDYB (SRB{2]).
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8.17.5 ISR[3] - Counter Ready -~ In the counter mode, this bit is set when the
counter reaches terminal count and is reset when the counter is stopped by a

stop counter comzand.

8.17.5.1 1In the timer mode, this bit is set once each cycle of the generated
square wave (every other time that the courter/ timer reaches zero count). The
bit is reset by a stop counter command. TL command, hewever, does not stop the
counter/timer.

8.17.6 ISR[2] - Channel A Change ia Break - This bit, when set, indicates that
the channel A recelver, which is coanecred to the keyboard, has detected the
beginning or the end of a received break. It is reset when the CPU 1issues a
channel A ‘reset break change interrupt’ command.

8.17.7 1ISR{1] - Chanmel A Receiver Ready or FIFO Full - The function of this
bit is programmed bY MR1A[6]. If programmed ag receiver ready, it indicates
that a character has been received in a channel A and is waiting in the FIFN to
be read by the CPU. It is setl when the character is transfer.cd from the
receive shift register to the FIFO and reset when the CPU reads the RHR. If
after this read there are more characters still in the FIFO the bit will be set
again after the PIFO is 'popped'. 1f programmed as FIFO full, it is set when a
character 1is transferred from the receive holding register to the receive FIFO
and the transfer causes the channel A FIFO to become full, i.e., all three FIFO
positions are occupied. re {g reset when the CPU reads the RHR. 1f a character
i{s waiting in the receive shift register because the FIFO 1is full, the bit will
be set again when the waiting character 18 loaded into the FIFO.

8,17.8 ISR[0] - Channel A Transmitter Ready - This bit indicates data can be
seat to the EIA RS232C line. This bit is a duplicate of TxRDYA (SrRA{2]).

8.18 INTERRUPT MASK REGISTER (IMR)

The programming of this register selects which bits in the ISR cause an
interrupt output. Lf a bit in the ISR is a ‘1’ and the corresponding bit in the
‘MR is also a ‘l’, the INTRN output will be asserted. Lf the corresponding bit
{n the LR is a zero, the state of the bit in the ISR has no effect on the INTRN
output. Note that the IMR does not mask the program=able interrupt outputs
INT232S, INTKBD, and INT232R or the reading of the ISR.
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Normally this reglster would contain the following mask:

BIT

Interrupt on mouse button change or vertical blank.

The keyboard should not cause a line break.

The keyboard receive data interrupt is handled by OPCR[5].
Interrupt when keyboard or auxiliary printer can receive data.
Interzupt when the programmed time out has occurred.
Interrupt when the EIA RS232C has a line break.

The EIA RS$232C receive data interrupt is handled by oPCR[4].
The EIA RS232C send data interrupt is handled by OPCR{6].
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8.19 COUNTER/TIMER REGISTERS (CTUR AND CTLR)

The CTUR and CTLR hold the eight MSB’s and eight LSB’s respectively of the value
to be used by the counter/timer in either the counter or timer modes of
operation. Note that these registers are write-only and cannot be read by the
CPU.

8.19.1 1In the timer (programmable divider) mode, the C/T generates a square
wave with a period of twice the value (in clock periods) of the CTUR and CTLR.
1f the value in CTUR or CTLR is changed, the curreat half-period will not be
affected, but subsequent half periods will be. In this mode the C/T ruams
continuously. Receipt of a start counter command {read address 20003B) causes
the counter to terminate the current timing cycle and to begin a new cycle using
the values in CTUR and CTLR.

8.19.2 The counter ready status bit (ISR[3]) is set once each cycle of the
square wave., The bit is reset by a stop counter command (read address 20003F).
The command, however, does not stop the C/T.

8.19.3 Ln the counter mode, the C/T counts down the nunber of pulses loaded
into CTUR and CTLR by the CPU. Counting begins upon receipt of a start counter
command. Upon reaching terminal count (0000 ), the counter ready imterrupt bit
(1S’[3]) 1is set, The counter continues counting past the terminal count until
stopped by the CPU. ISR[3] is cleared when the counter is stopped by a stop
cou: ter command. The CPU may change the values of CTUR and CTLR at any time,
but the new count becomes effective only on the next start countet command., I£
new values have not been loaded, the previous count values are preserved and
used for the next count cycle.

8.19.4 In the counter mode, the current value of the upper and lower 8 bits of
the counter (CTU, CTL) may be read by the CPU. It is recommended that the
counter be stnpped when reading to prevent potential problems which may occur if
a carry from the lower 8-bits tu the upper 8-bits occurs between the times that
both halves of the counter are read. However, note that a subsequent start
counter command will cause the counter to begla a new count cycle using the
values in CTYR and CTLR.
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8.20 PS—-11 DESCRIPTION
8.20.1 DUART

8.20.1.1 MLAll The DUART provides the interface betwsen the I/0 circuits and
the processor. Data pins DO - D7, address pins A0 - A3, enable pins GEN, WRN,
RDN, and interrupt pins INTIRN, INTXBD, INT232S allow the DUART to interrupt the
processor and allow the processor to read : 1 write the DUART., DUART pins MB2,
MB1, MBO interrupt the processor whenever a mouse button 1s released or
depressed. DUART pin DOG CLX interrupts the processor whenever video vertical
retrace blank starts and ends. DUART pin RVIDEO enables the processor to change
the screen to either normal or reverse video.

8.20.2 Baud Rate Clock Xl supplies the DUART's internal baud rate generator
with a clock --om which the baud rates for the keyboard, auxiliary printer, and
EIA RS232C lines are generated.

8.20.3 DUART Reset
8.20.3.1 MLE8-12 This pin provides power up reset to the DUART.

8.20.4 Keyboard Data Input Buffer

8.20.5.1 MLD6-9 This pin buffers the serial data from the keyboard to the
DUART.

8.20.5 Keyboard, Auxiliary Printer Output Multiplexer

8.20.5.1 MLB9 Multiplex MLB9 directs the serial signal out of the DUART to the
keyboard when OP3 is high and to the auxiliacry printer when OP3 is low.

8.20.6 EIA Drivers

8+20.6.1 MLB8 This chip drives the EIA RS232C serial output signals and data
terminal ready signals to the auxiliary printer and the EIA RS232C 1line to the
host computer.

8.20.7 EIA Receivers

8.20.7.1 MLB6 This chip receives the EIA RS232C serial input, clear to send,
data set ready and data carrier detect signals from the EIA RS232C line from the
host computer.
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9, FS-12 - EPROM AND SELECT LOGIC

EPROM’s are used for storing programs called Firmware.
pin EPROM’s may be installed. Each EPROM is organized iato 8 bits per pack so
it takes 4 EPROM’s to make one 32 bit word. A selection switch allows 4
different memory packages to be inserted into the 8 EPROM sockets. The
following list summarizes the different EPROM configuratious.

A total of 8 (eight) 28

1. 8K x 8 EPROM’s can be inserted for 8K or 16K x 32 bits of firmware.

2. 8K x 8 RAM’s can be inserted for 8K or 16K x 32 bits of firmware. The
RAM’s are used when developing firmware because it allows down loading
into the firmware area.

3. 16K x 8 EPROM’s can be inserted for 16K or 32K x 32 bits of firmware.
4. 32K x 8 EPROM’s can be inserted for 32K or 64k x 32 bits of firmware.
Also, a switch option allows selection of 200nsec or 250nsec EPROM’s., For a

sumary of the above information and switch positions necessary for each
configuration see Figure I-4.
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| TOTAL MEMORY SIZE  CHIP LOCATIONS.
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9.1 FS~12 DESCRIPTION

9.1.1 EPROM EPROM’s MLL1S5, MLK15, MLH15, and MLGl5 provide the 1low address
bank of firmware.

EPROM‘s MLL14, MLK14, MLH14,
firmware.
busses.

and MLGl4 provides the high address bank of
The EPROM’s are directly connected to the processor address and data

9.1.2 EPROM Output Epable Control EPROM output enable (pin 22) onto the data
bus 18 decoded by MLE7-6 (iow address bank) and MLE7-3 (high address bank) when
the processor addresses the ZPROM. Multiplexer MLF15-9 and switches 2, 3, & 4
provide output enable selection for 8K, 16K, or 32K EPROMs.

9.1.3 EPROM Chip Enable Control EPROM chip enable (pin 20) is active whenever

the processor address level 22 is low. This keeps the EPROM in the low power
dissipation mode when the RAM is on and ready to do a fast data access when RAM
is off.

9.1.4 EPROM Address Control EPROM address (pin 26) is connected to MLF15-7
which provides processor address level 15 used by 16K and 32K EPROMs. EPROM
address (pin 27) is connected to MLFl4-4, 7, 12, & 9 which provides processor
address level 16 used by 32K EPROMs,

9.1.5 EPROM Fault Control MLF15-12 connects the write EPROM fault and watch- .
dog timer fault circuits to the prccessor fault input.

9.1.6 EPROM Emulator Control Multiplexers MLFl4 and MLF15 can be selected by
closing switch 1 to provide operation of 8K x 8 static RAMs, MLF15 provides the
signals to enable the RAMs and inhibit processor faults. MLFl4 provides the
signals to write the RAMs,

10. FS~-13 - PARALLEL INTERFACE
10.1 OVERVIEW

The Parallel Interface 18 an 8 bit Parallel Input/Output port (PIO). It allows
the BELLMAC 32A Processor to interface with an external I/0 card. The external
1/0 card will be used to expand the I/0 capability of the 5620.

In order to program the PIO you must know the programming requirements
of the external I/0 card connected to it., The PI0O has control signals for
addressing up to 32 external locations for either read or write operations. It
also has two levels of interrupt priority and an asynchronous data ready signal
that allows interfacing with 1/0°8 much slower than the processor.
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10.2 F¥S-13 DESCRIPTION

10.2.1 Parallel 1/0 Data Port

10.2.1.1 MLD8 This chip is a bidirectional eight bit data traunsceiver used to
{cterface with an external I/0 circuit boar

10.2.2 Parallel 1/0 Control Port

10.2.2.1 MLD7 This chip provides reset (pin 18), enadble (pin 16), read/write

——

(pin 14), address (pins 12, 9, 7, 5, 3), and MLD6-12 provides write control of
the external 1/0.

MLD6 provides input pins for imterrupt (pins 4 and 6) and ready (pin 2) from the
external 1/0.

11. FS-14 - NOSVOLATILE MEMORY (BATTERY BACK-UP QAH)

The Battery Back-Up RAM (BBRAM) is used for nonvolatile storage of terminal set
up and configuration data. It has its own battery to prevent loss of data when
the AC power is off. The organization of BBRAM is 2Kk x 8 bits. Its memory 1is

_read and written by the processor. Normal operation a)lows the user to

configure the terminal opcions in a set-up mode and store this configuration in
the BBRAM 80 the set-up process does not have to be repeated every time tae

terminal is powered up.
11,1 FS-14 DESCRIPTION

11.1.1 2K x 3 Static RAM

11.1.1.1 MLGI3 This chip is the 2K x 8 static RAM used for storage of non-
volatile data. Signals MA121-MAG2]l are the address select lines from the
procesgor. Signals MD151-MDO81 are the 8 bit bidirectional data bus connected
to the processor.

11.1.1.2 MLG13-21 Enables the static RAM for a write operation.’
11.1.1.3 MLG13-20 Enables the static RAM outpuls during a read operation.

11.1.1.4 MLG13-18 Enables the RAM for read and write operations when the power
supply 1is on. This signal is held active (low) by transistor Q! as long as dc
power is within its specified range.

11.1.2 Battery Recharging Circuit Resistors R4, RS, R6, diodes CRl, CR2, aand
capacitors Cl, C2 are used to generate a battery isolated and fil.ered +5 volts
from the +5 volt and +12 volt supplies. Resistor R11 and diode CR5 recharge the
battery when power is on. When the power is turned off battery Bl resistor R7
and diode CR6 are used to maintain data in the RAM by supplying voltage <o
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MLG13-24, while MLG13-18 disables read/write operations.

12, FS-15 — POWER DISTRIBUTION

DCOKl is a reset signal from the power supply. It is on for a minimum of one
milli-second after the voltages are in range and before the voltages go out of
range.

The +12vV, +5V,
and -12V are power lines from the logic power supply. Nominal current levels
are as follows:

DC Voltage DC Current DC power

+5 3.0A 15 Watts
+12 130pA 1.56 Watts
-12 90mA 1.08 Watts
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REF | PART REF. | PART ALF. | PAAT EQUIPMENT NOTES . REVISIONS
DESIG. |NO. REQ . DESIS. | No.Rgq|  DESCAIPTION oesic. | no. seq DESCRIPTION " g
PP SoE S A M| 412111 sEsisTon sty 10}, THE SMALL CIRCLES WITHN THE COMPONENT OUTLINE ON THE SILK SCREEN INDICATE: = |
o one o 4a1r sow canme | [asiio-13 SE AS MBS | 4li242] pESISTOR IX PIN1 OF ALL IC's OR, THE PCSITIVE LEAD ON POLARIZED DISCRETE COMPONENTS. §§ -§ 5 ]
MLAS A4 SAME AS MLA2 . 23-10 SHE S 53 102. THE 1/0 FILTER CARD WUST HAVE FOUR DIODES TO PROTECT MLCS 8 MLZ9 FROM ELECTRO-STATIC DISCHARGE. THE 252 & a
F‘" ANOCES ARE COMNECTED TO X0, X!,70,Yi AND THE CATHCOES ARE COMNECTED TO +5 VOLTS. X
L 11| scazay Ic o 811 | 411738 | RESISTOR S0 103 THE 410128 CARD IS THE SXME AS THE 410972 CARD EXCEPT FOR THE DYNAMIC RAM AND THEIR SOCKETS. 4972SD AND 1 fA] — {1 [s-29-84
ﬁn n:ggz 12 wfz.wﬁ = T a2 o 4572C0 REFER TO SOTH 410128 ANQ 410972, . VAR
A A | 211208 IC. 0SC. 32.77374 Miz 104 THE 410128 MAY BE EQUIFPED WITH ONE OF T™O CIFFERENT FROCESSORS: Y1/ NG 4
WIS | 37aczo] |16, Quig 2-0AUT GR — 404132 PROCESSOR: A ‘ D= ¢
M_3354 SAHE AS MLA2 : ML3I3-415514 iC CLOCK OSCILLATOR 28.8 MHz A1\ / I\
M14 MOTEIOS| 10 PROM 3K X 8 MLB1% -404i32 IC SBELLMAC 324 CPU
M6 | 3355 16, EIALINE SECEIVER | s (MOTE'CS| 1o epead ax x 8
g a8 5 IC. F1A LINE CRIYER wyi lsraielie iy xnpAP 410962 PROCESSOR:
M39 1C, QA0 2-1NPUT RAND | A2 SAHE AS AL} | QAT | | 406099 GATTFRY I AV MICAD MLBI3-NO PART _
I S I I WA reu Ty S9E A5 8 MLBE5- 410862 IC BELLMAC 328 CPU CARD AS.
- M.313 [NOTEiOA iC, CLOCK OSC. 28.8 Mz XI__| 416811] CRYSTAL, 3.6884 iz 105. NOTE THE FIRMWARE VERSICN MUST BE COMPATISBLE WITH THE PROCESSOR USED ON THE CARD. SEE NOTE (04,
| w315 [NCTE 104 16, BELLMAC J2A 03}
wc2 (47409 lic. K FLIP FLOP G STl PAITR 6,58 virsicn | commamisie | micia [wicis [ minie [ wis v [xis (mwis |ws  STROOTE,
5! N -} 405324 !
RTINS TR T el ) YT D6 | 80| GPAITR SOuF 8.7 | 32acPu | 416523 | 416524 | 418525 | 416328 | 416327 | 4igs28 | 416529 | 416530 |ocooc00¢
HLS | 474374 ir:. OCTﬁ.‘QvF'.iF A ] 8.7:2 324 cPy 4%aes | 416087 | 416868 | 4ig083 1 418370 | 418871 | 418372 | 418873 10CG0C OGS
s 118531 1C. MOUSE PAL 7.3 324 CPU 4i6904 | 418303 416908 416307 | 4¥6908 418509 | 418910 416911} 0C0QC 00C
. SHE S HIE &%3 32a &0 416935 | 416956 | 416957 | 416958 | 416959 | 416960 | a1s981 | 416962 |ocoo coo00
| :_; 41583 [ic, o:.:m - Ly 5 s — 81,3 T 32a/RBCPY T 456780 ' 45€781 | 456782 ' 456783 @ 455784 ' 456738 | 455786 | 456787 locoocooc
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REF | PART , RE?. | PART Rer. | PART EQUIPMENT NOTES REVISIONS
0Esi6. [No. AEQ. DESCRIPTION o0es1c. | no.REQ CESCRIPTION ool B DESCRIPTION : :
SHE AS W18 = 411211 sEsisTR SIA 101, THE SMALL CIRCLES WITHIN THE COMPONENT OUTLINE ON THE SILX SCREEM INDICATE: X
e e aar oor s M“w_,, SHE AS WU s 1 al1242| sesisrom i PiN1 OF ALL IC's CR, THE POSITIVE LEAD ON POLARIZED DISCRETE COMPONENTS. ‘355 ;§ g ]
MLAS 44 SAME AS MLA2 B9-19 SSE AS RS | 102 THE 1/0 FILTER CARD MUST MAVE FOUR DIOCES TO PROTECT MLCS & MLCI FROM ELECTRO-STATIC DISCHARGE. THE gan § 3 5
ANCDES ARE CONMECTED TO X0, X1,Y0,Y! AND THE CATHCDES ARE CONNECTED TO +5 VOLTS. § §
- - - " T 103, F THE 410972 CARD WAS MCO#'ED PER MOOFICATICN KIT 416553 TO PROVIDE A MEGABYTE OF RAM, THE THIRTY TWC/8 PIN
AL oas e ——| — R Al ST oA SOCETS WAL RAVE 256K RAM MEMORY IC (TPN 404256). 2
A A3 | 411405 \C. OSC, 32.77824 Wiz__| ' 104, THE 410972 MAY BE EQUIPPED WITH ONE OF TWO DIFFERENT PROCESSORS: 8
MAIS S‘Ima# 16, QUAD 3-1'BUT XCR _— 404132 PROCESSOR: 9
MLA3I-24 SAE_AS MA2 MLBI3-418514 IC CLOCK OSC'LLATOR 28.8 MHz
M HI4 MNCTEICS] 1, FPOOM 9K X 8 MLBIS-404132 IC BELLMAC 324 CPU
a6 | mess2ol  |1g, £1atiNE SECENVER | {15 (MOTEXCS) i, cruoe gx X 8 [
; vs2al Lie. £1a 1N CRIVER wJi | Jraelic, oun xApPAP w&so_ﬂ;
7 g 2.per Nan ol SHE A5 MEL | AAT | | 406009 ) QATTFRY, X Sv Nicad MLBI3-NC P
ﬁ ;7?;; ;: oA 4-1NPUT NAD .53 SRE AS M5 m.as-«ossz IC BELLMAC 328 CPU CARD ASM.
- M.813 [NOTEID4 j¢, CLOCX CSC. 28.8 MMz Xi | 818511] CRYSTAL, 3.6864 Wiz 105. NOTE THE FIRMWARE YERSION MUST BE COMPATISLE WITH THE PROCESSOR USED ON THE CARD. SEE NOTE 104.
| _M 3]s | NOTE !04 1C, BELLMAC T24 Q51
wez Jataios | Tie x AP AP o sl ceine s.ar veERSION | cowpamiBLe [ micia [wmicis [mumia [wumis vk [muas [ms [mus  [STROESS,
12x8 SCS324) CAPMCITOR (IuF
:cci ::55:§ !2 pg:z ch'u :IZ ; 8 .9 SHE AS W59 C3-6 | 33%500| CAPACITOR 330uf 8.7 324 CPU 416523 | 415524 | 416523 | 416526 | 416527 | 416328 | 416329 | 416530 [0C0O0COOC
W s 474374 ,c' mfl-g a1p e 8.7;2 32A CPY 418368 | 418867 | 416868 418889 | 416870 | 416371 | 416872 | 416873 |ocoocC QO0C
wos | 4153 Ic. MOUSE PAL 873 324 cPu 415904 | 416903 | 416308 | 418507 | 416908 | 418309 | 416510 | 418311 |ecooc 0oC
— PR SHE 5 WS %73 324 CPU 416988 | 415958 | 416937 | 416938 | 416959 | 418980 | 418501 | 418982 |0C00COOC
g M.CT | 474569 IC, CONTER 8:7:3 a8 cPu ! 456780 ! 456781 ! 4se7sz | ase783 | 456784 ! ase7as | ass7se | ase787 lecooc coc
8 wcs SN A5 MCT 106, A 374161 AT MLL2 GUARANTEES TIMING FOR 236K DYNAMIC RANS (404236),
B SOE AS MCS CY [ 33803 CWMITORZOF |
M0 | 474021 IC, QUAL 4-DPUT NAD | | C8-10 | 346729 CMPACITOR I00oF |
| M1t | 474007 IC. QN 2-pOUT R
MCI2 | 474:38 12, 3 70 3 CECCOER Xt SHE ASWMJ
M C13 | 339383] _!'IC, 4 BIT CONTER X2 SNE AS I CIt | 346351 CAPMCITOR '0of
w0203 SHE AS M.CS A SHE AS WLES c12-21 310031 ! csciTOR ATE
M R-K8 SNE AS M HS
2 '™ 04-0S SAE AS MLCT
MLOE | 474244 1€, OCTAL AFFEP
o7 SHE A5 ADE -
| won | a7sces] lic, TRmscRiveR | PM0o SNE AS M.G9
W9 | 374244} 11C, OCTA, AFFER, FAST | #2KI0-13 _SHE AS WIS
| 011 SHE AS M CI0
MDI2 _SME 15 M6
. M013 | 16, 4 BIT SH!'FT REGISTER
ME! | 374002 JC, Q10 2-1'PUT MR | =118 SNE AS €2
W 265 SAE AS MAZ MX14 INCTEIOS| IC, EPROM 8K X 8 IC1i7-144 SAME AS'C2
| xis (NOTEOSt ;o rpory o g 2
M12 |374161 | 1C, 4 81T COUNTER
w3 SAME A5 MDI3
MI6 | 474253 IC, 4 TO | MATIFALEXSR 21318 SAME 3§ WIS
MET SHE AS MLAI2
MZ3 | 474004 1, HEX INVERTER
M E9 SHE AS MA2
| MF) | 374032 I, QUAD 2-13PUT R Mi9
MF2 | 33916 IC, 8 BIT SAIFT PEGISTER! |miio.y SAME AS MLHS J1_ | 4050371 COMECTIR, 6 PIN
-£5 SSE 85 MF2 J2 | 407715 | CONECTOR, SO PIY
J3 | 401524 | COMECTOR, @ PIN
405184 | TERMINAL, P.C.
MLFG-F9 SHE AS MES 341644 | TrRuiNM, BC
M L14 NOTEICS | IC, EPROM 8K X 8 409972 | 8QAPD CleONT
P IRL) (NOTEIOS| 4o EPRCM BX X 8 061 341808
STP1 | 335470 STRAP
MFi4 | 374287 IC, MLTIPLDER q! 333241 | TRANSISTOR 2M4401-8 STP2 SAME_AS STP1
MLFIS SHE ASMFI4 4124161 SOCET, 16 PIN CIRCUIT  CARD
L MG 1C, QUAD 2-DPUT 80 1-8 | 197484} DIODE INAILS 412418 | SOCXEY, 28 PIN . e
i ' SHEASMCS 340158 | RIVEY
432179 | LABEL, INSTRUCTION TERMINAL LOGIC
CARD ASSEMBLY
2 .
3 W SNE AS MDY
| o 341733 | RESISTOR PXG, 6.8K A APPROVALS
3 MG | 474373 1C, TRAMSPARENT LATCH RP2-8 | 453910 | RESISTOR PKG, 100N =TT oK. T
MGI3 | 404417 1€, 2KX8 STAT Co0S Rad__ | [/(// ?/}ZX -
MGl4 INOTEXOS| l1C, EProM 2K X 8 : i ? L2 =
HWLGIS INOTE 03 10, EPPM I X 8 - enor, OCL Josowm, ——
2 MLHI SAVE AS MC2 CRMN  — JoaTE 4-25-84
53 W2 | 374000 _|IG, QUAD 2-15PUT nam £ -ant
AHS | 474010 IC. TRIPLE 3-ipuer yawn | 181 1411298 | pESisToR 4. 7K A : SD-CD NO. 4972
MLHS | 104184 IC, 256K RAM MEMORY | 2 410278 | RESISTOR 22X A R0 FLE NO. 3-Al83.234A
| RS 411265 | PESISTOR 10K,
R4-6 1132130 | RESISTOR 200nI/2W rﬁ‘
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CLoR 00, — iosz2,c2 4, | 1241
1102 INT232R C4,02.04 —
A 1102 INT232S
+sv sexeyy  LXIET
t Y rj L%
20] 1819 S 11 PPy cATZ259
vee 16 l:] 2 2081 ap 2¢ LACKI2I0 . ‘
(w097i_3izvé  a2{3 203 IxTPLIS WSELBY 1282 5 7sLi0_ 2000 KD 5
B vogsl Slys 14315 259 lwseLI0 asalics T3 vaBl oy 4 3
e fs?if 45V Zrojwseize tdsza o7 ENSELE?
ifeigu e : 271 wsEL3D u? =2 :: IS EPROMQ
v o 2azl3 — Iz wseLes A0 [oog N ~ +5v
== A — won s 204{x1P108 3 l N Ri0
i A4 a
%:ﬁ : M oY pv MO 204 | WET 12 mice
A 7 702 ] 'NHFLTQ vpi2 702 y3cs
3 cf s 7 263 | DMARQE 3 2 MLGH 8 1 e
256 PONARCD ) 502 Tiues 10 Ls28
. 1286, 543 ,585,1084.1103,1383 M0 225 wogdh Y7l RAM0 ge2 |
286, SA4. 535,1084,1103,1383  MDGI1 122 lupgii  MLBIS Slap  vep2 SRade 1483 2
V . vel 3 CusRTE 183 ENFLTD 1opq
1286, 5C4, 5C5,i0C4,11C3.1383  MC@21 125 {noe21
1286.583, 5C3,I10C4,HC3,1383  MDO3L 229 upgst Lices LS
1286, 504, 5C5,10C4,11C3,13A3  MCg4l 130 {pge St SN
] s 1286, 503, 5C5,10C4,11C3,1343 WOl 221 Tnoams Olcer _%
1286, SE4, 5C5,10C4,11C3,J3A3  MD2SI 233} uoget +5Y el o
1286, 5E3, 5CS,IC04,11C3,1343 4097 133 {uoort DSB {169 — SEI 2] LSisl +5v
443, 486,10€4,1285,1488 Model 132 hipoel WAl 236 MAIN_ oey
4A4, 4B6,10E4, 1285 1aBs  MOD9! 251 {noat MAISI §133 MAIBL_ ogy R ,y.—'uia ar G pREELDL
484, 4B6,ICE4, 128%,1483  MODIBI 143 (DK MAITI [232  MAITI o5 12p3 ij SET
~ 483, 486,ICE4, 1285 M85 Mol 247 Juotit maisl 1129 MAS ony j2p2 s
‘ 4C6,404, 12BS, 4B WOIZY. 239 | upi21 Maist {43 MAISE oo 262,128 706 008 CLX 121 cp
g 4C3,4C6, 1285,1485  MDI31 140 | uoi31 Wl {242 NAML o0 1202 we2
4C6, 4E4 , 1289, 1485 MCI4} 243 uola MAIS {133 WAl aay 1202 Lsi09
4c6, 4E3, 1285,1485  MDISI 143 |uo1st MAI2! {238 MAI2L oy j2c2,1484 = X
1284, 343,385, 8E3, 1082  MDI6! 128 {mot6l MALI (298 MJIL_ 243, 12C2.1484
1284, 344,385, 8€3, 1082  MDIT! 231 {uom uawi 147 MAIG_ 245, i2C2.1484
1284, 384,3CS, 863, 10C2 MDIBL 132 | MO181 MAQSI {250 MAQH 201, 12C2,1484
j284, 383, 3¢5, BE3, 10C2  MDI9I 235 | MDI91 MADSI{ISY  MACSE ony, 12¢2,1484
1284, 304, 3¢S, 803, 10C2  MD23! 2271MD280 magT 138 MAQTL 21, 12C2.'484
. 1284, 303, 3¢5, 803, 10c2  MON 124 IMo21) MAGEI1234  MAZE! 2€1, 12C2.13C4,14C4
1294, 3€4, 3CS, BD3, 10D2  MD22! 223 mp221 MAgS1]222  MABSI 281, 1IC3, 1202,13C4,14C4
; 1284, 3E3, 3¢5, 803, 1002  MD231 120 _{MD231 magat 131 N34l ag). 11C3, 12C2, 13C4,14C4 ??'Pog
1 1283, 244, 287, 8C3, IDE2  MD241 128 {MD241 MAZ311230  MAZ3! 241 11C3,12C2,13C4, 14C4 ] WAAN 3 RWE3Q SASA4B3,B4L3CEEIE4
3 1283, 248, 287, 8C3, I0E2 MO 241 {MD251 MAB211127  MAGRL 2a1. 113, 1202, 13C4.14C4 5 AAA 10 _RWE29 4A3A4B3BALND4.E3.E4
E 1283, 285, 287, 8C3, 10€2  MD2sl 233 jMD264 INTOPTQ {109 +5V 7 w 1| RWEW 3A3,A4,B3B4C3L4,E3.E4
4 1283, 284, 2C7, 8C3, I0E2  M027! 142 iMD271 EXTMMUQ {250 3 A -25 R:tw 244 AS,84,85.04,C5,0408
3 1263, 208, 2C7, 883  MD28) 245 [MD281 MSTZPO 1209 IAAA TN 2A4A8 5564 £ DAEA ES
3 v 1283, 2D4,2C7, 883  MD23! 146 | MO23# [ ] I aUFABl 2 A 1S RAMADSI 3ASA4 B3 .A,os'.oa.fsx,u
1283, 2£5, 2C7, 883  MD3O! 249 o361 TEST@ EB——V'V\F o5y LGS 7 E2al IL A A uﬂummfmgﬁ:.
- 1283, 264, 2C7, 883  MO3il 150 jMD311 10K F244
: w ! 3 g4 pIg _ 267]FLTB ws39 1o _A
4 1586  RESETRG 264 | RESETRO wsig {157
s MLBI3 6E2, 6CS, 1182,13¢3.1483 Riwg U3 |RIWQ ws2p lizs s
3 28.8MHz ws3g [iss - 2e3
i T : OSCINI
\ L zzzj 4
‘l V REFER TO NQTE 204 620 TELETYPE CORPORATION
E OF 4972502 SKOKIE, ILLINOIS
ws39 DOT MAPPED DISPLAY
12€5,1304 TERMINAL LOGIC CARO 497 — Bl
7C640- 0781 1 | 2 T 3 1 4 i 5 |} 8 1 7

| S




g T R TS R T e TARETN

-
SO

= = B L L B T L T T &7 e = B - . - = - =z ~ e ITDe
FS-2 DRAM BYTE & '
686 RAS3Q
6Al  SELI 6a6 CAS3IO l
604 DOl mmeeee ey 103 w0z — =l 8
107 Aweoe 3lwg . RAS[i4 _ DO241 9A3
S—— DWT
RAMA QD! 3tao 103 MD251 2 i
A +8v i ron saMAR) M 107 AW 3oE
8cs IO Ha0 SR BawaAd _ Sla; MLLS ———eeed A0 OQuT al 00251 983
8es piseont 2l PAMAIN 12,5 RAM — e
Ic4 mai___ ljog sop2 - TS 11 PV 8laa  @slUS
104 MACH ICIha MLES : aANARS] s 8 12 )
oo 3, 5253, |7 i MUXOl  4CH SANASS AS  vee PtV :i WE e 4 5V
AS Y33 16
MUXIt 4Cl A8 uLLS
—_— Sla7 RAM %
— . 4
S §
; —z A Dotz poz261 903
+5v 16— 2 B o
8Cs DISPHL__i31hg s1i2 ) & 12]54 g ] SEZENO Mscz
8 BES DisFOM 12]oe sohe . o 1P
J1ca Madl bileg N 103 ND270 2lon e i Olas  vee LBty . " X
1D4 w05l 100oy MUES ; : 107 Aweeo 3liF Blas oo el MD24)
P03 7 MUX21 4Cl 5 16 Slar 13 o
8CS DIS 10 Iy Ao Vss : Vas P s MD251
8ES QisP02_4hic ! 78 107 RAMAQS) A8 ML —% o q
ica a2t Sha 2y Mux 31 4CI 51a2 ML % 107 RWERD _ 3IHE RAM , . o261
104 Ma0dl  SHIA oo 12} 43 RAM ‘ 103 w026t ___2loin o2 az
1y 8fis +ov L1} PPN MLL3I
- — Y 104 a 8 o LS373 a 9 MD27I
=] | RBP4 1 pama 1% ocourh 03 3 > 103
x 20 s L o 2as A 5 2 MD28!
1Al Vee 214———-7-\/\/\/\-}—— oz B — 04 P Lo
) RAMADSBI [
41,42 2v3l3 2] VAN s _Ost §i07 A8 1, o ls MD29!
+5V 16 ] 1 00271 9E3 S 5
Py a MD301
: 7 3 14 OSi 17 i€
885 0I$P|:5 :: >0 s1 ]2 Slias uics 22 : '/\/V\: Hyon: 3A2 Dg g
8CS DiSPOSI .0 o
| 4 o4t slor 7 MO 31
. 1c4 Mas! :;,zs MLF?SO 4 8]iaa F244 542 i :'3 _ s s S e o P )
31 < 7 8 20 10
885 pisPizr__3),p L5233 1 n vali2 sl iz © : Al vee PP tsv
[} 4 241 T T 8laz
805 QISPO4l_ d1ic. | lll 021 ¥ 12 16 +5V
1cs malst __ 3l 212 a s VAN e ___...._?As Vs
104 MAOCI _ 6]1A | | i A4 MLUIO
hm— WU, 7] 0 oIl wp2St 2 8 w5 10] 14 RAM
! °§ﬁ' VaAVAVA . 103 DIN  VCC [Pt =12 — s
MUXSI | i 17 RWERQ 3|+ Sas TS
9 001 5 {3 A7 RAS
4Cl 8‘ ! AOD V!
MUX4! —————r t11
- \/ ac) 1 A% | 7lat ID7RAMAQSI 1as .
! ! 8 07 RWEDQ __315F o 00281 943
v { 4| —— 82 mwz out
—— - — : 3 12 A3 RAM 103 | DIN
+5v 16 e 11 P
885 Qispist 3 ] 1] \s s
805 DISPOTT 12 Sas TS a
(ca Mai?! " Slaz RAS
104 MAQY__ IO \o7 RAMADS! ag  ogurfd 00291 9C3
) ses J1sp1al 3 MUX 61 4Ct .
805 oisPesl 4
1IC4 MAlGI S MUXTI1 4C1
104 MAOBL 3
—3
Al Vee +SV
suFBal 106 ‘ 3 ¥
] —_2lhy wsllS
- 3 H] e MLLIZ —-%
) 5V 16 2 8 = 10 :5‘ RAu
et | 103 MR _<loiN
- vee Vee v 3 —is
- ca way sls st |2 @ o7 3weRe. 3lGE * SAs TS
Ic4 Maisi 61ya . . S{a0 Vss 16 A? RAS |
1l s0j14 g 6 IDT RAMAGS! a8 '«
—_—T AB
310 61a2 167 RWESR 314F  pgyr DO301 903
2 MLF9 121 .. MLLI3 103 M0301 25
I LS2s3 —_—A3 Ran |
8 |Gnp Uiag
15 v )7 106 e 0
E ) 4 26 8uFasl D s |,
she  S512
v a7 R 4 o3t A TELETYPE CORPORATION
{07 BAMADA Las  Cout 9E3 3820 SKCKIE, ILLINOIS
DOT MAPPED DISPLAY
TERMINAL LOGIC CRD 4972SD B2
7
5 I ]
TC640- 0781 ] 3 | 4 I




t 3 } 4 5 1 1 7
ISSUE
FS-3 DRAM BYTE | i
586 RAS20— —_— '
686 CAS2¢ i
15 I
cs Mottt 2fon CAS (G
w? mwee Slze FAS
A WE  porld DOI8I 943
/ RAMA DO 51 a0 13 MOITI__ 2 e
107 RWE] 3
Samaaill ._E.Q__a..r-g "
3 ereeind A0 Dins 0071 983
oL S L4 FYR 1 ’
4 } mwags — :§ S“s LR
H | :avazsl 3 - 1 ]ae b
: RAMAQY! 18]s uplls
— S 107 RAMA R8I 13) s
5], HLxs
i B A7 RaAm
E 5 107 RAMA281 Has
—_—STan
—_—Tl Do DOI81 903
b 6 ——1%
3 ]i S
A3 TRspl PEN®  PLOADI
TR 19
1c3 Moot 2 10]s5 Vee 18 ey
107 aw_m_l_‘—' Blas
3 3
—_%-AO ! T ar v }
A 107R. 281 1 A8 VKT ?
—— 8la2 kS 107TRWEIS _ Sigr Raw
_ :2' a3 RAM 1C3 ®o18l 210N 7102 Q2 § MDISH
A ——————————— A&
10}
AS 14 8lg MK g 9 MDI9t
' I:” D_m 3 s3rs B 3 103
3 o7 4 13 12 MD 201
i |57 RAMA 281 1Y g.%ss_ 13 04 04 P
14 15 Mp211
L——DOI91 SE3 Ds 08 e
- 1?7 log Qg |18 Mp224
c - 16 ____MD22l
18|07 rd I MD23I
: St vee GND P2 MDZ3__
3 . I —— 1, 20 10
3 —_—] Al Ve, 45V
s
!‘ZI A3 Vss 16 +5V
’ ——d A4 MLKIO ¢
4 13 Mpau 215y 10],4 RAM
4 o7 mweie 3lE Bl s
- Y paied
R S — s
- | D —% 07" RAMAQS "
o S1a2 MU o7 rwete  3leE o e po2a 943
- 12,3 Ram I3 MD20l___ 28y
ase
—_—Nias
3ag - 3 15
407 1 ? a7 RAS
0 g 107 RAMAE 48 porid Dozl 983
}
(' .
: 3
2 “ TR L & e A . 14 :Ao
: = B i ane— al vee |2 v
= § __——TZ-AZ 6
; : AS Vis
Hire w2z v
3
] 13 wozy _2[ T s 10, RAM
3 § 102 awele 3lgF 3l TR $
3 - QU1 Y.} vas |18 ar iy b
b 3 L4 Y] —% 107 RAMAQBI 1
% oS A2 MLXI3 107 RWEI® 317  po e 00221 903
; : 12],3 RAM €3 M0221___2 loin
¢ e
3 "] FY'Y
i Bles =/Y2
¥ ———————————
3 — a4
i 107 RAMARB! 127 3620 TELETYPE CORPORATION
i : L___IAB > 00231 9E3 DOT MAPPED DISPLAY SKOKIE, ILLINOIS
i ‘ TERMINAL LOGIC CARD
i 497250-B3
T -
I 640-0738 r 3 l 4 s l ‘ 7




»
¥

(s
-
3

¥
3
%
v

Y

R : : v - ‘\ 3¢ R ' . ) PY [ - Y 3 ¥ \l . 8 - . | . . ¢ . .
. | — : : - FS-4 DRAMBYTE 2 -
e ' " 686 RASIO ‘ '
i 688 CASIO ’ '
2 1 .
18 I r
o 1Ic3 wooet 2 CAsla <
tor aweze 3l DEE 14 D081 343
«, RAMBROL hadd Ic3 mpeat 2 A
A {0
BAMaQ s Y} LIS o7 .".1'3.22___’.;3
- ¥ 223221 Slaz RAM --—-—%-AO Oour Lad 9 00391 383
UL B PP —_— wsp -
RaMBR4S! Mie A2 asls
FAM3 051 I PP [ B 71 PERR Y I '
. QAMBO 6 [E 1" [ —1 1 Y
RAWAQTI ‘? AT w8 Bl Oy lS
R o7 sawsam ____'1ag % 136 _%
* [ MLIS -
- B N 3lA7 RAM
3 — el 07 RAMB O8I 1]as
P i s - ERARTEIR / ——e—— {30 e
3 I Al Dout 00101 S03
a2 Ras )
s, & 12 RASI= .
8 : % A3 T M PEN®  PLOADI B
. 3 : T e cE4 sc2
A4
- QA= TR (TR LI, [— YV I
LTI Tl 3, 1 2 008! W
3 > A0 vasfS —_—ar vas | o= e 0o
3 i % ID7RA 18081 448 wLir % o) ap oo
: Slaz MLJB o7 RWEB__S|iE  ram )
o h 2],y RaM 3 Mol 2w 1oz 218 MOIOL__ .
11 A4 2 pr———
— 3 -
5
: 20 |3i:2 Dour I Slos mLe o3fi——MOML__ % c3
203  wmux7 14 pyr—ammmnrry 1 ry =l Ls373
oK a7 13lo, 12 MDI21
] e em)s 4 .
2035 wuxsi =1 P 213 14]0g osf2 MOISH
, L-——t)om 903
2c2  wmyxst 131242 a2 VAN sA2 : 17 {pg P Mol )
— 202 wMuyx4l H 44 2
2; e W\/\ - —r v s, J c
z il - , ———————— Ao .
< 2 -
F 283 woxy Rl 1va VA = _.._._.__:. A e isv
3 ] i a2
3 283 Muxp)  Bliay . pyafis £ o2 i :? a3 vesPS
‘ ocN A4 MLJIO W
] 283wl w2 e [ DA LR s wo 2fom vee |Pssv 101ys RAM
3 1Al i1 s g | 9§ O7 ReEZ® MWE . e mE
i 243 X0l 2{ & oo X |8 B\ /8 f————30 s . Aar =it
‘ Vss o -
- S0l 71a1 107 RAMBOSI 1)
§ L——_J . Sla2 107 AwE20 3IGE Ogut tad 00121 9E3
8! - 12|53 "x"" ic3 MoRL__2lpy
i as
4 : e R
: 3 Sla? gkl
J: § 107 Ramsoe! 143 ooy oot3t 983 ]
q
H
H
!_ P 4 * *: :_ AD
- - Al Vee .3_._.+5v
b " —— R 2
K : 2} s ves |
g & :(')M M2
H c3 Mom vee s_....|.5v 43 RAM
107 awezd 3l 3lae LA
] 16 Sia? q
J——1 77, TAS
11 Ty, _? 107 RAMBES! (1S
{ —81ap MLJI3 107 RwE20 3l g, 1 o141 503 )
; —_— 2],y RAM ics v 2o
; T
£ 10 s E
] Sle @S iS
1 Sy RESLE
4 107 RAMBOSI Uas ooy pit DOBS1 9E3 5620 TELETYPE CORPORATION
l; DOT MAPPED DISPLAY SKOKIE, TLLINOIS
QE TERMINAL LOGIC CARD
i - vess0-orer 1 ] 2 | 3 | 4 | 5 | 8 ] 7

e




1 1 4 5 - 1 i . .
. ISSVE
FS-5 DRAM 8YTE 3 .
686 RASOQ : ’
686 CAS9
1
183 mz OIN Casis
107 ANEZD 3o 0 4 00201 9A3 A
A 2v300) Mo T 183 MO o
3120
g ) Hat 107 AME3D Slwe " pooIr 983
RAW2Q2! 3 A2 MLHS —f AD By
23uap3l . 121*2 mam Ta ok
4ac3 EYRET-YTRRNNIL by 12 ==l
— —_—]
[ANMDHSI iC AS vee 3 5V i2 a3 Vvee 3 +3y
M35 13‘)‘s I PV
2A4BITI 3 A7 Vas 18 0 a8 Vis 16
— i 13 as -
3lar uLis ]
07RAMBOSI __ 1],e M
5
—_—3
[ 7120 14 1 9C3
R ———]A!  Oouti— 0002 .
< e A2 RES
3 % —_—s ashs PEN®  PLOADI
—_— e 6E4 6C2
5 183 MDO31_ 215y 19,8 vee 8 5y \
o o7 AwE ; - n; 26 . S 1,.5 =2 MDBBI 1
£3 Vs
3 7 a0 107 RAMBDBI ! A7 3 s MOOon
3 PRS————  { | —_— A8 g7 [ Qy
| ——————2ap 'h® W7 RWER  3FFE Ram
183 D021 2l oin 710, 02 6 NOO21 N
e
8 9 MOOH
Ooutis % wee 93 p 183
RAs]4 135, 373 02 MDO4
Gisis 4
MOOS!
Mlos Y | S i
L——pco3 93
Tlos acli® MoO8l
< c
18jo NOOT!
5w_1 7V¢c Gmo?!_s—-_—— 4
LANY] Ve l—.gsv 20 10
——S1a2
12 A3 v L3 98V
n | A4 MLHIO ?
182 woos_2forT 18 L 10l 4y RAM
107 RWE3R 3IuFE 3lie CASPE . B
- ] PRI 9la7  rasjd
3 Tt 6 107 2AMB281 1
= S1a2 wenn 183 RWE3S 3IFE ooyt DO04! 943
% 2 A3 RAM 107MD241L __ 210N
3 (1] PV
; 19] a5
13 A6 CASl2
- ar  gsls
1
h] R 07 RaMegs! A8 ookl 00251 983 o
< - ol 2 A - LAY L i d S 20
: B —— Al we -5V
j.- o _—_‘ A2 -
b Es 12 A3 vas 18
o 'llae Munz W
. RAM
3 183 MOOTL 251N  yee [Smmisy e
; 107 RWE3D 3|WE DU 1L T | (- N——
] —_—3ao Vss 3ar Aas}4
; 3 T1a v 107 RaMBR8L_____11an
+
i S1a2 wuws 107 Rwese_ 3IGF  oourpd DO8! 5C3
i 2] 53 RAM 183 M0281 __ 2loiw
3 3, U] ae E
¢
0
& B I
E A CAS
2 ____% A? RAsI; 5620 TELETYPE CORPHRATICN
z 107 RAME®S! | A8 uoyr 00071 9E3 DOT MAPPED DISPLAY SNOKIE, ILLINOIS
: TERMINAL LOGIC CARD
| 4972SD-B5
i TC640-0781 | 3 | N P 5 T | 7




-~ —t . -~ %
2 { 3 \ : 4 5 § s 7
1 1 ” 1SSUE
) 1
FS-6 MEMORY ARBITER 1
3
3
MLx2 \ s
9E6 32M a] F29
A
v +3V v
+5V
T s
" 18] 10 18} 712,'C s i 100 )
2A2 SELI e o Yee | CP ) 4] wics 18 1 Lls RAS3G 2A4 _
5D oot 2 =P g ' i RAAAL
=ca 8 i3 2 ML3i2 2 1iS  pasea 3a2
[ s L DR Q £20 4
& c CLRP— 3 QR3S 4 43 14 RASId  4A3
S| S5 I PP PERD L 4 '3 Rrasob s5az
8 i —JWVV“]'———"
8 8.8K MLL2 s 12
7 112 casip 244
0 GND - { ! F161 v — NAAN - —
A Gp QS;L ! I {m mPyond —> CAS ,
ATz e L_f- 3 aT5[s]3]: | 110 casio_ <a3
14 1 "
MLGE 14 8 9 CA3PB 5A2
+5V 8] Fass AN
cAS ‘
285,385.486,585 5V
TV “ .
WRSTQ I1ES
MLK2 Y3 +3V
2| *
nd s o0
4 2 3D vee i3 7 26'
<o e IGCP \ “Fe E3 RIWQ 1, vee
MLKI LOAD ML \
J p:ag B A e E o] e 3 . 2l
15 PQI Lses /f |
K Q 6——, -—é 0 co ] Nx >
GND MLH!
3 L5109
alep ols
343 DPREQD Vv LR
v
5[ I“ +5
‘ o |,
705 OREQI 121 b o o i N
H
MLKI 2 MLl
+5V—Tjs° i J Flos PREQI 3 ENSELDR 186
15 3 6 13} MLK3 12
Bivee co S— ' Q RASD 3 L3 ‘
GNp 0 Q cp
B 10 4
5 4
cLR
2, ole o
R MLHI
oot Ls!09
242 [F1
) 4 —_— %
Mol \e M
WAS ROWI s] L508 .
PREQ | I:er ISIE
124 91 l
MLK2 V.8 PEND  >ge, 185,485.585 +ov
o] Fo°
g
5620 TELETYPE CORPCRATICN
00T MAPPED DISPLAY SKOKIE, ILLINCIS
' TERMINAL LOGIC CARD 497230 86
TRELS - 3730 | 3 3 5 I 8 ‘ 7
1 2




e n e

-

kv A et e

e men s ey . - - -

-
] r L4
4 5 [
L 3 1 | 1SSUE
FS-7 DISPLAY TIMING ]
1
P e [
I ‘ I \ !
. si cEr g2 Bl
- 374
3 ':;LS‘&? o
aiay i k A8
3P 1
2 v 18] 47
i0 2
- §LC3
ROM
15
9 f7¢C
$——doe
5 os |14 NC
cep " "
+5v ———,-sGMR Qz{12 Ag =24 NC
MLB3
5?“ LS8, 1r3 - o os k2 e
3 72 ' s| 1"
; L] Q9 14 Ae L] NC
Po:«r cp ca)d NC
10 2 03|88 WO .
4 S >
- 15
s .
___%q,,;c v SET
+8V e————— | MR 4 .
° 0lcer o3l A3 CLR
T
L____C&P 12 3 A 3l - muc2
slpy 92 2 2 027 q7 %
% !.340 13 A
3 ! 1 6 2
= 1a A ot 3
~ 3 % 0
& . o
cP e 0
2
NC ";
s !
S I 3 K1
o P;c n A8 10 ic 2 oongL IZ
1 8 o 9 1183 N VSYNGC
. Tleer  aalt 7 6 e | 7
_E__qu,ﬂﬂ arhe L l Blaz o, P ™ s e &Ci |
P3uLas 17 13 SV 14] . LS37a go!S TO MONITOR
5 13 Ag 80
3 PaLSIG g, " Cr ” i3]y sol2 AN HSYNC
S as %8 17
A L] 1% 5D ono
D 10 2 OF
wLCe 1 l
ROM
4 >
915 .
VCE!
———-———TCHEC 03 8
+5v 3"‘1’ Slne 04 |2.LACO
] TICEP s s ADOCNT ooy
MR as 1 a3 o
: 5 lpy ADDLDAD
: Lsisl @z |2 3lap 0 4 8E3
' i 2 2 52 SRLOBDI (|
¥ il o i3 A
(20 o€
: cP if s
2 I
9c2 2mi
E
: 5620 TELETYPE CCRPORATION
; DOT MAPPED DISPLAY SKOKIE, ILLINOIS
; TERNINAL LOGIC CARD
i 902  amI -
| _ 4972SD-B7
3
i 7
! | 3 | 4 1 5 1 8 |
i TC640- 0781




7
. - . : 3 ¢ { | AL
! 2 | ‘ e
]
: +3v
A
MR
a3 31 Sdre o3 i DISPISI 201
T icep s L2 o
2 ISP14l 201
M I 4
: MOZOt_dlop 1Q 2 : 93ML£2 s -
103 Mo291 7l 20 I PaLsisl A 131 2C1
d i [ 14 oisP 2¢1
MD281 8 ap 3Q S 3 1o Qo 121
H 4Q OCE' cp
0] 2
MLD2Z
. LS374 8V
1
1A4  ADO CLxQ cx l
1l
MR TC
. wozn 13l 3dee a3l DIsPLIE 281
* 7
: cep 12
103 mD261__1416D sq 12 6 u\.‘?‘ Q2 DISPIOl 281
. 13 5 Sy B3 DISPOSL 241
MD251_171,, €Q = : :f i "
7
wp241_18]ap sg 5 3 e, Qo DISPOSI 24l
R : OE CET _CP
’ 1 101 2
3 +5V
s
3 MR TC
9
- mozm _3f o =q°E a3 i DISPO7I 201
cep
0z 12 DISPOSI 201
moz21 4}, o 2 3
©3 g wozn 7,5 2a 2 : PaLSIEl o |13 IsPOSI 2CH
P
3Q 14
mMp201 8 9 3 Qo DISPOAI 2C1
an 4Q fb CET CP
t MLD3 o2
5 LS374
v
0 - +S
Lo
s W TC
PE
! moiot 13 1., raf.,_.,, a3 ju DISPO3I 281
— moigt_ 14 lep Dler o |2 DISPO2I 281
Ic3 sq 2 S lpymes s
Moim ¥ 1o oo I3 3 lptstél Qi DISPON  2A1
4
Wit _18lan 70 & uil Qo {4 DISPOOL 241
8o J2 P
.
E 7gs ADOLOAD
§ 7g5 ADDCNT
:
? aMy 5620 TELETYPE CORPORATION
: )
N 902 DOT MAPPED DISPLAY SKOKIE, LLLINOIS
H TERMINAL LOGIC CARD
i 4972SD-B8
E
o Tees0-o7e I 2 _ [ 3 ) i 1 ] 7




: ~L

<.,

et wd T S TAY e e Pt SN W] k™ R e o T ST vmah DA o ool

O NCHE gy Fi L e el e K e A ek a0 S o e m e el el ] =3
1 2 1 3 [ 4 L 8 I s 1 Ls
. ISSUE
FS-9 VIDEO TIMINC & SHIFT REGISTERS !
i g § Pa
20 =—Pa
sas oooot 3 Lo 30 18 Pc
A 505 004! 4 l2p w2 3 _lrp A
4as poost 7 |30 sq 12 19 JPe mLF2
498 OCi2! 8 4p 5Q 13 11 PF L-Slés
s 0Oisi [ P 70 L& 2_Lrg
Iy £c20) 8 _lep 30 12 4 _1ry
226 D024 iz 70 S ekt a2
206 0028t T A 7 _Jfex
scI  DPRECE 0 Jex 15 _1shiFr/Loa
}__] SERIAL INPUT
vee OE  GND Vee CLR GND
2o 1 ) 16 ]
45V ~—ng Vg iP—-@
204 1 10}c0 % 2 lJ
Ve CE 10 P Pavee CLR GRO
8 [ 20 2 3Py 8
5a5 D001l 3 _lio 30 1€ I
sDS  DCCsI 4 _ln a0 12 SedPp
4as  DO09! 7 12 10
3 5Q PE wir
405 ©£0I31 8__liwo 8Q IS H_lpr (,sLlez
3as GOITI 13 I 12 |ms
5D
305 Dozl 14 S 4 ey
60 sQ oy 12
246 CO28i 71 o3 6 lex wr H
B 208 pozst __{ i8_lao cira 7 Jx -
Ir_Jex 13§ SHIFT/LCAD
!od SERIAL INAUT
. +8v
—_—
\ e e
C ~ w——cz LR G ¢
) 2 2 3 i
; 19 Pa —=GX uL0i3
; 20 k2 3. drg 745198 a
7e5 SR LOADY 585 DOO2! 3 lio e |8 4_lre 4 ia |
. sEs  DOCE! a_lsp wll 5 Iep 5 la 1
: )
? oo R o A e NN PN
g3 2MI 3_J4p so Ms U_Jpr uira I 4o, 1o vio+
; 385 30181 [EXN e 70 18 2 1% Lsiss ' ! on
—_ 365 D022 73 i so 12 14 1py 10 9 i MONITORL
286 DOZ8l 7 170 £ ekt >
266 DO30! 8 lep wmics 7 dox ]
s I foc LS374 15_JswiFtsican |
+ov al mHT I F 1 1 L SERIAL WPUT
Q3 . Lsio /
7 {cep 3 Vee OE GAD 'M cc_ CLR GNO
~ 10} -y s LLSSR & 00 Y 10 ® 8
9 4m! 7EI
o | PE MLH2 8e3 e i
L 'dur )2 21 Foe o —2e ! = )
3 MLC13 13 2
i SI6
: 8 da MLH2 LHSSR @ 29 4 e, 2 :
H MO op Coflf 1] roe 0 1a I, e cR o0
i {7 2 sca 00031 3 o §: & 4 :‘?
i €5 DOOTI 4 20 a0 |2 S.—JPp oy id
E: acs  pciit Y30 sq M2 0 lre wirs
= 4gs  pOIst 8_Jao 6 s H_ler Lsiss —
3 sTP2 3ca DOBI 3 e 7q 18 12_1leg
{ 35 COZ3I 4__leo P 19__1fn
; \ 2c5  DOZ7I 7170 6 |exint
3 \ 266 00311 | 18 g, MLGS z
3 't m LS37¢ cx
? 5V ——od wmLAI3 3 K : 15__JsuiFr/w0a0
] 277824 3 1
: WH; 4 SERIAL INPUT
E
. 7 €
; RVIDEO 1183
5620 TELETYPE CORPORATION
; 90T MAPPED DISPLAY SKOKIE, TLLINOIS
i 32w TERMINAL LOGIC CARD
A -
g sl 4972SD-B9
3z TC540-9731
i I 2 I 3 f 4 i 5 T 8 | 7




b wbma s

e

il

- N . Co- [, R e en meiinn e s — e e - o i B A i Priblis et mre < e .l

(7]
w
<
m

-n
w
T

i [=]
=
(®]
C
nh
m
rrﬂ
O
O
o
=
()]

|-

2 17| MLo€ 3 M82 1193
244
9 ! l “
2>
MB2C € N
packl
vee € : +3v
wsic &2t
M
ALY z MBI it
ono & i % 15 A 5 83
Z 8
MB0C
~ CcR?
a &8 %
N s +3V
pre——
7
o &L >4
hY
13 +5v CRS
n LB '3 MB3 1183
pal _ gC 8} ¢ .
* < S ¢ S m
| 14 musea Ll T T, A5 e wousse 14
5
cR
9 CRIO MoI81 Q 1734 3 = 0all7_Q MO2
NLCE
NLCS {7 7 PAL
. MOITL P i6j8 PAL = 5 cp.'6 2 Mool
1c3
TEST 183
MoIst 0 1slac 2T I2FeT s o wooat
— o0 0 1 QC e
+5 MOI N 14{Q0 o4 N oo
0 LR CX 3 CLX CXUA]
i3] 1]12 18 13{ 1}
R u{ L Ri{iwu L

N
~

] ACLRI

5
g
S

1 sv
i7_MOUSE® 124 14
I7_MOusE

s hrost
is u PR
4 MDO6! 183 i

14__MD26!1

1
13~ Moot LOL AAN—s :
!
1
i

o3
LS2559

8828 RIMY

ag
5
d
-
b
2

7] 0}

+

ST

- %-_
[
]
x

{ I
. 4 7
8l . <= | iy 3 ACLR2
Sz Y swie
VPE -, 2 ! >3] 1
+8V cP
iAd 1758 % OEi7_¥OoUSED 1Ae v
w24l id glo &Fhe 12iGF OOEEL-
MO231 O Q Ul
103 e —— MLCT MLDs 913 _uoQ9l 1c3
Mp28) :; Qazuzsss : LS2569 gz "4 MOIOH
3 B 343 MODINI
wmﬁ e 6NO we  onD LU
zol Y I :h;,l 0
+5v +3V

3620 TELETYPE CCRPORATION
OCT MAPPED DISPLAY SXOKIE, ILLINOIS

TERMINAL LOGIC CARD 49?230-BI0

2 I 3 ] 4 ] s 1 8 1 7

TCE40-070) 1 '




seLd .__ L.-—:::-.‘ ».J&‘v»a::..s-‘,u‘-&;&;"g S ea NS i v D it B ik conl s i it 4 A . L] -~ o PRSI U S T -
3 4 i s 1 ) i 7
‘ 2 l ISSUE
FS-11 KEYBOARD & EIA INTERFACES L
42
1
. T' _‘.9 +5v A
I
.——%‘ 12v
|
- ¥ uos |1 3N us_our
Rzul I 7
+3V ‘ e
i . |
rs
wae \ 8 ot I,
10} Ls2e MLE9 6 N Ms.iN
1500 1 7
9€E8 RVIDEO 5 |
5
GNO
12 13 l 8
€8 DOGELK o6t ! 2
3 —11P2 R20b [s] I
u89 N 2|
048 422 _ T{17p 1 13| Lsde |
CAS M2 B Tx0b £ |
025 ¥ 2jIPy oP3
136 [LARTD _3S|CEN |
1E3 Bw@__ 3{wRN
1425 AWl SIRON l
- 104 M22St S\A; MLAL '
(D4 W24l SIA2  SC268! 2 s 126\ Lixenc
g‘l %'F 104 w23l 3aj x v 7
s 04 w2 1lag opy 13 24 ks i25>...,orac
oPg 129 il YN : i
ST ’ MLBS 8 1%\ orae
- It XCLK 32}y e T20a |30 12Lea P Y p T 1 7
X2CLK 33 c
2 3.5864M x2 i LR LM AT o 'Zz}rxcasc
cvsTaL (2 upa71_19lo7 10438 I ] L L l
- MO28! _ 22]06 4B GND-Veewes cs cs ce .l c3 |
Moot 18103 usl ] if s 330pF s 330¢F T 5309FT |
14 MCMI 23 D4
839 hogu_rjos v v !
~——_———— w21 24|02 ) ____._._] CR3 i
4 woQlt 16§01 3 + 12V ‘ e
1 re1 | e v—— l‘
- 6.8K wooot 29400 . I
| 1 CRe
3
l l - 1Y N N —12v !
1 Sdar ~1 I 2
L J R Ml Y RXORSC
—t e ]} -
® i R § - 4 Iz cTSsC
u MLBS 24
——3Y Ry o =4
o], 75189 DSRC
+5v ¥ vee 34 . / o}
D L INTMO 142 ! 9>ococ
T232R 142 RESETRL 1586 R s
; L iNTKBO 142 , Y _—__i_> Vee
$
i L——iNT2325 1a2 ‘v oy
cr cio | n';
H ———}-m
: 220pF 2200F 220pF 220p ~12v ]
: = i
. l
i |
§ -
N
*
]
1 RESETR®
H 1586 €
E
i
’ 5620 TELETYPE CORPORATICN
1 DOT MAPPED DISPLAY SKOKIE, ILLINOIS
3 TERMINAL LOGIC CARD
! 4972SD-BI |
7
3 TC845 - 0781 T 2 Y 1 Py i 5 1 8 |

P aae TR PR

.~

. . : -
e s e  — s ey ST P AL VRS g & SRR

i
S N S W

~ ..



1 - 2 ‘ { 3 * 1 4 0 ) - i : s { T
FS-12 EPROM AMD SELECT LOGIC - 1SSUE
- : i
Fl
£ ° PRIV R T T e S BRSNS Y] e i B R T el e -
i34 ;'» —"’ﬁ
A E: 20 Y —21— 4 20 : zol
x G vee {1 8V - CE veels v ’ X veeil -5V g € veell o8¢
3 iz 5 aslzr : iz & aiaf37 ) ;z e a4 (37
£y F MAIQ] i N d 4
: A a 3 — A s 4 12
X waiyl 23 A‘: uLai4 23 A'f MLHIS 4 23 an MLLI4
MAI2L 21 > 23 o v 21
: —_— = JA —t A —t Aig
y 10 < i9 2 24 19
:: [ESTIREYE e 07 12 3 2 Aq 01 !‘ q |4 0y o
4 ¥AIOl 2% 18 £ 23 A I SRNER N AL
A9 og e | —2da, . = 1¢ =
— ontl— =3 4, os HI— — a7 05 p—
04 18— —2 lae o4 HE A das 04 HE—
0 s_ -———5 0 2— —5——“ 0 ..5——
30 2 s 143 313 : s A8 303
02 R q | 0p p— 4 |——1 4 03 F=—
12 1 | —]a 0, 2 2 | da o B
0y - 3 1 ; 3 3 |
2 ooﬂ__ q1: 8 1az o0 -%‘— X | — A2 oo ';8
3 Ay veel2esy g | 3 -—%—-“u vee lf ?o Ay vee B s
MA02! 10 E 5 k AQ GNO A0 0
o 4 \ R0,y SN0 BEE A3 ! ; X Al3 !
+5v 2 s 28 d =
2 MAISI ‘L 2 | # 3 _J _ 5
4 S ic4 pmr 3 ¥
4 ' H 103 s 3 103 B :
Ls32 \8 3
5] e 1 : —
7 ] T 2
- 20 = 20 3 20
- TE vee 11 - : 3 vee |1 A 3 vee |1 £
. F———t3V - 9 e 45V
; = ] — : 22 3 22| +
3 22 € a4 |27 14 2 ' :2 & Al4{27 = s = 73 aial27 S
Ey. 4 - A £ A
Ice 23102 meis 3 =] 2 23] > Alz MLLIS
! o L a > :u MLHIS 21 ], 3 2] ! .
P 24 :'0 5, |i3_wot : 24 A': o, o moZ3\ 24 A’: op JiowoiSt 24 &': o, Po_uoont
: 25 A’ 7 Fis_wmo30t 2515 oF {13_woz21 25 ] oF |8 _uois A =], o) l8wogs
3 3 As gs 17 M029) | A 31, 0‘ 17 wc21t |3 3 :5 05 17 MDI31 E, 3 : 0‘ 7__M3031
< : 4 {ar o> [1e wozsi = 4 ‘: Q: TEECTESIRE O b4 5 [is woiar | 4| & P a; o3 [1s wooai |,
H s 1.0 4 [is_wozn P I i5_ wnior el s |0 % s uont s S I 4 fis w0034
H e A o 15 MD271 ——t A Oy P —i A8 o] As 03
; i 3 M3 _wozsl 13 ucist 3 i3 wpio s 13__uocal
i - As 02 Aq 02 e - Aq 73 Ay 0p p———=
3 7 4 o M2 [DE:] 7 1as o, 12__wtin T ias 0 12__MD03 7 {as 0, 12__MOGCH
: 8 A; 00 |LL_M024 8 1 0o PL_uoet T oo L Hecs! 8 1z 0o PLL—4200!
3 —2a vee |28 45V —u vee £ 5v —21 A vee (2—+sv 2 a4 vee22—8v
4 {20 3 ©ND A, GO A0 . 60 1 A0, ONO
2 zsl 26 261 zﬂ
- -
3 <
A
3 RS sy +5v
.9 +5V AN .
i 1ox doe . ,6‘ PROGRAMMING OF 0OS1
7
4 L PSR | 2[2 S e y]A] wseo 2f7ST V& T4 MEMORY TYPE
3 103 SWITCH
; % 2 N L 8a waz2) 30 o e W | 8K RAM | BK ROM | 16K ROM | 32K ROM
: 3l o 5 7 WS 7 i ¢ 0 [ 2
i A j/ 13 4{ s " MLFIS “ A w03 ] MLFI4 & 2 < 0 0
MAIT]
i R8 os = o~ © 28 (s287 8128 (s287 : g g g 2
s 12 n 12 FLTO
- v —AAA o o—1— ] o M= e s 5 2 < £ 0
; —
? €4 masi L L ot l;"_,.E_'J_?_”. 8 13 5a s 0 0 ° c
2 N7 o 10__NC 11 P ol ws3e_uf . i 8 ¢ c 0 0
o " 108 Cr CLOSED/ 0= OPEN
10 15
osl 48 oF 48 3
GND GND
1 8 8
H
5 \V/ \Y
1ca MAISI
620 TELETYPE “ORPORATICN
DOT MAPPED DISPLAY SKOXIE, ILLINOIS
TERMINAL LOGIC CARD
i TL640- 0731 1 l 2 1 3 l * [ " I P l 7
L o e




2 i 4 L : -] . - i [ 7 .
1SSUE
FS-13 PARALLEL INTERFIES '
t
A | +3v
Jz.-
20 I
¢ Mo07! lfes W= as )2 :”},Pwan:: i
MDOS! 1257 arl® [E AN
: —> FTuds
WOOS! 13 w08 a8 17 137N oropsy
— Ls243 1‘27 - !
. 183 < M0Q4I 14 as AS 8 } }’;00‘" :
i
Moon _ 'Sla, Py 14 )P'was: ‘
4 B
Mool My A3 146 7\.1m,~- i
|3 |
MDON 14 P azl3 us>»,ml_.., §
N ;
8 M200! 18 2 150 « i
— 1 3 3 i
| - om oot T ‘l‘mml Z
19 1] w0 1 ' !
] - ;
I !
]
i :
_ 1586 RESETRY 21ia1 wr b8 ""}i?rmsw" i
i 184  pIOB 4lia2 vz L€ is8 }arosno
1E3 RIWQ Slias s 4 14 }am' 9
1 {
w07 !
MAO21 8liaa Ls244 1ra P2 144 N\ anosoor
. L LXex] 1 PP 21 2 43N avorols
c " : 7 > TO/ FROM PARALLEL PORT
2 104 ¥a04l 242 2vz pL ""),.mog., '
i
H HMAQS) ] P 2vs |3 1IN oo |
i 17 !
: MAOSI 14 PO _ 2ve 3 lxﬁ;.mﬂ :
a GND_ vep w3 i 7 :
3 10 z:] 1 ¥ s ]
* I
;T n ;'
?{ +5v l 3
!21\ ;
i Ea ¢
3 14 i }
3 i !
H 18 2 B3\ - ;
3 185 TIMEQ 1y tal T :
0 ! T T :
5 1A2 PLOCR 16 2 MLDS 1A2 L'“"”%lﬂﬂ"} ;
3 LS244 : !
4 1A PLOOI Blivs 1a3 (& f’}_ann:i
q 1ES  WS30 81 ae A L 128N\ srrseen
: 1 2.
I_i GND__ Yec ]
X w|] 2 i
- +8v —‘9"’ 5w :
+5v ! n '
ri2v ——4* o i
] [}
-12v 14N w-
J '
1€
;
, s620 TELETYPE CORPORATION
SKOKIE, TLLINOIS
DOT MAPPED DISPLAY
TERMINAL LOGIC CARD
| 2 | 4 1 5 | | 7

TC640-0T3)




2 i ] 1} 4 | "5 : 1 { 7
| 1SSUE
‘ o
) i ;
Tl FS-14 NON VOLATILE MEMORY
A
8 ROWI 608
IE3  RIWO 9
)m.u N\ 3 a[m
8 186 BRAM® 10 Lse32 / 2ol e I wors:
f MAl2) 18 Ag 1707 MO141
MAlll 220, 1706 8 MOI3t
#A101 23.s  MLGI3  1/0S b soi2l 82
MAQA M, 404417 1704 B MOUL
MACSI 2lpg 2KX8 gz Ll MDIOL
13 MLET " 1C3 € WAOT! ZAs SRAM 1702 |99 :2002:
12 | Lse32 MACSI ____ Slas 101
miosi - Slag
7 MAO4I 6laz
MAQ3! Tiay
v \ MAO2H 8110
Pe 24 vee
) l =3 GND
R I8 12
? A1 R3 clz %
i 0K : !
3 689
3
3 R4
3 200
; 12w
i crS
: R2
‘. +5v }4 $ b ’I—q L3
; CR6 o _ o
i cRI cR2
H B == 2444018 M
é’ 36v /!
pil BN 47K
3 €l - Ar
3 68
3
D
3
5
4
DCOXI
3 158
4
E
E.
%620 TELETYPE CORPCRATION
DOT MAPPED DISPLAY SXOMIE, ILLINOIS
i TERMINAL LOGIC CARD
4972SD-B4
3 TC640-Q79 l 2 ‘ ‘ 2 ‘ s l l -




i 2 | 3 § 4 L] 1
ISSUE
i
FS-15 POWER DISTRIBUTION
A
. - DCOKI 1404
+5v
RESETRQ 1E3, 1I€3,1383
93 20
} s
ocoxi &> 2{ mLpoo_>
AN l F244
|
® /V. +12v 10
+12v i
¢
|
{1 : +5v
- +5v |
| +
' ciz-22 CZ3-144
a7 o
|
ZB'
. N 4’
e G;——-«
ol |
E }
4
fa— -12v -2V
- i
)
4
3
3
!
i
1
5
i
“
)
E
i
'a
]
H 620 TELETYPE CORPORATION
; OOT MAPPED DISPLAY SKOKIE, ILLINOIS
) TERMINAL LOGIC CARD
% 4972SD-BI5
TLE4D- 0T8I 1 2_ l 3 l P 5 1 7

rﬂ




1 3 i i s i 1
- 1SSUE
FS-16 SPARE FUNCTIONS !
A
13, 4
————— ————————
wAIS N\ vH2 el 6 3| M3 4
12 F38 12| Fee 5 ] Ls04
10 3
| Mais \8 MLHZ Y88 1
5}] Fes 9{ roo 12 51 MLK3 5
— L5284
B 10
8
9
13,
‘ 1] mxs 10
—_—2 sz Yn8 — L5204
10} F20
-5
— 3
8
IO 13
9 1w W
121 LS28
SN X 5 ‘
12D 20 A
7 P —
< 130 s X )
_ 8lapus3ta a0iS .
|
902 4aM 1 K 10 1
o = 2| M3 )12
Ls1e
13}
10] MLH3 8
—5] Lsio
—2 12 ] L —_—1
—_—811a3 (R S,
mEY vil2
MLDS 1| mE8 2
‘ —13J2a2 2l — 504
: 151243 Feas 2y3i S
b i7 2_A4 Y413
FIES
13
. MLK2 \ i
i 9 | MLES 8 12| Foe
—]
4
—
3
a
P
3
F)
i
2
i
1
i 5620 TELETYPE CORPORATICN
SKOKIE, ILLINOIS
1 DOT MAPPED DISPLAY
; TERMINAL LOGIC CARD 49725D-B16
g TC840 - 0781
. I 2 3 | I 8 | 7
&

'
i




i

i i 2 i 3 4 f s t 6 3 2
N i I1SSUE
. [
INFORMATION NOTES
1086. OPTION STRAPS in. LOGIC BUS NOTATION
0L ALL VO.TAGES ARE 0C UNLESS OTHERWISE SPECIFIED.
A 102. ALL RESISTANCE VALUES IN GHMS AND /4 WATT UNLESS STPI | » N s
OTHERWISE SPECIFIED. Py p— L AC AA-NOT CONKECTED
103. AL CAPACITANCE VALLES IN MICROFARADS UMLESS Y Al TO BUS
OTHERW!SE SPECIFIED.
S 88-CCNNECTED
104. PEFER TO 4i0972 TERMINAL LOGIC CARD ASSEMRLY STRAP INSERTED A2 —— A2 e
DRAWING FOR COMPCNENT LOCATIONS. N "
[05. SUPPLY VOLTAGES FOR CUAL-IN-LINE INTEGRATED PR -
CIRCUIT PACKAGES: o
— o AS =~ AS
. : , { [Epp— A8
o IR VT By e YT R sy e T ey STRAP REMOVED i a7 : 4
14 16 20 24 107, SHEET COOROINATE LOCATION LEGEND / \
PIN PIN PIN PIN
HEAVY LINE INGICATES BUS HAVING A ™1 TO I
g 5 A 4 RELATIONSHIP OF LEADS ENTER!NG ANOD LEAVING.
8 L 8 1 l
8 9 COLUMN ACROSS SHEET BOTTOM 12 SIGNAL NAMES
- ROW ALONG SHEET EDGE
10 THE LAST CHARACTER IN A SIGNAL NAME WiLL EITHER BE A
SHEET NUMBER “|* OR A " THIS INDICATES THE ACTIVE STATE OF THE
SIGNAL I = LOGICAL | {HIGH): @sLOGICAL @ (LOW).
108. CIRCUIT ELEMENT NOTATION
3 RATED CIRCUIT(S)
— Tz Ereaam i e e ML s INTEG
- 28 45v —® ——isv__LTe 0S = CPTION SWITCH
RP = RESISTOR PACK
CR = DIODE
28 40 16 STP *+ STRAP
FIN PIN PIN R = RESISTOR
8 C = CAPACITOR
. +5Y — -
< " X = CRYSTAL OSCILLATOR
: Q@ = TRANSISTOR
‘3
i 4 s 404264 325828 THE NUMBER OR LETTER-NUMBER AFTER THE ELEMENT
% 20 2 64K X1 RAMS LINE DRIVER NOTATION IDENTIFIES THE SPECIFIC COMPONENT.
3 109. LOGIC ELEMENT NOTATION
] —i72 GIE FUNCTION-
i 101 072 -
4 - t 1
! cho,l-———-ug o O$——272 27 s0 gls
1 22— 0o cog GROUND : —J Em— DEVICE TYPE
i aca ogo N FIRS pra
: ooa oogo 3 MLHL /
; s S 23 s L
3 5,6,7 &5, 66, 67 PIN NUMBER
3 aae ooa A + 9%
» 0a0 gg9 9.,10,11  6l1,62,63 4l 57/
; ooo aag 13,1415 57, 58,59
§ ggg ggg 17,13, 19 53, 54, 55
i o83 200 21,22,23  49,50,5l
gon gao 25,26, 27 45, 48, 47 P
ogo goo 29, 30, 31 a1, 42,43
$ ocaa D sao 33,34,35  37,38,39
ooo oaoag
; o013 gao 0. CONNECTOR IDENTIFICATION
1 ggg ggg +5V PINS
E J2 =——CONNECTOR DESIGHATION
d oaQ oaa 4 72
i gag caa ———} 12 «——PIN NUMBER
2 8 68
] coo oong MALE PIN
oon ooo 12 64
aoo oog 60 CAN ALSC BE SHOWN AS: J2-12
Qoo [seln] o 5
paag poo Py P
oaag cuo
coo noo 2 48
£ ocoa ogo 32 44
oon oaag 16 40 .
ooo -gQo
[ulmy
ggoo .
ooo oog TELETYPE CORPORATICN
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1 2 1 3 ) 4 § L4
"
: ” 1SSUE
CONNECTOR OEFINITION :
j ,
A
201. J1 PIN ASSIGNMENT
J3 PIN ASSIGNMENT
PIN]| SYMBOL OEF!NITIC)‘J SHEET LOC. s1m] sywsoL DEFINITION SHEET L
1 HSYNC HORIZ. SYNC TO MCNITCR [l Y + 12 VOLTS FRCM SLPBLY
z | VSYNC | YERT STNC TOMCHITOR 2 | t2v | ¥12 VOLTS FROM SUFPLY
3 GND DC GROUND 3 GND DC GRCUND
4 | VIDEO | VICEO SIGNAL TO MCNITGCR 4 | -2V 12 YOoL1S
- 5 | NOT USED| NO CONNECTION 5 DCOKY 35 YOLT5 1S GOGD
6 | GND DC GROLND 6 | GND DC GROUND
7 +5¥ +5 VOLTS
E) +5V +5 VOLTS
202. 3 | oND DC GROUND
J2 PIN ASSIGNMENT
8 PIN | STMBCOL _DERINITION SHEET LOC. 204. THE 410972 AND 410128 MAY BE EQUIPPED WITH ONE OF
2 1 Mo SERIAL OATA FROM KEYSCARD TWO DIFFERENT PROCESSORS:
3 T MS_OUT | SERIAL DATA TO KEYSO0ARD 404132 PRCCESSOR:
4 ; +5V +5 YOLTS MLBI3-3i56514 1C. CLOCK CSCILLATGR 28.8 MHz
5 | oND DC GROUND MLS815-404132 1.C. BELLMAC 324
6 | Xi ENCOCER OUTPUT FROM MOUSE
71 X0 ENCOTER OUTPUT FRCM MOUSE 410862 PROCESSOR:
- 8 | M20co LEFT SUTTCN FROM MOUSE MLBI3- NO PART
3 | MB2cd RIGHT BUTTCN FRCM MOUSE MLBIS-4i0862 1.C. BELLMAC 328 CPU CARD ASM.
10 | MBIC3 CENTER SBUTTON FROM MOUSE _
11| Yo ENCCDER OUTPUT FROM MOUSE FIRMWARE IN POSITIONS MLGH, MLH!4, MLX14, MLLI4, MLGIS,
el s e s e
:3 ;;40 grécg{;gi:é)mT FROM MOUSE FOR FIRMWARE COMPATIBILITY.
15 | DIR DATA TERMINAL READY
N 3 +5V +5YOLTS
: 17 | -i2v =2 YOLTS
; 18 | DSR DATA SET READY
: 19 | 0Co DATA CARRIER DETECT
i 20 +i2v +i2 VOLTS
i 21| RD RECEIVE DATA
§ 22| so SEND DATA
23| cTs CLEAR TO SEND
H 24| enp DC GROUND
- 25| AUXDSR | AUXILLIARY DATA SET READY
% 26 | AUXSD AUXILLIARY SEND DATA
;; 27 | PORTEN® | PARALLEL PORT ENABLE
: 28 | STROBE® | PARALLEL DATA STROBE
N 29| +12v +12 VOLTS
: 30| +5V +5 YOLTS
: 31| INTI INTERRUPT REQUEST
i 32} INTO INTERRUPT_REQUEST
i 33| pioo? PARALLEL INTERFACE BT 7
£ 34| 12V ~12 VOLTS
: 35| TIMEQ PROCESSOR WAIT
. 36 | ACDRG4! | PARALLEL INT ADORESS BT 4
37| PIOD5 PARALLEL INTERFACE 8IT 5
N 38| PiIODS PARALLEL INTERFACE BIT 8
i 39| ADCRO3 | PARALLEL INT ADDRESS BIT 3
g 40 | ADOR?2! | PARALLEL INT ADDRESS BIT 2
4 41 | P10D3 PARALLEL INTERFACE BIT 3
Y 2 | piooa PARALLEL INTERFACE 31T 4
§ 43 | ADCROU PARALLEL INT, ADORESS BIT |
i 4 | ACORG® | PARALLEL INT. ADCRESS BIT @
z 45 | PiCOl FARALLEL INTERFACE SIT |
H a6 | PIOD2 PARALLEL INTERFACE BIT 2
E 47 | PICWENG | PARALLEL INT. WRITE ENABLE
i 48 | PIOENG PARALLEL INT_ENABLE
: 49 | PICRST PARALLEL INT_RESET
g 50 | PiOD@ PARALLEL INTERFACE 8IT @
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A 7.2MHz CYCLES 4 8 12 16 20 4 -~ 8 2 16 20 4 8 12 16 0
OPERATION NRITE READ INTERRUPT

= :‘— PREVIOUS VALID vmﬁvms VALID
RIWO ::D CURRENT VALID . CURRENT VALID

L4 PREVIOUS VALID

B i N r-w LR . 50t 25 0

1

EW RFGINL . Nt

Y ‘ Ulllﬂklv":!

Y PRE VIOUS VALID
MA221-MAD2!L x ?X

ASG

DSQ,WS38-wsea

WSELGQ CARITE ** \

MD31-MD2Q!1

XIPL3D-XAPLOQ

TACKQ

CURRENT VALID

CURRENT VALID

)
VALID ACKNOWLEDGED INTERRUPT LEVEL

)

i

B

PREVIOUS VALID

.

A

—

{
\

{ oata vaLio \

DATA VALID

r

INTERRUPT
YECTOR

~—

| N

YALID

PREVIOUS OR NO INTERRUPT PENDING

PREVIOUS OR NO INTERRUPT PENDING

XX

PRIORITY LEVEL OR CURRENT
INTERRUPT REQUEST VALID

NEXT CR NO FURTHER
INTERRUPT PENDING

AX

[

* DURING A RAM READ OR WRITE CPERATION WSEL2d MAY GO LOW LATER‘THAN INDICATED CAUSING THE PROCESSOR TO WAIT UNTIL

THE RAM IS AVAILABLE. FOR ALL NON -RAM READ AND WRITE OPERATIONS, WSEL@Z OR CAHIT WILL GO LOW WHEM ASC IS LOW.

% 3%
CAUSES A 16 CYCLE READ OPERATICN. CYCLES 12 THROUGH 15 ARE OMITTED FROM THE READ.
3 3% % FOR 410862(328) PROCESSOR TIMING, REFER TO PAGE E6.
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32MHz CYCLES

OFERATION

PREQ MLEI-13

CREQI MLC5-16

PQ! MLJ2-}

DQI MLJ2-4

RASQ@ MLL2-{|

CASQ MLL3~I3

RAM ADD. PINS

RAM DATA PINS

RAM WE PINS

ENSELDD MLJ2-13

PLOADI MLJI-I0

OPREQ MLKI-7

DYNAMIC RAM TIMING

(FS-6 MEMCRY ARBITER)

PROCESSCR WRITE DISPLAY READ

PROCESSOR READ

7

/

S

\

\ [\

/

\

[\ /
[\

*
—<PROWX PCOLUMN >< DROW X DCOLUMNYPROW X PCOLUMN

<IN

ouT

N/

S

\

-
L/

/ \

12 PROCESSOR REQUEST RAM

1= DISPLAY REQUEST RAM

12 PROCESSOR HAS RAM

1= DISPLAY HAS RAM

Q= LOAD ROW ADDRESS

OlLOAD COLUMN ADD & DATA

RAM ADDRESS

RAM DATA

0= ENABLE WRITE

O=RAM READY FOR PROCESSOR

I= LOAD PROCESSOR DATA LATCH

1=L0AD DISPLAY NATA REG.

ISSUE

Pltm.nm-. M,mewzwuﬂs'mmawmu'.‘m.;;ou.,;., ata

5620 TELETYPE CCRPORATION
SKOKIE,, ILLINOIS
COT WAPPED DISPLAY
*THESE SIGNALS CAN BE FOUND ON FS$-2 THROUGH FS-5 TERMINAL LOGIC CARD 497230 —E2
TC640- 0781 | ] 2 | 3 ] 4 i 5 8 1 7
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;D (C:OOS;Z'?'NATE D
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PRETRTIZ VY

HCRIZONTAL TIMING

AMHz CIOCKCICIES G - m o8 = M 9 &
MLCA-6

2

EY

©
o

123

N
L8 S S - -

"
< -

ADOCNT

DISPLAY TIMING ( FS-7 DISPLAY TIMING & FS-8 DISPLAY ADDRESS)

LR

RAM ADDRESS TO
READ 25 WORDS

Iz REQUEST RAM

MLC4-7
CREQ!

MLC4-8
VCE}

127

MLC4-9
LHCO

22
124

MLC4 -1
ADDLOAD

VERTICAL BLANK ONLY

NOT VERTICAL BLANK ONLY

| e

MLC4-~12
SRLOAD I

MLC4-I3
Sv8l

MLC4~i4

HEYNG

HORIZONTAL SCAN
CYCLE

HORIZONTAL RETRACE BLANKED HORIZORTAL TRACE DISPLAYED

025

L
SAKHz CLOCK & §
CYCLES = e ey

MLC3-6

11067
[+]

0= VERTICAL SYNC MONITOR

1024

MLC3-7 \
—

t= VERTICAL Bl INK VET”CAL T'MlNG

1+ ADDRESS COUNTER ENABLE

CO0EEE0R0EEEEEAREEREARERREC ™™
e UL

1= VERTICAL COUNTER ENABLE ( ML34, MLB3 MLA

0= LDAD HORIZONTAL COUNTER { MLAS, “4LAS)

0=LOAD ADDRESS COUNTER(MLES, MLES,

12 SAMPLE VYERTICAL BLANK

1= HORIZONTAL SYNC MCNITOR

ISSUE

MLES,MLE2)

!

MLC3-8
LvCo

5620

DOT MAPPED DISPLAY
TERMINAL LOGIC CARD

0 :LOAD VERTICAL COUNTER
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VIDEO TIMING

FS-9 VIDEO TIMING & SHIFT REGISTERS

o 8 ' 6 24 0 8
32 MHz CLOCK CYCLES
MLH3-6 ——-——-——J \ ’
LLSSRY .

MLF2-I3 TOMLF5-13(DOTS) x 32-29 x 28-25 x 24-z [20-!7 Xl6-l3 XIZ-S X 8-5 X 4-|X 32-29 X728-25X24—

= VUV VVUVVVVVVUYVY
- JO0RCO0RO00RCCAO00R0CCA000E0008000R0008000E:

“JiSsuE

0:LOAD LOW SPEED SHIFT REGISTER
- 1 sSHIFT LOW SPEED SHIFT REGISTER

LOW SPEED SHIFT REGISTER OUTPUTS

0= LOAD HIGH SPEED SHIFT REGISTER
| = SHIFT HIGH SPEED SHIFT REGISTER

VIDEO=HIGH SPEED SHIFT REGISTER OUTPUT)|

5620

DOT MAPPED DISPLAY
TERMINAL LOGIC CARD
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410862 (32B) PROCESSOR TIMING !
i EPRCM READ-TWO WAIT STATES DUART, ACCESS -TWO WAIT STATES BRAM READ-ONE WAIT STATE ADDCLK WRITE-ZERO WAIT STATE
A [}
N e B N W Wl W W W T N B Wy Wy Wy W i W W I o LA A rrrn o g Li T I
AS-a.2-3 I I : H Asa2-5 T L I 1 T As-w2-3 L H - 17 ASC2-3 1 I
i § ] —
EPROM_CE- MLFTS-4 - : DUWAATLCE MLC243( ] | j; BRAMOE MLT -1t M-&Ds 2, i)
eprOM.CE-MLEZ-3 T+ L 1 T : T PAL_A-M2-17 LTl T PAL_A-G2-17 R gu BN LTt g PALA-S2AT N Y i
PAL A2 I e U A i ; PAL_8 .26 1 f 7 —  raLswm2- 1 I ! [ PAL_B-M2-16 1L r
- : ; | - } ! 1 Pl poe
PAL_B-142-16 |V S I B R R i i1 OTACK-M2-9 || T 11 DTACK -M2-i9 1 { DTACK MC2-19 -
H H ! : i : H I. : it
oricx-az- T e A | R e
i ] ! i H P t $ ] FE | ] 1
! I i
TRACEMEMORY = =t ' o Y macewewors b s P8P G rRacEMeMORY %+ o ! TRACE MEMORY x * ° !
TIME-X_.0 « 600ns WIDE MCOE 2503/ TIME-X_0 =600ws WIDE MCOE 2%5nys TIME-X_0+%00ns WIDE MODE 10/ns TIME- X_0 +400
“SLEP,CEO(EKZ)SCP;IMN SAMPLE ~10Qns /div SAMPLE 100ns/div SAMPLE 40n3/div "
8 ! NOTE: NCTE:
LUART READS AND WRITES ARE EQUIVALENT WITH THE BRAM WRITE IS EQUIVALENT EXCEPT THAT 8RAM -WE B
EXCEF™I0N THAT DUART WRN (MLAI1-8] IS ASSERTED {MLE7-8)1S ASSERTED INSTEAD OF BRAMLOE.
ON A WRITE AND DUART RON [MLA}I~9} IS ASSERTED }
O A4 READ.
— [ e
INTERRUPT ACKNOWLEDGE CYCLE
MOUSE READ—ZERO WAIT STATE RAM READ CYCLE RAM WRITE CYCLE “" ZERO WAIT STATE
i i 4 r S T i — g i [ ' ;o i [l
woonzs At weeens LAt s et b A o e e i e i
Asw2-3 W As2-5 I aswzs 1L | ! Ll as+az-s s s I I i
N : 1 - r] 1 8 . 3 -
MOUSED - MLLI2-11 i i RAMS-MCRT | HE PR RAMG-MLZ71 ] - PAL _A 44247 :‘_"_J:—;‘_'\__,_;_J N ¢
T [ ! L ! i
PAL_A-M2-IT o | RAS-MLGS-16 1 T T TLi; Rasmssie 1 ) PAL.B-MC2-18 | N L_-_._i_r——'—‘—“: It
PAL.B-ME2-16 T 1 CAS-MLGS-14 1 1 P11 1 CASMLSE-M i tackwe2-19 I 1 I S S R A I
1 ] T L] . H : H : M T
orack-z-1s SR T oo iy e L oekzeis |1 bt L T
i i 1 H ] o H H : -1 1 i \ ' ! i
i 1 1 1 1 : H 1 i ! H H s ! ] [ [} 1
TRACE MEMORY= = S foe ' TRACE MeMoRY « ' + o ' 7 macememorvs t o ! "tracememory < ' 4 L Lo e b oo
. ~ WIDE MODE 25ns/ TIME-X.0* Ims WIDE MCOE 25ns/ TIME-X_0*800ns WIDE MCDE 1008 TIME-X_0 *4Q0as
- A o TIME-X_O* 400ns SAMPLE - 100ns /div SAMPLE-100ns/ div SAMPLE-40ns/div =
NOTE: NOTE:
RAM READ CYCLES ARE AT LEAST 600 NSECITWO WAIT RAM WRITE CYCLES ARE AT LEAST 900 NSEC (ZERQ WAIT-
STATES) GUT MAY TAKE LONGER CEPENCAMG ON THE STATE STATE) BUT MAY TAKE LONGER DEPENDING ON THE STATE
OF THE HEMCRY ARSITER AT THE ASSERTICN GF RANY. OF THE MEMORY ARBITER AT THE ASSERTION OF RAMP.
[ D
1) TIMING SHOWN 18 TYPICAL, AS MEASURED ON A 3620, EQUIPPED WITH A PROTOTYPE 410862 CARD. .
2)  TIMING DIAGRAMS ARE REFERENCED TO CLX34 STATES(TWO STATES PER CYCLE). EACH CYCLE BEGINS
WITH STATES 0,1,2,3 AND ENOS WITH STATES 4,5.X.X (4,5 AND F'WOQ VESTIGIAL STATES), ADDITIONAL
) STATES IN BETWEEN STATES 3 AND 4 ARE WAI[ STATES.
‘ 3)  EACH TRACE SHOWS AN ENTIRE READ, WRITE OR INTERRUPT ACKNOWLEDGE MACHINE CYCLE. THE CYCLE
i BEGINS AT THE LEADING EDGE OF CLK34 IN STATE O (MARKED X) AND ENDS AT THE TRAILING EDGE OF
TRE SECGND VESTIGIAL STATE (MARKED O). CYCLE DURATION IS INDICATED AT BOTTOM RIGHT CORNER =
OF TRACE AS TINE X-0.
4)  PAL_A, PAL_B ARE LSB AND SECOND LS® OF PAL COUNTER, RESPECTIVELY. THESE SIGNALS ARE SHOWN
INVERTED ON TIMING DIAGRAMS. . o
; $) IN ALL READ CYCLES,DATA MUST BE SET UP FOR THE CPU 1S ns PRIOR TO THE LEADING EDGE CLK34, STATE 3.
) 6) INALL WRITE CYCLES, DATA IS HELD VALID BY THE CPU TILL THE TRAILING EDGE OF CLK34 IS IN THE
; SECCND VESTIGIAL STATE.
. 7). OTACK MUST BE SET UP 27as PRICR TO A RISING EDGE OF CLK34 TD GUARANTEE RECOGNITION ON THAT EDGE. €
, . TELETYPE CORPORATION
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BD-1 BLOCK DIAGRAM —
A RAM DATA OUT RVIDEQ
FS-15 § - | FS-2,3,4&5 FS-9
SELL, D, PENG PLOAOI, RASOG- 30, CASO9-39 i
POWER . DRAM BYTE0,1,2,3 VIDEO Tl.::!lNG & j.vioeo
DISTRIBUTION ? o — SHIFT REGISTERS| _
] AN AN
POWER g
SUPPLY i g = .
CONNECTOR g - 3 g
Fs-i4 HoOSI oS RIWO 8 05 FS 6 Y .
NON VOLATILE K wssT0 MEMORY MONITOR
' MEMORY e o CONNECTOR
| satve - ARBITER K™ - }
( ENSEL2Q
MM -0
- FS-1
Epigmliuo s FS-7a8
G ’ MAQ2! JATTT.MRZZY BELLMAC 32 ( MD161-MD31I DISPLAY
: SELECT LoGIC S~ — PROCESSOR A0OCLKD TIMING VSTNG HSTNG
:‘I 006G CLKI
? ]( MDA -MDOBTI ) NOOPI-MDO7! a
_1 p1o0! INTIE0 FS-11
FS-13 P1OGQ L]
i PARALLEL Ao NT232R KEYBOARD AUX PRINTER }
b s AN S
INTERFACE [ — . EIA
! . MAQ21- e INTERFACES
P0G MAD2! - MADS|
( LINE EIA
1 TINES S owATe Ie >Rszz,zc CONNECTOR]
I I 55 s T
3% ° KEYBOARD
ol §§ 3 { CONNECTOR
CONNECTOR
FS-10
MOUSE MBQ, MBI, MB2
connEcToR |2 MOUSE DECODING
5620 TELETYPE CORPORATION
DOT MAPFZD DISPLAY SKOKIE, ILLINOIS
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“ ¢ "% CIRCUTT DESCAIPTION FOR THE 410862 CPU CARD

1. INTRODUCTIOR -

The 32B CPU card (TPN 410862) directly replaces the BELLMAC 32A (TPN 404132)
nicroprocessor in the 5620 DMD. It includes the BELLMAC 32B (TPN 352132)
microprocessor, the associated clock chip (TPN 416558), and additional emulation
circuitry. This emulation circuitry provides wait-state insertion, synthesis of
an interrupt acknowledge signal (/IACK)* , and synthesis of byte write strobes.
The 32B CPU card emulates only that subset of the 32A functionality which is
implemented in the 5620 DMD.

2. MICROPROCESSOR AND CRYSTAL OSCILLATOR

Included on the 32B CPU card are the 32B microprocessor (ML4) and its associated
(10 MHz) crystal oscillator chip (ML1). 32B leads which are directly compatible
with the 32A are wired directly to the appropriate pins of the 32A footprint.
Those which are not directly compatible are wired via the emulation circuitry
comprised of ML3 and ML4. Unused 32B inputs are forced to the appropriate logic
levels. Unused outputs remain floating.

2.1 32B Architectural Characteristics

Some of the archi;ectural characteristics of the CPU are:

Sixteen 32-bit registers

Separate 32-bit address and data busses

Internal instruction queue and cache

Extensive pipelining

Wait-state generation accomodates slow peripherals

See TPN 352132 for more information .on the 32B.

* In this text, 32B signals which are low true are indicated by a “/’
preceeding the signal name. On the accompanying schematics, the same signals
are indicated low true by a solid line over the signal name. Recall that 32A
signal polarity is indicated by a "0’ or ‘1’ suffix. This nomenclature does
not apply to the 32B.

comvaw T.on . . - . - . PO
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2.2 Instruction Set

The 32B supports a powerful instruction set which 1includes the standard data
transfer, arithmetic and 1logical operations plus unique operations such as
modulo math, multiply etc. The large number of program control instructions and
operating system instructions make the 32B especially suitable for multi-
tasking, UNIX type environments.

The processor’s instructions are mnemonic based, assembly language statemen's.
Each instruction 1s one or two bytes and defines the ovperation to be performed
as well as the operand(s) type. Operands can be bytes, half-words (l6-bits),
words (32-bits), bit-fields within a word, or blocks and strings of data
locations.

2.3 CPU Reads and Writes

Peripheral read and write accesses are at least four cycles of the 10 MHz clock.
The CPU begins an access by driving address, data and status oato the
appropriate busses. Next, address strobe and data strobe are asserted. The
access 18 not terminated until the peripheral returns a ‘ready’ signal via
/DTACK or /SRDY. Thus, an access can be extended indefinitely to accomodate slow
peripherals.

2.4 Faults

Attempts to write to EPROM or ‘timeout’ are CPU recognized faults. They are
reported by an active fault input and terminate bus operations.

2.5 1/0 Interrupts

Interrupt requests are acknowledged in an interrupt acknowledge cycle which has
the same timing as a read cycle. The interrupt vector is forced onto bits O
through 7 of the CPU data bus.

2.6 Exceptional Conditions

In addition to interrupt requests and resets, several types of events may
interrupt the execution of a program. These events are ‘exceptions’ and their
occurence will cause transfer of program control to the appropriate exception
handling routine. When an exception 1s detected, current process context is
stored to allow the process to resume execution once the exception has been
handled.

2.7 Pin Assignmentcs

Refer to the 4862SD schematic diagram or TPN 352132 for pin assignments,
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2.8 Clock requirements

‘The two'ciock iﬂputs to the CPU are driven by oscillator MLl. The oscillator is

crystal controlled and provides two 10 MHz signals seperated by 90 degrees of
phase. .

3. WAIT-STATE IKSERTION

The 32B runs at a higher clock frequency than the 32A and requires 1less clock
periods to complete a read or write cycle. This significantly impacts system
timing., Prom timing analysis we see that the emulation hardware will be required
to introduce walt-states on peripheral accesses. This is necessary to guarantee
that the 32B does not terminate CPU cycles before accessed peripherals are
readye.

Two inputs to the 32B (/SRDY and /DTACK) are used to introduce wait-states The
CPU will not end a cycle before at least one of these inputs have been asserted.
/SRDY is a synchronous input and must not be asserted asynchronously (doing so
may cause the CPU to enter a metastable state). Consequently, wait-states are
generated using /DTACK exclusively.

The 328 CPU card uses a PAL (ML2) to assert /DTACK. The PAL contains three
flip-flops configured as a 3-bit synchronous counter. At the beginning of each
machine cycle, when address—strobe (/AS) is high, the counter 13 loaded with
zeros. JAS is subsequently asserted by the CPU, and the counter advances state
on each rising edge of CLK34. Thus, the count at any time reflects the aumber of
clock states elapsed in the current machine cycle. The PAL 18 programmed to
asgert /DTACK on condition that the required number of wait-states have elapsed
(as indicated by the counter) for the accessed peripheral. CPU address leads
ADDR20-ADDR22 are provided as PAL inputs and indicate which peripheral is being
accessed 1in each machine cycle., Consider for example an EPROM access, which
requires two wait-states. In this case, ADDR20-ADDR22 are all low. The PAL will
assert /DTACK when ADDR20-ADDR22 are low, and the counter indicates a count of 2
(two wait-gtates have elapsed).

From timing analysis the required number of wait-states for each type of access
wag determined. Note that display RAM and PIO accesses are different from all
other accesses in that they are completely asynchronous: The CPU issues a
request to access these peripherals at the beginning of a cycle. However, it is
not possible to predict how many wait- states will be necessary before the
peripherals are ready. In this case, the PAL allows WSEL (generated on the
motherboard) to drive /DTACK directly.

Note that the PAL logic equations for /DTACK include a hold term. This term
ensures that once /DTACK is asserted, it will be held true until the CPy ends
the curreat cycle (as indicated by negation of /aS).

*

Teletype Corporation —4=~ 4862CD
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4. SYNTHESIS OF /IACK

The 32B, unlike the 32A does not provide an explicit interrupt acknowledge.
Instead, 1t provides an interrupt acknowledge cycle status code on status lines
SAS0-SAS3. It is necessary to provide an interrupt acknowledge signal (/IACK)
when the corresponding code appears on the status lines.

A problem arises in the synthesis of /IACK due to the timing of status codes:
The status code for the current cycle remains valid only through state 3. After
the trailing edge of state 3, status codes reflect the next cycle status. As a
result, it 1s necessary to l)hold current cycle status through the end of the
current cycle, 2)ensure that status for a following cycle is not interpreted as
current cycle status. The PAL will assert /IACK only when the appropriate status
code is detected and the counter indicates zero elapsed clock states (i.e.
current status valid). A hold term is provided such that /IACK will be held
until the interrupt cycle is ended, as indicated by the negation of /AS.

5. SYNTHESIS OF BYTE STROBES

The 32A uses WSO00 thru WS30 to enable any subset of the four memory banks
corresponding to bytes O thru 3. Which of these signals are asserted depends on
the type of access: word, upper halfword, lower halfword or any of four bytes,
The 32B does not issue seperate enable strobes for each bank. Rather, it
provides DSIZEQ, DSIZEl, ADDRO and ADDRl. These output a code corresponding to
the type of access. A prom (ML3) is used to generate WSO0 thru WS30 from the
appropriate permutations of DSIZEO, DSIZEl, ADDRO, aFrDRl, /AS and R/W.
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LAST FOUR DIGITS OF PWA NO:

REVISION LEVEL IDENTIFIER

XXXX-XX
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i
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VERT: 10V/DIV
HORIZ: 5mS/DIV
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VERT: 10V/DIV
HORIZ: 5mS/DIV

VERT: 2V/DIV
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Cold Selder or open connections
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VERT: 0.5V/DIlV
HORIZ: 5mS/DIV

TTL VIDEO AMPLIFIER TEST POINTS LOCATION, FIGURE 4-4
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NOTES: UNLESS OTHERWISE SPECIFIED

TTL VIDEO AMPLIFIER PWA 1. FIXED RESISTOR VALUES ARE OHMS ,1/2W,5%
v 2. CAPACITOR VALUES ARE MICROFARADS.

3. Q201,Q0205,Q206 REQUIRE HEAT SINKS.

4. ARC GAP TO ALL CRT SOCKET PINS.
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T CIRCUIT DESCRIPTION FOR THE ‘ SECTION I - GENERAL DESCRIPTION
: 10967 KEYBOARD CIRCUIT CARD ASSEMBLIES
410896 AND 410967 1. BASIC PUNCTIONS
CONTENTS Sheet KNa.
TABLE OF 1.1 The 410896 and 410967 circuit card assemblies contain capacitive

SECTION I - GENERAL DESCRIPTION keyboard encoding logic and interfacing logic for the 56K224,
. 56K229 and 56K230 keyboards.

RESTE I

1. Basic Functions .ecceccccsccesscasns 2

1.2 The keyboard functions as a gserial device and obtains its
SECTION II - DETAILED DESCRIPTION power (+5V and -12V) from the assoclated coatroller.

S 1. Associated Documents .ccecescescvecse
2. Theory of 0Operationn .cceceescascasese
3- Powet REquitements ®ee s es0sscs00s00 0

1.3 The keyboard encoding and serial interface logic is
resident in the Teletype Corporation MOS f{ntegrated circuit, ML.

. ww

1.4 Aside from the ML MOS circuir, the card assembly contains
the following:

l.4.1 The serial receiver (MS IN) front end circuft consists of
resistor R5 and capacitor C6. This network {s a low pass filter
arrangement. Its function is to reduce noise susceptibility and
provide some protection from transients (such as electro-static
discharge).

EPE N R

1.4.2 The serial driver (MS OUT) front end circuit consists of
resistor R4 and capacitor C5. This network is a low pass filter

arrangement. Its function is to reduce noise susceptibility and pravide
some transient protection.
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1.4.3 Alarm output circuitry consistiang of R2 wvariable load
resistor (volume control) and Al sounder.

1.4.4 The C3 swamp capacitor adds a fixed capacitance to the
comparator Iinpul in ML and provides a reference with which to
view the key capacitance.

, 1.4.5 The R3 resistor and C4 capacitor comprise the external

| reset network for the ML circuit. On power-up, when the

i capacitor charges up to a nominal of 2V, the ML circuit logic
comes out of reset and beglas its initfalizatlion procedures.

1.4.6 The C7 capacitor provides a constant capacitor load to
simulate a depressed keyswitch and is scanned during self-tast.

. St idAR L
LRI 71 2R

1.4.7 Drive to sense line coupllnglcapacltots for sensing
keyswitch state are In the form of a matrix array of cilrcuit
+ : card split laads.
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7 SECTION II -~ DETAILED DESCRIPTION

1. ASSOCIATED DOCUMENTS -

4396 SD Schematic Drawing of the circuit card

410896 Circu’t Card Asseambly Drawing
410967 Circuit Card Assembly Drawing

2. THEORY OF OPERATION

2.1 Power-On Reset/Initialization:

. .The ML MOS8 circuit begins initislization on power-up after
it comes out of reset, Initialization resets all faternal
registers and sets all keys released. The controller can also
initialize the keyboard by sending the appropriate command in a
serial coatrol word.

2.2 Self-Test Sequence

The self-test mode can be entered in three ways. The
controller can send the command in a serifal control word; or the
keyboard operator can initiate self-test by depressing specific
keys on the keyboard; or on power-up after ML has initialized
itself. .

Self-test interrogates the presence of C7 capacitor in the
keyboard matrix location, and if present, the test is good. If
the test is done during power-up, the result affects the “Ready
bit in the status word to the controller. The tilde, ~s. in a signal
name indicates logical negation, i.e..thersignal is active low. The tilde
has thé same meaning as a bar drawn over the name. If the test result is
good thé “Ready bit is reset. If the self-test was initiafed by a command

(either from the controller or the keyboard%, a godd test rings the alarm for
approximately one second. Status is sent after fhe self-test.

2.3 Alarm Operation

The alarm clock (approx. 3kHz) 1{s generated within ML and
is derived by dividing the input clock. The normal alarm output
has a 4-level stepped decay amplitude and the full ring lasts
for about 750 ms. The "chirp™ alarm sounds for 16 cycles of the
alarm clock at maximum level. The chirp alarm is sovunded on all
key depressions if the keyboard is optioned by a command from the
controller.

2.4 Keyswitch Validation and Repeat Logic

Keyswitch validation {s accomplished when the sense
algorithm embodied in ML i{s satisfied for keyswitch depression
and release. The keyswitch logic in ML scans the states of all
the keys every 5.35 milliseconds. There are 10 drive lines (p1
through D10) and 13 scan lines (S1 through S13). The ML sends a
10V pulse on the salected drive line and senses the states of
the keys on the 13 scan lines. A key must exhibit the same
condition (whether depressed or released) for two consecutive
scans in order to validate the keyswitch state.

[RTA
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Teletype Corporation 4, . 4896CD
Circuit Description Issue 2

2.4 Xeyswitch Validation and Repeat Logic (Cont.)

The keyboard enters the repeat mode whea a single sendable
key 1s held down for one second or more. However, 1if a
self-test command 18 received in the meantime, the one gecond
timer services the self-test, siance it has priority over usage
of the timer.

2.5 Sending Logic and Interface

When the keyswitch has been validated as depressed, ML will
d:termine 1f the code is to be sent as character or {f it is to
modify the code of another keyswitch (e.g. 1f the keyswitch 1is
Caps. Lock, Shift or Control, which are mode changes). If it is

a‘éhar@gtef—ﬁode;iit-wiIl_be—sehf*as tbe'aphippriate'sefiql data
word to the controller: If it.-is'‘a mode change, it will be *
sent in the appropriate serial status word to the controller.

Control and shift key changes affect character code but do not
initiate a status word.

3. POWER REQUIREMENTS

The circult card requires +5V (+16X) at 105mA max. and =12V
(+10%) st 100mA.
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