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PREFACE

This manual contains only Theory of Operation (Section 2) and Maintenance (Section 3)
information, and schematics and logic drawings (Section 4). Refer to the Product
Description manual, no. 400082, for operation instructions, specifications, functional
description, interface information and installation instruetions,

This is a preliminary edition. Comments and suggestions on this manual and its use are
welcome, Please complete the pre-addressed eomment card bound in the back of this
manual. Your cooperations is appreciated.

Diablo Systems, Inc., reserves the right to make improvements to products without
incurring any obligation to incorporate such improvements in units previously sold,
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WARRANTY

The Diablo HyTerm Communications Terminal Model 1641 is warranted against defeects in
materials and workmanship for 90 days from the date of shipment. Any questions with
respect to the warranty should be directed to your Diablo sales represenative. AN
requests for repairs should be directed to the Diablo repair depot in your area. This will
assure you of the fastest possible service.
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Figure 1-1. Model 1660 Hy Term Communications Terminal
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Seetion 1
INTRODUCTION

1.1 GENERAL DESCRIPTION

The Diablo Model 1660 HyTerm Communications Terminal (see Figure 1-1) combines the
field-proven Series 2300 Matrix Printer with 1) an integral power supply, 2) additional
microprocessor control and Read-Only Memory/Random Access Memory (ROM/RAM), and
3) an Electronic Industries Association RS-232-C interface, to produce a fully-contained
data communications terminal that is similar in size and mobility to the ordinary wide-
carriage office typewriter. In the local mode of operation, the Model 1660 HyTerm will
serve as a desktop document writer for correspondence and other secretarial funetions.
When used as a data communications terminal, the Model 1660 HyTerm transmits and
receives asynchronous serial data over a communications link from a distant computer or
data terminal. In this remote mode of operation, the Model 1660 HyTerm may alsc be
used as a computer console or similar I/O device for data entry and data editing, In
addition, the Model 1660 HyTerm is ideally suited for computer applications where a hard-
copy printout is required on multi-copy forms.

The Model 1666 HyTerm utilizes a 9-wire print head and serial impact to construct
characters in a 7 x 9 dot matrix. The matrix printer is capable of printing characters at a
maximum speed of 200 characters per second {eps). The microprocessor control and
ROM/RAM memory facilitate such features as motion acecumulation, high speed horizontal
and vertical tabbing, automatic reverse line printing, and complete local and remote
control of all printer functions.

1.2 SCOPE

This manual provides information on theory of operation, maintenance, and module
replacement, It also includes data covering the electronic components used and
explanations of the logic symbology and drawing conventions used. It does not include
operating instructions, installation proecedures, or information on the functional operation
of the HyTerm; these are all contained in the Produet Deseription manual listed in the
related documents.

1.3 RELATED DOCUMENTS

(1} HYTERM COMMUNICATIONS TERMINAL MODEL 1660, PRODUCT DES-
CRIPTION. Diablo Systems, Ine. Publication No. 400082-01.

(2) SERIES 2300 MATRIX PRINTER PARTS CATALOG. Diablo Systems, Inc.
Publication No. 82414-01.

(3) INTERFACE BETWEEN DATA TERMINAL EQUIPMENT AND DATA COM-
MUNICATION EQUIPMENT EMPLOYING SERIAL BINARY DATA INTER-
CHANGE. EIA Standard RS5-232-C, August, 1969. Engineering Dept.,
Electronie Industries Assn., 201 Eye St. N.W., Washington, D.C. 20006.

(4) AMERICAN STANDARD CODE FOR INFORMATION INTERCHANGE, USAS

X3.4-1977. American National Standards Institute, 1430 Broadway, New York,
N.Y. 10018.
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(5)

(6)

(D

(8)

DATA SET 103A INTERFACE SPECIFICATION. February, 1967, Engineering
Director, Data Communications, American Telephone and Telegraph Co.

Publication 41101.

DATA SET 202C and 202D INTERFACE SPECIFICATION. May, 1964,
Engineering Director, Data Communications, Ameriean Telephone and Teleh
graph Co., Publication 41202.

Data Set 212A Interface Specification. October, 1976. Director, Data and
Special Services, American Telephone and Telegraph Co.

C.C.LLT.T. GREEN BOOK, VOL. VI, DATA TRANSMISSION, 1973. The
International Telephone and Telegraph Consultative Committee, International
Telecommunication Union, Geneva, Switzerland.
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Section 2
THEORY OF OCPERATION

2.1 INTRODUCTION (Figure 2-1)

The 1660 employs two separate, asynchronous, proeessing systems. One, called the
"printer microproecessoer,” is an integral part of all HyType printers. The other, called the
"terminal miecroprocessor,” provides the additional functions that transform & matrix
printer into a 1660 communications terminal.

The terminal mieroprocessor, located on the HPRO3 board, controls the overall terminal
functions of sending and receiving data over the EIA interface, receiving data from the
keyboard, and monitoring the control panel. It also communicates with the printer miero-
processor, contained on the PROCESSOR board. This second microprocessor system
initiates movement of the printer carriage and paper feed drive motor, and it monitors
feedback from the carriage position circuit to effect proper execution of these motion
commands, [t also issues hammer-fire instructions to the hammer driver board, it
provides printer status information to the terminal microprocessor, and it performs other
"housekeeping” funetions,

The XMEM board is not part of all 1660 terminals. It is used during engineering
development, in early production models, and for options when requirements exceed the
memory available on the HPRO3 board.

The MATRIX INTERFACE board is located logically between the two microprocessors. It
provides temporary storage for data and stetus information, and synchronizes the transier
of data from the terminal microprocessor to the printer microprocessor, and the transfer
of status information back. It also contains some control logic for the servo feedback
system.

The CARRIAGE SERVO board receives the carriage motion commands from the printer
microprocessor in digital form and converts these to analog signals represenatitive of the
distance and direetion to be moved. These servo "error" signals are passed on to the
carriage power amplifiers, which drive their respective servo motors. Feedback signals,
derived from the carriage rotary transducers, are amplified and passed on to the MATRIX
INTERFACE board. Here they are available to the printer microprocessor, which uses
them to regulate the error signals.

The HAMMER DRIVER boeard provides nine identical driver cireuits for driving each of the
nine print head hammers and a hammer protection cireuit.

The CARRIAGE POWER AMPLIFIER drives the carriage servo motor and the paper feed
step motor. It also monitors the input voltages and develops the POWER ON signal to
initiate the Restore operation,
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2.2 PROCESSOR (HPRO3) BOARD, PART NO. 23924-XX (Figure 2-2)

The HPRO3 board contains the terminal miceroprocessor system. This includes the 8080A
Mieroprocessing Unit (MPU), Memory, several Input/Output (I/O) ports, the Universal
Synchronous/Asynchronous Receiver/Transmitter (USART) and its associated RS-232
interface ecomponents, and all control electronics.

NOTE
Throughout this manual, two terms will be used extensively:
terminal mieroprocessor refers mainly to the entire HPRO3

circuit board, whereas MPU refers to the 8080DA integrated
circuit,

2.2.1 General Operation

The terminal microprocessor is actually a miniature computer. It receives its instruetions
from Read Only Memory (ROM), either locally or located on the XMEM board. These
instructions are arranged to form a "microprogram." As it executes this microprogram,
the MPU receives data from the various input ports and stores it in memory, or reads data
out of memory and sends it to the various output ports. Between input and output
instructions, the MPU may perform other operations on the data, make logical decisions
concerning the data, or "jump" to a different portion of its program,

2.2.1.1 Input/Output

Data can enter or leave the HPRO3 board via any of four channels, First, in the case of
the keyboard, data enters the board over the "keyboard data bus" and is held in Port 2
until the MPU is ready for it. Then the MPU "reads" the data from Port 2, and the data is
transferred to the MPU over the bidirectional data bus.

Second, data may enter (or leave) over the EIA interface, and be held temporarily in the
USART (Port 0). The data is transferred between the MPU and the USART over the
bidirectional data bus.

Third, data may enter or leave the board over the 8-bit bidirectional data bus through the
J2 connector {normally used for the control panel). In this case, an "I/O port" or its
equivalent must be located on another board cable-connected to the HPRO3 board via J2.
This port is addressed as Port 3.

Fourth, data may enter or leave the board over the 8-bit bidirectional data bus through
the mother board connector (P1}), Again, an 1/0 port of some type must be located on
another circuit board plugged into the printer mother board. The port must be addressed
as Port 4, 5, or 6.

In this fourth case, the data transfer can be either between the MPU and the external
port, or it can be directly between the memory and the external port, bypassing the MPU,
If direet memory access is used, the external port or device must provide the necessary
signals to delay, or "hold,"” the MPU while the data transfer is taking place.

Note that the MPU can alsc address Port 1 for either input or output. This port, however,
is contained fully on the HPRO3 board, and does not transfer data onto or off the board.
It is used for local control of the baud rate and interrupt enable/disable, and to monitor
interrupt status.



When the XMEM board is supplied, it is addressed in the same manner as HPRO3 internal
memory via address lines on the mother board. Data is also transferred via the mother
board.

2.2.1.2 Interrupts

The normal microprogram instruction sequence can be interrupted when necessary to
enable the transfer of data to or from an I/Q device, or for other purposes. Generally,
when an interrupt occurs, the MPU completes the instruetion it is presently performing,
and then jumps to its interrupt servieing routine, which begins at memory location 005610.
This routine first determines what type of interrupt is occurring, and then performs

the steps necessary to service the interrupt. If two or more interrupts occur
simultaneously, the interrupt service routine in the microprogram determines which will
be serviced first.

There are five types of interrupts, all of which can be individually enabled or disabled by
the mieroprogram. The first four types can be independently enabled or disabled on the
HPRO3 board, whereas the last type {(external) must be disabled on the circuit board on
which it is initiated (some external circuit board). The five types of interrupts are as
follows:

{1} USART receive: the USART has received a character from the data link
and is waiting to transfer it to the MPU,

(2) USART send: the USART has shifted a character cut to the data link
and is ready to accept a new character from the MPU
for transmission,

(3) Keyboard: a data character has been received from the keyboard
(or parallel data interface) accompanied by a strobe,
and is waiting to be read by the MPU.

(4) Real-Time Clock: the Real-Time Clock has timed out, denoting that 10 ms
has elapsed since it was activated.

(5) External: an interrupt can be generated by logic on a different
circuit board and applied to the HPRO3 board via the
-XINTR input.

2.2.1.3 Memory

Either random-access memory (RAM), read-only memory (ROM), or erasable read-only
memory (EROM) ICs (or all three) may be used. Maximum capacity of the HPRO3 board is
4K bytes of ROM, 1K of EROM, and 512 bytes of RAM, Additional memory on the XMEM
board can be utilized by placing the necessary address on the memory address bus; data is
transferred over the bidirectional data bus,

2.2.1.4 Real-Time Clock

A 10-ms one-shot is used as a real-time clock, to allow the MPU to pole various 1/0O ports
(eg, the control panel) at regular intervals,



2,2,1.5 Special Voltage Supplies
The HPRO3 board also contains local voltage regulators to convert the %15V from the

main power supply to * 12V and -5V needed by the EJA interface, some of the memory ICs,
the MPU, and some external circuits and devices.

2.2.2 8080A Mieroprocessing Unit (MPU)

The 8080A is an 8-bit microprocessor contained in a single 40-pin integrated cireuit (IC)
package. It has an 8-bit wide bidirectional data bus used for both input and output. It has
a 16-bit address bus, eapable of addressing up to 65,536 memory locations. The MPU's
instructions are located in memory, from where they are fetched and executed
sequentially. There are over 100 separate instructions possible, although many are
similar, the difference being only in the various MPU internal registers specified.

2.2.2.1 Architecture

To understand the operation of the terminal mieroprocessor, it is only necessary to know
that the MPU contains an instruction register, a program counter, a memory address
register, a stack pointer, and other registers and logic elements, The instruetion register
contains the 8-bit instruction op code. The program counter contains the 16-bit memory
address of the next instruction to be feteched. The memory address register is made up of
two 8-bit registers, referred to as the H and L register pair. It is used to address memory
for memory read and memory write instruections. Other internal MPU registers can also
be used to address memory. The stack pointer is generally used to “remember” the
address of the next sequential main program instruction while an interrupt subroutine is
being executed. Still other elements internal to the MPU perform the arithmetic and
logic operations and control the input and output over the data bus.

This is admittedly a very brief description of the MPU architecture, but this background
should be sufficient to allow understanding of the material to follow. Further information
on the MPU can be found in the integrated circuit information presented in the
Schematics/ Reference section of this manual.

2.2.2.2 Timing

Timing is controlied by two 12V (nominal) non-overlapping clocks, ¢1 and 32. These clocks
are provided at a frequency of 2 MHz by a Clock Generator IC,

2.2.2.3 Basic Processor Operation

MPU operation is divided into time periods called "eyeles™ and "states." There are two
types of cyeles: instruction cyeles and machine cycles. The material that follows is
summarized in the timing chart in Figure 2-3.
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Figure 2-3. Typical Instruction Cycle (Output Instruction)
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2.2.2.3.1 Instruction Cycle., An instruction cyecle includes both the fetehing of the
instruction from memory and the execution of the instruction. Each instruetion may
contain one, two, or three 8-bit bytes. Multiple byte instructions must be stored in
successive memory locations, Figure 2-4 illustrates the three instruction formats. The
actual bit configuration of the op code is not important to the understanding of the
terminal processor operation,

One Byte Instructions

D7 D6 D5 D4 D3 D2 D1 DO OP CODE

Two Byte Instructions

D7 D6 D5 D4 D3 D2 D1 DG OP CODE
DATA or
D7 D6 D5 D4 D3 D2 D1 Do ADDRESS
Three Byte Instructions
D7 D6 D5 D4 D3 D2 D1 DO OP CODE
D7 Deé D5 D4 D3 D2 D1 DO DATA or
D7 D6 D5 D4 D3 D2 D1 D0 ADDRESS

Figure 2-4, MPU Instruction Format

2.2.2.3.2 Machine Cycle. A machine cycle is required each time an I/O array or the
memory is accessed. Each instruction eyele can contain from one to five machine eyeles.
There are ten different types of machine cyeles possible, as follows:

(1) Instruction Fetch
(2) Memory Read
(3) Memory Write
(4) Stack Read
(5) Stack Write
(6) Input
(7} Output
(8) Interrupt Acknowledge
(3) Halt Acknowledge
(10} Interrupt Acknowledge While in Halt

2.2.2.3.3 States. A state is defined as the time interval (500 ns) from leading edge to
leading edge of the ¢1 clock. There are 6 possible states, numbered T1 through T5 and TW
(representing "wait™). All machine cyeles include T1, T2, and T3. When the jumper wire is
installed between pins 24 (WAIT) and 23 (RDY) of the 8080A, TW follows T2. This is to
slow down the MPU so that slower memory ICs may be used. T4 and TS5 are omitted
during execution of instructions not requiring them.
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2.2.2.3.3.1 T1. During state T1 either a memory address or an I/O port number is placed
onto the memory address bus. Also, the MPU places eight bits of status information on
the data bus which identify the type of machine cyecle being performed. Following the
rising edge of 32 the SYNC signal is produced by the MPU, which identifies the beginning
of a machine cycle. See Figure 2-3.

2.2.2,3.3.2 T2. During state 2 the MPU monitors its RDY input. If it is high, the MPU
goes on to state 3; if it is low, the MPU goes on to the Wait state.

During machine cycles that bring data into the MPU (Instruction Feteh, Memory Read,
Stack Read, Input, and Interrupt Acknowledge), the Data Bus In signal, DBIN, is developed
at ¢2 during T2. DBIN remains high through TW and into T3. This signal develops ~READ
and -MEMR at the proper time to provide the input data needed by the MPU. (This is
covered more fully in 2.2,4.)

2.2.2.3.3.3 TwW. The wait state provides the MPU delay required for proper memory
access. No internal processing occurs during this state. The MPU monitors its RDY input,
and if it is low, it remains in the Wait state; if it is high, the MPU goes on to state 3. If
the RDY input is connected to the WAIT output, the MPU goes on to T3 after one state
time (500 ns) in TW.

During machine eyeles in which the MPU outputs data (Memory Write, Stack Write,
Output), it develops the WR (Write) signal during TW or T3 and holds it low until after the
end of T3. This signal is used by other logic on the HPRO3 board or another board to
strobe the output data to memory or to the selected output port,

2.2.2.3.3.4 T3. During state T3 the data or instruction byte is actually transferred
between the MPU and memory or an 1/0 port. The source and destination of the byte is
determined by the type of machine eycle being performed. For example, during an
instruction feteh eycle, the source of the data (instruction byte) is the memory location
addressed during state 1; the destination is the MPU. During an Output machine cyele,
the source is the MPU and the destination is the I/O port selected (addressed) in state 1.

2.2.2.3.3.5 T4 and T5. These two states are used only when required for manipulation of
data within the MPU.

2.2.2.34 Hold. When the +HOLD signal goes high, it causes the MPU to stop operation
at the end of the instruetion currently being executed. This is used during direet memory
access; when DMA is not used, the +HOLD line is held low by a jumper wire to GND.

2.2.3 Clock Generator (8224)

The clock generator is contained in a single integrated circuit that provides several
functions. First, it provides the two non-overlapping 12V signals, #1 and 92, required by
the MPU., The frequency of these signals (2 MHz) is controlled by an external quartz
crystal. A TTL equivalent of the 92 signal, +T®2, is also developed for use in timing other
functions.

Second, the 8224 converts the MPU's SYNC signal into the Status Strobe signal, STSTB.
This signal is used to load the status information, put out by the MPU at the beginning of
each machine eyele, into the Bus Driver/System Controller IC. This is eovered more fully
in 2.2.4,



Third, at power-on, the clock generator IC develops +CLR, which is used to reset and
initialize the entire HPRO3 board.

The 8224 has other capabilities not utilized by the terminal mieroprocessor.

2.2.4 Bus Driver/System Controller (8228)

This module is another single IC that performs three basic functions: bidirectional bus
eontrol, system logic control, and initiel interrupt request processing.
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Figure 2-5. MPU Status and Resultant Control Signals
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2.2.4.1 Bus Control

The 8228 provides a buffer between the MPU and the memory and I/0 ports. Controlling
the two 8-bit data buses on the HPRO3 board involves not only switching the data on and
off in the proper direction at the right time, but also in providing the required voltage and
current levels. Since the MPU is an MOS device, it requires a voltage of at least +3.3
volts for a "ogie 1" or "true" indication on its data inputs. The 8228 provides a minimum
of +3.6 volts on the 8080 Data Bus, which is substantially higher than ean be guaranteed by
standard TTL devices. For output data, the MPU can provide only 1.9 mA of current
drive. With many I/0 ports and the memory connected to the bidirectional data bus, this
value could easily be exceeded, so the 8228 is used to provide over 10 mA to satisfy this
requirement. The buses can be "turned off" (forced into the high-impedance state} when
direct memory access is used. See 2.2.4.4. The direction of data flow on the buses is
controlled internally by the same signals that furnish the system control function
performed by this IC.

2.2.4.2 System Logie Control

At the beginning of each machine eycle, the MPU issues "status" information on the 8080
data bus that indicates the type of cycle about to be performed. At the same time, the
clock generator module develops STSTB, which loads this status information into a status
lateh inside the 8228, This status latch output is decoded, along with DBIN, WR, and
HLDA (Hold Acknowiedge) from the MPU, into the system control signals MEMR
(Memory Read), MEMW (Memory Write), READ (I/O READ), and WRITE (I/O WRITE).
{These decoded signals also provide the internal control of the bus driver.) Note that
these signals are not levels, but that they are gated by DBIN or WR from the MPU at the
proper time. The status information provided by the MPU, and the system control signals
developed for each of the ten types of machine eycles are shown in Figure 2-5.

2.2.4.3 Interrupt Handling

The 8228 is capable of handling interrupts in either of two different ways. Only one of
these methods is used in this terminal, in which the Interrupt Acknowledge pin (23) is
connected to +12V through & resistor. Connected this way, when the MPU is interrupted
{by an input from the keyboard or USART, for example), it performs an INTERRUPT
ACKNOWLEDGE machine cycle, and the 8228 automatically forces an RST 7 (Restart 7)
instruetion into the MPU. This instruction causes the MPU to fetch its next instruction
from memory location 5610, which begins the routine needed to service the interrupt.

2.2.4.4 Direct Memory Access

The BUS ENable input {pin 22) must be low for normal operation. When direct memory
access is used, the DMA circuitry on another board drives this signal high, forcing all 8228
outputs into their high-impedance state. This allows the bidirectional data bus and the
MEMR and MEMW signals to be controlled by the DMA logie. If the DMA feature is not
used, ~-BUS EN is held low by a jumper wire to GND,
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2.2.5 Memory

Maximum memory capacity of the HPRO3 board is 4K ROM, 512 bytes of RAM, and 1K of
EROM. ROM memory consists or one or two 2K x 8-bit mask-programmed ROM ICs
containing the terminal microprogram. RAM memory consists of two 256 x 4-bit ICs for
each 256 bytes. The EROM portion can be either a 512 x 8-bit or 1K x 8-bit EROM IC,
The EROM would normally contain keyboard position encoding data or similar data for
terminals built in small quantities--too small to justify masked-ROM changes. When the
XMEM board is supplied, the terminal microprogram can be stored there. See paragraph
2.3.

2.2.5.1 Addressing

The memory map in Figure 2-6 shows the relationship of the various memory elements to
their addresses.

The memory ICs on the HPRO3 board are addressed by the lower-order bits of the memory
address bus. The higher-order bits A9, A10, All, A14, and Al15 are used to select, through
a decoder, whether RAM, ROM, or EROM will be addressed. In the case of RAM, the
state of the A8 line determines which pair of ICs will be addressed. For ROM, the All
line selects which of the two possible ICs will be used, (Note that A1l goes to both ROM
ICs; the internal programming of the ICs is such that one of the ICs will be activated when
Al1l is low and the other when A11 is high.)

Since the memory address bus is available on the HPRO3 board outputs, external memory
can assume any memory address, so the terminal designer must assure that only one
memory location exists for each address. For example, during program development, the
microprogram can be contained in external memory beginning at location 0000. In this
case, the HPRO3 board cannot have ROMs installed. After the microprogram is
perfected, it can be "burned" into masked ROMs, which can be installed on the HPRO3
board, and the external memory board can be eliminated.

The memory address bus being available on the HPRO3 board's plug also enables the entire
memory to be addressed from and external source, as is the case when the DMA function
is utilized.

2.2.5.2 Reading

All memory ICs are three-state devices. This means that the outputs remain in the high-
impedance, or "off" state, at all times when the IC is not selected. (This allows the
memory address bus to be used for addressing 1/O deviees; the address lines can assume
any configuration, but there will be no input to or output from memory without the proper
system control signals.) The MEMR signal is connected to the "output disable" input of
the RAMs (pin 9). This maintains the RAM outputs in their high-impedance state at all
times other than during a memory read. MEMR is also one of the inputs to the memory
type decoder. This allows ROM and EROM to be selected only during a read operation.
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Figure 2-6. Memory Map
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2.2.5.3 Writing

When memory write is performed, the RAM ocutput remains disabled (MEMR is high), and
MEMW being low allows information on the bidirectional data bus to be written into the
addressed RAM location. Note that each pair of RAMs operates in parallel, one IC
servicing the low-order four bits of the bidirectional bus, and the other taking care of the
high-order four bits.

2.2.5.4 Timing

Typical idealized timing waveforms are shown in Figure 2-7. Specific timing requirements
for each of the memory IC types can be found in the IC information in the sechematie/ref-
erence section. In all cases, the timing shown in Figure 2-7 is within the timing
constraints of the individual ICs.

+A0-A15 ———_M
{ADDRESS) |- — — —
+0DBIN / \ 1l
A. READ
-MEM R
DATA
AVAILABLE W
—» §500ns |[-=-—
+A0-A1S F
{ADDRESS)
DATA OUT B WRITE
—WR
-MEM W

Figure 2-7. Memory Timing

2-13



2.2.5.5 Direct Memory Access
When the DMA function is utilized, it conforms to the following general sequence:

(1) DMA circuitry on another board raises the +HOLD line to the MPU,

(2) The MPU finishes the instruction it is presently performing, and then raises
its HLDA (Hold Acknowledge) line. It then suspends operations, and holds all
data and address lines in their high-impedanece state.

(3) The DMA circuitry receives the hold acknowledgement and drives -BUSEN
low. This forces the 8228 to place all of its outputs, both data and control
signals, into their high-impedance state.

(4) The external DMA circuitry then places the desired address on the memory
address bus, and drives either -MEMR or ~-MEMW low. The data is then
transferred over the bidirectional data bus.

(5) When the DMA circuitry is finished, it raises ~-BUSEN and lowers +HOLD, and
the MPU resumes processing at its next sequential instruction.

2.2.6 Input/Output

The terminal microprocessor can address up to eight I/O ports. These ports, or "devices,"
such as keyboard, eontrol panel, ete., are addressed over the Memory Address Bus, and
data is transferred to and from the MPU over the bidirectional data bus. An I/O channel
or device is first addressed by the MPU, which then develops the ~-READ or -WRITE signal
to transfer the data. On output, for example, the MPU first addresses a particular output
device, then places the output data on the bidirectional data bus, and finally develops
-WRITE. Although the data is available to all "devices" on the bus, only the one that had
been addressed can accept the data. Input is similar: only the addressed device places
data onto the bus. All other devices are "observers."”

The five low-order bits of the memory address bus are used for I/O device selection., Bits
2, 3, and 4 are applied to a decoder, the outputs of which (-PORT § through -PORT 6) are
used to select one of the seven possible ports. Each port can comprise up to four 8-bit
bytes, and bits 0 and 1 are used to select one of the four bytes.

Three of the seven possible I/O ports are located on the HPRO3 board., The rest of the
ports may or may not be used in a particular terminal or printer. The possible ports and
their typical functions are as shown in Table 2-1.

2.2.6.1 USART (Port 0)

The type 8251 USART (Universal Synchronous/Asynchronous Receiver/Transmitter) IC
accepts an 8-bit byte of data from the MPU in parallel format and converts it to a serial
stream of data for transmission over the communications link. Similarly, it receives data
characters from the link in serial format and converts them into parallel data bytes for
the MPU. During transmission, the USART adds start, stop, and parity bits. During
reception, it strips these bits and also checks parity, if desired. It also checks for data
framing errors and overrun errors, and ean monitor modem status. It has other
capabilities that are not generally used {(synchronous transmit/receive, character lengths
down to 5 bits, ete.).
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Table 2-1, 1/0 Ports

Port

No. Function
0 USART
1 Baud Rate, Interrupt

Enable/Disable & Status

2 Keyboard
3 Control Panel
4 DMA

2.2.6.1.1 Addressing. The C8 (Chip Select) input is driven low whenever the MPU
addresses Port 0. No information ean be transferred between the USART and the MPU
until the USART is selected.

The USART also has a C/D input, which is connected to the +ADDR B line of the Memory
Address Bus. When this line is high, control information is transferred; when it is low,
data is transferred. The USART does not utilize the +ADDR 1 line.

2.2.6.1.2 Timing. Refer to the baud rate counter discussion in 2.2.6.2.1.2.

2.2.6.1.3 Information Transfer. Two inputs, RD and WR, determine the direction of
information transfer. When RD is low, the USART places data or status information
{determined by the C/D input} on the bidirectional data bus for input to the MPU., When
WR is low, data or control information from the MPU is taken off the data bus and loaded
into the USART. The RD and WR inputs are controlled by -READ and -WRITE,
respectively, from the 8228 bus driver/system controller.

Note that all information transfer between the MPU and the USART is over the
bidirectional data bus, through a bidirectional, 3-state buffer within the USART,
Information transfer between the USART and the data link is over individual lines for Send
Data, Receive Data, and each of the modem status and control lines, through a voltage
level converter, to (or from) the modem. (Refer to the integrated circuit data in the
Schematies/Reference section for information on the level converter ICs.)

2.2.6.1.3.1 Read Data, When the USART receives a character from the data link, it
raises its RXRDY (Receiver Ready} line, which goes to the interrupt logic. If USART
interrupts are enabled, +INTR is developed and sent to the MPU., In servicing this
interrupt, the MPU performs a sequence of instructions, one or which is an input from
Port 0. With CS low, RD low, and C/D low, the USART puts an 8-bit byte of data onto
the bidirectional date bus, from where it is accepted by the MPU. The USART, having
presented the data byte to the bus, resets its RXRDY line, until the next character is
received and the entire sequence repeats,

As the data is received from the data link, the USART strips off the start and stop bits,
cheeks the parity bit (if parity checking is enabled--see 2.2.6.1.3.4), and checks for
framing errors (lack of a stop bit at the proper time). If an error is detected, a bit is set
in the internal Status Register. The USART also checks to see that the previous charaeter
has been accepted by the MPU—if RXRDY is still high (has not been reset by the MPU
having read the previous character), the overrun status bit is set.
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2.2.6.1.3.2 Write Data. When the MPU wishes to send data to the USART, it addresses
Port 0, places the data character on the bidirectional data bus, and develops -WRITE,
This eombination (C8, WR, and C/D all low) loads the character into the USART, which
then adds the start, stop, and parity bits, and immediately begins to shift the character
out, one bit at a time through the level converter IC to the data link.

There are two status bits pertaining to data transmission: TXE (Transmitter Empty) and
TXRDY (Transmitter Ready). Both of these become reset when a character is loaded into
the USART from the MPU. If a relatively long time has passed since the previous
character was loaded, TXRDY sets again almost immediately. This allows a second
character to be loaded, even though the first has not been fully shifted out. TXRDY again
resets as the second character is loaded, but this time it remains reset until the first
character is completely shifted out. Then it sets again, allowing another character to be
loaded. When all data characters have been fully transmitted, TXE again sets.

2.2.6,1.3.3 Read Status. When the MPU wishes to know the status of the USART, it
performs an input from Port 0 with +ADDR P high. This cccurs after any interrupt, since
the MPU needs to know if it is the USART that is interrupting, and before every data
output to the USART, because the MPU must check to see that the USART is able to
accept the data character.

When Port 0 is addressed, the -PORT § signal enables the USART by driving its CS input
low, and +tADDR § drives the USART's C/D input high, which directs the USART to
transfer control/status information. -READ again directs the USART to output
information onto the bidirectional data bus, but because the C/D input is high, the USART
outputs status information instead of data.

2.2.6.1.3.4 Write Control. A control write is used to program the USART for parity
checking, byte length, number of stop bits, ete. When the MPU outputs control
information for the USART, it addresses Port 0 while holding +ADDR B high. However,
complete control of the USART requires more than 8 bits of information. The USART is
designed to accept two different control bytes, a "Command” byte and a "Mode" byte. It
accepts the Mode byte only as the first control instruction following a reset, All
subsequent "control writes" are accepted as Command bytes. Each of the individual bits
in the Command and Mode bytes is defined in the IC data for the 8251 in the
Schematics/Reference section of this manual.

2.2.6.2 I/0 Port IC (8255)

The other two I/0 ports on the HPRO3 board, Ports 1 and 2, utilize an 8255 Programmable
Interface IC. This type of IC may also be used for ports located on the other circuit
boards. This is a 40-pin IC having eight pins connected to the bidirectional data bus and
three more sets of eight pins each that can interface to various "peripheral™ devices. The
balance of the pins are used for power supply connections and control signals.
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The 8255 contains three 8-bit registers called A, B, and C, each of which can be used for
either input or output. The C register can even be split into two 4-bit registers, each
individually programmable for input or output, or for control and status signals.

There are three possible modes of operation, selected by a control word issued by the
MPU. This control word is a part of the firmware microprogram stored in ROM, so if can
be different for each 8255, and it can even change at different points in the execution of
the program. {This control word can also be used to alter individual bits in Register C,
while leaving the other seven bits unchanged.) The three possible modes are as follows:

Mode 0:

Mode 1:

Mode 2:

Simple input or output for each register
Two 8-bit and two 4-bit registers
Outputs are latched

Inputs are not latched

Strobed input or output for Registers A and B
Register C used as control/status for the other two registers
Inputs and outputs all latched

Strobed bidirectional bus (not used in HPRO3)

Each 8255 IC has the following connections to the terminal mieroprocessor:

Dp -D7:

CS:

AQ&AL:

RD:

WR:

Further details
section.

The bidirectional data bus, over which all data transfer occurs between
the MPU and the 8255.

Chip Select Input. One of the decoded "port™ signals is used to select
only one 8255 at a time. Only -PORT 1 and -PORT 2 select 8255s on

the HPRO3 board. The other port signals may seleet 8255s on other
cireuit boards.

ADDRESS # and ADDRESS 1 Inputs. The two low-order lines of the
Memory Address Bus (ADDR # and ADDR 1) are used to select which of
the three registers is to be used, or to specify that a control word is
being sent out by the MPU.

ADDR 1 ADDR B
(A1) (AP)
0 0 Register A
0 1 Register B
1 0 Register C
1 1 Control Word

Read Input. When low, specifies a read (into the MPU) is
oceurring. This is considered "input."

Write Input. When low, specifies a write (from the MPU) is
occurring. This is eonsidered "output.”

of the 8255 IC's operation can be found in the Schematics/Reference
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2.2.6.2.1 Port 1. Port 1 is enabled by the -PORT 1 signal. It is generally operated in
Mode 0. The control word from the MPU programs the port for input through Register A
and output through Registers B and C.

2.2.6.2.1.1 Status Inputs. The six bits of Register A that are used provide status to the
MPU of the following:

Bit 2 EIA option 3

Bit 3 EIA option 2

Bit 4 Carrier Detect

Bit 5 Clear to Stand

Bit 6 Keyboard Interrupt

Bit 7 Real-Time Cloek Interrupt
2.2.6.2,1.2 Baud Rate Counter. This counter produces a square wave at 1, 16, or 64

times the baud rate frequency. The USART clock frequency requirements vary according
to the USART programming (the "mode" instruction) and the desired baud rate. The mode
instruction determines whether this clock must be 1, 16, or 64 times the baud rate. (64 is
generally used for baud rates below 1200.) A factor is loaded into Register B of the 8255
by the MPU, and the counter, driven by T%2, is counted up until it overflows. When this
happens, the same factor is reloaded and the counting resumes. The overflow also toggles
a D-type flip-flop, which further divides the count by 2 and makes the output
symmetrical.

The USART eclock can also be supplied by an external source via board pin 4, when the
correct jumper wire is installed. Furthermore, during synchronous data transmission/re-
ception, the USART's receive clock is provided by the modem. In this case, & jumper on
the HPRO3 board must be changed to separate the transmit and receive clocks.

2.2.6.2.1.3 Interrupt Enable/Disable. Each of the four types of interrupts that can be
generated on the HPRO3 board can be individually enabled or disabled. A "1" loaded into
the C Register enables, while a "0" disables, as follows:

Bit 4 USART receive
Bit 5 USART send

Bit § Keyboard

Bit 7 Real-Time Cloek

2.2.6.2.2 Port 2, Port 2 is selected by the -PORT 2 signal, and is generally operated in
Mode 1. The control word from the MPU programs the port for input through Registers A
and B. The Register C bits are used mostly for control/status in Mode 1, but two bits,
PCé6 and PC7, are still available for 1/0, and in this port they are used for output.
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2.2.6.2.2.1 Keyboard (Parallel) Input. This data, in the form of 8-bit parallel bytes on
the -DATA$ through -DATAT lines, is continually applied to the Register A inputs. As
long as the Register A strobe input, which is PC4 {pin 13) in the Mode 1 configuration, is
low, this data is loaded into Register A. ~KYSTB is normally high, so after it drops low
and then goes high again, the KEYBOARD INTERRUPT flip-flop sets on the trailing
(positive going) edge. As soon as this flop—flop sets, it latehes the data into Register Aj at
this point the eight parallel inputs may be removed or changed without altering the data in
the register. ' '

When the KEYBOARD INTERRUPT flip-flop sets, it also presents an interrupt to the MPU
(provided keyboard interrupts have been previously enabled). When the MPU recognizes
the interrupt, part of its interrupt service routine is an instruction to read from Register
A, to input the data to the MPU. Following this, it also performs a pair of "bit set/reset"
instructions: the first to put a "low" on PC6 to clear the KEYBOARD INTERRUPT flip-
flop; the second to put a "high" back on PC6 to enable the flip-flop to be set again by the
next -KYSTB. The MPU also reads the function key status from Register B as part of this
interrupt service routine.

Note that +BUSY is driven high when the KEYBOARD INTERRUPT f{lip-flop sets, and
remains high until after the flip-flop is cleared and reenabled. This signal ean be used by
an 8-bit parallel input device as a ready/not ready indicator; when +BUSY is high, it
indicates that -KYSTB signals will not be accepted. The 8-bit parallel input deviee should
present -KYSTB only when +BUSY is low.

2.2.6.2.2.2 Function Key Status. The keyboard function key signals, as well as the status
of the three options, are continually applied to Register B. In Mode 1, the Register B
strobe is received on PC2 (pin 16). The +SYNC signal from the MPU thus latches the
status of the function keys and jumper options into Register B.

These signals do not produce an interrupt. Instead, their status is read from Regi;ster B by
the MPU each time it services an interrupt caused by -KYSTB.

2.2.6.2.2.3 Real-Time Clock One-Shot. The Real-Time Clock one-shot is controlled by
the individual bit set/reset feature of the 8255. Bit 7 in the C Register (PC7, pin 10) is
controlled by the MPU: when it goes high, the one-shot fires; when it goes low, the one-

shot is enabled to fire again. PCT7, when high, must first go low, then return to high to
start the 10 ms timer,

2.2.6.3 Off-Board 1/O

Input from or output to logic circuits external to the HPRO3 boerd can be accomplished in
either of two ways: programmed I/O or direct memory access. Programmed I/O can
oceur either through the mother board connector (P1) or the control panel connector (J2).
DMA transfer can occur only through the mother board.
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2.2.6.3.1  Programmed I/Q. This is accomplished in the same manner used for onboard
1/0. An 1/O port, #3 through #6, is addressed, and -READ or -WRITE is developed. If
necessary, TADDR § and +ADDR 1 may be used to further define the address (as when an
8255 IC is used), All data is transferred between the MPU and the off-board port over the
bidireectional data bus.

Port 3 must be accessed through the control panel connector. (-READ and -WRITE are
passed through the drivers, and become -RD and -WR.} Ports 4,5, and 6 must be accessed
through the mother board. Port 4 is generally reserved for DMA, and Ports 5 and 6 are
generally used for the printer. '

2.2.6.3.2  Direct Memory Access. Data can be transferred directly between memory
and an external device following the procedure outlined in 2.2.5.5. In this case, data is
transferred directly between memory and the external device over the bidirectional data
bus; the MPU stops in a "Hold" condition while the transfer takes place.

2.2.7 Miscellaneous Circuitry

2.2.7.1 3-Terminal Voltage Regulators

There are three 3-terminal voltage regulator ICs, shown on sheet 1 of the HPRO3 logic
drawing, that provide the source of -5V, ~12V, and +12V. These voltages are derived from
the +15V provided by the power supply, which also provides +5V.

2.2.7.2 Level Converters

The input and output voltage level converters provide the interface between the TTL
inputs and outputs of the USART and the 12V (nominal) requirements of RS-232-C.

2.2.7.3 Options

There are four options on the HPRO3 board that provide variations in operation. These
are covered in detail in the Produet Description.

2.3 XMEM (EXTRA MEMORY) BOARD, PART NO, 23926-XX.

When the 4K bytes of ROM, 1K of EROM, and 512 bytes of RAM on the HPRO board are
adequate for the programming application, the XMEM board is not supplied. When
additional memory is required, the XMEM board is installed in slot F, directly behind the
HPRO board; no connections other than plugging into the mother board are required. The
XMEM1 board can contain up to 1.5K bytes of RAM, 4K of ROM, 8K of EROM, or &
combination of memory types,
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2.3.1 Applications

During program development, programs are stored on EROMs so they can be debugged,
erased, and rewritten. When the program has been tested and validated, it is burned into
the masked ROMs, which are installed on the HPRO board.

EROMs on the XMEM board are used to store development programs. Because of the time
involved in manufacturing masked ROMs, early production terminals are often shipped
with programs on EROMs on the XMEM board instead of on masked ROMs on the HPRO
board. Also, when a program is larger than 4K bytes, additional memory chips, either
ROMs or EROMs, are installed on the XMEM board to store part of the program. ROMs
and EROMs on the XMEM board are addressed in the same manner as ROMs and EROMs
located on the HPRO board. For applications requiring more than 512 bytes of working
read/write memory, up to 1.5K bytes of RAM can be installed on the XMEM board.

2.3.2 Basiec XMEM Board

The basic XMEM board (dwg. no. 23926-XX) eontains an address buffer, address decoders,
and voltage regulators. IC memory chips of the required type and number are added to
suit a specific applieation.

2.3.3 XMEM Configurations

The XMEM can have the following numbers of memory chips installed:

12 Type 2111A-4, 256 x 4-bit RAMs
2 Type 8316 A, 2K x 8bit masked ROMs
8 Type 8708, 1K x 8bit EROMs

While it is possible to have all these memories installed (physically} on the same XMEM
board, is is logically impractical, because both ROMs and EROMs use the same addresses,
and two EROMs must be eliminated for each ROM installed. There is no address
interference between RAMs and ROMs or EROMs, so a full complement of RAMs can be
installed regardless of the number of ROMs and/or EROMs installed.

2.3.4 Addressing

Figure 2-6 shows the memory addressing scheme used by the MPU to access the entire
memory, both on the HPRO board and on the XMEM board. Note that HPRO ROMs #1
and #2, and XMEM ROMs #3 and #4 use the same address areas as the EROMs on the
XMEM board, so the EROMs can not be used when the masked ROMs are installed. This is
done intentionally, so that s program can be written electrically into EROMs, tested and
corrected as often as necessary, and when approved, the program can be used to generate
masked ROMs without need for address modification. When masked ROMs are in
production, the EROMs can be eliminated, and, if the program is less than 4K, the two
ROMs containing the program can be installed on the HPRO board. If there is no need for
the additional RAM storage, the XMEM board can be eliminated. If the program is larger
than 4K, two additional ROMs can be installed on the XMEM board, along with as many
RAMs as are required.
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ROMs and EROMs can be mixed, as long as there is no direct address conflict. For
example it would be possible to use EROMs 5, 6, 7, and 8 with HPRO ROMs 1 and 2, but
these ERCMs could not be used with XMEM ROMs 3 and 4. Since RAMs use an entu-ely
different address area, their use is independent of ROM/EROM configuration.

2.3.5 Additional Applications

0 EROMs can be used in terminals produced in quantities too small to justify
the expense of preparing masked ROMs.

o A mixture of ROMs and EROMs can be used in applications requiring special
programs.

0 RAMs can provide additional working memory.

2.4 MATRIX INTERFACE BOARD, PART NO. 25930-XX

The MATRIX INTERFACE (MXI) board contains 1/0 Ports 5 and 6, which transfer data,
control signals, and Status information between the terminal processor and the printer
processor. Also contained on the MXI board is the logic for receiving and temporary
storage of carriage position feedback signals from the CARRIAGE SERVO board enroute
to the printer processor. Carriage directional commands are also produced on the MXI
board from the data received from the printer processor. These signals are applied to the
servo motor driver FETs on the CARRIAGE SERVO board. A block diagram of the MXI
board is shown in Figure 2-8.

2.4.1 I/O Ports 5 and 6

I/0 ports 5 and 6 are used to synchronize the tranfer of information between the two
processors. When the terminal processor performs an output instruction to Port 5 or 6,
the output information is stored on the MXI board where it is available to the printer
microprocessor. The printer mieroprocessor periodically "reads" the MXI board to see if
there is any information that it should process. Similarly, as the printer microprocessor
goes though its steps of controlling the printer operations, it provides status information
to the MXI board. This status information is monitored by the terminal mieroprocessor
prior to each output command.

2.4.1.1 Transferring Information to the Printer Processor.

The prerequisites to actual transfer of data include the +POWER ON and -SELECT
PRINTER signals, The +POWER ON signal energizes the 8212 ICs and is inverted to
provide a -POWER ON signal. Both +POWER ON and -POWER ON are outputs to the
printer processor. The -SELECT PRINTER signal will enable the transfer of information
between the twe processors.

*WRITE TO PORT 6: When ~-WRITE and -PORT 6 signals develop, the control information
on the data bus is transferred to the printer mieroprocessor via the Port 6 latches. This
data is output directly onto control lines to the printer and includes the following control
signals: -DOUBLE LINE FEED, +AUTO LINE FEED, +TEST, -SET TOF ZERO, and
+RESTORE {INT ).
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*WRITE TO PORT 5: A Write to Port 5 instruction will only be performed by the terminal
processor if the +READY output line from the MXI board is high. This +READY signal is
developed on the MXI board when the printer processor provides a -DATA ACK to the MXI
board. The -DATA ACK indicates that the printer has received and processed the
previous information and it is now able to receive more data. ~-DATA ACK enters the MXI
board and resets the Data Strobe FF (C49) which in turn raises the +READY signal. The
-WRITE and -PORT 5 signals load the data on the terminal data bus (DA#® -DAT) into the
Port 5 lateh on the MXI board and raise the +DATA STROBE signal to inform the printer
processor that data is available. This data is then clocked into the printer processor via
the printer data bus (D1 - D8). The Data Strobe FF is reset when the ~-DATA ‘ACK line
beeomes active {low) from the printer processor.

2.4.1.2 Transferring Information from the Printer Processor

Only status information is received by the terminal processor from the printer when a
Read from Port 5 instruction is output to the MXI board from the terminal processor. A
+SYSTEM CLOCK signal allows status information from the printer processor to be loaded
into the Port 5 lateh (D54) at a time that will not cause an error in the system. The
~SELECT PRINTER signal must also be present to enable the transfer of data between the
two processors. When -READ and -PORT 5 signals are issused from the terminal
processor, the data latched at D54 is transferred to the terminal processor via the bi-
directional data bus (DA@ - DAT). This status information is "read" by the terminal
processor prior to each ecommand.
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FROM PRINTER + CAR FWD SERVO BOARD
PROCESSOR +_CAR_LIN MODE

+ CAR_EVEN
FROM CARRIAGE | + CAR POS B TRACK i
SERV(Q BOARD AR P INT 1

+ CAR POS A CAOSSING | + C il TO PRINTER

DETECTION PROCESSOR
FROM prNTER ~ + ELOCK A y LOGIC
PROCESSOR ..E)
[ = PORT & i,
POAT

TO PRINTER
PROCESS0A

{INETRUCTIONS]

FROM TERMINAL
PROCESS0R < _ 2&.“%
{HPROA) N -+ DATA STROBE TG TERMINAL
— READ PROCESSOA (HPRO3)
-+ READY TO PRINTER
-, -
PORT 5 READY PROCESSOR
— DATA ACK d4 FF [
| .
PORT PORT

5 TO PRINTER

PROCESSOR

FROM FRINTER
PROGESSOR

(STATUS) {COMMAND 5)

FROM TERMINAL
PROCE$50R
(HPRC3)

+ SYSTEM CLOCK

0a3-002

Figure 2-8. MXI Board Block Diagram
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2.4.2 Carriage Position Data

The matrix printer prints characters using a dot matrix where the horizontal distance
between sucessive dot positions is 1/100 ineh (.254 mm). The purpose of this circuitry is
to generate a 4 us pulse when, and only when, the carriage has moved the print head 1/100
ineh in either direction (left or right) from the position represented by the preceding
pulse. This eireuit is called the Track Crossing Detection Logie.

The printer's earriage servo motor includes a shaft position transducer that transforms a
twophase sinewave input into a composite output. The instantaneous value of the output
is compared with the input and used to produce three square waves called +CAR POS A,
+CAR POS B, and +CAR POS EVEN. The high and low status of these square waves
changes with respect to actual carriage travel, so that (depending on the direction of
carriage movement) two of them (EVEN and A or B) will be opposite polarity when the
third (A or B) changes polarity. This event occurs once for each 1/100 inch of carriage
movement and is called a track crossing point. The cireuit output is a 4 us pulse called
+CAR POS INT 1, and is supplied to the printer microprocessor as an interrupt signal,
telling the microprocessor to interrupt its normal program and update carriage position
data,
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Figure 2-9. Track Crossing Detection Logic
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Figure 2-10. Track Crossing Detection Waveforms

Referring to Figures 2-9 and 2-10, device C37 is a series of D-type flip-flops with their
Clear input tied to +5 volts. In this situation the C37 Q outputs will follow the D input
with positive clock input excursions. As shown by the waveforms in Figure 2-10,
generation of the +CAR POS INT 1 signal for carriage movement to the right begins with
a high to low transition of +CAR POS A, followed some time later {not cloek related) by
+CAR EVEN going low to high. With the preconditions met, and again some time later,
+CAR POS B will go low, Then, with the next positive clock transition, the output of XOR
gate C61-13 will go high, NAND gate C13-11 will go low, and NAND gate C13-6 will go
high. C13-6 = high is supplied to C37-12 where, with the next positive elock transition,
C37-10 goes high. This high drives the output of XOR gate C61-8 low, and is supplied to
C37-13. C37-13 = high drives C37-14 low with the next positive eclock transition to drive
the output of C61-8 high again to end the pulse, Inverter C25-10 inverts the output of
C61-8 to produce the 4 us positive pulse on +CAR POS INT 1 that is sent to the printer
MiCroprocessor.

For carriage movement to the left, Figure 2-10 shows +CAR EVEN f{irst going low,

followed by +CAR POS B going high. Then when +CAR POS A goes high, the signals
proceed through the logic as outlined above to produce the 4 us output pulse.

2.4.3 Carriage Direction Commands

The PROCESSOR board provides a directional signal (+ DIR) to the MXI board where it is
gated with the +CAR LIN MCDE signeal from the CARRAIGE SERVO beard to produce the
+CAR FWD and +CAR REYV ecarriage direction signals for the CARRIAGE SERVO board.

The +CAR LIN MODE signal is active (high) only when the carriage is in detent (or
stopped). This high +CAR LIN MODE signal causes both the +CAR FWD and +CAR REV
output signals to become inactive (low). When the +CAR LIN MODE signal goes inactive
(low), the polarity of the # DIR signal will determine which of the two carriage direction
signals will be active. A +DIR produces an active (high) +CAR FWD signal and an inactive
(low) +CAR REY signal while a -DIR signal produces an inactive (low) +CAR FWD signal
and an active (high) +CAR REYV signal.
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2.5 PROCESSOR (PRINTER) BOARD, PART NO. 24620-XX

The matrix printer's mieroprocessor consists mainly of six MOS-LSI chips: two Parallel
Data Control (PDC) chips, two Read Only Memory (ROM) chips, one Random Access
Memory (RAM) chip, and one Central Processor Unit (CPU) chip. Auxiliary devices such
as a clock generator and addressable lateh modules, a voltage regulator, a power-on delay
circuit, and several control switches complete the PROCESSOR board circuits.

Figure 2-11 presents the PROCESSOR board circuits in simplified block diagram form. Its
use along with the full schematie diagram in Section 4 and the following paragraphs should
aid the reader in understanding the operation of the mieroprocessor,
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Figure 2-11. Processor Simplified Block Diagram

2.5.1 Chip Task Assignment

2.5.1.1 The PDC (Parallel Data Controller}

A PDC is a flexible parallel input/ocutput device for interfacing the microprocessor to
external circuits. [t provides two independent, bidirectional 8-bit input/output channels,
each of which may operate in a variety of parsllel data transfer modes. The CPU is able
to designate these 16 lines to operate as either inputs or outputs in blocks of 4.

PDC-1 C54 has 8 data inputs {pins 10-17)} and a data strobe input all working as one
channel. Latched +DATA signals are presented to these 8 inputs, along with the +DATA
STROBE on pin 8, all from the MXI board. The transition of the data strobe causes the
ASCII data to be sent into the PDC data buffer. The PDC will then produce a high signal
at pin 9 to indicate that the PDC buffer is full. This signal is inverted to -DATA
ACK=low and is sent to the MXI board to delay the output of the ACKNOWLEDGE signal
to the controller until the CPU has taken the data from the PDC buffer. When this
internal transfer of data has been completed, the PDC will drive its pin 9 low to produce
-DATA ACK= high to the MXI board to permit the output of the ACKNOWLEDGE signal
to the controller. This is referred to as the handshake mode of operation.
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The second channel operates in the elocked I/O mode. The input lines (pins 30-37) are
divided so that pins 34-37 are inputs and pins 30-33 are outputs, with pin 1 the input clock
or strobe,

Pins 34-37 receive inputs from the option selection switches or the MXI board {pin 35
only). These inputs are read during a power on sequence or when a +DATA STROBE =high
is received from the MXI board.

Pins 2 and 30-33 are outputs to Addressable Latch E40. Pins 30-32 address 1 of 8 latches
in E40. Pin 33 inputs the data to be set into the addressed latch. Pin 2 eontrols the mode
of operation of E40. When pin 2 is high, the output from pin 33 will be set into the
addressed lateh, and all other outputs will remain unchanged. When pin 2 is low, pins 30-
33 have no effect on the outputs of E40. All 8 lines from E40 will output data previously
set into the lateh.

Pins 18-25 connect to the bidirectional data bus to transfer data to and from the CPU,

PDC pins 3-6 and 42 are processor activity control lines used by the several chips to
communicate with each other. Pins 40 and 41 are clock signal inputs.

PDC-2 C24 operates in the static output mode. It functions as two groups of 8 latched
outputs fed from the data bus. One group (pins 10-17) is designated as Hammer Data.
Outputs on these lines control individusal print wire firing through the HAMMER DRIVER
board. The other group (pins 30-37) is designated Velocity Data. Outputs on these lines
are commands used to generate carriage servo drive through the CARRIAGE SERVO board
and are latched and remain static until ehanged by insertion of new command information.
New ecommand information occurs when the processor detects a need for a change in
carriage veloeity following a track crossing. Referring to the previous discussion, the MXI
board generates the +CAR POS INT 1 pulse for each increment of carriage movement.
Processor logic, in looking ahead at the stored data, may detect that the carriage has
reached a tab position or the end of the print line. In this instance, the processor will
begin to issue new carriage velocity commands to change the cerriage velocity to meet
the changing situation. In addition, three eommand line inputs {pins 1, 2, and 8) carry
+TEST, +LINE FEED, and +SET TOF ZERO command signals from the MZXI board
instrueting the processor to execute the indicated funetion.

2.5.1.2 The RAM (Random Access Memory)

RAM AS54 is a device consisting of 2048 bits of read-write memory in a 256 x 8-bit
configuration. It is used in the microprocessor as the general working register, the
vertical and horizontal tab table, and as the processor’s data buffer.

2.5.1.3 The ROM (Read Only Memory)

ROMs A24 and A39 are devices each consisting of 16,384 bits of read only memory in a
2048 x 8-bit configuration. They are used in the microprocessor for the storage of all
mieroprocessor program instructions, including various constants such as the velocity
table used for servo control, and the print font.
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2.5.1.4 The CPU (Central Processor Unit)

CPU A69 is a device which contains all of the logic necessary to receive and decode 8-bit
instruction words, and to perform all the required arithmetic and logic operations.
Through a 14 line parallel (multiplexed) address bus, the CPU addresses 32,768 bits or 4096
bytes (8-bits/byte) of read only memory (ROM), and with the same 14 line bus also
addresses 2048 bits or 256 bytes of random aceess memory (RAM). The CPU functions as
an 8-bit parallel data processor, and in conjunction with the RAM, the ROMs, and the two
PDCs forms the microproeessor for the matrix printer. ,

2.5.1.5 The Cloek Generator Circuit

Clock module E8, slong with 3.58 MHz crystal D8, make up the printer's basic cloek
generator. The clock output frequency is 256 kHz on pins 1, 4, and 10. Pins 1 and 10 are
designated CLK A, and pin 4 is designated CLK B. The output at pin 10 includes a driver
which makes this output TTL compatible. Inverter D18-2 inverts the CLK A signal for use
in the MXI board eircuits.

2.5.1.6 The 12 Volt Regulator Circuit

Module E66 and its associated components form a circuit which lowers the -15 volt input
to -12 volts, and regulates the output for use in the microprocessor circuits.

2.5.1.7 Summary

In overview, the matrix printer's microprocessor controls machine operation by receiving,
storing and executing commands. As each command is executed, the processor signals its
status to the terminal microprocessor through the MXI board, to keep the terminal miero-~
processor constantly updated. Only in the RESTORE aectivity does the printer
mieroprocessor program digress. The microprocessor will, by itself, initiate a RESTORE
sequence under the following conditions:

o When instructed to backspace (BS) past the left margin.
o When instructed to print (CR or SD past column 132. _
o When instructed to tab (HT or VT) with a value greater than 127.
0 When the carriage fails to move when commanded.
NOTE

If the earriage still does not move during the restore sequence,
the microprocessor will issue the +SERVO DISABLE signal to
prevent circuit damage.

o When POWER ON goes low during machine operation.

‘The RESTORE sequence can also be ecommanded by the terminal microprocessor.
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2.6 CARRIAGE SERVO BOARD, PART NO. 24625-XX

Refer to the CARRIAGE SERVO board schematic diagram. Figure 2-12 is a simplified
block diagram of the circuits on the CARRIAGE SERVO board,

As deseribed earlier, the Track Crossing Detection Logie circuit on the MXI board makes
use of a series of three squarewaves on the PROCESSOR board to update its carriage
position file. The development of these squarewaves in sync with aetual carriage
movement is one of the two major funetions of the CARRIAGE SERVO board. The second
major function of this board is to provide an error signal to the CARRIAGE POWER
AMPLIFIER board for use in developing carriage servo drive signals.
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NOTE: All waveforms pictured in this section were taken with the oscilloscope
synehronized to the A output of shift register G21-15 during carriage
forward movement at 200 cps while printing the test line.

2.6.1 The Digital Sinewave Generator

Figure 2-13 is a partial schematic diagram showing the Digital Sinewave Generator.
Figure 2-14a shows the waveforms generated by this circuit. The two modules G15 and
G21 are 4-bit parallel access shift registers which are driven by a cloek ecircuit with an
output of about 5 MHz, connected to form a divide-by-16 circuit. The outputs of G15 and
G21 are squarewaves as shown in Figure 2-14, where the output G21-15=high is followed
one clock cyele later by G21-14=high and so forth. When G15-12 goes high, feedback
through G15-11 and through NAND gate G9-6 drives the output G2i-15 low. This
eondition then cascades through the registers again until G15-12 goes low, when G15-11
will drive G21-15 high to start the cycle again. These squarewave outputs are connected
through inverters, pull-up resistors, and load resistors to two output lines. The inverters
act as switches, allowing current to flow through the associated load resistor whenever
the inverter output is low. Seven of the inverter outputs are selected for summation to
form each of the two signals CAR 1 and CAR 3. The values of the several load resistors
plus a capacitor from each of the output lines to their common return line produces the
two-phased sinusoidal waveforms shown in Figure 2-14b. These signals are fed to the
stator windings on the carriage servo's position transducer.

G21—-15 "A"
Gz2l-14 "B"
G21—-13 "¢"
G2l-12 "p"
GI5—15 “E"
—— Gls—1a "F"
GIs—I13 "¢"
__ . S5z i
5v:
(a) {b)

Figure 2-14. Digital Sinewave Generator Waveforins
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2.6.2 Servo Position Transduecer

The Servo Position Transducer consists of rotor and stator members made up as flat disks
with windings laminated on adjacent surfaces. The rotor is mounted on the free end of the
carriage servo motor shaft, with the stator mounted over it and fastened to the motor
casing. Output signals from the rotor are picked up by means of an axially mounted rotary
transformer as CAR 5 and CAR 6 signals.

As shown in Figure 2-15, the stator has an eight segment winding, with alternate segments
connected together to form two groups of four segments each, The four segments of one
group are displaced laterally from the other group by a distance equal to one-half a
winding width. This displacement is equal to a 90° phase difference. The rotor has one
symmetrical winding.

The two sinusoidal waveforms shown in Figure 2-15 are introduced into the transducer's
stator windings, and are coupled electromagnetically to the transduecer's rotor winding.
Since all windings in the device are nearly 1:1, the only transformation of the inputs is
that the summed output is phase modulated by rotor movement. The phase modulated

output is supplied back to a 3-stage amplifier and demodulator circuit on the CARRIAGE
SERVO board.
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Figure 2-15. Servo Position Transducer

2.6.3 Servo Feedback Amplifier

ROTARY

Figure 2-15, Servo Feedback Amplifier
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Figure 2-16 is a partial schematic diagram showing the Servo Feedback Amplifier. Figure
2-17 shows waveforms taken in this circuit. Waveform A is the phase-modulated servo
transducer output, as seen at the input to the first video amplifier B5-1/-14. Amplifier B5
has an adjusted gain of = 20. It amplifies and partially filters the input (B). The second
video amplifier D5, also with a gain of 20, further filters the signal and generates a 10
volt p—p output waveform (C) which displays some squaring effeet of saturation limiting.
This output is applied to a high speed squaring comparator module E5. ES is overdriven,
and produces a squarewave output,
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Figure 2-17. Servo Feedback Amplifier Waveforms
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2.6.4 Servo Feedback Demodulator/Amplifier

Figure 2-18 is a partial schematic diagram showing the Servo Feedback Demodulator/
Amplifier circuit. Figure 2-19 shows waveforms taken in this eircuit.

The squarewave output of comparator E5 is inverted and applied to Exelusive OR gate
D18-8 as the squared and inverted phase-modulated signal from the carriage servo
transducer. This output of D18-8 is applied to Exclusive OR gates D18-3 and D18-11 along
with reference squarewaves from the sinewave generator. Refer to Figure 2-19. Observe
the two inputs to either D18-3 or D18-11, along with its output, on a multichannel
oscilloscope whieh is synehronized to the sinewave generator while slowly moving the
carriage by hand. The squarewave input from gate D18-8 (B) will appear to move with
respect to the input on pin 1 or 12 from the sinewave generator (A). Then, the output (C)
from either D18-3 or D18-11 will be a squarewave whose relative high-low status will vary
as the high-low states of the two inputs vary with respect to each other. Figure 2-20
illustrates the development of the output waveform (C) from the two squarewave inputs
(A and B), and further shows the sawtooth waveshape developed in the integrating circuits
for input to amplifiers A18-10 and C18-12. The output of A18-10 is then supplied to
amplifier A18-12. These three amplifiers produce the waveshapes called CAR POS SIG
#1, CAR POS SIG #2, and CAR POS SIG #3.
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Figure 2-19. Servo Feedback Demodulator/Amplifier Waveforms
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2.6.5 Carriage Position Tachometer

Figure 2-21 is a partial schematic diagram showing the Carriage Position Tachometer and
associated circuits. Figure 2-22 shows waveforms taken in these eircuits.

The design of the transducer on the carriage servo motor is such that each complete cyele
of the sawtooth waveform input to these circuits represents 2/100 ineh (.508 mm) of
carriage travel, or two "track crossing” points. Thus, while these inputs do not vary in
amplitude, they do vary in frequency. This variation (or modulation) follows actual
carriage speed, with the waveshape itself tracking carriage position.

Refer to Figure 2-22. Modules E39 and F39 are high speed comparators. Their inputs are
the triangular CAR POS SIG waveforms A, B and C. Their actual outputs are square-
waves. The duration of these squarewaves follows the frequency of the sawtooth inputs.
They pass through inverters, whose outputs are waveforms E and F from comparators F39
and E39 respectively, and are sent to the MXI board as CAR POS A and CAR POS B, The
CAR POS SIG #3 is also sent through inverting amplifier C18-10, comparator F39-7, and
inverter E27-8 to develop the CAR EVEN signal also supplied to the MXI board.

The CAR POS A and B squarewaves are also channeled through a series of inverters and
NAND gates to supply waveforms F, G, H, and I. These signals are used to control the
feedback FETs C39-7, -10, -2 and -15 respectively.

The three CAR POS SIG triangular waveforms, plus CAR POS SIG #3 inverted are supplied
to the control FETs through differentiating networks. Figure 2-23 shows the waveforms
taken at the capacitor-resistor junction in each network. The control pulse to each FET
will turn the FET on to pass either the positive or the negative part of the differentiated
signal, depending on the direction of carriage movement. Since carriage velocity is seen
here as frequency, the higher or lower the velocity, the higher or lower the level of the
differentiated squarewave. The voltage levels of the outputs of the FETs are applied one
at a time to the input {pin 1) of amplifier A39-12 representing carriage velocity. A39-12
inverts the input and presents it to the carriage velocity summation junction (pin 7) of
Servo Summation Amplifier A39-10 as negative feedback.
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Figure 2-21. Carriage Position Tachometer
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2.6.6 Carriage Velocity Command

As discussed earlier, the printer microprocessor looks ahead in its buffer, determines the
carriage direction and velocity requirements for the upcoming print situation, and adjusts
its commands to the CARRIAGE SERVO board accordingly. The velocity command
arrives on the CARRIAGE SERVO board in digital form, and is converted to an ansalog
form whieh is then used to develop a veloeity command voltage level. This voltage level
is then adjusted in polarity to set the direction of carriage movement, and applied to a
summing junction where it is summed with a negative feedback voltage. The resultant is
amplified and sent to the CARRIAGE POWER AMPLIFIER board as CAR SERVO ERROR,
a signal whose level and polarity is used to generate the carriage servoc motor drive to
propel the carriage in the right direction at the right velocity.

2.6.6.2 The D-A Converter

Module H39, a D-A Converter, converts the binary input from the printer mieroprocessor
to a current. The amplitude of this current represents the carriage speed command. The
circuit's operating parameters are set by the value of the resistor in the +5V supply line to
pin 14 such that when ell digital inputs are high, the output current at pin 4 will be 99.6%
of the reference current (approximately 1 mA) on pin 14. When all digital input signals
are low, the output on pin 4 will be 0 mA, G39-10 is a current-to-voltage converter, with
its instantaneous output voltage level stored in capacitor G34 for reference between
updating inputs from the microprocessor.

2.6.6.3 Carriage Direction Switches

The output of the D-A Converter circuit at G39-10 is applied to the FWD control FET at
B39-14, and to inverting amplifier G39-12. The inverted output from G39-12 is then
applied to the REV control FET at B39-3. The outputs of both FETs are then tied to the
carriage velocity summation junection (pin 7) of Servo Summation Amplifier A39-10.

2.6.6.4 Carriage Linear Mode

An input from the printer mieroprocessor, +CAR LIN MODE, is used to control FET B39-7.
Whenever the carriage is stopped, this signal is issued by the printer microprocessor to
turn on the FET and apply the CAR POS SIG #2 signal directly to the summation junction.
This signal serves to electrically detent the carriage servo motor to lock the carriage in
position.

2.6.6.5 Servo Summation Amplifier

The Servo Summation Amplifier A39-10 has four inputs; speed signal forward, speed signal
reverse, carriage linear mode signal, and tachometer negative feedback signal. The first
three control carriage movement. The feedback stabilizes the servo system, and causes
the carriage to accelerate (or decelerate) and move at the command speed without
variation due to changes in mechanical load. The output, CAR SERVO ERROR, is limited
to approximately 5.6 volts peak, and is negative for forward and positive for reverse
carriage movement.
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2.6.6.6 Ribbon Motion Sensor {RMS) [ See Figure 2-25)

The Ribbon Motion Sensor (RMS) circuit consists of a light sensitive phototransistor and a
Light Emitting Diode (LED). This circuit works in conjunction with an idler wheel located
inside all matrix ribbon cartridges, This idler wheel has reflective spokes and is driven by
the physical motion of the ribbon moving through the ribbon cartridge. When the ribbon
cartridge is installed correctly, an acecess hole in the cartridge is aligned directly over the
RMS circuit to allow light from the LED to be reflected back from the idler wheel's
reflective spokes to the light-sensitive transistor. The phototransistor converts these
Might flashes™ to electrical pulses and routes these pulses to the CARRIAGE SERVO board
via the RMS DRIVE input at pin 21. On the CARRIAGE SERVO board, these ribbon
motion pulses travel through comparator E39-7 and its associated circuitry to appear on
pin 14 of eounter modules B29 and C24. The CAR POS A pulse train from the Carriage
Position Tachometer circuit is applied to input pin 5 of counter C24 whose output on pin
12 is connected to input pin 5 of counter B29. The output of these two counter modules on
B29-12 is a pulse for every 256 ~-CAR POS A pulses at C24-5. (256 -CAR POS A pulses are
the equivalent of 25 characters spaces of carriage movement.) The RMS pulses at pin 14
of the ecounter modules are Clear signals that reset both counters to zero. This action of
continuously resetting the counters keeps the B29-12 output high,

Should the ribbon fail to move for any reason, the RMS pulses used as Clear signals to the
counter modules are not produced. Any subsequent carriage movement soon accumulates
the 256 counts needed to present a negative-going pulse at the output of B29-12, This
negative-going pulse sets the G9/D23 latch output D23-6 low and causes the -INHIBIT
signal at E18-3 to become active (low). The -INHIBIT = low signal is loaded into the Port
5 Status lateh on the MXI board and read by the terminal microprocessor.

When an active (high) +RESTORE (INT f) signal from the MXI board is applied to AND
gate E18-6, the G9/D23 lateh is reset and the -INHIBIT signal becomes high (inactive)
again.
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2.7 CARRIAGE POWER AMPLIFIER BOARD, PART NO. 40525-XX

This assembly includes the Carriage Servo Power Amplifier, the Paper Feed Drivers, and
the Power Monitor circuit. It is located in Slot D, and has a finned heat sink attached to
it, to help cool the several drive transistors.

NOTE

Do NOT stand the terminal on its rear heat sink panels. The
finned heat sinks are mounted on plug-in circuit boards which
can be easily damaged by this practice.

2.7.1 Carriage Power Amplifier Circuit

This cireuit supplies and controls current flow to the carriage servo drive motor. The
circuit is designed as an H bridge, allowing all current to flow through the motor from
supply to supply instead of through circuit ground. This feature helps to avoid eircuit
noise problems. Figure 2-26a illustrates the cireuit in simplified form, where certain
transistors (final drivers) in the actual circuit are represented as switches. It may be seen
that closing switches S2 and S3 will cause electrons to flow through the motor left to
right.

Refer to Figure 2-26b. Assume a CAR SERVO ERROR signal input of +1 volt for a
commanded motor current of 1 ampere. The output from operational amplifier B55-6 will
be low, and this will place a low potential on the base of transistor G58 to disable the
Pulse Fwd circuits, and on the emitter of transistor G73, to turn G73 off. GT73 being off
turns transistor E70 off, which turns transistor E65 on to turn on the Pulse Rev switching
transistor F63.

The error signal is also supplied to amplifier A50-6. The A50-6 output will be negative

with a positive input, which will turn transistor D45 off and transistor E44 on to turn on
Drive Rev switehing transistor D48,
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Referring again to Figure 2-25, transistor D48 is shown as switeh 52, while transistor F63
is shown as switch 83. Turning these two transistors on establishes a eurrent path from
the +15 volt supply through D48, resistor C53 (R), the drive motor, and through F63 to the
-15 volt supply.

Figure 2-27 is a simplified schematic diagram of the feedback eircuit. This eircuit
ineludes the .1 ohm resistor C53 {(R) located in one of the lines to the servo motor, across
which is connected a precision balanced 10K resistor network and difference amplifier
B62-10. The value of resistor C53 is such that its voltage drop to current ratio is 1 to 10.
(.1 volt drop equals 1.0 ampere of motor current.} Difference amplifier B62-10 presents
this voltage to the servo error input terminal 2 of amplifier B55-6. The two signals are
summed at a ratio of 10 input to 1 feedback. As current through the drive motor
approaches the commanded level, the output of B55-6 will diminish. When motor current
matches command current, the Pulse Rev switching transistor F63 will be turned off, This
removes motor current, which removes feedback voltage, and F63 is turned back on again.
The cireuit will osecillate in this manner to maintain motor current at the commanded
level.

Should the Power Monitor circuit detect an input voltage error, it will generate a ~-CAR

SERVQ DISABLE signal. This signal will turn transistor E77 on which results in turning
Pulse Fwd and Pulse Rev transistors F47 and Fé3 off to disable carriage servo movement,

ERROR

- FWD/REV.
4 > PULSE
AMPLIFIERS
QTHER
CKYs

Figure 2-27. Simplified Feedback Circuit

2-42



POWrER  MOMITOR CKT

Figure 2-28. Power Monitor Circuit

2.7.2 Power Monitor Circuit

The purpose of this eireuit is to inhibit all printer funetions any time one or more of the
three supply voltages of +5, +15, or -15 volts drops below a level where printer
malfunetion or eomponent damage could oceur as a result of the low voltage.

The cireuit operates as follows. As power is applied, transistors B12 and B13 are off.
Three divider networks begin to sample the +5, +15, and -15 volt levels being supplied:
zener diode B5 and resistor All sample the +5 volt input; zener diode A7 and resistor A9
sample the +15 volt input; and zener diode B7 and resistor B6 sample the ~15 volt input.
As these voltages approach their appropriate values, diodes A12, A8, B8 and B9 (operating
as an AND gate) are reverse biased, and transistors B12 and B13 turn on, Up to this time
transistor B16 has been on and B22 off. When transistors B12 and B13 turn on, capacitor
A22 begins to charge through resistor A24 and the emitter/base junction of B16, and
transistor B22 is biased off. With transistor B22 off, transistors A30, B23, C36, and C34,
are all biased on, and their outputs are all clamped low. This condition disables all printer
functions as outlined. This condition will continue until capacitor A22 has charged
sufficiently to turn transistor B22 on.

At the end of the delay (approximately 25 ms), transistor B22 is turned on discharging
capacitor A22 and turning transistor B16 off. it will also turn off transistors A30, B23,
C36 and C34, sllowing all their outputs to go high. This removes the ecircuit disable
clamps, starts the program counter in the printer mieroprocessor, and initiates a Restore
seqguence,

Any subsequent interruption in, or depreciation of, any of the three input voltages

monitored, will disable the printer by action of this circuit. Complete restoration of
power recycles this eircuit, putting the printer back in operation with a Restore sequence.
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2.7.3 Paper Feed Drive Circuit

Figure 2-29 is a partial schematic diagram of the Paper Feed Drive circuit. Figure 2-30
shows waveforms taken in the circuit. The eircuit consists of two identieal channels A
and B, each feeding a field winding in the paper feed stepping motor. As shown in Figure
2-30, the signals in channel A lead the signals in channel B by 90°. This relationship
produces clockwise rotation of the stepping motor shaft {as viewed from its shaft end) for
upward paper movement only, Since the A and B channels are identical, only channel B
will be discussed here,

PAPER FEED DRIVE 4 >

PAPER FEED DISANLE

PAFER FEED ORIVE B >

— b

Figure 2-29. Paper Feed Drive Circuit

In operation, the squarewave PF B input on connector 10 is differentiated by a ecircuit
consisting of capacitor G12, resistor G17, and resistor G20. This network provides a pulse
to the input {pin 7) of operational amplifier F18-10 with a duration of approximately 4 to 5
ms. The op-amp F18-10 squares and amplifies the input, with the result coupled to
current amplifiers D22/24-E12/21. The output drive current waveform (lower half of
Figure)2-3[}) is applied to the B winding of the paper feed stepping motor (terminals T5
and T86).

The waveforms shown in Figure 2-30 represent one complete line feed operation. Exam-
nation of the waveforms will disclose four level changes for each channel, or a total of
eight level changes per line feed. The stepping motor shaft moves 7-1/2° per level change
(A or B). Thus each line feed eommand produces 8 x 7.5 = 60" of shaft rotation for a line
spacing of six lines per inch.

The paper feed motor is detented electrically at the end of each line feed operation.
Again, diseussing channel B only, a circuit consisting of resistors G18, G16 and G1¢ (-15
volts to +5 volts) provides enough output from amplifier F18-10 (about .4 amp motor
current) to electrically detent the stepper motor.
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Figure 2-31. Typical Stepping Motor Rotation

Figure 2-31 illustrates the development of stepping motor rotation from two inputs 90°
out of phase with each other. Actually, the paper feed stepper motor's rotor has a
magnetic node each 7-1/2°. This would be difficult to illustrate. It should be noted,
therefore, that for clarity the illustration depicts a stepping motor with magnetic nodes
every 90° only.
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2.8 MATRIX HAMMER DRIVER BOARD, PART NO. 24605-02
Refer to the MATRIX HAMMER DRIVER schematie diagram. This board contains nine

identical Hammer Driver circuits. Figure 2-32 is a practical schematic diagram showing
only one Hammer Driver cireuit and its associated circuitry.

2.8.1 Hammer Driver Circuit

In operation, 8 ~HAMMER "X" DATA=low (340ns) is applied to an AND gate to turn on a
control transistor. This control trapsistor will turn on the hammer driver switch, a
Darlington amplifier. Current then flows from ground through a 1 ohm resistor, through
the driver and out through the hammer coil to +48 volts,

2.8.2 Hammer Coil Protection Circuit

As current flows through the hammer coil, it also flows through a diode and resistor G10
to begin charging capacitor G23. Should & defect occur in the hammer driver circuit,
making the current through the coil too high or the drive pulse too long, capacitor G23
would be charged high enough to unbalance the inputs to comparator G20-7 in the
Overcurrent Protection circuit. When this happens, G20-7 will gate SCR Al0 to its on
state, to short circuit the +48 volt supply to ground. This action will cause the 6400 uF
capacitor C101 in the +48 volt power supply to discharge which will blow the special quick
acting Type GBB-7 fuse in the +48 volt supply line and remove power before cirecuit or
component damage can oceur,

2.8.3 Surge Suppression

At the end of a hammer fire pulse, a surge is developed in the hammer coil circuit due to
the collapse of the eoil's magnetic field when the driver shuts off. A suppressor cireuit,
whieh ineludes transistors B9 and B20, acts to absorb these surges, store the energy in a
capacitor, and bleed it slowly back into the +48 volt supply line.

2.8.4 Current Limiting

Transistor D9 and zener diode D13 work to limit the Darlington Amplifier outputs to about
2.7 amperes by clamping their input bases to about 2.7 volts. This action maintains
hammer coil current to within necessary limits. Switeh A51, when closed, grounds the
Darlington Amplifier inputs preventing current flow to the hammer eoils and thus
disabling them.

2.8.5 Power Loss Protection

In the event of a loss of power, the Power Monitor circuit on the CARRIAGE POWER
AMPLIFIER board will issue a +POWER ON=low signal to this circuit. Transistor F5 will
turn on to ground the driver input in the same manner as closing the Disable Switch A51.
This eircuit thus works to prevent firing of the solenoids during power up or down.
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Figure 2-33. Power Supply Block Diagram
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2.9 POWER SUPPLY, PART NO. 400062-01 (see Figure 2-33)

The main output of the Switching Power Supply is a pulse-width modulated chopper
converter. The AC input is rectified, doubled and filtered to 360VDC and than chopped
and transformed to a lower voltage by a half-bridge. This transformer secondary output
{consisting of a quasi-square wave) is rectified and filtered to the final DC output value.

The output is sensed and the error signal voltage is amplified and used to control the pulse
width of the chopper, thus regulating the output voltage within narrow limits under all
conditions of the input line and the output load. The output and all eontrol eircuitry are
isolated from the AC input line,

This power supply has input undervoltage sense, soft start control, output current limiting,
output overvoltage protection and crowbar on the +5V. The unregulated +15V outputs
have current limiting circuits and overvoltage clamps.

2.9.1 Detailed Deseription (See Schematic 400062-XX)

2.9.1.1 Input Filter (See Figures 2-34 and 2-35)

The input filter consists of L1, C1, and C2, that form an RF noise suppression filter. R1
and R2 are thermistors with a high resistance at low temperature., The thermistors limit
the input start-up current. The filter operation, including polarity and current flow is
described by Figures 2-34 and 2-35. The strapping connections at T2 allow the use of the
same assembly for 115 or 230VAC input. R3 and R4 are the bleeder resistors.

2,9.1.2 Chopper Section (See Figures 2-36 and 2-37)

Transistors Q1 and Q2 are alternately turned on and off at a 20 kHz rate. C7 is a balance
capacitor and T3 is a current sensing transformer. RS and C8 form a primary RC snubber
to attenuate voltage overshoots. CR7 and CR8 prevent reverse conduction of Q1 and Q2
during transient conditions. The switching action of Q1 and Q2 epplies a quasi-square
voltage waveform of 300 volts peak-to-peak to primary of T2.

2.9.1.3 Output Rectifier and Filter. (See Figure 2-37)
The quasi-square voltage waveform is transformed down by T2. The output is rectified by

BR1 and filtered by an LC filter, consisting of L2, C15, C30, and C31. Ripple and RFI are
further reduced by C16 and C17. C9 and R25 form a secondary snubber network.
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Figure 2-34. Simplified Input Reectifier/Filter/Doubler Section
(115 VAC Input Strapping)
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2.9.1.4 Internal Auxiliary Power Supply

Transformer T1 transforms the 115 or 230VAC line voltage to supply unregulated +24VDC
to the eontrol ecircuit. CR13, CR14, CR15, and CR16 form a full bridge rectifier and C19

filters the output.

2.9.1.5 Control Cireuitry

The control module assembly contains a pulse-width-modulator, IC $G3524, (See Figures
2-38 and 2-39) and provides all the basic control functions as follows:

1. Voltage Amplifier and Reference
2. Overvoltage Protection

3. Undervoltage Protection

4.  Soft Start

5. Remote On/Off

6. Power Fail

7. Current Limit

The adjustments on the control module assembly are factory set, and it should not

normally be necessary to readjust the factory settings.

Table 2-2 defines the voltage/current levels at nominal line and load conditions.

Table 2-2. Voltage/Current Levels

Pin Funetion Measurement Pin Function Measurement
P1-1 ovPp 2.3V P2-1 C A See Fig 2-37
P1-2 Current Square Wave, P2-1 CB See Fig 2-37

Limit 1.4V Pesak

P3-3 Power Fail 3.5-5VDC

P1-3 Current _ _

Limit D= 6VDC P2-4 Sense 0
P1-4 Remote _ P2-5 OSC out See Fig 2-37

on/Off 1-4VDC

+Sense

P1-5 Uvs 12-18VDC P2-6 Divider 2.2-2.8VDC
P1-6 +24V Input 22-25VDC P2-7 RT

Current
P1-7 Lim Bias H=TVDC P2-8 Common 0

ri

Note: All measurements are made with respect to pins P2-4 or P2-8.
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2.9.1.6 Chopper Drivers

Drive to the bridge transistors Q1 and Q2 is provided by two pair of push-pull current
source drivers Q3, Q4, Q5 and Q6. Q4 and Q5 bases are held at a 5.1V level., Q3 and Q6
are alternately turned on by C A and CB . C A and CB levels are clamped at 5.7V by CR19

and CR20 (see Figure 2-37). Transformers T4 and T5 couple drive signals to the base of
Q1 and Q4. The snubbers consists of R11, C11, R16 and C13. Resistors R12 and R17
control the drive current.

2,9.1.7 The +5V Main Output Crowbar

'Components CR34, R29, R28 and SCR1 form an overvoltage crowbar circuit. If the +5V
regulated output goes above 6.3V, the SCR1 fires and keeps the output low. The power
supply must be turned off to re-start after the overvoltage condition has been removed.

2.9.1.8 Secondary Current Limiting Cirecuitry

Transformer T6, R27, CR22 through CR25 are part of the secondary current limit eircuit,

2.9.1.9 The £ 15V Unregulated Qutputs

The +15V and the -15V unregulated circuits are identical. Only the +15V unregulated
circuit will be deseribed. The guasisquare voltage waveform is transformed down by T2,
rectified by BR2 and filtered by L3 and C20. C21 is an RFI suppression capacitor. R31l
and C29 form an RC snubber to suppress overshoot. T7, R30, CR26 through CR29 are part
of the +15V current limit cirecuit.

2.9.1.10  The * 15V Overvoltage Limit

The +15V and the -15V overvoltage limit circuits are identical. Only the +15V circuit will
be described, Components R36, CR35, CR36 and R37 are a biasing network to turn on Q7,
when the output voltage is greater than 17 volts. The ecircuit limits the no load output
voltage to 17 volts.

2.9.1.11  The +48V Unregulated Output

The primary of transformer T9 is paralleled with the primary of transformer T2. The
quasisquare voltage waveform is transformed down by T9, rectified by BR4 and filtered by
L5 and C27. R34 preloads the output to help limit the no load voltage. The +48 volt
output does not have current limit.

2-54



2.10 KEYBOARD (CORTRON UP/DOWN STROKE), SCHEMATIC NO. 400094-01

2.10.1 Keyswiteh Description

The keyswitch used on the keyboard is a linear saturable ferrite core with two preformed
wires snapped through it. One wire, called the drive wire, is periodically driven by a
current pulse. The response to the drive pulse appears, through transformer action, on the
second wire called the sense wire. This core module assembly is snapped into the switch
housing together with the plunger and return spring. Into the plunger are molded a pair of
magnets. In the undepressed position the magnets are saturating the core, Since the core
is saturated, signals which are present on the drive wire are not coupled to the sense wire.
As the plunger is depressed, the magnets clear the core, bringing it out of saturation and
allowing the drive signals to be coupled to the sense wire. These sense signals are
translated into digital pulses.

2.10.2 Cireuit Description

2.10.2.1 Microprocessor

The 128 key non-programmable MOS/LSI microprocessor integrated circuit with external
electronies is used for sequential interrogation. This microprocessor can be logically
divided into the following sections:

a) timing section

b) count register section
¢) data section

d) strobe section

2.10.2.1.1 Timing Section. The timing section generates a main cloek signal train which
drives the scanning counter and generates clock signals ¢1, 42, & ®3, (42 is used
internally only). The scanning counter provides the address for each key and its position
code. The position code is the address of the keyswiteh latched into the output data latch,
#1 is used as the interrogation enable signal, 92 generates the strobe and loads the data
into the data lateh. The strobe is updated one time per depression of a keyswiteh. &3 is
used in the external electronics. The input to the timing section (TPC) is a pulse train of
10ps square waves,

2.10.2.1.2 Count Register Section. The count register section consists of one binary
counter seven bits in length. The first four bits are used to sean in the "X" direction and
the last three bits are used to scan in the "Y" direction. This counter provides 128 unique
position codes, each of which corresponds to a unique location of the key in the matrix.
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2.10.2.1.3 Data Section. The output data consists of a seven bit data latch and a shift
register. Each of the seven bits of the counter is latched into the data latch with 2,
when the key is depressed, and with ¢1 CLK, when the key is released. A 128-bit shift
register is used to provide past key history to the data latch, to the strobe section, and to
the external amplifier for hysteresis.

2.10.2.1.4 Strobe Section. All keys that are detected will enter into the N-key rollover
scheme. During $2, the input shift register is "anded” with the inverted output of the shift
register to detect a down stroke of the keysw1tch which is presently being interrogated,
and the strobe is generated.

2.10.3 External Electronics

2.10.3.1 Keyswitch Array

Each keyswitch is assigned to a particular location in the matrix (see organization chart,
dwg. no. 400099-01, sht. 2). The first four lines (Al - A4) of the microprocessor are gated
with &1, to scan in the "X" direction, and the last three lines (A5 - A7) are used to secan in
the "Y" direction. If the keyswitch is depressed, a signal appears on the sense line, which
is amplified and latched into the keyswiteh latch. The detected signal in the keyswiteh
latch is called "Shift Register In" (SRIN) and represents a depressed keyswiteh in the
matrix loeation.

2.10.3.2 Qutput Code

The microprocessor will generate a binary code to identify the key station location in the
given matrix when the key is depressed, and a modified key ecode when the key is released.
This modified key code consists of regeneration of bits Dl through D6, and the inversion of
bit DT.

This 8-bit code is a position code assigned to the physical location of a particular key on
the keyboard. Figure 2-40 shows the key positions and Table 2-3 gives the position ecodes
generated by each key position. These position codes are sent to the terminal micro-
processor as part of a memory address and in turn converted to the corresponding ASCII
code stored in ROM. (See Table 4-2 for the ASCII Code Chart).

NOTES:

{17 KEYS 33,49 & 60 SHARE THE SAME POSITON CODE,
{2) KEY 33 1S A MECHANICAL SHIFT LOCK KEY,
(3} KEY POSITION 48 & 6@ ARE PERMANENTLY N THE

DOWN POSITI

ON .,

Figure 2-40. Key Position Layout
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Table 2-3. Cortron Key Position Numbers and Position Codes

Key Position Codes Key Position Codes Key Position Codes
Pos. Down Up Pos. Down Up Pos. Down Up
No. Stroke | Stroke No. Stroke | Stroke No. Stroke | Stroke
1 05 85 33 3F BF 65 72 F2
2 06 86 34 3A BA 66 73 F3
3 3D BD 35 10 90 67 61 El
4 3E BE 36 12 92 68 62 E2
5 15 95 37 20 AD 69 63 E3
6 16 96 38 22 A2 70 51 D1
7 25 A5 39 30 B0 71 52 D2
8 26 AB 40 32 B2 72 53 D3
9 35 BS 41 28 A8 73 41 C1
1¢ 36 Bé 42 ZA AA 74 42 C2
11 2D AD 43 18 98 75 43 C3
12 2E AE 44 1A 9A 76 78 F8
13 1D SD 45 08 88 77 79 Fg
14 1E 9E 46 0A 8A 78 TA FA
15 6D 8D 47 07 87 79 7B FB
16 0E 8E 48 76 F6 80 77 F7
17 03 83 49 3F BF 81 74 F4
18 3C BC 50 39 B9 82 75 F5
19 3B BB 51 17 97 83 67 E7
20 14 94 22 11 91 84 64 E4
21 13 93 53 27 A7 85 65 E5
22 24 A4 54 21 Al 86 57 D7
23 23 A3 55 37 B7 87 54 D4
24 34 B4 56 31 Bl 88 55 D5
25 33 B3 57 2F AF 89 47 C7
26 2C AC 58 29 A9 80 44 C4
27 2B AB 59 1F gF 91 45 C5
28 1C aC 60 3F BF 92 7F FF
29 1B 9B 61 09 89 93 7C FC
30 0C 8C 62 0F 8F 94 7D FD
31 0B 8B 63 19 99 95 7E FE
32 38 B8 64 71 F1
NOTES: 1. All codes are in hexadecimal form. Bit B is the LSB.

2'
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The downstroke position code generated when the key is depressed uses the D7 bit to flag
the terminal microprocessor to repeat the corresponding function or character after a
delay of 1/2 second (counted by the Real-Time Clock). The upstroke position code,
generated when the key is released, inverts the D7 bit of the downstroke position code
which in turn causes the terminal mieroprocessor to remove the repeat flag for the
corresponding function or character.

There are two diagnostic positions installed on the keyboard to generate only the
downstroke position codes. All keyboard memories are erased when —-POR is low. When
-POR goes high, the diagnostic codes and the codes of any depressed keys will appear at
the interface. The sequence in which these codes appear depends upon the location of the
key in the matrix, and on the time of removal of -POR.

2.10.3.3 Output Strobe Logic

A strobe signal ~-KYSTB is generated each time a key is depressed or released. (This signal
is generated by the microprocessor, gated with #1.) The +BUSY signal goes high after the
terminal mieroproeessor receives the strobe signal. The strobe will go high after +BUSY

returns low, As long as -KYSTB and +BUSY are both high, the scan cycle stops, and any
new key depressions will be ignored.

2.11 KEYBOARD (MICRO SWITCH UP/DOWN STROKE), Schematic No. 400286-01

2.111 General Description

The Keyboard contains an LSI Sean Encoder that is capable of encoding up to 127 keys by
sequentially interrogating each key, and generating a specific code and data ready signal
for each key that is operated.

2.11.2 Internal Logie Deseription

2.11.2.1 Keyswiteh Matrix

The 127 possible keys of the keyboard are arranged in a matrix consisting of 16 row drive
outputs and 8 column sense inputs. An operated key will produce a "Key Active" signal
when a corresponding matrix intersection is sensed. The signals used to interrogate the
key matrix are also used to address an internal ROM which is programmed with a specific
code for each key.

2.11.2.2 N-Key Rollover Mode

The basic operation of the keyboard is N-Key Rollover mode. This is implemented by
storing the state of each key in the prior scan in a 128-bit shift register. By eomparing
the input and output of the shift register, key actuation and release can be detected for
each key regardless of the state of any other key. Thus, by responding to an actuated key
on the down-stroke transition, a new code and strobe will be generated for every new key
depression, regardless of how many keys are already depressed,

2-58



2.11.2.3 Strobe Qutput

Whenever new data is loaded into the output storage latehes a Strobe or "data ready"
signal is generated. Only one Strobe signal can be generated per scan cycle. The presence
and duration of the Strobe signal is determined by the Strobe Reset input signal.

2.11.2.4 Strobe Reset

The Strobe signal is enabled only when the Strobe Reset input is in the high (not reset)
state. It is cleared by the Strobe Reset signal going low (reset). The associated data will
remain stable until the Strobe Reset signal returns to the high state. The Strobe Reset
signal must never go low except in response to a high Strobe signal.

2.11.2.5 FIFO Buffer Operation

A two level FIFO (first-in first-out) buffer is also provided on the keyboard. Two sets of
latches are loaded alternately to the output drivers in response to the Strobe Reset signal.
If new data is generated when both buffers are still waiting for system response (Overrun
Condition) the output drivers are forced to an all low state. A new Strobe signal is
generated if not already present. When the external electronics acknowledges this Strobe
signal, an internal System Reset signal is produced. Thus, any previous data will no longer
be accessible, but keys found depressed at the end of the reset sequence will be treated as
new key depressions.

2.11.2.6 System Reset

A System Reset signal will be required to reset all counters and logic to an initial state
necessary for subsequent correct operation. After the system reset signal is removed the
encoder completes the reset operation in a time lasting between one and two scan eycles.
During this time, and the reset time, all key inputs are ignored. Any keys found depressed
after this time are treated as new key depressions, even if they were depressed prior to
system reset,

2.11.3 External Electronices

2.11.3.1 QOutput Codes

The Scan Encoder will generate an 8-bit binary code to identify the key station location in
the given matrix when the key is depressed, and a modified key code when the key is
released. This modified key eode consists of regeneration of bits D# through D6, and the
inversion of bit D7. This 8-bit code is a position code assigned to the physical location of
a particular key on the keyboard. Figure 2-40 shows the key positions and Table 2-3 gives
the position codes generated by each key position. These position codes are inverted and
sent to the terminal mieroprocessor as part of a memory address and, in turn, are
converted to the corresponding ASCII code stored in ROM. (See Table 4-2 for the ASCII
Code Chart.)
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Table 2-4 Micro Switch Key Position Numbers and Position Codes.

Y { X | KEY | DOWNSTROKE ; UPSTROKE X | KEY | DOWNSTROKE | UPSTROKE || Y | X | KEY | DOWNSTROKE { UPSTROKE

NO. 76543210 76543210 NO. 76543210 76543210 ' NO. 76543210 76543210
4 ) 2| 80 01110111 I1110521 f|1 2| 5 ] 22 00100100 10100100 | 6 {13 | 70 01010001 11010001
021} 81 01110100 11110100 || 2 | &6 | 23 00100011 10100011 || 6 {14 ]} 71 01010010 11010010
¢34 82 01110101 11110101 f12 | 7 | 24. 00110100 10110100 || 6 {15 | 72 01010011t 1} 11010011
160 1 00000101 10000101 f} 2 | 8 | 25 00110011 | 1ollo011 || 7 { O | 89 01000111 11000111
1 1 2 00000110 10000110 j12. | 9 | 26 00101100 10101100 |1 7 | 1 | 90 01000100 11000100
12 3 00111101 10111101 ¢k} 2 |10 | 27 00101011 10101011 jf 7 | 2 | 91 { 01000101 11000101
113 4 00111110 10111110 §p2 111 | 28 00011100 10011100 |} 3 | 1 | 49 00111111 10111111
114 5 00010101 10010101 (|2 {12 | 27 00011011 10011011 |34 | 3 | 50 00111001 10111001
115 6 00010110 10010110 §7 2 |13 | 30 00001100 10001100 |4 | &4 | 51 00010111 10010111
116 7 00160101 10100101 ) 2 j14 | 31 00001011 10001011 [y 4 | 5 ] 52 00010001 10010001
137 8 00100110 10100110 j§ 5 }13 | 67 01100001 1110000k |14 | 6 | 53 00100111 10100111
118 9 00110101 10110101 }} 5 f14 | 68 01100010 11100010 |1 & | 7 | 54 00100001 10100001
119 ] 10 00110110 10110110 [ 5 |15 | 69 01100011 1110001t |{ & | 8 § 55 00110111 10110111
1 j10 | 11 00101101 10101101 ff6 | O | 86 01010111 | 1101011} |j 4 | 9 | 5& 00110001 101100¢C1
1 j11 ] 12 | 00101110 101011101 6 | 1 | 87 01010100 11010100 || 4 |10 | 57 00101111 10101111
1 12 | 13 00011101 10011101 j[ 6 | 2 | 88 ¢1010101 11010101 {{ & |11 | 58 00141001 10101001
1 13 | l4 00011110 10011110 ¢ 3 f O | 32 00111000 10111000 |{ 4 |12 | 59 | 00OLlllll | 10011111
1 j14 | 15 00001101 10001101 1{ 3} 1| 33 00111111 1001111 {3 | 1 | 60 00I1I111 | 10111111
1 |15 | 16 00001110 10001110 || 3 | 2 | 34 00111010 10111010 || & |15 } 62 00001111 10001111
0 113 | 64 01110001 11110001 | 3} .3} 35 00010000 10010000 || 7 |13 | 73 01000001 11000001
0 [i4 | 65 01110010 | 11110010 || 3 | &4 | 36 | 00010010 10010010 |[ 7 |14 | 74 01000010 | 11000010
0 15 | 66 01110011 11110011 }| 3} 5 37 00100000 | 10100000 |1 7 |15 | 75 01G00011 11000011
510183 01100111 111001111 3} 6 | 38 00100010 10100010 || O | &4 | 92 01111111 11111111}
511 | 84 01100100 11100106 | 31 7| 39 00110000 10110000 [{ O | 5 | 93 01111100 11111100
512185 01100101 11100101 || 3t 8 | 40 00110010 10110010 |[{ O | 6 | 94 01111101 11111101
210717 | 00000011 10000011 [ 3| 9 { 4l 00101000 10101600 |0 1 7 | 95 01111110 11111110
2|11 18 00111100 10111300 | 3 |10 | 42 00101010 10101010{{ 0 | 8 | 63 00011001 10011001
2121719 00111011 101110121 3} 3 |11 | 43 00011000 - | 10011000 {{ O (10 { 77 01111001 11111001
213420 00010100 10010100y 3 12 | 44 § 00011010 100110610 {{ O il | 78 Qlllliolo 11111010
2421 00010011 | 10010011 {; 3 114 | 46 00001010 | 10001G10 JJ O j12 | 79 | 01111011 11111011




The downstroke position code generated when the key is depressed uses the D7 bit to flag
the terminal mierprocessor to repeat the corresponding function or character after a 1/2
second delay (counted by the Real Time Clock). The upstroke position code generated
when a key is released, inverts the D7 bit of the downstroke position code which in turn
causes the terminal microprocessor to remove the repeat flag for the corresponding
funetion or character,

There are two key positions on the keyboard which are strapped to produce only the down-
stroke position code for keyboard diagnostics. These position codes are present at the
interface after a power-up or system reset sequence.

2.11.3.2 Output Streobe Logie

The strobe output signal -KYSTB is generated each time a key is depressed and released.
A low (active) state on the -KYSTB output informs the terminal mieroprocessor that data
is available at the Keyboard. In response, the terminal mieroprocessor sends a high
(active) +BUSY input signal to the keyboard. The -KYSTB strobe will go high after the
+BUSY input signal returns to a low (inactive) state, As long as -KYSTB and +BUSY are
both high, the scan eycle stops, and any new key depressions are ignored. (See Figure 2-41)

2.11.3.3 Power-on Reset

The terminal miceroprocessor will provide a low -POR input signel to the keyboard when
power is applied to the terminal. The low (active) state of the -POR input signal produces
a System Reset signal for the encoder. When the -POR input signal returns to its normally
high (inactive) state, the position codes of the two diagnostic keys and any other keys that
are depressed will appear at the interface. The sequence in which these codes arrive at
the interface depends upon the location of the keys in the matrix at the time when the
-POR signal beecame high (inactive). (See Figure 2-41.)

= POR :‘_l-— 20 MSEC
— READY f | | | | l |

30us To— P
~KYSTB L} | le—sTROBE FOR
Ta— [ |=Tg UPSTROKE
DATA X X
KEY DEP | | upsTROKE
DOWNSTROKE KEY NOT DETECTED

Ta = 5us MINIMUM: DATA BITS STABLE BEFORE STROBE 1S AGTIVE.
Tg = 545 MINIMUM: DATA BITS STABLE AFTER STROBE GOES HIGH,
Te = 10 us MINIMUM: READY AGTIVE LOW UNTIL NEW STROBE IS SENT.
NOTE: DATA IS TAKEN DURING 'Tg'.
083-049

Figure 2-41, Keyboard Timing Diagram
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2.12 CONTROL PANEL, PART NO. 400056-01

The Control Panel (Port 3), uses the 8255 I/O interface used by other I/O ports. Refer to
Figure 2-42 and Schematie Diagram No. 400056-01. The 8255 IC has a data bus buffer,
three registers that can be programmed for either input or output, a control word register,
and power and control signal connections. See Table 2-4. The Control Panel is located at
the right side of the terminal with the indicator lamps visible just above the keyboard and
the switches concealed just inside the printer under the access cover. The indicator lamps
are LED (Light Emitting Diode) type.

Table 2-4. 1I/O Interface Conneetions

8255 Signals Funetions
D@ - D7 (pins 27-34) Bidirectional data bus — all data and eommand words are
transferred between the MPU and the control panel over these
eight lines.
CS {(pin 6) Chip Select — Port 3, the control panel, is selected when this

line goes low.

Al1/A# (pins 8/9) ADDR 1/ADDR #— two low-order address lines of the memory
address bus, used to select 8255 registers or to specify that a
control word is to be transmitted from the MPU over the data

bus.

A1 Ap

0 0 Register A

0 1 Register B

1 0 Register C

1 1 Control Word (on Data Bus)

WR {(pin 36) WRITE — when low, specifies that a Write from the MPU to
the control penel via the data bus is taking place — output
from the MPU,

RD (pin 5} READ — when low, specifies that a Read into the MPU from

the control panel via the data bus is taking place — input to
the MPU from the control panel.

RST {(pin 35) RESET — when high, clears all internal registers, including the
control register, and sets A, B, and C to input mode, RST is
driven high only at power-up.

Vee (pin 26) +5 volts.
GND (pin 7) Ground.
NOTE

The RESET keyswitch located on the control section of the
keyboard is used to elear (turn off) the error indicators, via
the system firmware: it does not reset the 8255.
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Figure 2-42. Block Diagram, Control Panel
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2.12.1 Operating Mode

The 8255 IC is capable of operating in one of three modes, selected by system firmware.
Only Mode 0, pure input/output, which is used by the control panel, will be deseribed here.
The three eight-bit registers of the 8255 IC are designated as A, B, and C. As part of its
power-up initialization program, the firmware defines the A register (PAf --PA7) and the
four low-order bits of the C register (PC# — PC3) as inputs, and the B register (PBf§ —
PB7) and the four high-order bits of the C register (PC4 — PCT) as outputs. All inputs are
connected to switehes. All outputs are used to econtrol LEDs and the audible alarm.

2.12.2 Switches
Switches are all single-pole, double-throw. All switches have their moving contact

grounded., With switches open, as shown in the schematie, all input lines are held high by
pull-up resistors. When a switch is closed manually, the affected line goes low.

2.12.3 Reading Registers

The control panel operates under control of the MPU and the system firmware. The
firmware periodically initiates a READ by driving CS and RD low, causing the contents of
either the A register or the C register to be input to the MPU over the data bus lines.
Firmware masks out the meaningless four high-order bits of the C register. The firmware
examines each bit to determine whether it is high or low. If a bit is found to be low, the
associated switch has been actuated; if the bit is high the switeh is in the OFF position.
Refer to the Control Panel Identification Chart in the Schematics/Reference section for
functional identification of all switehes and indicators.

2.12.4 Indicators and Audible Alarm

System firmware controls the LED indicators (except for the POWER ON indicator) and
the audible alarm. The POWER ON indicator is hard-wired to +5 volts and lights when the
POWER switeh is turned on. When the firmware in the MPU detects an error condition or
a change in state requiring the lighting of an LED or sounding the buzzer, the MPU
initiates a WRITE (output to the control panel) by driving CS and WR low, then sending the
appropriate data over the data bus. When the RESET keyswitch on the keyboard is
pressed, the firmware clears (turns off) any error-indicating LEDs. All LEDs are red,
except CR12, whieh is green.
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Section 3
MAINTEHANCE

31 INTRODUCTION

Maintenance of the terminal is generally divided into two broad categories: module
replacement and adjustments, and detailed troubleshooting and repair of the cireuit
boards. Since some troubleshooting is also involved in locating the faulty module before it
can be replaced, there is no clear-cut dividing line between these categories, and overlap
will oceur in many areas.

This section is generally divided so that those performing module replacement will use the
next three sub-headings, (3.2) PREVENTIVE MAINTENANCE, (3.3) MODULE RE-
PLACEMENT, and (3.4) ADJUSTMENTS. The remainder of this section contains
component loeation/identification information that will be useful in troubleshooting.

NOTE

Preventive Maintenance, when performed according to the
procedures listed here, will not affect the Diablo warranty.
However, any module replacement or adjustment unsuceessfully
attempted that results in damage to the equipment will render
the warranty null and void. All time and material required to
restore the terminsl to working order will be billed at the

prevailing rates.
3.1.1 General Rules

There are a few general rules that should always be observed:

(1} Never remove or install any circuit boards, or connect or discomnect any plugs, while
power is on.

(2} Applying power to the terminal initiates a printer Restore sequence, which inciudes
carriage movement. Make sure the carriage is free to move to the left before
applying power.

(3} Whenever the access cover is removed, be careful not to brush against the cover-
open switch: operating this switch could allow the carriage to move siwidenly, which
could cause an injury. When operating the terminal with the aceess cover removed
{and the cover-open switeh in the "override™ position), keep fingers, hair, ete., away
from the printer.

(4) Never remove the top cover without first disconnecting the power cord from the
wall outlet.

(5) The print head does not need cleaning under normal operating conditions. Only

unusually severe operating conditions will make print head cleaning necessary, in
which case the problem should be referred to your Diablo Service Represenative.
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(6)

(D

(8)

3.1.2

Do not use aleohol to clean the paper feed rollers, or any other rubber parts.
Alcohol dries out the rubber and hardens it, eventually resulting in paper feed
problems., Use "Fedron Platen Cleaner” or its equivalent.

WARNING

Fedron Platen Cleaner and similar products are flammable,
and have a very low flash point.

Take care not to touch plastie parts with platen cleaner. These products are usually
harmful to plasties. Use alechol to clean plastic parts.

When tipping the HyTerm up to gain access to its underside, first position the power
cord and EIA cable to the sides so they will not be in the way. Make sure the
surface behind the HyTerm is flat and free of any foreign objects. Then tip the
HyTerm up approximately 70° so that it balances on the rear edge of its bottom
cover. Do not allow the table surface or any objeets to apply pressure to the finned
heat sinks on the rear; since these heat sinks are mounted on the power amplifier
boards, any pressure could damage these circuit boards or the mother board and its
connectors. Also, while the HyTerm is tilted up in this manner, hold onto it with one
hand to prevent it from falling.

Top Cover Removal/Replacement

Removal of the top cover and its aceessories is a prerequisite to most HyTerm
maintenance procedures. '

REMOVAL

Refer to Figure 3-0.

(1) Turn the power off and unplug the cord from the ac outlet.

(2) Remove the top cover accessories: the acecess cover and the plastic platen
skirts over the ends of the platen shaft (see Figure 3-0).

(3) Remove the platen: grasp the platen knobs in both hands, press down on the
platen latches with your thumbs, and lift the platen straight up.

(4) Release the top cover by pulling forward on the two latches inside the cover at
both sides, just in front of the platen. Lift the top cover straight up and free
from the printer.

REPLACEMENT

(1) Remove the platen from the printer.

(2) Install the top cover and accessories by reversing the Removal procedure above.
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3.1.3 Tools

A basic hand tool assortment, including regular and Phillips serewdrivers, small open-end
wrenches, pliers, and Allen setserew wrenches is needed for any maintenance. Tools such
as screw starters, offset screwdrivers, ete., are not essential, but will make some jobs
much easier. In addition, the following tools are needed for driving and removing the
special screws used in the terminal and for performing printer adjustments.

Description Diablo Part No.
(1) T15 TORXY Screwdriver 70826-03
or T15 Driver Bit 70826-01
(2) Ti5 TORX Key Wrench 70826-05
(3) Cirecuit Board Extender 40539-01
(4) 3M Connector Extractor Tool 70832
(5) Molex Connector Extractor Tool 24853
(6) Molex Conneector Pin Extractor Tool 13197
(7) Platen Adjustment Tool .24708

(8) Tensiometer, Electromatic Equipment
Co. Model DXX-1KD or equivalent,
calibrated for Diablo cable.

For detailed troubleshooting and repair of cireuit boards, the usual oscilloscope, soldering
iron, ete., are needed, plus the following special tools:

Description Diablo Part No.
{1) Transducer Cable Extender 40666
(2) Carriage Motor Cable Extender 40667
(3) 48V Return Cable Extender 24789

3.2 PREVENTIVE MAINTENANCE

3.2.1 Supplies

The following supplies and lubricants are necessary for proper preventive maintenance.
The part numbers listed below are Diablo part numbers.

1. Fedron Platen Cleaner, or equivalent.

2. No. 99000-01 Alcohol Pads (91% Isopropyl aleohol), or equivalent.,
3. Lint-free Wipes.

4. Clean, low pressure compressed air.

5. No. 70825-01 2-0oz tube of Multipurpose grease.

6. No. 70364 Polyoil (light white grease).

7. No 70243 Light Oil (Shell Turbo 27).

8. Loctite

CAUTIONS:
* Do not use aleohol on any rubber parts.
* Do not use platen cleaners on plastie parts.

*  Platen cleaners are flammable, and have a very low flash point.

TORXR is a registered trademark of Camecar Screw & Mig.
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3.2.2

Cleaning and Inspection

It is difficult to state specific rules concerning the frequency of preventive maintenance
inspections, because of differences in the hours of usage and environmental considerations
from one machine to another. It is recommended, therefore, that the following preventive
maintenance procedure be performed at least every 500 hours of printing time, or every
six months, whichever ocecurs first:

(1)

(2)

(3)

(4)

(5)

*6)
*7)
*8)
*9)

Remove power from the terminal. Remove the top cover (see 3.1.2). Reinstall the
platen once the top cover has been removed from the HyTerm.

Thoroughly inspect the printer for signs of wear and loose or broken hardware.
Check carriage cable for signs of wear, and cable pulleys for loose bearings. Check
platen for looseness or wobble. Check platen drive gears for looseness. Check the
carriage for looseness, wobble, or accumulation of foreign material on the rails,
which might cause uneven movement of the carriage.

Remove the platen and the paper cradle and inspect them and the plastie paper
clamp for signs of wear.

Clean the printer thoroughly, using alcohol-saturated cleaning pads and wipes.
Remove accumulations of paper residue, ink, dust, ete., with special attention to
carriage rails and pulley grooves.

Clean the paper bail tires and paper feed rollers with a good platen cleaner which is
non-injurious to rubber preducts, such as "Fedron" Platen Cleaner. Do not use
aleohol to clean these items.

Clean the rest of the termina}l as required -- remove all dust and foreign material,
Inspect the entire machine for loose hardware and frayed wires or cables.

Check to be certain that the fan is operating.

Check all power supply voltages {see 3.4.3).

Items above marked with an asterisk (*} should be checked on every machine visit, not
only at the P.M. inspection.

3.2.3

Lubrication

Lubricate the various parts of the cleaned and inspected printer according to the following
schedule. DO NOT exceed this schedule. Too muech lubricant is often worse than none at
all! (To be done every six months or if printer has not been used for more than a week.)
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Figure 3-1. Carrier System Lubrication Points

3.2.3.1 Carrier System

Refer to Figure 3-1. Lightly grease all the points indicated in this procedure with Diablo
no. 70825-01 grease.

1. Paper Feed Roller Shaft Pins (A) .

2. Platen Position Lever Detent Plate (inside surface) (B) .

3. Platen Position Slide Plates {carrier frame) (C) , with the lever moved limit to
limit, Also grease all points of the contact with pivots, eccentrics, guides, ete.

4. Platen Position Torque Shaft Ends, Bearing Surfaces, and Spring Loops @
5. Paper Release Lever Tab Ramp and Shaft Piviots @ .

6. Paper Release Torque Shaft Pivots and Arm Slots ® .

7. Paper Bail Pivots @ .
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J.2.3.2

Figure 3-2. Carriage System Lubrication Points

Carriage System

Refer to Figure 3-2. While this system is to be lubricated at normal 6 month or 500 hour
intervals, it may need additional attention if the printer has not been used for some time,

1.
2'

Carriage Rails - Clean_the rails with aleohol wipes.

Carriage Rear Bearings -- Place 4 - § drops of No. 70243 oil on the rail
beside each bearing. Move the carriage back and forth manually to spread the
oil and saturate the felt washers inside each bearing.

Carriage Front Bearings © — Swab the top and bottom rail surfaces with No.
70243 oil. Leave a thin film only - no droplets.

Ribbon Cartridge Latches @ — Apply one small drop on No. 70243 oil to each
lateh pivot, and moisten the latceh return spring ends.

Ribbon Drive Capstan ® — Apply one drop of No. 70243 ¢il to the capstan
drive blade and hub. Work the blade up and down manually a few times to
spread oil to the blade shaft in the hub.

Ribbon Drive Clutehes ® -- Apply one very small drop of No. 70243 oil to each
cluteh pulley shaft end. Wipe all gears with the oil. *Oil the clutch springs by
spreading oil lightly across their surfaces.

Ribbon Drive Pulley @ — Apply one drop of No. 70243 oil to the upper end of
the pulley shaft,
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3.2.3.3

Figure 3-3. Platen System Lubrication Points

Platen System

Refer to Figure 3-3.

Paper Feed Idler Gear — Inspect the large felt washer behind this gear. If it
is becoming white in color, saturate it with 70364 Polyoil.

Platen Latches @ —-- Lightly grease the contact area between these arms and
the carrier side frames with No. 70825-01 grease.

Platen Hubs @ — Apply one drop of No. 70243 oil to the shaft between the
knob end and drive gear hub.

NOTE

This procedure is applicable to optional pin feed platens. The
pin cam area of these platens is self-lubricating, and does not
require additional lubrication for the life of the unit.
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3.3 MODULE REMOVAL AND REPLACEMENT

Always make certain that the power cord is unplugged from the ae outlet before
attempting to replace any components or modules,

All modules have been assigned "assembly numbers" according to the system adopted by
the American National Standards Institute {(ANSI) in their standard no. Y32.16: "Reference
Designations for Electrical and Electronies Parts and Equipments. Table 3-1 lists all
major assemblies, and the smaller assemblies that are normally considered replaceable as
modules, along with their reference designations. These designations are used in the
remainder of this section and in the schematics and wiring diagrams to identify the
various assemblies.

Table 3-1. Major Assemblies and Modules

Assembly No, Description

(Reference Designators)

Al Matrix Printer

AlAl Matrix Interface (MXI) Board

AlA2 Processor Board

Al1A3 Carriage Servo Board

AlA4 Carriage Power Amplifier Board

AlA5 HPRO3 Board

AlA6 XMEM Board

AlASB Hammer Driver Board

AlA9 Mother Board

A2 Power Supply

A3 Keyboard

Ad Control Panel

3.3.1 Printed Circuit Boards

CAUTION
Never remove or install circuit boards or connectors while
power is applied to the HyTerm.
(1) Turn the power off and unplug the cord from the ac outlet.
{(2) Remove the paper or forms from the printer. Remove the forms tractor if
applicable (see 1660 Product Description, paragraph 2.4.3).
(3) Remove the top cover and aceessories from the printer (see 3.1.2).

(4) Remove the screw in the center of the circuit board clamp (see Figure 3-4) and
remove the elamp.

(5) Locate the circuit board to be removed (see Figure 3-4).

(6) Grasp the circuit board firmly at the two upper corners and pull it straight up,
taking care not to stress any existing cable connections.

(7) Disconnect all remaining cables from the circuit board.
REPLACEMENT

(1) Check all jumper positions and switch settings on the circuit board, Verify that the
board is configured correctly.

(2) If the HPRO3 board is being installed, first attach the keyboard cable to the P2
connector on the circuit board.
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(3)

(4)

Holding the board with the component side toward the front of the printer (toward
the platen), insert the circuit board into the guides and slide it all the way down
until it contacts the conneector on the motherboard.

Usmg firm, equal pressure on both upper corners of the board, push it down so that it
is fully seated into the socket.
NCTE

If excessive resistance is encountered, check to make sure the
proper board is being installed in the socket: all boards are
keyed so they will not fit in the wrong socket (refer to Figure

3-4).

(5} Replace the platen, insert a sheet of paper, and apply power to the HyTerm. Test
the HyTerm at this time.

(6) After determining that the terminal is operating properly, remove power and install
the circuit board clamp. Remove the platen and install the top cover and
accessories (see 3.1,2).

3.3.2 Power Supply

REMOVAL

(1) Turn the power off and unplug the power cord from the aec outlet,

(2) Move the HyTerm to a location where both the top and bottom are accessible when
the HyTerm is tilted back (preferably a work bench).

(3) Remove the top cover following the procedure in 3.1.2. Remove the paper cradle
(see Figure 3-5).

(4) Tilt the HyTerm up so it is resting on the rear edge of the bottom cover, and remove
the screen-like bottom pan. Loosen the three rear serews and remove the three
forward and two side screws; then slide the bottom pan off the HyTerm. Lay the
HyTerm back on its feet.

CAUTION
When tipping the HyTerm up, be certain to use a flat surface,
with no foreign objects in the way. Any small object could
cause pressure to be applied to the rear heat sinks, which are
mounted on the power amplifier boards. Excess pressure on
these boards could damage the boards and/or the mother
board.

(5) Look down into the platen area of the printer and locate the power supply, which is
covered by an aluminum screen. Remove the four mounting screws from the top of
the power supply (see Figure 3-5). The supply will drop slightly and rest on the work
surface.

(6) Tilt the HyTerm up slightly and reach underneath to hold the power supply with your

(7

hand (to prevent it from felling). Then tilt the HyTerm all the way up so that it
rests on the rear edge of the bottom cover.

Slide the power supply out of the printer enough to access the terminal strip at the
right side of the power supply. Disconnect the wiring from the terminal strip. Set
the power supply aside and set the HyTerm down on its feet.
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REPLACEMENT

(1)

(2)

(3)

(4)
(5)

(6)

(7)

(8)

(9)

(10)
(1)
(12)

Tilt the HyTerm up on the rear edge of the bottom cover and connect the wires to
the power supply terminal strip as shown in Figure 3-6. Observe the caution about
tilting the HyTerm noted in step (4) above.

Swing the power supply into position inside the printer casting. Make sure all wires
and cables are routed correctly and securely.

Holding the power supply in position, insert the mounting serews through the cover
screen and the printer casting and start them into the threads in the power supply
frame. Start all four mounting serews,

Set the HyTerm back down on its feet. Tighten all four power supply mounting
serews securely.

Locate the power connections (+48V, +15V, ~15V and +5V ) at the right side of the
mother board between the card cage and the rear right side of the bottom cover {(see
Figure 3-25).

Plug the HyTerm into an ac outlet and turn the POWER switch on. Verify
that the HyTerm does a restore (carriage moves to left).

Using a voltmeter, measure the voltages between ground and each of the four power
connections on the motherboard. The voltages should read as follows when under
load conditions:

+5V = +4.75 to +5.25 voits
+15V = +15 to +16 volts
-15V = -15 to -16 volts
+48V = +48.5 to +50.5 volts

If voltages do not read within the ranges above, see 3.4.3.

Temporarily install the platen and a sheet of paper and test the HyTerm for proper
operation by running a Self-Test routine and by entering data from the keyboard., If
operation is satisfactory, turn the POWER switch off and unplug the power cord.

Tilt the HyTerm up again and install the screenlike bottom pan by sliding it under
the three rear screws and then installing the remaining five screws. Tighten all
eight bottom pan mounting screws.

Set the HyTerm down on its feet and install the paper cradle.
Replace the top cover and accessories (see 3.1.2).
Insert paper, apply power, and test the HyTerm thoroughly.
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3.3.3

Control Panel

REMOVAL

(1)
(2)
(3)

Set the power switeh to off and unplug the power cord from the ac outlet.
Remove the top cover and accessories (see 3.1.2).

Remove the keybeoard mask by lifting up on the forward ecorners of the mask until it
"pops" loose, then lift the mask from the keyboard,

(4) Remove the four control panel mounting screws (two serews on each side of the
panel).

(5} Remove the HPRO3 board from slot (E} of the mother board (see Figure 3-4);
disconnect the control panel cable at the J2 connector.

(6) Disconnect the remaining wiring on the rear of the control panel and lift the eontrol
panel off the HyTerm.

REPLACEMENT

(1} Connect the control panel wiring on the rear of the panel referring to Figure 3-7,

(2) Connect the control panel cable to the J2 connector on the HPRO3 board and install
the HPRO3 board into slot (E) of the mother board (see Figure 3-4),

(3) Set the control panel in place and install the four mounting serews and tighten
securely. _

{4) Install the keyboard mask by setting it in place and applying pressure on the forward
corners of the mask until its "pops" securely into place.

(5) Install the top cover and aceessories (see 3.1.2).

(6)

Apply power and test the HyTerm.
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3.3.4 Keyboard

REMOVAL
(1)  Turn the power off and unplug the power cord from the ac outlet,
(2) Remove the top cover and accessories (see 3.1.2).

(3) Remove the keyboard mask by lifting up on the forward corners of the mask until it
"oops™ loose, then lift the mask from the keyboard.

{4) Remove the four keyboard mounting serews (two on each side).

(5) Disconnect the keyboard cable connector which is visible through an access hole cut
in the left side of the control panel.

(6) Remove the keyboard by first sliding it to the right then lifting up on the left
forward corner and swinging the left side out first, then the right. Set the keyboard
aside where it will not be damaged,

REPLACEMENT
(1) Set the right side of the keyboard into place and then swing the left side into place.
(2) Connect the keyboard cable to the keyboard connector.

(3) Center the keyboard on its mounting brackets and install the four mounting serews.
Tighten the mounting serews down securely.

(4) Install the keyboard mask by setting it in place and applying pressure on the forward
corners of the mask until its "pops" into place.

(5) Install the top cover and accessories (see 3.1.2),
(6) Apply power and test the HyTerm.

3.3.4.1 Keyswitch Removal/Replacement

Once the keyboard has been removed from the HyTerm, individual keyswitches can be
replaced if necessary. The required tools for keyswiteh replacement are a low-wattage
soldering iron, a solder removal tool, 60/40 rosin-core solder, and & long needle-nose
pliers.

CAUTION

When removing the keytops from the "Press-to-Latch/Press-
to-Release" Kkeyswitches in the control section of the
keyboard, always place the keyswitch in the released (up)
position to avoid damage to the module.

REMOVAL

(1) Remove the keytop from the module being replaced by lifting or prying upward with
a padded tool. Remove the keytops from the modules on either side of the one being
replaced. It may also be necessary to remove other adjacent keytops to provide
adequate work space.

(2)  Unsolder the four module terminals from the keyboard's circuit board. Use a solder
removal tool to remove all sclder from the pin holes in the circuit board.

(3) Grip the switch module retaining clip release tabs on two sides of the module with
the needle-nose pliers. Squeeze the pliers while pulling up on the module to free the
module from the eircuit board.
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REPLACEMENT

(1)

(2)

(3)

(4)

Grip the switech module retaining clip release tabs on two sides of the switch with
the needle-nose plier. Squeeze the pliers while inserting the module into place;
release the pliers once the module is in place.

NOTE

Make sure the module is properly oriented and that the four
pins are through the holes in the circuit board.

Solder the new switech module terminals using 60/40 rosin-core solder and & low-
wattage soldering iron.
CAUTION

Never hold the soldering iron to the module pins for more than
four seconds.

The solder joints should be cleaned on the bottom side of the circuit board with &
mild solvent. Be careful not to get any solvent on the switeh module or keytops.

Replace all keytops making certain that they are placed on the right module and are
properly oriented.
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3.3.5 Printer

REMOVAL
{1) Turn the power off and unplug the power cord from the ac outlet.
(2) Remove the top cover and accessories (see 3.1.2).
(3) Disconnect the following wiring and cables:
1. The ground wire from the printer to the bottom cover at the terminal post in
the front, center of the bottom cover. _
2. The ac power cord ground wire connected to the printer's frame near the right
carriage pulley. Disconnect the ae cord clamp at the printer's right side frame,
3. The Cover-Open switch wires from the mother board at the Cover-Open switch
on the control panel.
4. The ac wires from the control panel to the mother board at the power switch
and fuse,
5. The keyboard cable at the HPRQ3 board J2 connector.
6. The control panel cable from the P2 edge connector on the HPRO3 board.
(4) Tilt the HyTerm up and remove the four screws that hold the bottom cover to the
printer at the shoek mounts,
(5) Set the HyTerm down on its feet and lift the printer straight up and out of the
bottom cover,
NOTE
If any unusual resistance is felt when lifting the printer out of
the bottom cover, double check all wire and cable econnections
to determine what is eausing the resistance. Never force the
printer out of the bottom cover.
REPLACEMENT

(1)
(2)

(3)
(4)
(5)

Set the printer in place inside the bottom cover making sure that no wires or cables
are pinched between the printer frame and the bottom cover.

Tilt the HyTerm up and install the four mounting screws through the bottom cover
and into the printer shock mounts. Tighten securely.

Connect all the wires and cables listed in step (3} of the removal instructions above,

Replace the top cover and accessories (see 3.1.2).

Apply power and test the HyTerm thoroughly.
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3.3.6 Print Head

REMOVAL

(1) Turn the power off and unplug the power eord from the ac outlet.

(2) Remove the access cover.

(3} Remove the two setserews that hold the print head to the carriage assembly.

(4) Disconnect the print head connector located directly below the print head on the
carriage assembly. Lift the print head off the carriage assembly.

REPLACEMENT

(1
(2)

(3)
(4)

Connect the print head connector to its mate on the carriage assembly.

Set the print head in place and install the two setserews through the mounting
bracket ang into the print head. Tighten securely.

Replace the access cover.

Apply power and test the print head for proper character representation. If the
print quality is not sufficient, refer to the printer adjustment section (3.4.1).
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3.3.7

Paper Carrier Subassembly

REMOVAL

(1)
(2)

(3)

(4)

(5)

(8)

(M)

(8)

Remove the printer from the bottom cover following the procedure in 3.3.5 and
place the printer on a sturdy work bench or table.

Remove the ribbon cartridge and paper cradle and set them aside with the other
accessories,

Stand the printer up on the front end of its main frame. Use a #99009 T-Handle
Spring Hook to disengage the four Carrier System load springs from the printer's
main frame (two long springs in front and two short springs in the rear). See Figure
3-8.

Open the wire bundle to the mother board and diseonnect the four paper feed motor
wires from the mother board at T4, T5, T8, and T7 (see Figure 3-19). Also
disconnect the Paper-Out switeh wires from the mother board at T9 and T10 and
open the associated wire bundle,

Return the printer to its upright position. Remove the two mounting serews and
spacers from the fan on the left side of the Carrier Subassembly and lay the fan next
to the printer. Move to the right side and cut the tie wraps from the wire bundle
mounted to the paper feed motor.

Remove the E-ring, the paper feed idler gear, and the felt washer (see Figure 3-9) to
facilitate easy access to the right-hand earrier height eccentric.

Using a 1/4™ wrench or nut driver, remove the left- and right-side front Carrier
Subassembly height adjustment eccentries. Using a TORX T15 screwdriver, remove
the left- and right-hand rear Carrier Subassembly support shoulder screws (see
Figure 3-9).

Carefully lift the Carrier Subassembly, including the paper feed motor, free of the
printer's main frame, as shown in Figure 3-10. Be sure the motor wires and Paper-
Out switch wires are free and not caught in the wire bundle.

REPLACEMENT

(1)

(2)

(3)

(4)

(5)

Clean all Carrier Subassembly bearing surfaces on the printer's main frame of old
grease, etec. Apply a light coating of multipurpose grease to the points shown in
Figure 3-11, on both ends of the main frame.

Carefully lower the Carrier Subassembly down into position on the printer's main
frame. Refer to Figure 3-10.

Insert the left- and right-hand rear Carrier Subassembly shoulder support serews
using a TORX T15 serewdriver (see Figure 3-9). Make sure the serew shoulders pass
into the slots in the Carrier side frame, and tighten the serews firmly. DO NOT
over-tighten and strip the threads from the holes in the main frame easting.

Insert the left- and right-hand front Carrier Subassembly height adjustment
eceentrics using a 1/4" wrench or nut driver. Make sure the shoulders of the
eccentrics pass into the slots in the Carrier side frames, and thread the serews in far
enocugh to retain the eccentrics snugly in the slots, but DO NOT tighten. The
eccentrices should be positioned so their lobes point toward the rear of the machine,

Install the fan on the left side of the Carrier Subassembly so that the standoffs rest
between the Carrier's side frame and the fan mounting bracket. Tighten the two fan
mounting screws with a TORX T15 screwdriver.
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(6)

(7)

(8)

(9)

(16)

TOROUE SHAFT BEARING NOTCH

CARRIER SIDE PLATE
SLIDING BEARING SURFACES

[ R.H. END' SHOWN)

Figure 3-11, Carrier System Replacement

Using a tie wrap, secure the wire bundle to the right side frame at the paper feed
motor. Replace the felt wiper, the paper feed idler gear, and the E-ring.

Stand the printer on the front end of its main frame. Use the #99009 T-Handle
Spring Hook to connect the loose ends of the four Carrier Subassembly load springs
to the main frame making use of the holes provided (see Figure 3-8).

Arrange the four paper feed motor wires and the two Paper-Out switch wires into
the proper wire bundles running along the edge of the mother board. Conneect the
wires to the mother board as follows:

Red (paper feed motor) to T4
Yellow (paper feed motor} to T5
Black (paper feed motor) to T6
Gray (paper feed motor) to T7
Yellow (Paper-Out switeh) to T9
Brown (Paper-Out switch) to T10

Secure the wire bundles with tie wraps or equivalent.

Reinstall the printer into the bottom cover following the procedure in 3.3.5. Install
the paper cradle and ribbon cartridge.

Perform the printer adjustments deseribed in section 3.4.1.

{TOP P.O.SW. BAIL
DLER SEAR SHAFT HOLE |

ECCENTRIC

UPPER MOUNTING SCREW
[ SPECIAL SPACER]

PAPER FEED
MOTOR

LOWER MULNTING SCREWS
{PLA!H SPACERS)

Figure 3-12. Paper Feed Motor Removal/Replacement
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3.3.8 Paper Feed Motor

REMOVAL

(1)

(2)

(3)

(5)
(6)

Remove the printer from the bottom cover following the procedure in 3.3.5 and
place the printer on a sturdy work bench or table,

Stand the printer up on the front end of its main frame. Open the wire bundie from
the paper feed motor to the mother board and disconneect the four paper feed motor
wires from the mother board at T4, T5, T6, and TT.

Return the printer to its upright position. Remove the E-ring, paper feed idler
gear, and the felt washer from the paper feed motor on the right side frame. Cut
the tie wrap from the wire bundle mounted to the paper feed motor.

Using a TORX T15 serewdriver, remove the three paper feed motor mounting serews
and the three spacers installed between the motor flange and printer frame. Note
that the upper right-hand spacer has a shoulder which fits into the motor flange hole
to prevent side play.

Tilt the motor down and out of the printer frame, and gently pull its connecting
wires free from the wire bundle inside the printer,

Using an 11/32" open end wrench and a blade screwdriver, remove the paper feed
idler gear mounting stud eccentric, nut, and two washers from the paper feed
motor's upper left-hand flange hole (see Figure 3-12).

REPLACEMENT

(1)

(2)

(3)

(4)

(5)

(6)

(7)
(8)

Orient the (new) paper feed motor to the printer frame so that the motor shaft
points outward and the motor wires point directly downward. Now insert the idler
gear mounting stud through the upper left-hand motor flange hole, Install the two
washers and nut from the rear of the flange. Thread the nut on finger-tight only; it
will be tightened later when performing the paper drive adjustments.

Carefully insert the paper feed motor wires into the opening in the right-hand
printer side frame, and tilt the motor into position in the frame opening.

Insert the special spacer [noted in step (4) above] behind the motor's upper right
flange hole, with its shoulder extending into the flange hole. Loosely thread a motor
mounting screw through the upper right flange hole, through the spacer, and into the
printer side frame.

Place the other two spacers behind the two lower flange holes and install (finger-
tight) the remaining two motor mounting screws. Now tighten the upper right
mounting serew until! it is snug, but not so tight as to restrict lateral movement of
the motor.

Replace the felt washer, idler gear, and E-ring on the idler gear mounting stud. Also
replace the tie wrap on the wire bundle previously secured to the paper feed motor
with a stick-on mount. It may be necessary to replace the stick-on mount at the
same time.

Arrange the four paper feed motor wires into the wire bundle running along the edge
of the mother board. Connect these wires to the mother board as follows: red to T4,
yellow to T5, black to T6, and gray to T7. Secure the wire bundle with tie wraps.

Reinstall the printer into the bottom cover following the procedure in 3.3.5.
Perform the printer adjustments described in section 3.4.1.
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b.

Figure 3-13. Carriage Drive Cable Pulley Removal
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3.3.9

Carriage Subassembly

REMOVAL

(1)
(2)
3)
(4)

(5)

(6)

(7}

(8)

Turn the power off and unplug the power cord from the ac outlet.
Remove the top cover and accessories {see 3.1.2).
Remove the ribbon cartridge and store with the other accessories.

Loosen the ribbon drive cable loeknut at the right end of the cable, but do not
remove, Remove the E-ring from the fastening post at the left end of the ribbon
drive cable and slip the cable ring off the post. Remove the ribbon drive cable from
around the ribbon drive pulley and lay the cable out of the way over the printer's left
side frame.

Position the carriage slightly to the right of center to gain access along the right
side of the carriage servo motor to the mounting serew for the carriage drive cable
pulley. Install a hemostat clamp on the pulley as shown in Figure 3-13a {use a piece
of heavy paper between the pulley and the hemostat clamp jaws to protect the
pulley flanges). This prevents the pulley from moving or flipping over and releasing
the drive cables. Referring to Figure 3-13a, note that the hemostat clamp is
installed to trap the upper forward right-hand cable segment between its jaws as it
is clamped to the pulley. Make sure this has been done, and that the clamp is seeure
before proceeding.

Use a TORX T15 serewdriver to reach up beside the carriage motor and remove the
pulley mounting screw (see Figure 3-13b). Make sure the pulley is free from the
carriage frame, and gently move the carriage to the left to clear the pulley.
Retrieve the spacer from the top of the pulley, and note that the spacer has a
shoulder which extends down into the center of the pulley when properly assembled.
Store the spacer and pulley mounting screw. DO NOT remove the hemostat clamp
from the pulley!

Use a small blade screwdriver to remove the ribbon motion sensor mounting bracket
from the carriage. Use a TORX T9 serewdriver to remove the Molex connector
mounting bracket from the carriage subassembly. Disconnect the Molex connector
and remove the spring-type cable shield from the snap-in metal clip mounted to the
carriage subassembly. Lay the entire cable (with the removed mounting brackets) on
the bottom of the carriage trough.

Using a Torx T15 serewdriver, 1oosen the eight carriage rail elamp screws from the
front and rear carriage rail clamps on both sides of the printer. Slide the front rail
to the left until it clears the carriage rail bearings. Slide the rear carriage rail
slightly to the left and remove the heavy rubber washer and metal washer from the
rail. While holding the carriage in one hand, continue sliding the rear rail leftward
until the rail slides out of the rear carriage bearing sleeve and is free of the carriage
subassembly.
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083-008

Figure 3-14., Ribbon Drive Cable Replacement
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REPLACEMENT

(1)

(2)

(3)

(4)

(5

(8)

(7)
(8)

NOTE

When installing a new carriage subassembly from the factory,
it will be necessary to saturate the felt wipers provided with a
light oil and install them and their white plastie snap-on covers
into both ends of the rear carriage rail bearing sleeve,

Using a TORX T15 serewdriver, remove the carriage drive pulley and spacer from
the carriage subassembly to be installed. If carriage drive cables have been removed
or if the carriage drive pulley is to be replaced, refer to 3.3.10 before proceeding.

Clean both carriage rails with aleohol and check them for surface defects and for
straightness. Replace any rail which has surface damage or is bent. Carefully slide

both carriage rails through the right-hand rail clamps into the printer about half
way.

Slide one of the heavy rubber washers over the left end of the rear carriage rail.
Holding the carriage subassembly in one hand, gently slide the carriage subassembly
onto the carriage rails. Be careful not to streteh or break the lubricated felt wipers
installed at both ends of the rear carriage bearing. Also be sure that the forward
carriage rail rests between the two forward carriage slide bearings. With the
carriage subassembly installed on the carriage rails, place the other heavy rubber
washer, followed by the metal washer, on the left end of the rear carriage rail (a
heavy rubber washer should be on both sides of the carriage subassembly's rear
bearing). Slide both carriage rails into the clamps on the left printer side frame
making sure that the rails come to rest in the notches provided on both sides of the
printer. Using a TORX T15 screwdriver, tighten the two forward and two rear
carriage rail clamps on both sides of the printer, Move the carriage back and forth
along the rails to ensure smooth and even earriage movement.

Place the spacer, removed in step (6) above, on top of the carriage drive pulley with
the shoulder extending down into the center of the pulley. Position the carriage
subassembly over the clamped carriage drive pulley, and insert the shoulder screw
through the pulley and spacer, and into the mounting hole on the carriage. Using a
TORX T15 serewdriver, tighten the shoulder serew and remove the hemostat elamp.

Retrieve the spring-shielded cable (including the print head connector and ribbon
sensor mounting bracket) from the carriage trough and snap the eable shield into the
metal clamp on the bottom of the carriage. Connect the print head connector to its
mate from the print head. Install the two mounting bracket screws and tighten them
with a TORX T9 serewdriver. Set the ribbon sensor mounting bracket in place on
the carriage and install, tightening the mounting screw.

Route the ring end of the ribbon drive cable (stored at the right side frame) through
the carriage behind the ribbon drive pulley. Make two CCW revolutions {looking
from the top of the pulley) around the ribbon drive pulley and continue to run the
cable to the left until the fastening post on the left side frame is reached (see

Figure 3-14). Slip the cable ring over the fastening post and install the E-ring on the
post.

Perform the printer adjustments deseribed in section 3.4.1.

Replace the ribbon cartridge. Reinstall the top cover and accessories (see 3.1.2)
when the HyTerm is ready to return to service.
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MOUNTING

LEAF SCREW
SPRING
CABLE END
PARTS
Figre 3-15. Carriage Drive Cable Tension Sf)i‘iﬂg
3.3.10 Carriage Drive System

This section outlines the removal and replacement of the carriage drive system, which
ineludes the carriage drive cables and the earriage servo motor.

REMOVAL

(1)
(2)
(3)
(4)

(5)

(6)

Turn the power off and unplug the power cord from the ae outlet.
Remove the top cover and accessories (see 3.1.2).
Remove the printer from the bottom cover (see 3.3.5).

Position the carriage slightly to the right of center to gain access along the right
side of the carriage servo motor to the mounting screw for the ecarriage drive pulley
on the lower portion of the carriage. Use a TORX T15 serewdriver, reach up beside
the carriage motor, and remove the carriage pulley mounting serew. Make sure the
pulley is free from the carriage subassembly, and move the earriage to the side to
clear the pulley. Retrieve the spacer from the top of the pulley; note that the
spacer has a shoulder which extends down into the center of the pulley for later
reassembly.

Referring to Figure 3-15, use a TORX T15 serewdriver to loosen the mounting screw
and release the tension on the drive cable tension leaf spring, located on the left
side frame. This will release the tension of the carriage drive cables.

Retrieve the carriage drive pulley, and unthread the two drive cables from around
the servo motor's capstan and fixed side pulleys. Note that the ball end of the left-
hand cable is trapped between the servo motor's capstan and the printer frame.
Rotate the capstan so that the noteh is in the six o'elock position and release the
ball and eable from the bottom of the printer.

If the carriage servo motor js not to be removed, skip to step (5) of the Replacement
instructions,

(7)

(8)

)]

Stand the printer up on the front end of its frame. Using a TORX T15 screwdriver,
remove the four fastening screws from the ecarriage trough bottom plate and move
the plate out of the way.

Remove the cable ties while following the servo motor's tranducer and power cables
to their respective circuit board connections. Note each cable routing for later
reassembly. Disconnect the transducer cable at the J8 connector on the CAR
SERVO board in slot C of the mother board. Disconnect the power cable at the B73
and C75 connections on the CAR PWR AMP board-in slot D of the mother board.

Using a 1/4" wrench, remove the two hex head thread forming screws and flat
washers holding the servo motor to the printer frame. Remove the servo motor and
its attached cables, noting their orientation for later reassembly.
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REPLACEMENT

(1)

(2)

(4)

(5)

(6)

(7)

On the replacement carriage servo motor, lightly coat those surfaces which will
contact the printer's frame with heat sink compound. With the printer still up on the
front end of its frame, orient the servo motor with the capstan up, and the two-wire
power cable to the left (as viewed from the bottom of the printer) and move it into
position in the printer's frame,

Using a 1/4" wrench, replace the two hex head thread forming screws and two flat
washers to hold the motor in place. Tighten the screws securely.

Arrange the two attached cables along their respective routings (as noted during
removal) and secure the wire bundle with tie wraps. Plug the transducer cable into
the J8 connector on the CAR SERVO board in slot C of the motherboard and plug
the two power wires onto the B75 (blue wire) and C75 (red wire) connectors on the
CAR PWR AMP board in slot D of the motherboard.

Set the bottom plate back into position, and replace the four fastening screws using
a TORX T15 serewdriver to tighten them, Set the printer back down on its feet.

Study the carriage drive eable arrangement shown in Figure 3-16. Assemble an O-
ring, cable hub, lockwasher, and locknut on the end of the replacement carriage
drive cables, Serew the nut onto the cable shank far enough to allow two threads to
show on the free side of the nut. Hold the cable shank securely with a wrench while
driving the nut on, to avoid twisting the cable.

Insert the ball end of this cable through the cable hole in the right side frame.
Engage the cable’s ball into the notch on the outside rim of the servo motor capstan.

Hold a slight tension on the cable, and turn the capstan CCW (viewed from the
printer's front) to wind on almost all of the cable (slightly more than four complete
turns).

/,f‘__._ .““-‘\"
G?-G@ﬂ@-ﬁﬁ
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—

I:‘| > MOVEMENT -
Y _—_J}.‘} FIXED
|
2 -
[ I -
! RGTATIgy c"‘"\
L.H. CABLE A""c?w_‘“-- -
SERVO R.H. CABLE
CAPSTAN

Figure 3-16. Carriage Drive Cable Routing
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Figure 3-17. Right-Hand Carriage Drive Cable Installation
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Figure 3-18. Carriage Drive Cable Tension Spring Assembly
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(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)
a7
(18)
19)

Refer to Figure 3-17. From the capstan, arrange the cable back to the right around
the right side pulley CW (bottom rear to front top ), and to the left and CW (frent to
back} around the carriage drive pulley, with the cable in the drive pulley's upper
groove. It will be necessary to allow the capstan to rotate slightly.

Protect the carriage drive pulley with heavy paper, and grasp it with a hemostat
clamp as shown in Figure 3-17. Hook the hemostat clamp's lower finger ring over
the main frame servo motor shield as shown, where the motor's magnetism will help
to hold it in position. Rotate the capstan CCW to keep a slight tension on the cable,
and to locate the noteh on the capstan's inside rim (closest to the motor) as near the
top as possible,

Place the bali end of the second cable between the capstan and the main frame at
the lowest point of the capstan (the ball will not fit between the capstan and the
main frame at any other point). Pull the cable up until the ball ean be inserted into
the notch on the capstan's inside rim and insert the ball into the notch. Run the
cable directly over to the left side pulley. There should be no more than 1/4 turn of
this cable on the capstan.

Arrange the cable around the left side pulley CCW (bottom rear to top front), and
back to the right. Carefully route the cable CCW (front to back and back to left)
around the carriage pulley in the lower slot of the pulley. Stretch the cable to the
left, and thread its free end out through the cable hole in the left side frame.

Assemble the hardware items on the free end of the cable, as it protrudes beyond
the side of the frame, in the order shown in Figure 3-18. Put the locknut on finger
tight only, and avoid twisting the cable.

Refer to Figure 3-18. Mount the leaf spring onto the side frame with the serew, flat
washer, and lockwasher. Use a TORX T15 screwdriver to tighten the serew down
slightly and apply a light spring tension on the cables,

Insert the small end of the TORX screwdriver down through the hub of the carriage
drive pulley; this prevents the pulley from flipping over and releasing the drive
cables, Carefully release the hemostat eclamp. Holding the TORX screwdriver
handle upright, gently rotate the drive capstan CW to move the carriage pulley left,
to a position just to the right of the carriage servo motor, where the pulley hub is
accessible up through the bottom alongside the motor. Install the hemostat clamp
(with heavy paper protector for the pulley) as shown in Figure 3-13b, and remove the
TORX screwdriver.

Place the spacer [removed in step (4) above] on top of the carriage drive pulley with
the shoulder extending down into the center of the pulley. Position the carriage
subassembly over the clamped carriage drive pulley, and insert the shoulder screw
through the pulley and spacer, and into the mounting hole on the ecarriage. Using a
TORX T15 screwdriver, tighten down the shoulder screw and remove the hemostat
clamp.

Perform the printer adjustments deseribed in section 3.4.1.
Reinstall the printer into the bottom cover (see 3.3.5 ).
Replace the top cover and accessories (see 3.1.2 ).

Apply power and test the HyTerm carriage movement while printing.
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3.3.11 Mother Board
REMOVAL

(1)
(2)
(3)
(4)

Turn the power off and unplug the power cord from the ac outlet.
Remgove the top cover and accessories (see 3.1.2).
Remove the printer from the bottom cover (see 3.3.5).

Using a nut driver, remove the circuit board elamp; diseconnect and remove all the
eircuit boards.

Stand the printer up on the front of its main frame, with the bottom facing front
(toward you).

Disconnect the Molex plug from the mother board located at the left side frame (the
right side as you view it ).

Using a TORX T15 serewdriver, remove the two rear shock mounts from the printer,

Using a TORX T15 screwdriver, remove the two mother board mounting bracket
screws from the right-side frame and three from the left-side frame. Remove the
remaining six mounting serews from the bottom center of the mother board.

Carefully flip the mother board over to expose the circuit board sockets and wire
connections. Disconnect all the wire connections from the mother board and cut the
necessary tie wraps to free the mother board.

REPLACEMENT

(1)
(2)

(3)

(4)
(3)

(6)

(7)
(8)
(9)

Refer to Figure 3-19. Conneect all wire and cable connections to the mother board
and replace the necessary tie wraps.

Set the mother board in place and check that all wires and cables clear the mother
board and frame, and are arranged properly to reach their respective connections.

Using a TORX T15 screwdriver, install the six bottom center mother board mounting
screws, then the three left-side frame and the two right-side frame mounting
bracket screws (a cable clamp is installed on one of the left-side frame mounting
bracket screws). Tighten down all the mounting screws.

Using a TORX T1$5 screwdriver, install the two rear printer shock mounts,

Conneet the Molex connector at the left-side frame to its mate on thé mother
board.

Place the printer back down on its feet and install and connect all the circuit boards
and their wire and cable connections.

Reinstall the printer into the bottom cover (see 3.3.5).
Replace the top cover and accessories (see 3.1.2).
Apply power and test the HyTerm.
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3.4 ADJUSTMENTS

The HyTerm seldom requires readjustment due to ordinary wear, and no adjustments
should be attempted unless a malfunction indicates a specific need. But readjustment is
routinely required whenever any of the following components or subassemblies are
changed, or where adjustments are distributed to facilitate other maintenance:

(1) Print Head (6} Ribbon Drive System

(2) Paper Carrier Subassembly (7) Paper Clamp

(3) Paper Feed Motor (8) Bottom Feed Paper Chute {(option)
{4) Carriage Subassembly (9) Cover-Open Switch

(5} Carriage Drive System (10) Paper-Out Switeh

Only the control panel's Alarm Volume adjustment can be performed at will, without
affecting operation or other adjustments.

3.4.1 Printer Quality Testing

3.4.1.1  Print Registration

1, Column Registration: = The maximum deviation between identical char-
acters in the same eolumn is .010 inch (.254mm)
when printing in one direction; .020 inch
(.508mm) when printing bidirectional.

2. Line Registration: The maximum deviation between identical char-
acters in the same line is .010 inch (.254mm).
[ Does not apply to first character of a line.]

NQOTE

Test methods for the above are totally related to the proper
alignment and handling of the paper or form used.

3.4.1.2  Print Quality Test

The print quality test below is a method of testing the printer for possible misalignment.
But print quality is not attributed to printer alignment alone. Paper thickness, number of
copies, the condition of the ribbon, and the position of the Platen Adjust Lever all affect
print quality as does the condition to the print head, the straightness of the carriage rails,
and the roundness of the platen. Therefore, proper assessment of print quality requires
that print samples for evaluation be obtained under standardized conditions, Tests should
be made using a new ribbon cartridge on a good grade of bond paper with the Platen
Adjust Lever in the second (from the front) detent position,

1. Prepare the printer as described above. (Install a new ribbon cartridge
and one sheet of bond paper; set the Platen Adjust Lever to the second
detent from the front.)

2. Power up and print a few lines of random characters to allow the ribbon
cartridge to stablize.

3. Print a full (132 charaeter) line across the page that includes several of

the following characters: upper-case E, ¥, T, Z, and lower-case g, j, p, Q,
and the undersecore.
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4, Observe the print sample for clear character recognition and uniform
character intensity across the entire print line. Observe the characters
for uniform dot density (or character fill) and edge definition (see Figure
3-20) within a maximum dot edge variation of .003 inch (.076 mm).

The following conditions are indicators of possible printer misalignment:

*  Characters are too light or too dark.

*  Characters with flat tops (E, F, T, and Z) are faded or lighter along the top
edges.

*  Characters extending below the print line (g, j, q, and the underscore)} are faded
or lighter along the bottom edge.

*  Characters are light or spotty at one end of the print line when compared to the
other end.

*  Characters are light or spotty over the entire length of the print line.

—— .003 MAX.
(.O76mm)

.003'MAX. [.076mm)}

Figure 3-20. Dot Matrix Character Edge Variation
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3.4.2 Printer Adjustments

Because some adjustments affeet others, the printer adjustments should be performed in
the sequence outlined in this section.

3.4.2.1 Carrier Assembly

1.  Carrier Assembly Bias Shaft @ + Check for axial movement of .001 inch (.025 mm)
+.0005 inch (.0127 mm). Adjust the position of the collar on the left end of the
shaft as required to achieve this dimension.

2. Platen Position Torque Shaft : Check that the set screws in the ececentric
collars © at each end of this shaft are aligned vertically with each other when the
Platen Adjust Lever é) is fully forward (in first detent), and that the shaft end play
is .001 inch (.025 mm) *.0005 inch (.0127 mm). Adjust one or both eccentrie end
collars as required to achieve this dimension, Failure of eccentrie collars to align as
deseribed indicates that the torque shaft is possibly twisted, in which case the
proper lateral alignment of the platen will be impossible.

3. Move the Platen Adjust Lever @ back and forth, A positive detenting forece must
be feit for each position. Adjust the detent plate ® as required to achieve an even
detenting action. The earrier assembly must move equally at both ends within .002
inch (.051 mm) in increments of .005 inch {.127 mm) %.002 inch (.051 mm) between
detent positions.

Figure 3-21. Carrier Assembly Adjustment Points
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Figure 3-22. Paper Feed Adjustment Points

3.4.2.2 Paper Feed Assembly

Refer to Figure 3-22 for Paper Feed adjustment points.

With the_Paper Release Lever @ fully forward, the Paper Feed Rollers @ must clear the
Platen ® by .08 inch (2.03 mm) minimum. The paper feed system may be adjusted as
follows to achieve this and other goals:

1.

Insert four sheets of standard forms paper {(.012 inch or .305 mm)} and move the
paper release lever @ fully rearward.

Ensure that the torque shaft arm tabs are touching the lower edge of the feed
roller support arm slots

Ensure_that the paper release actuator ® is touching the ramp on the paper release
lever @ . Loosen the actuator's set serew and adjust the actuator to achieve this
condition, then retighten the set screw.

Remove the four sheets of paper, and insert one strip of paper 1 inch (25.4 mm)
wide, or a .004 inch (.102 mm) shim, between the front paper feed rollers and the
platen. Check that both platen and rollers rotate when the strip, or shim, is pulled
free. Repeat for all rollers, front and rear. If no rotation oceurs, the torque shaft
arm Tabs B have been pushed down tco low.
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Figure 3-23. Platen Drive Adjustment Points

3.4.2.3 Platen Drive Assembly
Refer to Figure 3-23 for Platen Drive Assembly adjustments points.
With the paper feed motor drive gear @ locked, platen drive gear { B) must have between

.0005 inch (.0127 mm} minimum to .002 inch (.051 mm) maximum play, including idler
gear .

1.
2.

Loosen the paper feed motor mounting serews @ , and remove the platen.

Locate the idler gear (C) and turn the eccentric ® counterclockwise ONLY until a
minimum backlash is obtained between gear and motor gear (A) . (Clockwise
rotation of this eccentric will make proper installation of the platen impossible.)

Check the idler gear © for no binding effect for a full 360° of rotation.,

Install the platen. Rotate the paper feed motor mounting plate around mounting
screw to achieve the gear play dimenisions described above between g'ear
and (C) . Tighten screws 3‘
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Figure 3-24. Front Guide Bearing Adjustment Points

3.4.2.4 Carriage Front Guide Bearing Assembly
Refer to Figure 3-24 for Carriage Front Guide Bearing adjustment points.

Under normal operating conditions and preventive maintenanee activity, the carriage
sliding bearings should not require corrective maintenance., All carriage assemblies
including replacement units have their front bearings carefully adjusted at the factory,
and should not require further post-installation adjustment in the field. Malfunection in
this area, however, can effect carriage movement and print quality. If the carriage
assembly is replaced for any reason, the front bearing should be checked for proper
clearance and, if necessary, adjusted as follows:

1. Make sure the upper bearing stud @is firmly tightened.

2.  Adjust the lower bearing eccentrie @ as required to achieve a clearance of .0006
ineh (.015 mm) *.0004 inch (.010 mm) between the lower bearing block and the
printer's front rail .

3. Test the bearing clearance at several points along the front rail to ensure that the
rail has not become worn,

4, Tighten eccentric and lubricate the rails (see 3.2.3.2.).
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3.4.2.5 Platen-To-Print Head Adjustment

The Platen-to-Print Head adjustment is essential for optimum print quality. A special
Platen-to-Print Head Adjustment Tool (Diablo No, 24708) must be used along with the
following procedure:

1. Remove the print head from the carriage assembly (see 3.3.6).

2. Install the Platen-to-Print Head tool onto the carriage assembly as shown in Figure
3-25. The tool is correctly aligned for use when its two mounting thumbserews
have been threaded in smoothly, completely, and are finger tight.

Figure 3-25, Platen-To-Print Head Adjustment Tool Installation
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Refer to Figure 3-26 for Platen-to-Print Head adjustment points.

3‘

70

Loosen the front eccentrie loekbolt A on each side of the printer, and orient the
eccentries as shown.

Loosen the two rear eccentric clamp screws on each side of the printer with a
TORX T15 screwdriver, then loosen the rear eccentric clamp bolt B on each side
of the printer.

Slide the carriage from end to end, stopping at several points to rotate the platen
while checking the tool-to-platen clearances., Check for an average of .01¢ inch
{.254 mm) *.001 inch (.025 mm) clearance between the platen surface and the tool
face 'A'.

Adjust both rear eccentries as required to achieve this goal. Tighten the two clamp
screws on each side of the printer and recheck the clearance to ensure nothing has
moved out of adjustment. Tighten the eccentric lockbolts B on each side of the
printer.

Slide the carriage from end to end, stopping at several points to rotate the platen
while checking the tool-to-platen clearances. Check for an average of .010 inch
(.254 mm) +.001 inch (.025 mm) clearance between the platen surface and the tool
face 'B'. Adjust both front eccentrics as required to achieve this goal. Hold each
adjusted eccentric with a 7/16" wrench while tightening its lockbolt. Recheck the
clearances to ensure nothing has moved out of adjustment,

Remove the tool and reinstall the print head (see 3.3.6).

MANIFOLD
LEVER
FORWARD
TO ZNHD
DETENT

{.254mm1.025mm)
| ——.010" £ 001"

.ol0™x.om"
{.264mmt.025mm)

CLAMP SCREWS
{TORX #18)

REAR ECCENTRIC
{BOTH SIDES)
{ 7/16"° WRENCH )

FRONT ECCENTRIC
(BOTH SIDES)
(?/ss WRENCH |

Figure 3-26. Platen-To-Print Head Adjustment Points
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3.4.2.6 Variable Adjust Platen Knob's End Play Adjustment
The variable adjust (right hand) platen knob's end play must not exceed .002 inch
{.051mm) maximum,

Refer to Figure 3-27 for the variable adjust platen knob's end play adjustment.

1. Loosen the set screws in the platen release gear hub @ and adjust the hub to
achieve the desired clearance.

2.  Retighten the set serews in the platen release gear hub,

002 -
MAXINUM N
(.051mm]) "

Figure 3-27. Variable Adjust Piaten Knob's End Play Adjustment
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Figure 3-28. Carriage Drive Cable Adjustment

{5CM}

3.4.2.7 Carriage Drive Cable Adjustment
Refer to Figure 3-28 for Carriage Drive Cable adjustments.

With the carriage positioned against the right-hand stop, check the cable tension midway
along the exposed cable for a force of 16.5 lbs + 2.2 Ibs (7.4 kg * 1.0 kg) necessary to
distort the cable as shown.

NOTE

If the Tensionmeter listed under tools at the front of this
section is not used, the dimensions between force points shown
must be carefully followed.

1. Adjust cable tension by tightening or loosening cable tension hut B while holding
the square cable shank A from turning.

2, After adjusting the nut B , move the carriage back and forth several times to
redistribute cable tension, and recheck. Use Loctite on nut B after adjustment
has been completed,

(B)
[

Figure 3-29. Ribbon Drive Cable Adjustment

—
—~

83 —010

3.4.2.8 Ribbon Drive Cabie Adjustment
Refer to Figure 3-29 for Ribbon Drive Cable adjustment.

The Ribbon Drive Cable tension must be adjusted to provide adequate drive while not
unduly impeding carriage motion or straining the cable. To adjust the cable, start with a
properly lubricated carriage, then install a ribbon cartridge and proeceed as follows:

1. Move the carriage back and forth slowly at least 6 inches (15.24 e¢m) each way from
machine eenterline while tightening the cable locknut A on the right end of cable
B L

2. Tighten slowly until the ribbon drive is observed to rotate without slipping during a
full carriage motion. Then add 1/2 to 3/4 turn (180° to 270°) to locknut A .
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Figure 3-30. Ribbon Drive Gear Adjustment

3.4.2.9 Ribbon Drive Gear Adjustment
Refer to Figure 3-30 for Ribbon Drive Gear adjustments.

The Ribbon Drive system includes two opposing spring clutch gears ( and @ )
driving a ribbon capstain @ , and being driven from a cable pulley gear . The system

baeklasK is adjusted as follows:
1.  Hold clutch gear @ stationary.

2. Rotate the eccentric mounting screw of cable pulley gear clockwise
ONLY to achieve a .003 inch (.08 mm)} ¥.002 inch (.05 mm) backlash between
pulley Q and eluteh gear @

3. Move the carriage from side to side and check for a full 360° of clockwise
rotation of ribbon capstan without evidence of binding or slippage.
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3.4.2,10  Paper Clamp Adjustment

Refer to Figure 3-31 for Paper Clamp adjustments,

The Paper Clamp extends the full length of the platen, and is held in place by the two rear
carriage rail clamp's rear hold-down serews. The Paper Clamp assembly will seldom
require adjustment, except when the rear carriage rail has been removed and replaced. To
adjust, proceed as follows:

1. Loosen the two rear mounting serews @from the rear carriage rail clamps at
each end of the carriage rail .

2, Push the paper elamp assembl © back toward the platen@as far as it will
go and retighten the screws @

Figure 3-31. Paper Clamp Adjustment
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Figure 3-32. Bottom Feed Paper Chute Adjustment
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3.4.2.11 Bottom Feed Paper Chute Adjustment
Refer to Figure 3-32 for Bottom Feed Paper Chute adjustments.

The Bottom Feed Paper Chute is an optional feature, not found on all HyTerms. Its use
requires that a forms tractor be used along with the standard friction-feed platen. To
properly adjust the paper chute, proceed as follows:

1.

Make sure the following adjustments are correet before adjusting the bottom feed
paper chute:

(a) Platen-To-Print Head (see 3.4.2.5).
{b) Paper-Feed Assembly (see 3.4.2.2).

Remove the Paper Clamp ©, and replace its rail clamp mounting screws@finger
tight, Loosen all other serews exeept those holding the paper chute's bottom flanges

-

Move the paper release and platen adjust levers fully forward.

Adjust the paper chute down as low as possible, tighten the four forward facing
serews (D). See Figure 3-32a.

Remove serews ®

Install paper clamp ©, adjust paper elamp and paper chute back toward the platen
as far as possible. Tighten screws See Figure 3-32a.

Adjust the dimples of the paper out bail @ to touch the front paper chute at both
ends, Tighten set serews located in hubs at each end of paper out bail . See
Figure 3-32b.

Adjust_miero switch ® to just reset .025 - .040 inch before dimples of paper out
bail touch front paper chute . Tighten serews See Figure 3-32b. Bail
minimum movement should be .100 inch at tangent of dimples. If not, form switch
arm and readjust the switch per step 7. Note: Bail must move freely.
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3.4.3 Control Panel Alarm Volume Adjustment

Refer to Figure 3-33 for the Control Panel Volume Adjustment,

There is a potentiometer on the control panel that can be adjusted to change the Alarm
buzzer volume. To adjust, proceed as follows:

1. Remove access cover to expose the switeh portion tof the control panel.

2. Using a small blade serewdriver, adjust the Alarm buzzer volume control pot-
entiometer until the desired volume is obtained. To test the alarm after each
adjustment, depress the RESET keyswiteh on the keyboard and then attempt to
print a character (Cover-Open error will occur).

BUZZER VOLUME
/ CONTROL

— EVEN ONONOR — - ON ETX ON ON —

00D | |AUTC CRILINE EOT CR TEST

PARITY
REV CHAN ETX/EOT

OO0 0000

———————————————— '_l OFF O

083-0M1
Figure 3-33. Control Panel Alarm Volume Adjustment

3.4.4 Power Supply Adjustment

Adjustment of the power supply should not normally be required unless power supply
components have been replaced, Proper adjustment of the power supply requires use of a
variable load, so these adjustments should not be attempted in the field. It is
recommended that power supply adjustment problems be referred to the nearest Diablo
service depot. The following information is provided for Diablo service depot personnel.,

NOTE

For locations of the various potentiometers mentioned in the
following procedures, refer to the assembly drawing following
schematic no, 400062-XX in the schematics/reference section.

All output readings should be taken with a digital voltmeter.
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3.4.4.1 Overvoltage Protection

Diseonnect the power supply outputs from the terminai and connect a dummy load to the
+5V output which draws approximately 1 amp. While monitoring the +5V output, adjust
pot R22 clockwise and note the maximum voltage obtainable {after which the overvoltage
eircuit takes over and causes the output to drop). This should be between +5.5V and +6.3V,
preferable around +6.0V. Adjust pot R23 on the control module {(the small circuit board
attached to the power supply's main circuit board) clockwise to trigger the overvoltage
eircuit at a highter point, or counterclockwise for a lower point.

NOTE

If the putput reaches +6.3V before triggering the OVP circuit,
the SCR "erowbar™ eircuit may trigger, requiring removal of
input power before the power supply can restart. If this
oceurs, turn off power, turn pots R23 on the ceontrol module
and R22 both counterclockwise slightly, restore power, and
continue the test as described.

3.4.4.2 Current Limit

This adjustment should be made with the input voltage at & nominal value—not at either of
its extremes. This is, the input voltage should be as close to 115V {or 230V) as possibie.
This adjustment also requires that the outputs be loaded so that the power supply delivers
about 320 watts of total power. _

CAUTION
Maintain this power level for no longer than 30 seconds while

making this adjustment.

Adjust pot R19 until the output begins to drop off at the 320 watts total power point.

3.4.4.3 Output Voltage

With the power supply connected to the terminal, adjust pot R22 to obtain +5.0V +1V, at
Mother Board connector T15 (refer to Figure 3-19). Check the +15V, -15V and +48V
readings at Mother Board connectors T15, T11, and T18, respectively. If these readings

are not within + 5%, some problem exists and must be corrected before proper adjustment
can be made.

NOTE

The power supply must be connected to the terminal for this
adjustment. Accurate adjustment cannot be make without a
proper connected to the +5 output.
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3.4.5 Cover-Open Switeh Adjustment

Before attempting an adjustment, be sure that the top cover fits the bottom cover
properly, and that the access cover fits the top cover properly, and is tight., Adjust and/or
from the access cover clamp springs {replace if necessary) to tighten the access cover. If
switch adjustment is still necessary, proceed as follows:

For a minor adjustment, form the small protrusion on the bracket inside the bottom center
of the access cover. If further adjustment is necessary, it may be necessary to shift the
entire bracket up or down slightly. Check the adjustment by making sure the switch
operates each time the access cover is opened or closed,

3.4.6 Paper-Out Switeh Adjustment

This switeh is functional only when a forms tractor or pin-feed platen is used. When a
frietion-feed platen is used (without forms tractor), the switch is held in its nonoperated
(paper in) position by the paper release lever's being in its rearward position. When the
paper release lever is moved to its forward position, the switeh operating mechanism is
unlocked and allowed to sense the paper--out condition.

Before starting this adjustment, make sure that the Platen-To-Print Head adjustment (see
3.4.2.5) and the Paper Feed Assembly adjustments (see 3.4.2.2) are correct. Perform the
adjustment with the platen installed and the paper release lever in its rearward position
(pressure applied).

Refer to Figure 3-34 for Paper—Qut switch adjustment, and proceed as follows:

(1) Using a .050 inch Allen setscrew wrench, loosen the setscrew 1 in the bell
crank on the end of the paper-out bail pivot shaft 2 . The front edge of the
bail should touch the platen surface squarely within .003 inch (.08 mm). A gap
of .010 inch (.25 mm) maximum due to bowed paper-out bail is permissible, If
necessary to adjust, loosen the setserew 3 at either end (or both), adjust, and
tighten the screw(s).

(2) Loosen the switech mounting serews 4 , and adjust the switch to transfer when
the bail is .010-.020 inch {.2-.5 mm) away from the platen. Tighten the screws.

(3) Move the bail back away from the platen fully., The bail legs must bottom
against the printer "comb" frame, and not against the switch. If necessary,
form the switch arm to allow the switch to transfer sooner, and reposition the
switch to obtain the proper adjustment as noted in step (2).

(d) Remove the platen, and move the bail rearward until its legs ecome within .030
ineh (.76 mm) of the comb., Hold the bail in this position and rotate bellerank 5
until its ear 68 rests against the actuator lever arm 7 . Tighten setscrew 1 .
After tightening the screw, the shaft 2 should pivot freely with ,005 inch (.13
min} maximum end play. Install the platen, move the pressure release lever
back and forth several times, and stop with the lever in the rearward position.
There must be at least .090 inch (2.3 mm) clearance between the bail and the
platen.
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PLATEN l

Figure J-34. Paper-Out Switeh Adjustment

3.5 COMPONENT IDENTIFICATION

There are two methods used to identify ecomponents within the terminal. The first is an
extension of the reference designator system used to identify replaceable modules (Table
3-1). The second is a coordinate system used to identify components of the plug-in eirecuit
boards. Also, closely related to component identification is the location of connectors and
the numbering of connector pins.

3.5.1 Reference Designator System

The reference designator system is used to identify individual components mounted to the
printer frame, as well as components on the control panel, in the power supply, and on the
keyboard. Table 3-2 defines the class letters used on sechematics and wiring diagrams to
refer to various items. On the control panel and keyboard, the reference designators for
each component are etehed on the circuit board.

3.5.2 Coordinate System

Compenents are identified on the logic drawings as to type and location. The location
information consists of a letter and a number, each representing coordinates on the ecircuit
board. Refer to Figure 3-35. Letters are printed on the ecircuit board in the approximate
center of the area they refer to, whereas numbers appear at the beginning of their
respective area. As an example, to locate resistor E62, follow the "E" row horizontally to
where it intersects the "60" column. Below the "60™ and a little to the right (at "62") you
will find resistor E62. Coordinates given for IC chips are the approximate location of pin
no. 1. Coordinates for other "horizontally mounted" components (as in Figure 3-35) refer
to the location of the leftmost lead.
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EIA CABLE CONNECTOR CONTROL PANEL CONNECTOR IC PIN NO I
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FiN 56 THIS SIDE (COMPONENT) ; i -
PIN 55 OTHER SIDE(SOLDER) KEY SLOT

. - J “ - 4 PiN 2 THIS SIDE

KEYBOARD CABLE CONNECTOR MAIN CONNECTOR (MOTHERS0ARD) PIN 1 OTHER SICE

Figure 3-35. Circuit Board Component Loeation and Pin Numbering.



Table 3-2. Reference Designators

Designator Deseription
A Assembly
B Fan (blower)
C Capacitor
CR Diode (including bridge rectifiers, LEDs)
DS Alarm (buzzer)
E Individual terminal
F Fuse
FL Filter
J Jack {eonnector, stationary portion)
L Inductor {coil)
P Plug (eonnector, movable portion)
Q Transistor
R Resistor
RT Resistor, temperature-sensitive (thermistor)
S Switch
T Transformer
TE Terminal board
TP Test point
U Integrated circuit
VR Voltage regulator (zener diode)
w Cable
X Cirecuit board socket, fuseholder

Letter coordinates for vertically mounted components that overlap usually refer to the
row in whieh the largest portion of the component is located,

Pin no. 1 of each IC is easily identified from the bottom (solder) side of the board by its
square solder pad. This lessens the chance of errors in counting pin numbers.

The mother board, the keyboard, and the control panel circuit boards do not use the
coordinate system because of the small number of components involved. These boards use
standard reference designators, which are silksereened or etehed onto the board, and
referenced on the schematies.

3.5.3 Pin Numbering

Industry standards are followed for pin numbering of integrated -ecircuits, Pin
identification for all integrated circuits, ineluding metal-can ICs, can be found in the
Schematics/Reference Section.

3.5.3.1 Discrete Semiconductors

Pin identifieation for most diserete semiconductors is presented in Figure 3-36.
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Outline Diablo Industry
(Bottom View) Part Number Type Number
EMITTER
BASE
42190-29 SJ7280
) 42190-30 SJ7280 (Matched Pair)
USE SJ7280 2N6303 (SJ7280)
42180-71 2N6545
(9)
[COLLECTOR CONNECTED T0 CASE)
ITTER
EMIT BASE 10422-01 aN3725
10443-01 2N5320
% COLLECTOR 10444-01 9N5322
10105 IN3644
42190-26 ING126
EMITTER BASE 13013 2N4401
COLLECTOR 42199-21 MPS-A43
42190-28 MPS-A93
MP8§5172
MPS6516
EMITTER BASE
COLLECTOR
@ 10105 PN3644
BASE COLLECTOR 10177-02 TIP31A
10178-02 TIP32A
; 10445-01 2N6103
iO§ = 13063 TIP41A
—— 13064 TIP42A
42190-27 TIP4T
EMITTER 42190-70 TIP49
CATHODE ANODE (4} 12929-01 50824955
42222-02 521-9203
14005-01 MV5753
LED
'/—EATHDDE
[y
|© | 42190-43 C122F (50316)

M —

\GATE

SCR

Figure 3-36. Semiconductor Lead Identification
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NOTE

Components in Figure 3-36 that are listed by Diablo part
number should not be replaced by standard industry types.
They should be ordered by Diablo part number because in some
cases there are more stringent tolerances for the Diablo parts,
and restrictions as to approved manufacturers, due to
reliability and funetional differences.

3.5.3.2 Circuit Boards and Mother Board

Pin numbering of eircuit boards that plug into the left-hand half of the terminal is shown
in Figure 3-35. Cireuit boards on the right side are mirror images, so pin no. 1 is on the
left side; pin no. 56 on the right.

The numbering of all mother board pins is shown in Figure 3-37. Signal names for all
points, including power connections are shown on schematic no. 24935-01.

3.4.3.3 Keyboard Cable

Pin numbers are shown in Figure 3-38. Pin numbers and signal names are the same at both
ends, Odd-numbered pins are on the top {component side) of the keyboard and the back
{solder side} of the HPRO board; even-numbered pins are on the bottom {solder side) of the
keyboard and the front (component side) of the HPRO board. Signal names are listed in
Table 3-3.

Table 3-3. Keyboard Signal Names

Pin No, Signal Name
1 +5V
2 SIGNAL GND
3 +5V
4 SIGNAL GND
5 Unassigned
6 Unassigned
7 Unassigned
8 -POR
9 +BUSY (-READY)
10 Unassigned
11 -12V
12 -KYSTB
13 -DATAB
14 -DATAT
15 -DATAS
16 -DATA1
17 -DATAS
18 -DATA?2
19 -DATA4
20 -DATA3
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Switch Signal
Designator Name Deslignator Name
$3D TEST SW1 -SELF TEST
$3C ETX/EQT (ON) SwW2 ~ETX/EOT
$3B ETX/EOT (ETX) SW3 -ETX
S3A LINE SW4 ~ON LINE
§2D AUTO CR SW5 -AUTO CR
s2¢ REV. CHAN. SWé ~REVERSE CHANNEL
S2B PARITY (ON) SW7 ~PARITY ENABLE
824 PARITY (EVEN) SW8 -EVEN PARITY
§1D ‘ DUPLEX SW9 ~FULL DUPLEX
S1C SPEED (120) SW10 -1200 BAUD
S1B SPEED (30) SW11 -300 BAUD
SIA PAPER OUT SW12 -DEFEAT

Indicators
LED 1 (CR9) RIBBON
LED 2 (CR8) ATTN
LED 3 (CR7) PAPER
LED 4 (cR6) | /N
LED 5 (CR5) COVER
LED & (CR4) OVFL
LED 7 (CR3) PRINTER
LED 8 (CR2) PARITY
LED 9 (CR10) | REC
LED 10 {CR11l) | ®MIT
LED 11 (CR12) PRQCEED.

/N NOT DEFINED




COLOAED STRIPE

Figure 3-38. Keyboard Cable

3.5.3.4 Control Panel Cable

The control panel cable is permanently mounted to the control panel eircuit board. The
20-conductor ribbon lead is terminated in a 20-pin female connector that plugs into J2 on
the front surface of the HPRO board. The control panel schematic diagram (200056-01)
shows witing of both the circuit board and the cable. The connector is similar in
appearance to the connectors for the keyboard (Figure 3-38). Pin 1 is identified by a
triangle on the connector and by the color stripe on the edge of the ribbon cable. Signal
names for this cable are shown on the control panel schematic diagram and on the Signal
Cable Interconnection Diagram No. 400089-01.
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3.5.3.5 EIA Cable

Complete information on the wiring of the EIA eable is given in Figure 3-39. Note that
the male EIA connector is shown; the female connector on the modem or acoustie coupler
is a mirror image of this. Note also that the J1 connector on the HPRO board is a mirror

image of the P2 econnector shown.

rmAA

Protective Ground

& O-f——ill}

15° 204 84 . Tron?mitfed Dotg
IGO 304 BB - Received Dgta
Q o CA Request to Send
170 g olcs - ¢ to_Se —
18q cc Data_Set Reody

Received Line

20 70_A_B____Si_qu§_____

Datg Terming_Ready CD
~-——1=-0 cF
21> 8O+l

Signal Detector

2z_. 90
238 100
249 1) oS82 o, Secondary Transmitted Data
258 12 o_ﬁ.‘ Secondary Received Dot -
130
\/
P{—EIA CONNECTOR
WIRING LIST
COLOR P1 p2
GREENMN | [
RED 2 5
ORANGE 3 rd
YELLOW 4 a
BROWN 5 9
BLUE 6 8
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BLACK 20 3
SLATE T 2
PINK 12 ¥
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POLARIZING KEY
OR
WHITE DOT ON TOP

Qoo
00000

7
P2-HPRO CONNECTOR

1

083--054

Figure 3-39. EIA Cable Pin Identification
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SECTION 4
SCHEMATICS AND REFERENCE INFORMATION

4.1 INTRODUCTION

This section contains information on logic symbology and drawing conventions used in the
HyTerm schematies and logie diagrams, and information on the integrated circuits used.

4.2 FUNCTIONAL LOGIC

The HyTerm logic diagrams are troubleshooting aids for use by field service personnel. As
such, the first responsibility of logic diagrams is to illustrate principles of operation.
Diablo Systems logic diagrams, therefore, emphasize functions performed by logice
elements, rather than the kinds of devices used to implement the functions.

For example, a NAND gate may appear on a logic diagram as either a positive AND
function with the output inverted (NAND), or as & negative OR funection with the inputs
inverted (NOR). See Figure 4-1. This is contrary to some logic drawing standards, which
require a NAND symbol for both functions. In Diablo Systems diagrams, different symbols
are used to distinguish between the two functions because the functional elements are
considered more relevant to design theory than symbolic representation of the devices
used.

AND FUNCTION
A B c F
A—
B L L L H
c“—d
H L L H
(posiTvE LOGIC NAND)
L M L H
H H L H
OR FUNCTION L. L H H
A H L H H
] F
c L H H H
(NEGATIVE LOGIC NOR) H H H L
H = +&V L. =0V

Figure 4-1. Example of Functional Logic



4.3 - SIGNAL NOMENCLATURE

The active level of each logic signial is assigned a descriptive name. A signal is eonsidered
active when it either causes or represents some logie event that is significant to the
progress of an operation. Consequently, the name given a signal usually provides one of
two kinds of funetional information:

(1) Describes the effect that the signal's active level has on the logic it feeds; for
example, ~-ENABLE INP allows data to be brought into the printer mieroprocessor.

(2) Represents a condition or event that develops elsewhere in the logie; for example
-DBLE LINE FEED is the name of the signal that is active whenever the terminal
mieroprocessor issues a Double Line Feed command to the printer microprocessor,

A plus sign (+) or a minus sign (-) generally precedes each signal name to identify which of
the two voltage levels used in the logic system is considered to be that signal's active
level. The + sign represents the relatively higher logic level and the - sign, the
relatively lower level. (This means relatively higher or lower with respect to each other;
the signs do not always indicate signal polarity with respect to ground.) For example, if -
RESET is high (+5 volts), the Reset function is inactive. If +USART INTERRUPT is high,
it means the USART has received a character from the data link and is ready to forward it
to the MPU; if +USART INTERRUPT is low, it means the USART has not received any
data from the data link that has not already been accepted by the MPU.

The actual voltage levels represented by the signs will depend on the logic family being
used. For example, in TTL cireuits, the signal identified by -RESET is active when it is at
0V (nominal) and inactive at +53V (nominal).

Sometimes a signal serves as the input to both positive logie and negative logic elements.
Ordinarily in such cases, the sign preceding the signal name agrees with the active level
indieated at the output of the logic element that produced the signal.

In the text, signal names are printed in capital letters to distinguish them from functions
being performed. For example, -RESET' refers to an actual signal name, whereas 'Reset!
refers to the reset operation in general.

4.4 LOGIC SYMBOLOGY

The logie function symbols used in Diablo Systems logic diagrams conform closely to those
set forth in MIL-STD-806. Most small seale integration (SSI) eircuits are represented by
function symbols. Medium scale integration (MSI} devices, such as shift registers and
counters, may be represented by rectangles with functional labels.

Generally, a cirele drawn at an input to a symbol indicates that the input is active when it
is low (0V nominal). The absence of a ecircle at an input means that input is logically
active when it is high (+5V nominal). The presence or absence of a circle at a symbol
output has similar meanings for the active level of that output. Usually, all logic symbols
are drawn with inputs on the left and outputs on the right. Symbols for all integrated
circuits used are shown in the IC data contained in this section.

4.5 INTEGRATED CIRCUITS

Table 4-1 summarizes all integrated circuits used in the HyTerm. All of the ICs listed
were used at some point in the HyTerm manufacturing process, but all will not be found in
current production machines, Further IC data is contained in the following several peges
arranged in the same order as listed in Table 4-1, which can be used as an index to data on
a particular IC.
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Table 4-1. Integrated Circuits

Digital:
%‘ Diablo
Type Description Part No.
833 TTL Dual 4-Input Expander 42191-31
7400 TTL Quad 2-Input NAND Gate 10134
T74L500 Quad 2-Input NAND Gate, Low Power Schottky 13077
7402 TTL Quad 2-Input NOR Gate 10135
741,802 NOR Gate, Low Power Schottky 42350-01
7404 TTL Hex Inverter 10138
741504 TTL Hex Inverter, Low Power Schottky 10209
7405 TTL Hex Inverter, Open Collector 13145
7406 TTL Hex Inverter Buffer/Driver 10460
74LS08 TTL Quad 2-Input AND Gate, Low Power Schottky 10210
7416 TTL Hex Inverter Buffer Driver 10390
7420 TTL Dual 4-Input NAND Gate 10125
7426 TTL Quad 2-Input NAND High-Voltage Interface Gate} 10120
7432 TTL Quad 2-Input OR Gate 10302
T4LS832 TTL Quad 2-Input OR Gate, Low Power Schottky 13082
T41.854 TTL 4-Wide AND-OR INVERT Gate, Low Power
Schottky 42408-01
T4LST74 TTL Dual D Flip-flop, Low Power Schottky 13085
7476 TTL Dual J-K Flip-flop, with Preset and Clear 10138
7486 TTL Quad 2-Input Execlusive OR Gate 10303
7415123 TTL Dual Retriggerable One-Shot, Low Power
Schottky 42313-01
74145 TTL BCD/Decimal Decoder/Driver 10172-29
74L8155 TTL Dual 2:4 Decoder, Low Power Schottky 13090
74LS161 TTL 4-Bit Synehronous Binary Counter, Low Power
Schottky 13091
74175 TTL Quad D Flip-flop with Clear 10337
74193 TTL 4-Bit Synchronous Up/Down Counter with Dual
Clock 10154
74195 TTL 4-Bit Parallel-Access Shift Register 10191
74259 TTL 8-Bit Addressable Latch 10339
7418367 TTL Hex Bus Driver, Three-State, Low Power
Schottky 13096
8080A MOS 8-Bit Microprocessing Unit 42338
8205 TTL 3-Line to 8-Line Decoder 42335
8212 TTL 8-Bit I/O Port, Schottky 42337
8224 TTL Cloek Generator/Driver, Schottky 10215
8228 TTL Bus Driver/System Controller, Schottky 42331
8251 MOS USART 42338
8255 Universal Communications Interface 42407-01
MMS5873 Keyboard Decoder/Encoder 42191-33
SD 25010-K | Keyboard Decoder/Encoder -
CPU11806 Mieroprocessor 13144
Interface:
Diablo
Type Description Part No.
75150P Dual Line Driver 10353
75154 Quad Line Receiver 10354
75451 Dual AND-Gate Peripheral Driver 10181
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Linear:

Table 4-1. Integrated Circuits (Continued)

Memory

Diablo
Type Deseription Part No.
LM311 Voltage Comparator 10188-01
LM319 Dual High-Speed Voltage Comparator 10168
LM320H-5 Yoltage Regulator, 3-Terminal Negative 5V 42155-05
EM320H-12 | Voltage Regulator, 3-Terminal Negative 12V 42155-12
LM340T-12 | Voltage Regulator, 3-Terminal Positive 12V 10284~03
LM341P-5 Yoltage Regulator, 3-Terminal Positive 5V 42154-05
LM341P-12 | Voltage Regularor, 3-Terminal Positive 12V 4215412
EM733C Differential Video Amplifier 10124
72747 Dual Op Amp, General Purpose 10165
72747 Dual Op Amp, Selected 13072
72748 Op Amp 10166
MC7912 CB | Voltage Regulator, -12V 13142
Miscellaneous/Special Purpose:

- Diablo
Type Description Part No.
10706 Clock Generator 13143
CA3086 NPN Transistor Array 42191-32
8041 Quad FET 10190
10453 Parallel Data Control 13159
1408L-6 Digital-to-Analog Converter 13060

Resistor Network, 1K (15 resistors) 10239-01
Resistor Network, 1K (13 resistors) 10761
Resistor Network, 10K (8 resistors) 13044
Resistor Network, 15K (13 resistors) 13140
Diablo
Type Description Part No.
10809 256 x 8-Bit RAM 13158
2111A-4 MOS 256 x 4-Bit RAM (450 ns) 42334-11
828115 TTL 512 x 8-Bit pROM, Three State 10406
3316A TTL 2K x 8-Bit masked ROM, Three State —_
8708 MOS 1K x 8-Bit EROM, Three State 42329

NOTE

Any Diablo part number given here is for the "raw™ (unpro-
grammed) IC. When a2 pROM or EROM contains a program or
data, it is assigned a new part number reflecting the program
or data it contains. Masked ROMs are programmed during
manufacture; each ROM with a different program carries a
different part number.
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TTL Dual 4-Input Expander Part No. 42191-31

Type 933
This device is an expander element Logic Symbol
which allows increased fan-in for
buffer units.
9
2 \ 1
3 J
2
3 N\ 4
3 -
vCC - 14
GND — 7
(083-030)
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TTL Quad 2-lnput NAND Gate Part No. 10134 Type 7400
TTL Quad 2-input NAND Gate, Low Power Schottky Part No, 13077 Type 74LS00

Logic Symbol Alternate Symbol Truth Table

i )
] 3 ] 8
2] 10
4, 2
D B
] NH
VCC-14, GND-7
Loading:
Inputs 1 Unit Load (.2 for 74L500)
QOutputs 10 Unit Loads {5 for 741500}
TTL Quad 2-Input NOR Gate Part No. 10135 Type 7402
TTL Quad 2-Input NOR Gate, Part No. 42350-1 Type 741302

Low Power Schottky

Logic Symbol Alternate Symbol Truth Table

2 8
| 10
A—d
B—-OD_Y
5 1
6 5 12

VCC-14, GND-7
Loading: 7402 74LS02
inputs 1 Unmit Load .2 Unit Load
QOutputs | 10 Unit Load 5 Unit Loads
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TTL Hex Inverter

TTL Hex Inverter,
Low Power Schottky

TTL Hex Inverter,
Open Collector

Logic Symbol

o
ot

Part No. 10136
Part No. 10209

Part No, 10209

ot
ot

il
13

>)EY

Type 7404
Type 74LS04

Type 7405

Alternate Symbol

VCC-14, GND-7

Loading: 7404 741504 7405
Inputs I Unit Loads .2 Unit Loads | T Unit Load
Qutputs | 10 Unit Loads { 5 Unit Loads | 10 Unit Loads
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TTL Quad 2-Input AND Gate Part No. 10119 Type 7408
TTL Quad 2-input AND Gate, Low Power Schottky Part No. 10210 Type 740508

Logic Symbaol Truth Table

o |~
18 e

R
DD

o I#

12
13

VCG-14, GND-7

Loading:
Inputs 1 Unit Load (.2 for 741.508)
Outputs 10 Unit Loads {5 for 74LS08)

TT4 Hex Inverter Buffer/Driver Part No. 10390 Type 7416

These drivers have high-voltage {up to 15V} open-collector outputs for interfacing with high-leve! circuits or for
driving high current loads.

Logic Symbol Alternate Symbol
i 2 5_ 6 I 10
A Y

3 4 9 8 I3 2
— — A Y
Loading:

Inputs 1 Unit Load

Quiputs 25 Unit Loads
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TTL Dual 4Input NAND Gate Part No. 10125 ' Type 7420

Lagic Symbol Truth Table
| 9 AlBIC DY
¥R 8 10 bbb
— 6 8 — 8 LIL|L[H[H
4 | c 2] Y Llelricim
51 o =1 L|L[HIHIH
LIH|L|L|H
VCC-14, GND-7. Pins 3& 11 not used. L{H L IHIH
L|H|H|LH
L|H|H|HIH
Alternate Symbol H|L|L|L|[H
HIL|L|H|H
A HIL|HIL)H
B HIL|H{H|H
Y HIH|L|LIH
C HH[LIH([H
D HIH|H|L|H
HIH|HIH|L
Loading:
Inputs 1 Unit Load
Qutputs 10 Umit Loads
TTL Quad 2-Input NAND High-Vaoltage Interface Gate Part No. 10120 Type 7426
These gates have high-voltage {up to 15V) open-
collector outputs tfor interfacing with high-level
circuits.
Logic Symbol Alternate Symbal Truth Table
I 9
] 3 ] 8
2] 10 ]
A
Y
4, al2, B
13
] B =
VCC- 14, GND-7
Loading:
Inputs 1 Unit Load
Outputs 10 Unit Loads




TTL Quad 2-tnput OR Gata
TTL Quad 2-input OR Gate, Low Power Schottky

Logic Symbol

I 9
3 8
2 10
4 2
S BI3

VCC-14, GND-7
Loading:
Inputs 1 Unit Load (.25 for 741.532)
Outputs 10 Unit Loads (5 for 741532}

Part No. 10302
Part No. 13082

Alternate Symboi

A
DS
B —i)

Type 7432
Type 741532

Truth Table

A B Y
L L L
L H H
H L H
H H H

TTL 4-Wide AND-OR-INVERT Gate

Logic Symbol

VCC-14, GND-7

Loading:
Inputs .25 Unit Load
Outputs 5 Unit Loads

Part No. 42408-01

Y = AB+CDE+FGH+1J

Type 74L554




TTL Dual D Flip-flop Part No. 10139 Type 7474

TTL Dual D Flip-Flop, Low Power Schottky Part No. 13085 ) Type 74L574

The 7474 contains two D-type edge-triggered tions, When both the preset and clear are high, the
flip-flops with direct preset and clear inputs. A low logic levet on D is transferred to Q on the positive-
level on the preset or clear input will set or reset the going edge of the clock,

flip-flop, respectively, regardiess of other input condi-

Logic Symbol Timing Waveforms
o S
2[o P ol
3 kLTI
—>CLK
— |6
c 4

. S I e

2y P gl
11 Truth Table
—{>CLK
Inputs QOutputs
a E Function | Preset Clear Clock D Q Q
C Preset L H X X H L
Clear H L X X L H
(1)13 Clear L L X X H H
Set H H A H H L
VCC-14, GND-7 Reset H H 7'y L L H
Set Up H H L X No Change
P = Presetinput *This configuration is nonstable; that is, it will not
D = Data input persist when preset and clear inputs return to their
CLK = Clock input inactive [high level),
C = (Clear input
0,0 = Data outputs
Loading:
Linit Loads
7474 741874
CLK 2 b
Inputs D 1 .25
P 1 5
C 2 .76
Quiputs 0,8 10 5
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TTL Dual J-K Flip~Flop with Part No. 10138 Type 7476
Preset and Clear
Logie Symbol Truth Table
INPUTS OUTPUTS
lz Jf PR CLR CLK J K Q Q
P P L H X X X L
413 oS 2l o H L X X X L H
L L X X X H H
i 6 H H L L Q0 Q0
H H L. H L H
L gt 12 4y i B H H H H TOGGLE
C C
T, s
VCC — &
GND — B (083 —038)
TTL Quad 2-Input Exciusive OR Gate Part No. 10303 Type 7486
Lagic Symbol Truth Table
INPUTS | QUTPUT
1 A-;—‘ 3 4y 2A% 6 5y
18— 2B— A B M
L L L
L H H
9 i2
3A 8 4A 1 H L H
1 3Y 4Y
3B 2 4823 Howo| oL
VCC-14, GND-7
" Loading:
Inputs 1 Unit Load
Qutputs 10 Unit Loads
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TTL Dual Retriggerable One-Shot Part No. 1

TTL Dual Retriggerable One-~Shot

Either of the one-shots in this package
can be triggered by a positive-going or

a negative-going input, providing the
other input is already in the proper state.
At least one of the inputs must be re-
moved and re-applied in order to retrig-

‘ger the device. "ATow on the Tinput
terminates the output pulse immediately.
The length of the output pulse is depen-
dent upon external timing eomponents,

Logic Symbol

{C) R/C)
4 }15

A o

o &

B

Q=

c

Y3
(C)(R/C)
6 |7

A Qb=

ls Je

B

gH2

C
D

CLEAR

o= uegi Bl o

Part No. 42313-01

0145 Type 74123

Type T4LS123

Alternate Symbols

Truth Table

PaaN
e f

INPUTS
A

N N
TIT e w

Loading:

74123

74L8123

Clear
Other Inputs
Outputs

2 Unit Loads
1 Unit Load
10 Unit Loads

.25 Unit Load
.25 Unit Load
5 Unit Loads

ilDl

=l -l .@%

—(Jo

arfiasfian OS
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BCD/Decimal Decoder/Driver, Part No. 10172-29 Type 74L5145

Low Power Schottky

This BCD-to-decimal decoder/driver
consists of eight inverters and ten 4-
input NAND gates. ' The inverters are
connected in pairs to make BCD input
data available for decoding by the NAND
gates. Full decoding of BCD input logie
ensures that all outputs remain off for
all invalid (10-15) binary input conditions.

Logic Symbol
op——
15 |, 12—
_ 22—
14 3p2—
— |8 ap>—
13 5I}—§——
c 61—
2 ] TP
8 p19-
ol 1
VeC — 16
GND—8 . _
(083 -035)
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TTL Dual 2:4 Decoder Part No. 10194 Type 741656

TTL Dual 2:4 Decoder, Low Power Schottky Part No, 13090 Type 74LS5155
Logic Symbol Truth Table
Inputs Outputs
! e 1v3 o—‘;— —T
2 Select ate ata
—=Q16 1Y2 0——
1Y 1Y1 1Y2
Y1 0‘“3— B A 1G 1C 0 1Y3
13
—=—A YO o—— X X | H X H H H H
3 12 L L L H L H H H
——B 2Y3 OT L H L H H L H H
Y2 o—— H L L H H H L H
A542¢c  ariplS H H L H H H H L
141s6 2v0lb—2- X X | X L H H H H
2G 2C 2Y0  2v1 2Y2  2Y3
VCC-16, GND-8

X X H X H H H H
L L L L L H H H
L H L L H L H H
H L L L H H L H
H H L L H H H L
X X X H H H H H

Loading:

Inputs 1 Unit Load {.25 for 74L5155}
Outputs 10 Unit Loads (5 for 74L5155)
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TTL 4-Bit Synchronous Binary Counter
TTL 4-Bit Synchronous Binary Counter, Low Power Schottky

Part No. 10335
Part No. 13091

Type 74161
Type 74L5161

All  flip-flops in this chip are docked simultanecusly. A low on the Clear input overrides
simultaneously, so all coutput changes occur other inpuis, and drives all outputs low.
Logic Symbot Timing Waveforms
é) 9 CLEAR IL_I —_—
3 LOAD 14 LOALD : u -
—_— A QA b 1 L _ _ __ - ___-_-zC
4 13 - C-C--C-I-ZIZZZ°<
5B 9B S s sl
-6- C QcC TT wPuTs | 4 . L e o - =
— D QD |— o ¥ .. _ __ - _-__-_-_-czC
T enp o T T MU U U U UL
10 L= —
? EN T 15 EN&BLE # g . l——_—r_
—CLK CARI— ENABLE T __—] : L
C \Jpnnd S S e B e U e
?1 UTPUTS ° -~ :L_H_j
4 | ] )
VCC-16, GND-8 oo :
CARRY T [ 1 ;
- 12 13 14 15 O 1 2.
_ 1 b= count —fo— nwpT —m
Loading: R CLEAR—II L preser
mi Loagas
74161 | 7415161 1. Clear outputs to zero
2. Preset to binary twelve
LOAD 1 5 3. Gount to thirteen, fourteen, fifteen, zero, one, and two.
Inputs CLK, EN-T 2 5 4. Inhibit
Other 1 25
Qutputs 10 5
Truth Table
INPUTS
CLK EN-P EN-T LOAD C ABCD QUTPUTS
H X X X X X No Change
L x* x* x* X X No Change
X X X X L X All LOW
t X X L H DATA Preset to
A.B.C.D,
input data
+ L L H H x MNo Change
t H L H H X No Change
t L H H H X No Change
t H H H H X Count Up

* Avoid changes ta inputs while CLK is low,




TTL Quad D Flip-Flop Part No. 10337

with Clear

This positive-edge-triggered flip~flop
utilizes TTL eireuitry to implement
D-type flip-flop logie, with a direct
clear input and complementary out-
puts from each flip-flop.

Data at the D inputs meeting the
set-up time requirements is trans-
ferred to the Q@ outputs on the posi-
tive going edge of the clock pulse,
Clock triggering oceurs at a partie-
ular voltage level and is not directly
related to the transition time of
the positive-going pulse. When the
clock unput is at either the high or
low level, the D input signal has no
effect at the output.

Type 74175

Logic Symbol Alternate Symb01
r——==- L
4: 0 1a : 2 8 Y o]
{ PCLK _
| et o2
( %) |
51 [ogapl T 510 20T
CLK |
| w
: C:25'—%—Si- zﬁj__ji_
-
2: 3D 30 :10 12 3D 3Q 10
| 1P CLK
: C 3(7‘:i 3q A
>—
R 22 ap  aetS-
AIL—>CLK | 14 —pCLK _| 14
1 [ C4a|— 40..._._.......
—0—"’|____ _ C
[
VvCC — |6
GND — 8 (083 —034)
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Synehronous Up/Down Counter

with Dual Clock

This device is a synchronous
up/down 4-bit binary eounter.
Synchronous operation is pro-~
vided by having all flip-flops
clocked simultaneously, so
that the outputs change to-
gether when so instructed by
steering logie.

The outputs of the four mas-
ter-slave flip—flops are trig-
gered by a low-to-high trans-
ition of either count (clock)
input, The direetion of count-
ing is determined by which
count input is pulsed, while
the other count is held high.

All four counters are fully
programmable; ie, each out-
put may be preset to either
level by entering the desired
data at the inputs while the
load input is low. The output
will ehange independently of
the count pulses.

A clear input, when taken to
a high level, foreces all outputs
to the low level, independent
of the count and load inputs.
The elear, count, and load in~
puts are buffered to lower the
drive requirements of clock
drivers, ete., required for long
words.

Part No. 10154

4-18

Type 74193

Logic Symbol
lﬁ
LOAD
15 |4 QA l—2—
LI P QB }—2—
10 1. ach—& -
® Ip ap £
5 lcu  carpZ-
__4__ CD CBRW Di
14
VvCC — 16
GND — B
(083-032)



TTL 4-Bit Parallel- Access Shift Register

Data can be ipaded into this register either serially
or in parallel, When Parallel Enable {PE)} is low,
parallel datz is loaded into the flip-fiops on every
positive-going clock. When PE is high, data is shifted

Part No. 10191 Type 74195
from the J and K inputs to tlip-flop 0, and from Q to
1, 1 to 2, and 2 to 3, at each positive-going clock
transition, A low on the Clear (C)} input overrides all
other controls,

Logic Symbal

69

PE
2 J
=g I
—1re ap |-
b |
. PI QI h
p2 Q2 |2
0_,_ CLK ﬁ-'i'
c
T
VCC-16, GND-8
Truth Table
Inputs Qutputs
C PE CLK J K PO-P3 Qo a Qz Q3 a3
L X X X X X L L L L H Clear
H|L 3 X | X | abed a b c d d | Paralle) Load
H H L X X X Qln Q1in Q2n Q3n Q3n No Change
H [ H A L]t X L Qon | Qin | Q2n | G2n
H | H A L} H X QOn | QOn | Qln | Q2n | Q2n (Lo .0
H H A H L X QOn Qon Qln Qzn Qzn
H H A H H X H Qon Qin Q2n Q2n
H = High
L = Low
X = lrrelevant
QO0n = State of Q0 before positive transition of CLK
Loading:
Inputs 1 Unit Load
Dutputs 10 Unit Loads




TTL 8-bit Addressable Latch
TTL 8bit Addressable Latch, Low Power Schottky

This is a multifunctional device capable of storing
single line data in eight addressable latches, and being
a one-ofeight decoder and demultiplexer with
high-active outputs., It incorporates a low-active
common clear for resetting all latches, as well as a
low-active enable,

There are two modes of operation, shown in the
Funetion Table. In the addressable latch mode, when
E is LOW, data on the data line {D) is writien into the
addressed latch, The addressed latch will follow the
data input, with all nonaddressed latches remaining in
their previous states, When E is HIGH all latches

Logic Symbol

Part No. 10339
Part No. 13094

_ Type 74258
Type 74L.5269

remain in their previous state and are unaffected by
the data or address inputs. When operating as an
addressable latch, changing more than one hit of the
address could impose a transient wrong address.
Therefore, this should anly be done while E is HIGH.

In the one-of-eight decoding ar demultiplexing
mode, the addressed output will follow the state of
the D input, with alt other outputs in the LOW state.

When E is HIGH and C is LOW all outputs are
LOW and unaffected by the address and data inputs.

Logic Diagram

ONLY ONE LATCH SHOWN FOR CLARITY

| a2 —Popd>———+
712 g7 N |
sHLl Qe ——Dor D>
3 laz 59 s AD w T
- —-—3— Q4 0
1 lap 33 E Y
30 2t%e2 . =
1—450 E | "'4— Q1 c 1[\/\ T
1
5g¢ oo JMHU ]
TO OTHER LATCHES
VCC-16, GNO-8 Function Table
Inputs Outputs
Addressed
Cc E D Latch Others Mode
L L L L L D Itiol
L L H H L emultiplexer
L H X L L Clear
H L L L Mo Change Addressable
H L H H No Change Latch
H H | X | NocChange No Change
Loading:
Unit Loads
74259 | 74L8259
Inputs E 1.5 .25
Qther 1 .28
Outputs 6 5
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TTL Hex Bus Driver, Three-State

TTL Hex Bus Driver, Three-State, Low Power Schottky

Part No. 10197
Part No. 13086

Logic Symbol

Loading:

Inputs (Gate enabled}
Outputs

VCC-16, GND-8

Unit Loads

74367
1
20

7415367
.25
10

Type 74367
Type 7415367




MOS B-bit Microprocessing Unit

This is a single chip 8-bit parallel microprocessor
which forms a microcomputer systemn  when
interfaced with any type or speed of standard
semiconductor memory up to 64K 8-hit words and an
1/0 device. The MPU inputs and outputs data over an
8-bit bi-directional three-state data bus (DO-D7). It
addresses memory and 1/OQ devices over a 16-bit
three-state memory address bus {AGA15). 11 is driven
by two 12-volt non-overlapping clocks, @1 and @2.
There are four input signats, INT {Interrupt}, RDY
{Ready}, HOLD, and RST {Reset). Qutput signals
incluge INTE {interrupt Enablie), DBIN {Data Bus
In), WR {Write], SYNC, WAIT, and HLDA {Hold
Acknowledge}.

The 8080A contains a register array made up of
six 16-bit registers: a Program Counter, a Stack
Pointer, and four register *‘pairs,”” each made up of
two 8-bit registers, One of these is the Temporary
Register, called W/2, which is used for the internal
execution of instructions, The other three are
working registers, called B/C, D/F, and H/L. The six
general purpose registers can be used as either single
8bit registers or 16-bit register pairs; W/Z is not
program addressabte.

The BOBQA also contains an Arithmetic and Logic
Unit {ALU), containing an 8-bit accumulator {ACC),
an 8-bit temporary accumulator (ACT), an &bit
temporary register {TMP}, and a 5-bit flag register, Al
arithmetic and logic instructions are performed in this
section,

The third major part of the BOBOA contains the
Instruction Register, Instruction Decoder, and all
timing and control logic. The tast major pertion is the
Data Bus Buffer, a 3-state bi-directional B-bit latch
that serves to isolate the the MPU's internal data bus
from the external bus,

The instruction set consists of over 100 different
instructions, which provide conditional and
unconditional branching, decimal and binary
arithmetic, and logical, register-to-register, stack
control, memory reference, and 1/0 instructions, Up
to 256 input ports and 256 output ports can be
addressed. Instructions may be either one, two, or
three 8-bit bytes in lengih. Memory can be referenced
four ways: direct, register, register indirect, and
immediate. Non memaory-reference instructions can
be executed in 2 microseconds when a 2 MHz clock is
used. The sequential program execution can be
interrupted by driving the INT input high.

Part No. 42338 Type 80BDA

The 8080A uses its internal stack pointer to access
external memory, allowing it to handle multiple-levet

priority interrupts. This also altows adeguate
subroutine nesting.

Logic Symbol
+5V +12V
?zo ?28
10 VvCC vDD 25
—_— D¢ A¢ Lo
- 9 26
—— D1 R
8 27
—{ D2 AZ2
7 29
I S A3 30
—104 AG B
4 31
—— DS AS o=
5 32
| °° E
- D7 A7 Ba
A8 ==
A [
A10 I—
' O
—ff‘- ('R A1 gT
—={ g2 Al12 o=
38
A1d —
39
A14 p——
36
14 A1S g
"—ZE'INT INTE F
H'RDY DBIN -TS
—=RST WR D=
13 SYNC >
— HOLD HLDA —
24
WAIT
GND VBB
IZ $‘I1
T —sy
Loading:
Qutputs 1.2 Unit Loads




MOS 8-bit Microprocessing Unit

Part No. 42338

Type 8080A (Continued}

tnstruction Codel) Cloek 123 Instruction Code!l! Chock
Minemonic  Deseviptinn Oy Bg Oy D, Bz D Oy Bp Cycles Mremignic  Deseniption D; Bg D5 D By By Dy Og Cycher
h]

MOV,y.,2 Move iegister 10 tegiter a1y D D DS S S 5 Rr2 Return on rern 1 ¢t 0 0 v 0 0 0 &M
WOV M ¢ Move regiter 10 memory ¢ v+ 1 v g 5 5 § ? ANZ Return an no 2ero 1 1+ 0 0 0 0 £ 0 s
MOV M Move memody 10 (giater 01 o0 OO v 1 0 ? RP Azturn nn positive 1 1 1 1 9 0 ¢ 0 St
HLY Ralt o1 1 1 0 v 1 0 7 RM Retuen on minus 1 1 1 1 t 0 B 0 5M
Myl Move immedite register ¢ 0 D B G ¥ 1 0 7 RPE Return on parily even 1 1 1 94 * a @4 0 511
KVIM Kiove immediate memory oo 1 1.0 1 1 0 10 RPO Fieturn on penty odd 1 1 1 0 0 4 10 0 511
WA Inctement caqister 0 0 ¢ DD 1 OO ] RST Reysart 3] 1+ A A A 1 1 1 1
DCR ¢ Deerement regisier ¢ 4 b DD 1 o0 5 IN Input T 1 0 1 v B 11 10
ILER ] Ingrement memary o 1 ¥ 1 0 1 0 0 10 ouT Output T 1] 1 0 ¢ 1 1 10
OCRM Decrement memory ot 1 14t 81 1] LXtB Load immediate regisies a 0 o0 ¢ B & 01 10
ADD ¥ Add regisier fo A 1 4 o 0 0 5 % § L PairB&C
ADL ¥ Add regivter 1o A with Carry Tt 0 o0o1 s 5 % 4 XD Loa immedinte registes 0o 0o 0 1 p 40 01 t0
SUBTr Subiract register hiom A 1 ¢ 0 1 0 S § § 4 FirD&E
SBE ¥ Subtract regurter frpm A 1 4 # 1 1t & 5 § i LX'H Load immediate cegisies 6 0 ¥ 4 0 0 0 1 1D

wrih borrowe Par H& L
ANA« And regrster with A t9 1 0 0§ 5 5 A LXISP Loed immediste stack pointer O D 1 1 0 @ 0 ) 10
XRAT Lactunive Or tegesier with A 1 1 ! o1 § 5 § 4 FIUSH G Push register Paw B & G on 11 Q ¢ 4 1 0 1 1
ORA + Or regiter with A 1 0 1 1" 0D S 5 § L ek
CMPr Compare regicter with A 10 1 1 1 5 5 & 4 PUSHD Push regrster Faw [ & E on 1 1 0 1 0 v 0 1 n
ATD M Add memory 10 A 1 0 0 4 0 'Y t 0 1 stack .
ADL M Add memory 10 A with carry 1 4 0 1 1 1 4 7 PUSHH Push reqister Pair H & L on 1 17 1 0 0 t & 1 1"
SUs M Subwact memory fegm A 120 0 1 9 v 11 7 stk
SEEM Subtract memory fram & 1T g ¢ 1 1 1 1 4Q 7 PUSH PSW  Puth A and Flags 1 1 1 1 0t 0 1% 11

wilh horow on stack
ANA M And memary with A 10 1 00 3 D ? POPB Pop ragister pasr B & C off 1 0 0 0 4 01t 10
XRAM Exclusive Or memory with A 1t 0 t a 1 1 1 ¢ H nack
ORA M Dr memaory weth A 1 0 1 1 0 v 1 0O 1 PGP O Pop regester paer O & E of 1 1 0 1 ¢ 0 0 1% 10
CHP M Compare mempry woth A 1 4 ' 1 1 1 t o0 1 1k
ADI Agdd imesediste 10 A 1+ a ¢ 0o 1 1 0 ? POP H Pap raguater pur H & L ofl 1 1 1 0 0 4 0 1 10
ALl Add immediaie to A with T 10 0 1 1 1 0 7 sizck

fatry POP PSW  Pap A and Fiags 1 ¢t 1 1. 0 B 0 1 W
S Subtrart immediate fram A Tt 1 o v U 1 1 0 7 pif stack ’
581 Subtrart immediate from A 1 1 0 ¥ 11 1 9 1 5TA S1pre A dwect g0 1 1T 00 1 @ 13

wth boreow LDA Load A dicert a0 1 1t 1 0 t 0 13
ANI And immediate with A Tt 1 04 1 1 0 1 XCHG Excharqe D&E ME L 1 1 1 0 1 0 1 4
xR Excluie Or immedutt with 11t 8 1t 11 7 Rugisters

A XTHL Exchgnpe topafstack HAL 1 1 T 01 ¢ a0 1 3% 18
1].1] Or immedsate with A 1 1 1 1 ¢ 1 1 B 7 SPHL HE& L 10 stack painter 1 1 1 1 1t a 1 5
[ ] Compate rmmedute with A 11 1 1 1 1 t 0 7 PCHL HE L Jo program counter 1 *» 1 a v o0 0o 1 5
ALC Ratate & lefy ¢t 9 0 2 0 1 1 1 4 DAG B AddBACWKHEL ¢ 0 0 a v a4 @0 1 10
RAT Fotate A right Do 0 b 11 1 4 pAO D AMdOBEWWHSL B & 0 1V 1 D D 10
RAL Rotete A Ieft thwough cary o0 0D 181 11 ¢ DADH AMdHE LuwMBL oo 1@ voo 01 10
RAR Retsie & nght through [ /[ R T T N B B | 4 DADSP Add tteck pointes o H & L g 0 1 1 1 @& 0 1 10

ey STAX S Store A inderect 4 0 0 Q D 10 1
MP Jump uncondtoal 11 0 0 ¢ 0 1t 1 10 STAXD  Sigre A ndirect g 0 4 1 b & v O ?
Jc Jump Bncarry 1 1 D1 10 v O 10 LDAX B Load A inditett 0 a 0 0o 1 ¢ 1 4@ 7
JNC Jump on no carcy 1 ¢+ 0 1 0 0 t O 12 LDAX D Losd A indirect 0o o 1 Yy 0 ¥ D L
12 Jump on rere 11 0 o 1+ 8 1 0 10 INX B increment B & C regixters oo 86 0 0 ¢ 1 1} 5
NZ Jump on no 2ere 1 1 ¢ ¢ 00 1 0 " INXD Increment T & E cagisters 00 0 1V 9 @¢ t 1 5
s dump on pmiive i1 r a0 10 0 INX H Ingrement H & L emgisters o0 1 ¢ 0 6 11 -1
M Jump on minys LI R T R R n INX 5P Increment stack pointer oo 1 1 0 cCc 11 £l
IPE Jump on pariy even 11 1 0 1 4 10 DLX 6 Dacrement B & C oo g H» 149 1 5
JFO Jump a0 patily odd 111 ¢ 0 8 1D 10 ocxo Cectement B & E a0 0 + 1 0 11 5
CALL Call uncondingnal 1 1 0 ¢ 1 % 0 11 DX H Becrement HR L g ¢ 1 0 v o 1 5
=% Coll on carey 11 0 t 1.1 00 nnaz nCxse Oecyement stk mointer a e 1 1 1 0 11 5
THE €all on no canry 1 ¢+ 0 1 ¢ Yy 4 8 1117 CWA Complement A o 1 o 1 1 11 4
iz Cell an iero 1 1 0 © 1 1 0 D 11117 s7C Set carry b o t 1. 01 11 4
CNZ Cali on o zerp 1 t 0 o 0 ¥ O 0 1117 CWE Camplement carry ¢ 1 1 1 1 1 1 4
cp Lol on pontve 1 1 1 1 & 1t 0 o 11117 DAA Decomal adjuat A 1] ! 00 1 1 % 4
M Cril on minpg A | 1 1 17 1 0 o0 117 SHLD Store H & L direct p o 1 8 a0 0 1 a4 16
CPE Call anparrly even Vo1 1 0 1 1 0 0 117 LHLD Lowss K & L ferect nn T B ¥ 0 1 0 16
CPO Call an parily odd LI | 1 0 o 1 @ 19 11147 El Ensble Interrupn 11 1 t 1.0 11 4
RET Return 1 1 B o 10 0 0 4] Cisable interrypt T 1 1 1 o 0 1 1 4
RE Kelurn an carry T+ 0 Y 1 0 0 1 S NOYP Np-operalion 6 0o o 0 0D 0 & 0 4
ANE Return gn nn carry t 1 8 1 ¢ ¢ 00 51
Notes:
1) Register

A B c D E H L Mem
I DDD or S5§ 111 000 001 010 on 100 101 110

2) Two possible cycle times {11/17 or 5/11) indicate instruction cycles dependent on
condition flags.

3) After a Restart instruction, the next instruction is fetched from memory at the

address eight times AAA,
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MNEMON:C 0P CODE mall] mz2
D;DgDgDy | D302 Bp T rzid T3 Ta 75 F1 T2A T3
MOV £, 02 61 060D DS 5 8§ PCOUT PL = PE -1 [INST—TMPAR {5551 ~TMP {THF) +DOD "
STATUS RN
MOV .M c1 00 DY 1o 1 4 L4l WL OUT
STATLSIE
MOV M, ¢ 01 1 D5 5SS 15551~ TMP HLCIUT”I
STATUS
— . 1. i
SPHL 1111 1001 HU .
MV - data B0 oo g x PCOUT
sTaTUsIE
MV M, dtata 00 11 o110 % 4
LX| ro, data G AP a4 o1 x PC-PC +3 B2- lgrt
LDA ador 00311 [1010 x T Tee-rco BZ-weZ
STA addt 0o P o 1ag X FC=PC et B2-{eZ
LHLD adar 001 Q o1 0 x PC=PC +1 B2 =2
SHLD aodr 0610 Do1aQ X PC QUT PC=PC +1 BZ—»Z
sTaTUSIE
LDaX 4l 00 RP 1010 x p OUT DATA —jw-A
~ STATLS!E!
STAK rpldl o0 AP 001 X rp QT 1A} -—Ju-DATA BUS
STATUSIT
XCHG 111y 101 {HLI—-[DEJ
ADD ¢ 1600 0 5SS 15551+ TMP 19 (ACT)+HTMPB) A %
[Al—~ACT ) - ”
ADD M 1000 D1 1o 14} A CT HL OUT DATA —twTMP
STATLS(6!
AD{ daw 11t 00 oC1 10 {A}-ACT FCOUT PC-PC +1 82 —fuTMP
sTATUSIE
AQC 1 0 00 1§55 8 [555]«TMF [9] (ACTIH{TMPI+CY +A
{AI~ACT
ADC M 1000 1oy {Al-BCT HL OUT DATA-JmTMP
sTATLISE
_ — - . 4. . SRS
ACI dara [ T I 1110 (Al=ALT PC OUT PC=PC+1 B2 —e=TMP
STATUSIE
SUBr 100 1 0558 (85} +TMP a {ACT)-ITMP) A
tA)=ACT
SUB M 1001 5110 (A} «ACT HL OUT DATA—|=-TMP
' STATUSIE
SUH data 1100 g1 10 (AJ~ACT PC OUT PC=PC +1 B2 —m=TMP
R o 1. sTaTUslE
SBA - 100 ¢ 1% 5 S S55I=TMP €] LACTI-ITMP) -CY i
(A)=ACT
5SRO M roa1 o tAl-=ACT HL OUT DATA —fuTMP
STATUSIE
SBI ata 11 001 t 110 1Al -ACT PC DUT PC-PC +1 82 e TMP
STATUSIE
1M 00 00 D1oQ {DODI~TMP ALU-~DDD
(TMP} + 1~ALU
INF M Fo 01 D100 X HL OUT DATA —ja=TMP
STATUSIE! [THWPI+1 —je= ALU
DCR ooDD | D1 ooy {DOD! ~TMP
TMPI+1~ALU
DCA M 9011 a1 0 x HL QUT DATA —je= TMP
STaTus!El {TMP}-1 e ALY
INX rp a0RP 001 (RPI+1 . ___ -
DCX p coRP |1 a1 AP -1 _ b
DAD rplél 00RP 100 1 X iri}—ACT (LI=TMP ALU-L, CY
’ {ACT] HTMPIA LY
DAA 000 011 DAA -4, FLAGSEI ] :
ANA T 10910 055 S 15551~TMP 19l {ACT) H{TMP)=A
{8)—~ACT
ANA M T 010 0110 PCOUT PC = PC « 1| INST—-TMPAR (AI=~ACT HL QUT DATA —fae TMP
STATUS STATUS(E




T3

HL OUT ITMPI  le DAT & BUS
| sTatustl Lo
PLOUT PC - P+ 83 -farh
5TATUSIE
4 PC o= PE 4 Bl —m W W2 OuT DATA ———— 4 A ’
5TATUSIHS! .
AC=PC+ 1 B3 W WZ OUT ta) — | paTA BUS
| 5TaTUS!]
| _ —
! FC-PC+1 B2- l»Ww WZ oUT wZouT DATA JaH
L 2 . STATUSHS! §TATUSIE! o
PCOUT PC: PCt 1 B3 lew W2 ouT (o - DATABUS | WZOUT | - - J=DATA BUS
sTATYSE! sTaTusl?l WE sTaTus!?l
N4 E LR - . _—

{ACTI+(TMF] =&

{ACT]+(TMPI—A

LACTIHITMPI+CY -A

[ACTIHTMPI+CY -4

LACTI-(TMPE -A

[ACT - ITHMP]--A

HL OUT
sTaTLsT

HL OuUT
STATUSI?!

irRi—~ACT

{HI=-TMP
FACTI+H{TMPI+CY—ALU

TACTHITMPI=A




MNEMAONIC OP CODE mif1l M2
DyDgD504 | D300y 0g £] 7212 T3 T4 L3 T T202 T3
AN data 11 [} g1 10 PG OUT PC o PC+ 1] INSTTMPAIR [AI-ACT PC OUT PC:PCr 1 B? |.TMF
_l STATUS sTaTUslE
XRA r 10 [} t 8§58 (AJ~ACT & LACTIHITPMI=A
IS58]~TMP
. N A 5 ]
XRA M 1o o 1 [AI+ACT HL OUT DATA 1aTMP
sTaTLSE!
%Al data 11 0 1110 IAIACT PC OUT PC=PC o+ 82 | TMP
sTATUSIE!
OR& r 10 1 055 S tAI=ACT 19 {ACTIH{TMP}—~A
t5S5I-TMP
ORA M 10 1 0110 (Al=ACT HL QUT DATA lmTHMF
STATUSIE]
ORI data 11 1 o110 ta)1~ACT PC OUT PC - PC + 3 B2 {mTMP
$TaTUsl6l
CMFP s 10 1 155§ 1A)~ACT il {ACTI-{TMP), FLAGS
15551 ~THaP
CMP M 19 i 1110 1A} -ACT HL QUT DATA -
sTATUSE
CPI data 1 1 1110 (AY=ACT PC OUT PC-PC +1 87 {mTMP
sTATUSIE
HLC ' oo 1] o111 iAl—ALY 191 AlLU-a CY
ROTATE
RRC 0o o t 11 (&) -ALU 191 BLU-A, CY
ROTATE
AAL aa 1 a1 1 1A, CY—ALU 121 ALU—A_CY
ROTATE
RAR 00 t t1o iA), CY ALY ALU—A, CY
ROTATE
[ FTY [} 1} 11 11 B4
cme 001 1101 ' fv-oY
!
STE [VI] 1 6111 1-C¥
INP akdr 11 2| oo | X PC OUT PC=PC+1 82 {ez
STATUSIE!
. - I . .
J cond aodr [17] 11 c coi1o0 JUDGE PC OUT PG =PC +1 BY =2
: CONCHTION STATUSIE
CALL agdr 1 0 i1 o0 | 5P -SF -1 PC OUT PC-PC 1 B2 {mZ
STATUSIS
C cond adar!1? 1 o c1 oo JUDGE CONDITION PC OUT PC=PC+1 Bz—f=2?
IF TRUE, 5P =3P - 1 STATUSIE
HET [ [ 1001 SP OUT SP=SP+1 DATA-je2
sTAaTUSHS!
Reandadnl®?l | 1 1 € € cCooD INST--TMP/IR JDGE CONMTIONIT4 S OUT SP=3P+1 DATA {=2
STATULSHS!
RET o 11 NN N1 1 & 8F - 5P -1 5P QUT EP=53P-1 IPCHI -} DATA BUS
INST-TMP/IR sTATUS!E]
PCHL 1 0 1001 INST-TMP/IR THL 4 PC
PUSH rp 11 P 6101 SP=SF -1 SP OUT 5P =SP -1 irh] —{eDATA BUS
sTATUSIE
PLSH PSW 111001 00 ! §F = SP-1 58 OUT §P=SP- | il [=DaTa BUS
sTATUSHSE
POP rp 1 [3 G0 0 x 5P OUT SP=SP+1  DATA en
5TaTUSI15]
POF P5W 11 1 00 01 x SP OUT SPaSP+1  DATA--{mFLAGS
STATYSS!
XTHL 11 0 001 X SP OUT SP-=SF+1 DATA. {aZ
sTATUSIE
IN port 11 1 1.0 1 3 x FC OUT PC = PC +1 B2 f=Z W
STATUSIE]
OUT port 11 1 g0 11 x PC QUT PC* PG + 1 B2 =Z w
STATUSIE!
El 11 1 1o o1 SET INTE F/F
ol 11 1 oG o1 RESET INTE F/F
HLT o1 1 0110 X
NOP (] 0 a0Qo PC OUT PC = PC + 1| INST=TMPAR x
STATUS




M3 Ma M5

T r2l2 T3 T T22 T3 n rzi2 T3 T4 15

1g! PACTI+HTMP--A

kl LACT b+t THPI—8, "

IACTH+ i TMP~A

TACT = TMPI— A

1ACT I TP -A

TACT - (TMPL FLAGS

ATMPY S LAGE

PCOUT CPC P e 83 aew WZ QUT WZl s 1 -PC
sTaTusBl : sTaTusiN

| o [, R Z
PO - PC B3 hew W7 OuT W2 + 1 = PC
5TaTusEl sTaTus 112
PCOUT PC-PC+ 1 B3 few SF QUT P PCH) -— -t DAT A BUS 5P OUT IPGLY w4 DATA BUS WZ OUT WZj v 1~ PC
5TATUSIS! ! sTaTUsIEl  5p=sP -0 sTATLS!16] sTaTUusIM
PCOUT PC - PC s 1 g2 w13 SPOUT . | IPCHI- - {=DATA&BUS SPOUT IPCL)-4 DATA BUS W ouT W2} + T =BG
STATUSHE STATUSIYE] | sPasp .1 STATYSI 6] sTaTUs112)

| 205 -
SPOUT . | SP:SP+1  DATA {m=w WZ OuT IWZ}+ 1~ PC
sTatTustls | sTATUSITY
SP OUT | sp spe1 pata lew Wz ouT IWZ) + 1= PC
STaTUS5! 5TATus[MIZ]
SPOUT | iTeee - connmooor- ez WZIOouT W2 +1—~PC
STATUS[ISI {PCL] (= LATA BUS sTaTLSON

rl) {m=DATA BUS

5P OUT FLAGS {mDaTA BUS
sTaTusEl

SR &P+ UATA- {amch

3P OUT
sTATUSS]
5P QUT SP=SP+1  DATA feA
sTATUSME]
—
SP OUT i DATA -—JmW sP OUT {Hj"—= "~ - {=DATABUS 5P OUT Ll - -4 DATABUS WZ) e HL
STATLS[T | sTATUSE sTATUSII6
WEZ OUT DATA o= A\
sTATLSEl

WZ OUT’lS] ! (Al — = DATA BUS
ATATUS! :




NOTES FOR CHART ON PRECEDING PAGES

1. The first memory cycle (M1} is always an
instruction fetch; the first {or anly) byte, containing
the op code, is fetched during this cycle,

2. If the READY input from memory is naot high
during T2 of each memory cycle, the pracessor will
enter a wait state (TW] until READY is sampled as
high,

3. States T4 and T5 are present, as required, for
operations which are completely internal to the CPU.
The contents of the internal bus during T4 and T5 are
available at the data bus; this is designed for testing
purposes only. An X' denotes that the state is
present, but is only used for such internal operations
as instruction decoding.

4, Oniy register pairs rp = B {registers 8 and C) or
rp = D (registers D and E} may be specified.

5, These states are skipped.

6. Memory read sub-cycles; an instruction or data
word will be read.

7. Memory write sub-cycle.

B. The READY signal is not required during the
second and third sub-cycles {M2 and M3). The HOLD
signal is accepted during M2 and M3. The SYNC
signal is not generated during M2 and M3, During the
execution of DAD, M2 and M3 are required for an
internal register-pair add; memory is not referenced.

9, The results of these arithmetic, logical or rotate
instructions are not moved into the accumulator (A}
until state T2 of the next instruction cycle. That is, A
is loaded while the next instruction is being fetched;
this overlapping of operations allows for faster
processing.

10. 1f the value of the least significant 4-bits of the
accumulator is greater than 9 ar if the auxiliary carry
bit is set, 6 is added to the accumulator. If the value
of the most signiticant 4-bits of the accumulator is
now greater than 9, or if the carry bit s set, 6 is
added to the most significant 4-bits of the
accumulator,

11. This represents the first sub-cycle (the
instruction fetch) of the next instruction cycle.

12. If the condition was met, the conients of the
register pair WZ are output on the address lines
{Ag.1g) instead of the contents of the program
counter {PC}.

13. If the condition was not met, sub-cycles M4 and
M5 are skipped; the processor instead proceeds
immediatety to the instruction fetch {M1) of the next
instruction cycle,

t4. H the condition was not met, sub-cycles M2 and
M3 are skipped; the processor instead proceeds
immediately 10 the instruction fetch {(M1) of the next
mstruction cycle.

15. Stack read sub-cycle,

168. Stack write sub-cycle.

17. CONDITION CCC
NZ — not zero {7 =0} 000
Z — zero {Z=1) 001
NC — nocarry (CY =0) 010
C — carry {CY = 1) 011
PO — parity odd (P =0} 100
PE — parity aven (P = 1} 101
P — plus {S = 0} 110
M — minus {§ = 1} ER A

18. 1/O sub-cycle: the I/O port’s 8-bit select code is
duplicated on address lines Q-7 (Ag4) and 815

(Ag 1g)-

19. Qutput sub-cycle.

20. The processor will remain idle in the halt state
until an interrupt, a reset or a hold is accepted. When
a hold request is accepted, the CPU enters the hold
mode; after the hold mode is terminated, the
processar returns to the halt state. After a reset is
accepted, the processor begins execution at memory
location zero. After an interrupt is accepted, the
processar executes the instruction forced onto the
data bus (usually a restart instruction),

555 or DD Value m Value
A 111 B oG
B Q00 D 01
C oo H 10
D 010 SP i1
E D11
H 100
L 101




Type 8205
Type 25615138

Part No. 42335-XX
Part No. 42403-XX

TTL 3 Line to 8-Line Decoder

Logic Symbol

R TR L

S N N M
OO0 OO0 QOO

"
L

E1
E2

B I oY
o o <
—| | M

VCC-16, GND-8

Truth Table

Qutputs

Inputs

Al A2 E1 E?2 E3

AD

2515138

8205

Loading:

.25 Unit Load
5 Unit Loads

.18 Unit Load

6 Unit Loads

Inputs

Outputs
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TTL 8-bit ¥/O Port, Schottky Part No. 42337 ' Type 8212

This device contains an 8-hit latch with three-state
output buffers and logic 1o allow independent eontrol
of input and output. 1t also has an internal Service
Request ftip-flop for generating interrupts for the

MPLJ.
Logic Symbol Logic Diagram
4 s
k) 4 c G
_'? D I 1 DO 1 G_' LK
_y DI2 poz 5 7
" A 1 L 23
5o 2%%ho o D e
Y. — 2
Te DO4 -2 wo 2T
Tg|ore DOchT
20 gig DO? 19 onn 2 __ﬂ ‘3?‘.[@
22 DO 21 piz 2 b5 ooz
—7 0!8 Do8 — , L
ﬁo DS1 o2 il B2~ o3
—JDpSs2 23 o 2 B0 h0s
2 I NT D_ e . s
T M D oI5 ; a 3— DOS
e ST B 18 ,—liJ—< 17
c Dl§ a 006
DIy 20 -— ”-l(i':L 19 o7
14 g
o 22 = 21 poa
VCC-24, GND-12 cle i
Function Table
inputs
DS1=L Cutputs Internal
Maode MD DS52=H STB DI1-8 D01-8 L.atches
L No L X Hi-Z - Ne Change
L No H L Hi-2 Load L
Input L No H H Hi-Z Load H
i Yes L X Previous H/L No Change
L Yes H H H Load H
L Yes H L L Load L
M No X X Previous H/L Read
QOutput H Yes X H H load H
H Yes X L L Load L
Interrupt Generation
Loading:
Inputs Qutiput
DS1=L SR INT
Inputs - 1
C,DS2,D11-8,STB .16 Unit Load DS2-H | C | STB | ff
MD A6 Unit Load : No L L L H
DS1 .62 Unit Load No H L No Change
No H | ¥ H L
Outputs 9 Unit Loads Yes X X X L




TTL Clock Generator/Driver, Schottky

The device provides the 12 volt, non-overlapping
clocks required by the 8080 MPU. The frequency of
the output signals is determined by an external
crystal (crystal frequency = 9 times clock frequency),
It also provides power-up Reset and Status Sirobe
functions.

Logic Symbol
+12V
B
15 <1 voD
12
% X2 0sC —
— TANK
11
81 =
10
g21g”
$2—
2—5» SYNC  STSTB 011
VCC-16, GND-8
Loading:
Inputs A8 Unit Load
Outputs
RDY,RST,STSTB 1.5 Unit Loads
$2,05C 9 Unit Loads

Part No. 10215 Type B224

Clock Generaior

The clock generator provides the 12 velt @1 and
@2 signals needed by the 8080, plus a §2 TTL signal
for related logic.

Status Strobe

The SYNC signal from the 8080 is used to
generate STSTB (low active)} at the earliest possible
moment that the 8080 status data is stable on the
MPU data bus {at the beginning of each 8080
machine cycle). This STSTB signal is used by the
B228 System Controller 1C, STSTB is also developed
when RST is produced.

Reset

A pulse is developed automatically at turn-on
when power reaches a minimum predetermined value,
A level is produced when the BST-IN input is driven
low, -

Ready

The RDY input to the 8080 must meet certain
critical timing requirements. An asynchronous signal
can be applied to the 8224 on the RDY-IN input, and
the RDY output of the 8224 will be synchronized
properly with the BOBO,




TTL Bus Driver/System Controller, Schottky

This is a combination bidirectional 8-bit bus
driver and system controller for use with the 8080
MPU,

Part Na. 42331

Type 8228

Logic Symbol Status Word Chart
TY¥HE OF MACHIME CYCLE
+5v .
?za
VeC
1 .
17 16
?01 DBt T
—02 DB 2 }—
8053 083 F -
3 S ] ORER FOL I ISR I ROR KD
—19—04 DB4T-8— Do | INTA g jolajafleloje]lrie |
—1p5 DB 5 f——0onr o | wo 1t ]J1jdo |1 ]Ja|rv][D ]+ ] 1
21 o 0B 6 20 Dy | stack [ e [oJ ot v jrlalolelaa
8 7 oa| viva Toflofololalalofe| s [
I 07 DB? —— [+ ouT q o T 0 7 i 1 0 0 1]
4 s My 1 1] 0 0o|oia a 1 o 1
TDBIN INTA ii Tg | NP 5 |0 | oo | o] 1 |ofo o] o
_ZCWR MEM R [D—— 0; | mEmA HEREREERE BENE o | -
SsJHLoa  1joR :)% | _
BUSEN MEM W D= NTA
I/owD= {NONE)
STSTB GND i
o w
(])1 _llq' HOR | coNTROL
- MEMW [ SIGNALS
MEM R
MEM W
MEM R
MEM R |
Bus Driver System Controller

When driving into the 8080 MPU, this device
provides a minimum of +3.6 volts, well above the
+3.3 volts required by the 8080, On 8080 output,
this device provides 10ma of drive current, as
oppased to the B0BO's 1,9 ma, The direction of data
flow on the bus is controlled by the System
Controller portion of this IC, The BUS EN input
turns the bus driver on and off; when BUS EN is high,
the bus outputs are in the three-state high-impedance
condition,

At the beginning of each 8080 machine cycle, the
status information from the BOB0 is loaded into a
6-bit latch inside the 8228, The STSTB signal from
the B224 IC strobes this latch. The outputs of this
latch are then gated by the DBIN, WR, and HLLDA .
outputs from the 8080 to produce the system control
outputs MEM R, MEM W, I/O R, I/OW, and INTA.
Interrupt Acknowladge {INTA) is normally used to
gate instruction data from the peripheral circuitry
onto the data bus after the MPU has been

_interrupted. A special feature of this IC allows an

RST7 (Restart 7) instruction to be gated into the
MPU automatically whenever the MPU is interruptad,
This is accomplished by connecting the INTA output
to +12 volts through a 1K resistor.
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Type 8228
Timing Waveforms

o) T\ /T \T2 T3 \TI T2
e ——/ N/ _/ /S \__
—-STATUS STROBE \/ \ A
8080 DATA BUS X X
OBIN / N\
- -I0R - R
INTA,-I0R - MEM \ 7
SYSTEM BUS DURING READ X X . __
8080 BUS DURING READ — — — — — — — — — — — — — _OD ______________
HLDA /
= INTA, ~IOR,-MEMR —————————
DURING HLDA /
WR \ /
IOW OR MEM W \ /
BOBO BUS DURING WRITE _ __ _ _ _ __ ___ ) 4
SYSTEM BUS DURING WRITE — ~— — = — — — — — <_ ).
SYSTEM BUS ENABLE \ /
SYSTEM BUS OUTPUTS — — = —— — — —— = — — — — — N

Loading:

Inputs
D2,D6 .46 Unit Load
STSTE .31 Unit Load
Others .18 Unit Load

Qutputs
DO-D7 1.25 Unit Loads
Others 9 Unit Loads




MOS Universal Synchronous/Asynchronous Receiver/Transmitter [USART)

The USART is used to interface the serial data
channel of a terminal or communications device 10
the parallel data channe! of a computer or terminal.
The transmitter section converts parallel data into
serial words with start bits, stop bits, and (if desired)
parity bits. The receiver section converts serial data
into parallel words, while stripping off the start bits
and stop bits, checking word fength, and, if desirad,
checking parity. Both the receiver and transmitter are

Logic Symbol
+5V
?26
27 VCC

—28] °f?
—'——T' D1
—1 02
—5' D3
—é‘ D4
—24D5
1] %7
—55] RST
“-9—">CLK
go TxC
= RxC 15
=2 _{RxD TxD |2
EO WR Tx RDY =
——c/D RXRDY F—
220 DsR oT R D22
Tycers RTS D23
Mdes  synpeT [

GND

4

Loading:

Outputs 1 Unit Load

Part No. 42336 Type 8251
double buffered. Paralled words can contain up to
gight bits, Serial word length can be B, 6, 7, or 8 bits,
Parity can be even or odd, or panty checking and
generation can be inhibited, The number of stop bits
can be either one or two (or 1-1/2 when word tength
= 5 bits}. Transmitting and receiving can accur
simultaneously (full-duplex). Transmit and Receive
Clocks must be supplied at 1, 16, or 64 times the
desired baud rate,

Block Diagram

<:> DATA <:> TRANSKIT TD
aus BUFFER x
0, Op BUFFER ros
RESET ROy
}—=-Ta
CLN o] EaDWRITE
cio_ ] conTRaL TAANSMIT | _1.¢
D LOCIC CONTROL
s ERE— e Tall
WA
|+ ]
L]
s _—
DSA I
OTR "J
- | 1 recewe
cgg?;g BUFFER |=—Ff~D
CTS  wn - — 15 +P)
L - J— Ny
il
”
| . A.RDY
RECEIVE
INTERMAL 1 CONTROL [~ RaC
OataBuUs e SYNDET




MOS Universal Synchronous/Asynchronous Receiver/Transmitter (USART)

Data Bus Buffer

This is a three-state, bidirectional, 8-bit buffer
used to interface the 8251 to the MPU system data
bus, Data, contre! words, command words, and status
information are transferred through this buffer.

Read /MWrite Control Logic

Control inputs from the MPU systern are received
and stored here Control/command bits stored here
influence subsequent 8251 operation.

RST (Reset). A high on this input forces the 8251
into an “idie” condition, where it remains until a
Maode instruction is received,

CLK (Clock). This input is normally driven by the
@2 (TTL) output of the 8224 Clock Generator, to
provide timing for internal operations. This clock
must be greater than 30 times the RxC and TxC
frequency for synchronous operation and 4.5 times
for asynchronous operation,

WR (Write), A low on this input signals the 8251
that the MPU is writing {outputting) to the 8251,

RD {Read). A low on this input signals the 8251
that the MPU is reading {inputting) from the 8251.

C/D (Conirol/Data). This input, along with the
WR and RD inputs, informs the 8251 whether the
word on the data bus is a data, control, or status
word,

C/D WR RD Function
L X X Data
H H L Status
H L H Controi

CS (Chip Select). A iow an this input enables the
B251. A high disables all reading and writing and
drives all outputs into the high-impedance state.

Modem Control
These inputs and outputs can be used to interface

to the modem, or they can be used for other
functions as desired,

Part No. 42336 Type 8251

{Continued)

DSR {Data Set Ready). This input is normally
used to test modem conditions such as Data Set
Ready. Its condition is tested by the MPU performing
a status read operation.

CTS (Clear to Send}. A low on this input enables
the 8251 to transmit serial data if the TxN bit in the
command byte is set to a 1. )

DTR (Data Terminal Reacy) and RTS {Request to
Send). These two outputs can be set low by
programming the appropriate bits in the command
instruction word, They are normally used for modem
control.

Transmit Buffer

This buffer accepts parallel data from the Data Bus
Buffer, converts it to a serial bit stream, inserts the
appropriate characters or bits, and outputs a
compasite serial stream of data on the TxD pin. It
consists essentially of two buffers, a transmit buffer
and a holding register.

Transmit Contro!

This section controls the Transmit Buffer and
provides the signals necessary to synchronize
transmission with the MPU.

TxRDY (Transmit Ready). This output goes high
to infarm the MPU that the transmit holding register
is ready to accept the next character, The MPU can
also check this condition by performing a status read
cperation.  This goes low {at teast
momentarily} when a character is received from the
MPLU, and returns high when the character is
transferred fram the holding register to the transmit
buffer,

output

TxE {Transmitter Empty]. This output goes high
when the transmitter has no more characters to
transmit, It goes low when a character is received
from the MPU.

TxC (Transmit Clock}. The signal applied to this
input controls the rate of data transmission. In
synchronous transmission, the baud rate is the same
as the TxC rate. In asynchronous transmission, the
TxC rate can be 1, 16, or 64 times the baud rate,
determined by the Mode instruction, The serial data
is shifted out of the 8251 on the falling edge of TxC.
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MOS Universal Synchronous/Asynchronous Receiver/Transmitter (USART}

Receive Buffer

This buffer accepts seriat data from the RxD
input, converts it to paraltel format, checks for bits or
characters according to the established mode and
control words, and provides this data to the MPU,

Receive Control

-This section controls the Receive Buffer and
provides the signals for synchronizing it with the
MPU.

RxRDY {Receiver Ready). This output goes high
to inform the MPU that the 8251 has a character
ready to be input to the MPU. This condition can also
be checked via a status read operation. The output is
driven low when the character is received by the MPU
{when RD is driven low}.

RxC (Receiver Ciock). The signal applied to this
input controls the rate of data reception. In
synchronous mode, the RxC rate must be the same as
the baud rate. In asynchronous mode, the RxC rate
can be 1, 16, or 64 times the baud rate, as determined
by the Mode instruction. The data on the RxD input
is sampled and shifted into the 8251 on the rising
edge of RxC.

07 068 D5 D4 D3 D2 D1 DO

[s2TsiTerTpren T L2 L1 ]B2]B1]

Type 8251
{Continued)

SYNDET (SYNC Detect). This pin is used in
synchronous mode only, and it can be used as either
an input or an output, programmable through the
Control word. When used as an output, it goes high to
indicate that the 8251 has received a SYNC character,
If the 8251 is programmed to use double SYNC
characters, then SYNDET goes high in the middie of
the last bit of the second SYNC character., The
condition of this output is also available to the MPU
via a status read operation, which automaticatly resets
the SYNDET condition.

Part No. 42336

SYNDET may be used as an input if the check for
synchronization is made by external logic. In this
case, when SYNDET is driven high, the 8251 begins
assembling serial input data into characters on the
falling edge of the next RxC.

Mode Instruction

The first “control’” (C/D high) write after a Reset
loads -the Mode instruction into the 8251, Any

[ =

L I
subsequent control writes load Command
instructions. The Mode instruction format is as
follows:
Baud Rate Faclor
L H|t [H
L L/H|H
Sync
Mode | x| 16x| B4x
Character Length
L HjL]H
L LlH|H
5 2] 7 No. ot bits

H - Parity enabled

L = Parity disabled

H = Ever parity

= H .
L= Odd panity I MNumber of Stop Bits
H = SYNDET 15 an Input L "
L = SYNDET 15 an Output | i
H - Single SYNC characte L Llulmn
L = Oouble SYNC character l
Not
| Used | 1 [1%] 2
Synchronous Asynchronous




MOS Universal Synchronous/Asynchronous Receiver/Transmitter (USART) Part No. 42336

Command Instruction

After the mode instruction has been loaded,
subsequent control writes load the Cormmand
instruction, as follows:

D7 D6 D5 D4 D3 D2 D1 __ DO
[syn JRsT | RTs [ ERR | BRK | RxE | DTR [ TxN ]

Type 8251
{Continued)

H = Enable Transmit

H = Enable Search L = Disable Transmit
for SYNC
L = Normal | . High forces DTR
output low

H = Reset 8251 - — e —

. H = Enable Receive
High forces RTS " L =Disable Receive
autput low

H forces TxD low

High resets error ™ L= Normal

flags PE, FE,OE ™

Status Read

When a Read operation is performed with the C/D
input high, status is provided to the MPU on the
parallel data bus as follows:

D? D6 D5 D4 D2 D2 D1 DO
DSR | syn [ FE OE PE TxE | Rx Tx ]

DET RDY RDY
Framing Error. | | I ~_ Same definitions
Stop bit not T as output pins
detected at end s
of character Parity Error.
{Async only), Received char-

®  acter had

Overrun Error. _ incorrect parity
A second char- bit.

acter was received
before the first
was read by the
MPU. First char-
acter is lost.




Universal Communication Interface

+5vy
22
voC
EE| I .
35 Popi—
—RsT pe1 3
i
Swo pe3ll
36 pos s
‘O"R o LLE
2leap
1
2lpaz
4
Doy pe7 PO
A pas
32 eas
Blpag
37 par
1
Elece
18
Zlesp
Al
.,
20
2 eps og 124
1
PE3 o |22
22
22l raa oz 132
1
Py B
3
ba F—
23] ops
29
D5 ——
Cnd PP
28
Ds .
Bl ogr
27
D?’ ]
2ag
l,\]
s
GND
I C

Logic Symbol

BIDIRECTIONAL DATA BUS

IR F G—

DATA
BuUS

BUFFER

Part No, 42407-01

Block Diagram

GROUF I p

A K
CONTROL !

T

!

Type 8265

GROUP
L]
4 REGISTER
L1
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READ
WHITE

CONTROL

LOGIC

& BIT
INTERNAL
DATA BUS

|

:

GROUF
A

C REGISTER

UPFER
144
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GROUP

B
L REGISTER
LOWER
[£]]

g

J

GROUP

B
CONTROL

GROUP 4
B

B REGISTER
18)

KT—
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PIN NAMES

D7 - DO DATA BUS (BIDIRECTIONAL}

RESET RESET INPUT

cs CHIP SELECT INPUT

RD READ INPUT

WR WRITE INPUT

AD, Al REGISTER ADDRESS

PAT-PAD A REGISTER {BITS}

PB7-PBO B REGISTER (BITS)

PC7-PCO C REGISTER (BITS)
ce 15 VOLTS

GND 0 VOLTS

170
FAT-FAN

170
PCI-PC4

170
PC3-FCA

170
PET-FRE




Universal Communication Interface

The 8255 is a general purpose, programmable interface
designed for use with 8080 microprocessor systems to
provide communication between the 8080 and a variety of
peripheral devices. An eight-bit bidirectional data bus
buffer interfaces the 8080 system bus with the B255
internal data bus. Three eight-bit registers — called A, B,
and C — can be connected directly to the peripheral device.
The three registers can be configured by system software or
firmware to suit the input/output requirements of a specific
peripheral device. The C register can be split into two
four-bit registers, and can also be used for control and
status signals in  applications requiring
microprocessor ¢an read from or write to any of the three
registers via the data bus buffer,

Communication between the microprocessor and the
interface is maintained over the eight bidirectional data bus
lines, fouy controt lines, and two address lines. The
microprocessar selects the 8255 operating mode by sending
a Control Word over the data bus lines, The Control Word is
also used to define registers as being input, output,
bidirectional, or control. Only the A register can be
bidirectional, and only the Cregister can be used for
control. Individual bits of the C register can be set or reset
by a Control Word.

There are three operating mocdes. Registers are con-
wolled in two gioups of 12 bits each. Control Group A
controls the eight bits of the A register and the four
high-order bits of the Cregister (C7 — C4); Control
Group B conticls the eight bits of the B register and the
low-order half {C3 — C0) of the Cregister. Since the
structure of the Control Word permits separaie pro-
gramming of the two groups, the 8255 can operate in two
modes simultaneously. Operating mode is set during system
initialization, and can be changed during program execution
by sending a new Control Word over the data lines.

them. The’

Part No, 4240701 Type 8255 {Continued)

The operating modes are as follows:

Made D — Basic input/Qutput. The A and B registers can
be separately defined as input or output. The C register
can be sphit into two four-bit registers, one input and the
other output, or it can be used for all input or ail
output. Sixteen different register configurations are
available. No strobes or handshaking are involved.

Mode 1 — Strobed Input/Qutput. The A and B registers
can be individually programmed for input or cutput. Six
bits of the C register are used as control and status bits
for the A and B registers; the remaining two bits of the C
register can be programmed as either input or output.

Mode 2 — Strobed Bidirectional Input/Output. The A
register can be used for two-way communication with a
peripheral device. Five bits of the C register are used for
control and status for the A register; the remaining three
bits of the C register can be used for input, output, or
control, depending on the mode of the B register. When
the B register is in Mode 0, the C register bits could be
input or output. In mode 1, the three bits of the C
register would be used for control and status of the
B register.

In Mode 1 or Mode 2, when the C register is used for
control and status, the peripheral device is permitted to
interrupt the B08D. The 8080 program can enable/disable
interrupts by setting/resetting individual C register bits.

Loading:

When a register is programmed for output, up to eight
output buffers, selected randomly from the B and C
registers, can furnish 1mA at 1.5 volts to drive Darlington
type or similar circuits. Other outputs can drive 1 unit load.
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Keyboard Encoder Part No. 42191-33

A non-programmed MOS/LSI Scanner,
in a 28-lead dual-in-line package.
Used in Cortron Up/Dn stroke key-
board. Supply Voltages:

Vss = 5V at 40 ma.

Vdd = 0V at 50 ma (for TTL outputs).
Vgg = -12V at 40 ma.

The device has 12 TTL/DTL outputs
which are capable of sinking 1.6 ma.
These outputs are:

Pin Pin

19. SR out 14. Strobe

12. @1 18. Flag (SRIN)

13. #3 and Bl through B7

Each of these outputs has the following
specifications:

Logic "1" thigh) = 2.4V min. at 100 ua
Logic "0" (low) = 0.4V max. at 1.6 ma

The device has 7 standard TTL/DTL compatible

outputs, each capable of sinking 3.2 ma. These

outputs are Al through A7.

Each of these outputs has the following
specifications:

Logic "1" (high) = 2.4V min. at 200 ga
Logic "0" (low) = 0,4V max. at 3.2 ma

This device has 6 logic inputs

Pin . Pin

17. Function 20. Bypass shift logic
10. Data in {FF) 15, Lateh Inh

11, Cloek in 16. NKR/2KRO

Each input has the following specification:

Vin (Logie 1) = Vss ~2V min.
= Vsg +0.3V max.
Vin (Logie 0) = Vss -4.0V max.
= Vgg min.

Type MM5873
Logic Symbol
9 ! a1
8 1 a2
71 a3
6 | aa
51 as
4 ! A6
3 A7
27 | o
26 | ..
25
.82
2
~ 1 B¢
BS
zf B6
B7
L P 1 'z
LA S b3 !
15 14
—2d i1 sTB p——
18 | NKR/2KR  SRIN 2
17 19
—d FN SRO
—204 BsL
VDD = 1 (GRN)
Veg— 2 (-12V)
Vgg — 28 (+5V)
083-048

A pull-up resistor is provided for each input on the device.
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Keyboard Encoder Part No., XXXxXxx Type SD25010-K

An LSI programmable circuit in a dual-in-line Logie Symbol
package. Used in the MICROSWITCH
keyboard in the Model 1660.

POWER SUPPLY —Sqxis og
+5 VDC at 1Amp, Max, — g x4 D1

12 4 x13 p2 |22
QUTPUT SPECIFICATIONS 13 o x12 D3 22
Data Bits D0-D7 and Strobe. 4 o x11 pa 2!

io X110 . D5 32
1. Logic 1' (high} = 2.4V min. at 40 xa 1% o xo pe 32
2. Logie '0' (low) = 0.4V max. at 1.6 ma 17 dye ot useDy 3%

-
o
w
11

X7 ANOT USED}

X0-X15 will handle a full matrix of Hall

-
o
£
=]

effect logic scan switches. 20 q xe o7
—. 9%
Y0-Y7 will handle a full matrix of Hall ?O X4 a7
effect logic scan switcehes. — x3 STB ——
Ll PP
INPUT SPECIFICATIONS 2B dxs
26 | xg
Strobe Reset and System Reset (POR)
inputs, dv
High level voltage = 2.0V 8 Yf
Low level voltage = 0.8V 7
High level current = 0.25 ma source s
Low level current = 1.6 ma source — gy
~—5va
Clock Input - External Drive Option. —2Qgvs
High level input voltage = Vdd-1.0V —3qgve
Low level input voltage = 0.8V —2dvr
38 4 sTR
2 gsysr
0 . osc
Vpp— 1
Vgg — 21 083-047
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Microprocessor Part No. 13144 Type CPU11806

The PPS3-8 Central Processor Unit, Logic 8ymbol

is a complete 8-bit parallel processor

on a single MOS chip. The Central 20 '

Processor Unit (CPU} uses four- —={1/o01 A /B1

phase dynamic logic for operation. 2 o2 ass2 |12
22 1103 A/B3 (-2

The CPU contains: 2311/04 asB4 -2

{(a) Logic necessary to receive and 24] /b5 A/BSs | T

decode the instructions 25 |\ ne A/e6 |8

{b) 8-bit parallel adder-accumulator for 26 3

arithmetic and logical operations - A/BT 2

{(e) 14-bit P-Register for sequencing /o8 A/BB T

through the ROM program _ A/B9 '

{(d) 16-bit L-Register for subroutine A/BI0 |- =

linkage, RAM operand addressing, A/BN

and ROM indirect addressing 4oLk a asptz P2

{e) Three 8-bit registers, (X, Y and Z} 2leLkB asBe3 H2

for RAM operand addressing asmia H2 —

(f) 5-bit stack pointer S for addressing

a dedicated RAM area 34 | oo spg |35

{g) Logic for processing a priority

interrupt structure 28 33

(h) Direct memery access (DMA) mode e AcKo

(i) Multiplexed receivers and drivers for 30 INT 1 DMRA ——

interfacing with the 14-bit multiplexed INT2 a

address bus and the 8-bit bi-directional W/10 ——

data/instruction bus, RIH 22—

The CPU, through time multiplexing,

utilizes an 8-bit bi-directional bus to vDD — 16

transfer instretions from ROM to CPU VSS — 41

(and 1/0) during 04, and to transfer data (083—-042)

between the CPU, RAMs and I/O devices

during 02.

FUNCTIONAL DESCRIPTION

Instructions for the PP-8 CPU are either one, two, or three bytes in length,
and require from one to three clock eyeles for execution, The CPU decodes
instructions, senses interrupt and DMA requests, and controls data transfer,
arithmetice, logical, and indexing operation.

The adder, with the 8-bit accumulator register (A), and associated logic circuits
forms the Arithmetic and Logical Unit (ALU). The A register is the primary
working register in the CPU and the central data interchange for most data
operations. The adder is an 8-bit parallel binary adder with an internally
connected carry flipflop (C), used for precision arithmetic operation, packed
BCD (decimal) arithmetic, and hexadecimal data manipulation. Aecumulator
cireular shifting right and left with carry linkage is also available.
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Microprocessor (continued)

P-REGISTER (14-BITS)

The P-Register contains the address
of the instruction currently being ex-
ecuted, and sutomatically increments
{least significant T-bits) to fetch the
next byte from instruction memory
(ROM). It may be altered during the
execution of Branch, Return or Skip
instructions.

L-REGISTER (16-BITS)

The L-Register saves the return address
after a subroutine call or an interrupt.
It is also used as an address register

for indirect ROM operands, as an alter-
nate RAM address register, or as a gen-
eral purpose programming register.

Z-REGISTER (8-BITS)

This register holds the 7 most significant
bits of the 14-bit RAM operand address
or may be used as a general purpose
programming register.

X-REGISTER (8-BITS)

The X-Register holds the 7 least sig-
nificant bits of the 14-bit RAM operand
address. The most significant bit (8th
bit) is used as an upper RAM address
control bit.
Logic1 - the Z-Register con-
tents are output for
the most significant
7 bits of the RAM
address.
logic zero is output
for the most signif-
ieant 7 bits of the
RAM address.

Logic 0 -

This register may be loaded, stored,
and automatically incremented or de-
cremented under program control.
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Part No, 13144

Type CPU 11806

Y-REGISTER (8-BITS)

The Y-Register is used as an alternate
lower RAM address register and as a
"loop counter™ or it may be used as a
general purpose progreamming register,

S-REGISTER (5-BITS})

The 5-bit up-down counter S-Register

is used as an address pointer to a 32

byte "stack" in RAM. This stack pointer
is automatically incremented each time

a byte is "pushed" into the stack and
decremented each time a byte is "popped"”
from the stack,

W-REGISTER (8-BITS)

The W-Register serves primarily as an
internal buffer register. Additionally,
it is used in conjunction with the LAL
and PSHL instruections.

POWER-ON RESET (PO)

The Power-On input signal is used to
initialize the CPU to a known starting
address and state during a power-on
sequence. The Power-On (PO) signal

is generated external to the CPU. The
CPU receives this signal, initializes

the internal logie states, and at the same
time generates a Synchronized Power-
On output (SPO) signal which is used

to initialize other circuits of the PPS-8.

[——— t CLODK CYCLE

A
AYSTEW
CLOCK
'n' o
‘\ A ™ )r _-\'L

— g4 —=egh #2 F3 = 4 —fe @y -

ADDRESS BUS mAM
(14 LINES}

ROM
INSTRUCTION
Lra a:q

DATA BUS
{8 LINES}

READ
INHIBTT

READ INHIBIT
0 LINE}

WRITE CHD /e
5/0 ENABLE EMNABLE

1= WRITE
{1 Ling) {\=SELECT LA

Q=WRITE L

PP5—8 BUS TIMING BASIC



Microprocessor (eontinued)
PPS-8 INSTRUCTIONS SET LIST

Data Transfer Group

L Load A
LN Load A, Increment Address
LD Load A, Decrement Address

LNXL Louad A, Increment Address, Exchange L
LDXL Load A, Decrement Address, Exchange L
LNCX toad A, Increment & Compare Address,
LDCX Load A, Decrement & Compare Address,
LNMXY  Load A, Increment Address, Exchange Y

s Store A

SN Store A, Increment Address

S0 Siore A, Decrement Address

SNXL Store A, trcrement Address, Exchange L
SDXL S1ore A, Decrement Address, Exchange L
SNCX  Siorse A, Increment & Compare Address,
50CX Siwore A, Decrement & Compare Address,
ENXY Store A, increment Address, Exchange Y

X Exchange
XN Exchange, Increment Address
XD Exchange, Decrement Address

XNXL  Exchange, increment Address, Exchange L
XDXt  Exchange, Decrement Address, Exchange L

XNCX Exchange, Increment & Compare Address,
XDCX  Exchange, Decrement & Compare Address,

XNXY  Exchange, increment Address, Exchange Y
Stack Group

PSHA Push A
PSHX Push X
PSHY Push ¥
PSHZ Push Z
PSHL. Push L
POPA Pop A
POPX FPop %
POPY Fop Y
POPZ Pop Z
POPL Pop L

Arithmetic Group

A Add

AC Add with Carry

ASK Add, Skip an Carry

ACSK Add with Carry, Skip on Carry
AISK Add immediawe, Skip on Carry
INCA Increment A

DC Decimai Correct {1}

oco Decimal Correct {2)

Logical Group

AN Logicat AND
AN Logical AND Immediate
OR Logical OR

EQR L ogical E aciusive OR
COMm Complemeant

increment/Decreament Groop

INCX Increment X
DECX Decrement X
INXY trcrement X, Exchange ¥
DEXY  Decrement X, Exchange Y
INCY Increrment Y
DECY Decremnent Y

Part No. 13144

Skip/Branch Growp

Exchange b
Exchange {

Exchange L
Exchange L

Exchange L.
Exchange L
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B
BDI
NOP
SKC

Type CPU 11806

Branch

8ranch, Disgble Interrupts
No Qperation

Skip if Carry

Register Group

LX
LY
LZ
LAl
LX)
£Y
Lz
LAL
LXE
LYL
LZL
LXA
LYA
LZA
LLA
XY
XL
XAX
XAY
XAZ
XAL

Load X

Load ¥

Load Z

Load A tmmediate
Load X lrnmediate
Load ¥ mmediate
Load Z Immediate
Load A through Link
Load X through Link
Load Y through Link
Load Z through Link
Load X from A

Load ¥ from A

Load Z from A

Load t_ from A
Exchange Y
Exchange L
Exchange A and X
Exchange A and Y
Exchange A and Z
Exchangs A and L

Subroutine Group

8L
RT
RSK
RTH
SKNC
SKZ
SKNZ
SKP
SKN
SKE
BBT
EBF
BC
BNC
8z
8BNZ
BP
BN
BNE

Branch and Link
Return

Return & Skip
Return, Enable Interrupts
Skip if No Carry

Skip if Zero

Skip if Non-Zero

Skip if Positive

Skip if Negative

Skif if Equal

Branch if Bit {n} True
Branch if Bit in) False
Branch if Carry
Branch if No Carry
Branch if Zero

Branch if Non-Zera
Branch if Positive
Branch if Negative
Branch if Not Equal

input/Output Group

104
I8¢
ouT
RIS

Digit 1/0 {C, D}
Input {C, D}

Output {(C.D}

Read Interrupt Status

Bit Manipulation Group

sC
RC
RAR
RAL
MDR
MDL
SB
HEB

Sat Carry

Feset Carry
Roiate A Right
Rorate A Lefr
Mowve Digit Right
Move Digit Left
Set Bit {n})

Reset Bit {n)



Dual Line Driver Part No. 10353 ’ Type 75180P

This line driver is commonly used to interface data ment utilizing the E1A Standard R5-232-C. Input is
terminal equipment to data communication equip- TTL/DTL compatible, and output is £12V. '
Logic Symbol Truth Table
+i2v INPUTS OUTPUT
f 8 STB A Y
21 1 L X +12
1A — ' 17 1Y H L +12
I | H H -12
STB 1-'[ 6
31 Da— 2Y L= oV
2A . ' H = +5V
15— - 4—' X = lrrelevant
-12v
Alternate Symbols
+12V
It
1 VCC+
—{ STB
2 7
— 1A 1Y —
3 _ 6
~— 2A 2Y —
4
—{ GND
vCC-
4’5
-12V
Loading:
Inputs 1 Unit Load
Strobe 2 Unit Loads

4-45




Quadrupie Line Receiver

This receiver satisfies the requirements ot the
interface between data communication eguipment
and data terminal equipment as defined by ELA Stan-
dard RS-232-C. Input is from +25V to -25V, and out-
put is either OV or +BV. For normal operation, the
threshold control terminal is connected to VCCI1.
This provides a wide hysteresis loop which is the dif-
ference between the positive-going and negative-going
threshold levels. In this mode of operation, if the
input voltage goes to zero {or open-circuit), the out-

Logic Symbot

Part No. 10354

Type 75154

put will remain either jow (OV) or high (+5V) as
determined by the previous input. For fail-safe opera-
tion, the threshold terminal is left floating. This re-
duces the hysteresis loop, causing the negative-going
threshold to be above OV. The positive-going thres-
hold is unchanged. In this mode, if the input voltage
goes to OV or is open-circuited, the output goes high
(+5V) regardless of the previous input condition.
VCC can be either +5V or +12V. Pin 9 should not be
connected externally.

Alternate Symbol

VCC1 vCCe “5 |16
|1519 16 ,[vectveez
oo —é' 17
—1'4 2T
—3T
%47
—6—| A 2Y 'ji";l-
—8- 4A 4Y —
_ — GND
A = input
Y = output
T = threshold
cantrol
VCC1 = +&V
VCC2 = +12v
Truth Table Waveforms
{each receiver} R —
4 ——A}% 1F
INPUT OUTPUT T T
A M N | | l ] N
I NORMAL FAIL-SAFE | i
-12 H {+5) S OPERATION OPERATION" | | F
+12 L (Q] 2 5 — <F
e —- —f 1
[ e £ —_— -
- L _i;
V] {F - 1 1 1 1 1 _;';
-25 -4 =3 -2 - o 1 2 3 4 25
Loading:
Qutputs 10 Unit Loads




Voltage Comparator Part No. 10188 Type LM311

This comparator ean be used with Logic Symbol
power supplies providing two output
voltages, up to + 15 volts, It can be
used with single output supplies up

to +5 volts. —IN -3
+ TN 2
v+ ,PIN B
v—-,PIN 4
GND, PIN 1
{083 —04)
Dual AND-Gate Peripheral Driver Part No. 10181 Type 75451

Logic Symbot

1A s 3 1y
1B i Truth Tabte

VCC-8, GND-4

Loading:

Input 1 Unit Load
Qutput 300 ma
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High-Speed Dual Comparator

This device can operate on voltage supplies up to
+15V, but can also operate off of a single +5V
supply, depending upon the application. Note the
non-standard voltage connections,

Logic Sy mbol

+
~ Z_ours
3

Part No, 10168

+IN 1 i——-
GND 1
+iN2 203 7
-iN2 10 |_ ouT 2
8
GND 2
v+, pin 11
V-,pin6

Type LM319

Alternate Symbol

3 Terminal Negative Voltage Regulator, 5§ Volt
3 Terminal Negative Voltage Regulator, 12 Volt

This series of negative regulators provides precision
regulation of output currents up to 5A, while also

Logic Symbol

Part No. 4216505
Part No. 42155-12

providing current
protection.

1
GNO| O

Maximum Voitages

05 -12

IN J1025 | -1410-35

OUT |-48t0-52 | -11.61t0-124

Type LM320H-5
Type LM320H-12

limiting and thermal overload

Pinout
{Bottom View}
ouUT

2
5
° IN
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3 Terminal Positive Voltage Regulator, 12 Volt Part No. 1028403

This series of positive regulators provides precision
regulation of output currents up to 1A, while providing
current limiting and thermal overfoad protection.

Type LM340T-12

Logic Symbol Connection Diagram
GND
2 10
N ouT \ uT(2)
3 O —————3 6ND (3)
GND 3 IN (%)
Input = +14.4 1o +27.5V
QOutput .= +11.4to0 +12.6V.
3 Terminal Positive Voltage Regulator, 5 Volt Part No. 42154-05 Type LM341P-5
3 Terminal Positive Voltage Regulator, 12-Volt Part No. 42154-12 Type LM341P-12
This series of positive regulators provides precision providing current limiting and thermal overload
reguiation of output currents up to .5A, while also protection,
Logic Symbo! Pinout
{Top View)
— .
1
IN 2_ out O 3
- [ — |
3
GND
-12 =5
input (1} +14,8 to +27V +7 to +17V
Output {2) +11.4 to +12.6V +4.75 to +5.25V




Differential Video Amplifier Part No, 10124 Type LM733C
This differential-input/differential-output
amplifier provides selectable gains of 10, 100, and
400,
Logic Symbol Gain Selection
G2A GIA Gain Connection
12 |11 10 None
IN 14 100 GiA 10 G1B
! i oUT 1 400 G2A to G28
| _oute
IN 2 —
3|4
G2B 618
v+, 10
V-5
{No connection to pins 2, 6, 9, and 13}
Dual Op Amp, General Purpose Part No. 10165 Type 72747
Dual Op Amp, Selected Part No. 13072 Type 72747
Logic Symbol
+ IN
ouT
— IN
VCC-4, No Connection -11
Op Amp, General Purpose Part No. 10166 Type 72748
This single op amp is housed in an 8-pin DIP.
Logic Symbol
vCC+

Pin 1 = Offset null/Comp
Pin § = Offset null (N2}
Pin 8 = Comp

+iN _3_..J:.\ 6
> ouT
—IN -




Voltage Regulator, -12V

Logic Symbol
N — 2 _ ouT
{
GND
VIN = —14.5 TO -30V
Vo = ~11.5 TO —12.5V

Part No.

4-51

13142 Type MC7912CB

Pin Qut

©

2

1113

(083 —039)



Clock Generator Part No, 13143 Type 13143

The Clock Generator eircuit generates

the "A" and "B" clock waveforms required
by circuits in the PPS. The Clock
Generator has an internal oscillator which
is stabilized by connecting a 3.579545 MHz
color TV quartz erystal to the appropriate
inputs. Primary clock A output is a square
wave. Clock B output is a pulse output
occurring during each phase of clock A,
with unique timing features required by the
eircuits within the PPS system. Clock A
is also available, through a TTL output, for
synchronizing equipment externel to PPS.

The input straps provide a eountdown of the
oscillator frequency equal to the number
associated with the strap; ie, S12 divides by
12, E14 divides by 14, and S18 divides by 18.
Thus, with a crystal frequency of approx-
imately 3.58 MHz and input 814 terminated to
VDD, the clock A output frequency is 256 kHz,

(3.58 MHz = 14 = 256 kHz).
Logie Symbol Bottom View

==
| XTAL |

Lo ]
IERRE
CLKBF——

—1 ATTL

CLKA——
$18 514 512

a5

Vpp — PIN 6 FREQUENCY
Vgs — PIN 5 (GND) SELECT STRAPS —PINS 7,8,9

{083 —-036)
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NPN Transistor Array Part No. 42191-32 Type CA3086

This device consists of five Logie Symbol
general-purpose silicon NPN
transistors on & common mono-
lithie substrate. Two of the
transistors are internally
connected to form a differ-
entially-connected pair.

9
10
8 14
5] 12
T 13
(083-040)
QOuad Field Effect Transistor {FET) Part No. 10190 Type 8041
This LC contains four independent p-channel
FETs.
Logic Symbo_l
3 6 i 14
2 7 10 15
t 8 9 16
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Parallel Data Controller Part No. 13159

The Parallel Data Controller (PDC), is

a flexible parallel input/output device

for interfacing the PPS-8 system to
external devices or for interfacing between
multiple PPS systems. The device provides
two independent, bi-directional input/
output channels, each of which operates in
a variety of parallel data transfer modes.
Each channel consists of ten TTL-~com-~
patible lines; eight data lines and two
control lines (DA1 through DA8, CAl

and CA2; DB1 through DB8, CB1 and CB2).
Each channel has its own data buffer
(eight bits) and function register (eight
bits); the two channels share a commeon
device status register {5 bits) and an
interrupt status register (4 bits.)

The function (mode) of each channel

is programmable and is selected by

control data loaded into the associated
funetion register under CPU program
control. Direct addressing for up to 15
PDCs is possible by the use of four chip
select address straps (AS1 through AS4)
that can be user-terminated to create
each device address. Address 000C is
reserved for the "all call" ecommand, Read
Interrupt Status (RIS).

DATA CHANNEL A <

INSTRUCTION/ |
DATA BUS

vDD — 38
¥85— 39

4-54

Type 10453

Logie Symbol
8 Icaz cB2 —— 1
2 1 cat cai 2
19 1 oas DBt
U baz pe2 |22
12 ] bas pa3|>2 DATA
13 {ona pp4 [ 23 CHANNEL
19 1 pas pes[2L
'5 1pas pes |22
16 I paz oB 7}
'7 {pas T
25 f1/p1
24 11/02
—2341/03
22 l1/04
21 /b5
20 1;/pe
19 /07
—18 11/pe
29 { as¢
28 | as2
27 | as3
26 | 154
21 acki ackg 2
8 1spo INT2 -2
71 bma
22 | wio
CLKA CLKB
a0 |4
(083 — Q44



Digital-to- Analog Converter

This eight-bit multiplying D-t0-A  converter
provides a current output which is the preduct of a
digital word (applied to the Al-A8 inputs) and an
analog reference voltage (applied to the VR + and VR-
inputs). Digital inputs are TIL and CMOS
compatible. Quiput voltage swing is +0.5V to -0.6V

Part No. 13080 Type 1408L-6
with the Range Control {pin 1) grounded; leaving
pin 1 open enables the negative voltage swing to reach
-5V when maximum  power supply voltages are
applied, frequency compensation capacitors are
connected to pin 16, Note the non-standard VCC and
GND connections.

togic Symbol Alternate Symbol
s ha |s s 14
VR- VR+ VCC
MSB = A1 'Tf‘ (4
6| A2 —
7] a3 10 1
n:-a Aq 4 _9
2las OUT [— _% 15
7148 ]
—{ A7 —5
LsB12{ag —. (2
1
—— RC
COMP VEE GND E
CENEIE
NOTE: VCC-13, GND-2
VCC = +5VY
VEE = -5V 10 -15Y (current source)
VR- = 1BV (max.)
VR+ = +5V {max.)
Loading:
Inputs (digital) 1 Unit Load
Qutput 2.0 ma.
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Resistor Network, 1K x 15 Part No. 10239-01

Pinout

t6 t5 14 13 12 11 10 9

| 2 3 4 5 6 7 8

Helsistor Network, Quad 10K x 2 Part No. 13044

Pinout

| | 71::::5
_ 3 6
aAB//\\::s 14 - 12
10 13

(Pins 4 and 11, no connection]

Resistor Network, 1K x 13

Pinout

Part No. 10761

Resistor Network, lSK x13

Pinout

Part No. 13140




2048-Bit (256 x 8-Bit) RAM

The Random Access Memory (RAM)

is a 2048 bit RAM organized in

256 x 8-bit configuration. It is
designed for compatibility with

the PPS-8 system, and the A and

B system eclocks. It is a dynamie
memory with automatie refresh logie
and a 1.8 us access time. It is intended
to be used as a read/write data storage
device for the PPS-8 system.
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Part No. 13158

Logic Symbol

L]

b |

L]

F'S

-
-

[y
=

o

-
—h

38
a7
35
33
21
29

-~
=]

ag
' 36

34 |

3z
30
28

: |

27

2

~
»

AlB1
AB2
A/B3
AiB4
AIBS
ABE6

| A/BT

ArBg

t AS1

AS52
AS3

t AS4

ASS
ASE
AST

RIH

| W/10
| CLK A

CLK B

1/D1
1iD2
/D3
14
1/D5
1/D6
/o7
I/Ds

Y
@

17
18
18
20
21
22
23

Vpo-25
Vggs—14

0B3-045



MOS 256 x 4-Bit Static RAM, 3-State

This is the 450 ns member of a family of
random-access memories available in several speed
ranges, The QOutput Disable pin {3}, when high, drives
the [nput/Output pins to their high-impedance state.

Legic Symbol
+5V
?18
; A V10 1 %
> A 1/0 203
T[22 I/O3-W
71A3 i/joal—
o(A4
TAS
— A7
—5?—0'0
2dcer
—JCE2
R/W  GND
‘e _I8

Past No. 42334-11

Timing Waveforms

{All times are minimum unless noted}

Read Cycle

450 ny

ADJRESS 1(
3O na man
CHIP —_—
ENABLES
WCETI CEZt

250 ns e
J—— mox

.\|l\/

QUTPUT 40n0s_ o .
DISABLE 200 mas
45Q nsmox —
T T T TN  DATAOUT
DATA |/0__ R —/< VALID
Loading:

" QOutputs 1.25 Unit Loads

Type 2111A4

Write Cycle
400 a3
ADORESS /'( >\"
¢ 250 ne
CHIP —
ENABLES /
QUTPUT 4
DISABLE / 0
—— 20 nz man | 230 ne
DATA 1/0 DS‘.}.:‘;I'_': *
250 na o
READ/ s
WRITE 20 n3




512 x 8-Bit Programmable Read Only Memory, Three-State

These devices are Programmable Read-Only
memories which are normally programmed by the
vendor, No truth table appears here because each
program requires a separate table. Note that the part
number above is the Diablo number for the
unprogrammed pROMs: a new number is assigned
when the pROM is programmed. Part numbers for
programmed pROMs appear on the schematic, Access
time is typically 35 ns (80 ns maximum),

There are two modes of operation, In the
TRANSPARENT READ mode, stored data is
addressed by applying a binary code to the address
inputs while holding Strobe high, In this mode the bit
drivers are controlled solely by CEY and CE2 lines.

Logic Symbal

21
22 L2
%— A2 7
——A3 ot}—
-2 a4 0248

3 {as5 o323
-4 _las og 10 _
_5__ A7 05 | 14
A3 Jegy o718
LA FYP o8|~
A8 fsrr
%—’o CE1
22 ee2

VCC-24, GND-12

Ap-A8 = Address inputs
FE1, FE2 = Programming Inputs
STR = Strobe Input
CE1, CE2 = Chip Enable Inputs
01-08 = Data Qutputs
Loading:
Inputs .1 Unit Load
Cutputs 6 Unit Loads

Part No. 10406 Type 825115

in the LATCHED READ maode, outputs are held
in their previous state {1, 0, or Hi-Z) as long as Strabe
is low, regardless of the state of address or chip
enable, A positive Strobe transition causes data from
the applied address to reach the outputs if the chip is
enabled, and causes outputs to go to the Hi-Z state if
the chip is disabled,

A negative Strobe transition causes outputs to be
locked into their last Read Data condition if the chip
was enabled, or causes outputs to be locked into the
Hi-Z condition if the chip was disabled,

Waveforms
{Times shown are maximum unless nated)
{Times shown are in nanoseconds)

r +30
rFa
STROBE,” . _ ov
e e mm e e +3.0v
Ag-hy * K-1"
———t ov
CE,
CHIF ENABLE| 1.5V
CE, 50
0,--0 N
| Ay
8 s0 8
Latched Read
A&
DR
cE, SO min
CHIP ENABLE 1.5V 1.5v
ov
CEz |40 min i 1O min 50
I —A——-- +3.0v
sTROBE 1.5V 1.5V \—ov
90 L1
y
00 (1" 7(. 5y oM
| I Vou




MOS 2K x 8 Masked ROM Type 8316

This is a Read-Only Memory that is programmed inputs. Any combination of high- or low-active chip
during manufacture. No part number is given because select inputs can be defined, and the desired chip
each program requires a separate part number. Part select code is programmed into the chip during manu-
numbers are given on the schematics. Qutputs are facture. Maximum access time is 1.5 us. Only a single
3-state, controlled by three programmable chip-select power supply voltage {(+56V) is required.

Logic Symbol

2 Ag o]} nﬂ
LA 02 |22
a2 o032l
SBlas 042l
2aa osH2
04,5 o
LLE PP o7HL
4 laz osp&
2148

3lae

Alai0

Bless

Mes2

131css

VCC-24, GND-12

Waveforms .
{All times shown are maximum)

X
ADDRESS
/|
500 ns 500 ns
PROGRAMMABLE ><r ><
CHIP SELECTS
ACCESS TIME
» LSps

You ) r T
DATA QUTPUT %//%%%%/%{/Hﬁ/%ﬁﬁ@%f/m QUTPUT VALID %’J;;;:é?%

VoL v N i)

Loading:
Qutputs 1.1 Urut Loads




MOS 1024 x 8-Bit Electrically-Alterable ROM Part No. 42329 Type 8708

This Read-Only Memory is programmed at the pattern, |t is electrically compatible with the type
Diablo factory. It has a transparent quartz lid which 8308 ROM. Access time is 450 ns. Qutputs are
allows exposure to ultraviolet light to erase the bit 3state, controlled by the Chip Select {CS) input.

Logic Symbol
+5V 412V
?24 ?19
8 vce VDD 9
—7]*# 01 5
<] 02 -
N 0317
e ka4 04na VBB = +5V
—3] A4 05 % VCC = 45V
——AS 06— VDD = +12V
216 o7 L& VSS = GND
—— AB
22 a9
—JCS/WE
VSS VBB
|12 4721
-5y

Waveforms
(AN times shown are maximum)

ADDRESS >< X
120ns 120ns
CS/WE >< ><
r‘ A
ACCESS TIME
450ns

OH - - - - e e —--——--
DATA OUTPUT OUTPUT HIGH IMPEDANCE OUTPUT VALID OUTPUT HIGH
e _IMPEOANCE

Loading:

Qutputs 1 Unit Load




4.6 ASCII CODE CHART
The ASCII code chart is reproduced in Figure 4-2.

4.7 SCHEMATICS AND LOGIC DRAWINGS

Figure 4-3 explains the meaning of the various notations contained on the logic drawings
and schematies. For more information on ecomponent locations, eonnector pin numbers,
cables, ete., see Section 3.5.

Table 4-2 lists the schematies and logic drawings provided in the remaining pages of this
manual.

Table 4-2. Schematie and Logic Drawing Index

Drawing No, Deseription

23924-99 HPRO3 Board (Terminal Processor)
23926-XX XMEM1 Board

24930-01 MXI Board (Matrix Interface)
24620-XX PROCESSOR Board (Printer)
24625-XX CAR SERVQ Board

40525-XX CAR PWR AMP Board

24605-XX HAMMER DRIVER Board

24935-01 Motherboard

400056-01 Control Panel

400089-01 Interconnection Diagram
400097-01 Power Distribution

400062-XX Power Supply (115/230 Vac)
400094-01 Keyboard (Cortron)

400285-01 Keyboard (Micro Switeh)

24500-XX Interconnection Diagram, Printer Cables




srs 3 810, 0510, 10, T [15 1, |1

4~_3~_2,,15 010101;101
COLUMNNQ'.' 5

0/ 0|0

stx|pcz| "R

ETX|DC3| 4 F 08

o!oogoo'oo

=. EOT | DC4 :: i
ENQINAK| % | CLb e | i |
ACK|SYN: 3 | & [ F ”+ Pl
sl - T 5___5.:-}.. L
- 1'

0!
1
1
0
0
1
1
0

10
100

BS [cCAN| & 8L Wy

O O ~N OO0 LN = O

1
0
1
0
1
0
1
0o
1

HTEM | 30 % | 1 % | 4| L

10?1]:0

anh
o

LF [SUB .
10 1 1|11} vriesc 4 ; | ] '
1 T !

b
N

1100 FFFS . | | ' 1

|
I

1101

a—h
W

CR|GS | - ! i I R

1110
11111

-t
F Y

SO | RS . , ::::. i..‘-.g . o
St |us . & T

-
N

All characters in these two columns an SP(Space) are
non-printing. Del(Delete) does not print in the remote
mode,but prints logical NOT symbol(—) when entered on
keyboard in local mode. (Logical NOT is also printed
in place of characters received with parity or framing
error.

Figure 4-2. ASCII Code Chart
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vo-v

CONMNECTOR PN
SYMHOL INDICATES
SKINAL SOURCE 1S
A DFFERENT BOARD

¥ COORDINATE LOCATION
OF COMPOMENT

ON CIRCUIT BOARD

REFERENCE 1O
SPECIAL NOTE

ABSENCE OF COMMECTOR SYMBOL MDICATES
SIGNAL SOURCE IS THS BOARD

+ NDICATES ACTIVE HGH

¥ COORDINATES OF SIGNAL INPUTS ON
OTHER SHEETS OF THIS DRAWING

] T

# COOPOINATE MARKINGS
FOR LOCATING SIGHALS

REFERENCED ON ANDTHER SHEET

GENERAL NOTES

+ ADOR 3

— I |
L ADDR 1 i s s

bt - moaT 3 é

pPr—————————— -
byt S_FOAT 2.

™
3 ADLE tne- 1t
e
! ]
PP LI S,
 ABDR T o
& ADDE @
* aock 8 o
X w3
d DOk U
L Lp i S
+ Anpw 3.
+ALE 4 s
+ ADDA 18
N - mOAT 8
" - PORT

B} H + CLEM @

T +ar @

* ATATEM CLOCE @

# COORDINATE MARKINGS AFE NOT

RELATED TO COOFDINATES
BOAFRD

ON CIRCUT

Figure 4-3 Logic Drawing Notation

[

1

Z

Ll

L
& +ay IO BN 24 OF B4-RIN IC, GNO T8 PN 12

5t UMLEBE OTHERW|KE BPEC|F|LO,

LML RESIATANCES SPECIFIED 1M OHM,

. AL RESIATORS ARL leywair, 2t

. Al CAPACITANCE 3PECIFIED 1IN WICAQFARADS.

L +8Y TG PTH 4 OF 44PN IC, &ND TO KN Tt
8V TG PIN M OF 16.PLn IS, GNO TO PIN B}

FOR ABHCHRINOLA STSTEWS OPERATION, TNETALL JUMPERS
B CREE) aml B33 (TrC), FOR SYNCHROMOGE S¥5TEME
OMAATION [METALL TUWMAEAS BT (ASCY AMD Q4F {TAEN
WHEN OMA LB KDT LSED, LNETALL JUMMCR 458 BTWELN a5¢
AW ATA CHOLD:, GLED JUMPER D43 BETWEER Q48 AN D45
LWUS END,
TO ALLOM FGR SL0NER WEMCRILS, INETALL TUMFER AT,
BETWEEN M98 ANG wM (wal Tl N
JUNPER R4 PROVIDEA FOR A MEAND OF D]BCONNECTION B WERN
MCTECTIVE GROUNC AND SIGHAL GROUMO PLR RS-253.C,
EMITCH 81 TO W FOR JPTOON &%, 3WLTOW 3§ Y0 "0m" §o#

LON "B", IWITCH 33 TO *DN° FOA OPTIGH “£F, SWITEM B4
o oW FOR OPTLoN ‘6]
FOR AFPLICATIONS WHERE AOCGITIONAL [NAUTS FAoMm Tel £l
THYERFACE AGE REQUIRED, [WYTALL 78184 &T LOCAT|ON E'S,

DRAWING

L]

- DOTTED LINES
INDICATE ALL PINS
ARE ON SAME
M CONMNECTOR [P1)

| — OUTPUT PN NO.
NSIDE. CONNECTOR
I gvmaEOL

L — SEVERAL CONMECTOR
F PNS USED FOR
SAME INPUT

EENTICAL COMPONENTS
MOUNTED AT SEVERAL
LOCATIONS ON -

THIS BOARD

DRAWING NO. {SAME

AS CROUT BOARD
AGSY NOJ

TOTAL NO. OF SHEETS FOR THIS
CIRCUT BOARD (NCLUDES ASSY

4 RELATED DRAWINGS!



" 17 16 15 L4 * C 1 12 n 10 ‘ 9 9 7 6 ‘ 5 4 -. 3 ‘ 2

Lo T A T
23524-99 | 3 ] 23924-99 !
Lo 128 + ADDR @ NOTES: UNLESS OTHERWISE SPECIFIED,
oy oy MR + ADDR 1 ISNE-LI6 SHI-DIG,SHA-KI6 1, ALL RESISTANCES SPECIFIED IN OHMS.
ES A BOe-SHZ- L1, SH3- D16y SH4-116 2. ALL RESISTORS ARE V/qwaTT, £5%,.
L N kL + ADDR 2 SHz- 1 3. ALL CAPACITANCE SPECIFIED IN MICROFARADS. It
1-1] - &
- N EE - + ADDR 3  asezxi6 4. +5¥ TO PIN 14 OF 14-PIN IC, GND TO PIN 73
sHa-co gt INTR + s 2a 20 + ADDR 4 o o e +5v.TO PIN 16 OF 16-FIN IC, GNO TO PIN B8
R - + ADDR 5 +5v TO PIN 24 OF 24-PIN IC, GND TO PIN 12.
P + ADDR & Poke A FOR ASYNCHRONOUS SYSTEMS OPERATION, INSTALL JUMPERS B
L + ADDR Bes5Hz k16 B13 (R%C) AND B33 (TkC}. FOR SYNCHRONGUS SYSTEMS
. % 1.2 R G e L LA SV OPERATION [NSTALL JUMPERS B11 (RXC) AND B32 (T+C),
X _ e _ —jo J + ADOR 8 o chs 1 /i\. WHEN DMA 15 NOT USED, INSTALL JUMPER AS5 BETWEEN AS6 K
— & b o 20 S + ADOR B acis sis ?ND m]{uow) ALS0 JUMPER D43 BETWEEN (42 AND D44
[ ) . + ADDR 10 BUS EN
P > SHa-J
[ ; o3 A g - T AODR 1. — P 5H2- 16 A TO ALLOW FOR SLOWER MEMORIES, INSTALL JUMPER A77
) e 50+ A + + ADDR 12 - 2116 BETWEEN A78 AND A76 (WALT),
i B T g;, sz 20 _— hwe Je TUMPER B4 PROVIDES FOR A MEANS OF DISCONNECTION #F "wzEn
+ ADDR 13 PROTECTIVE GROUND ANG SIGNAL GROUND PER RS-232-C.
LT — _—— e 2 A ,. é SWITCH S1 TO “ON™ FOR OFTION A", SWITCH S2 TG “ON" FOR
L BOBTA o OPTION "8 SWITCH 83 TO “ON” FOR OPTION °C*, SWITCH S4 J
11 ! s |22 . + ADDR 14 Ao TO "ON” FOR OFTION "DJ
2!, 6 T + ADDR 1525 A FOR APPLICATIONS WHERE ADDITIONAL INPUTS FROM THE EIA
.. . ss = INTERFACE ARE REQUIRED. INSTALL 75154 AT LOCATION E15,
— })”BIE‘G - PORT ¢ k16 -
N
o LE2 - WP - PORT 1 s Fic
P1 2 any H-D& 1i1 .
! T sone [H2 - PORT 2 ]
H @ + HOLD | o ]_ A1 N wart B cHE DG H
fald ] | Ght: il '| J2 LM3Z0H- 5.2
1 :-—‘.i\pr . BER .' - PORT 3 /o
£a0v . i B _ PORT 4 £
B O T +5¢ AS6 oe 34 ! 1 —@ [
247 x1 12 T 1 - PORT .
-[]l Kl asg f— - N i H 0 3 50,
g ] TAME b1 " z B ;| Iﬁ PORT 6
n -
G + 5 oo cE .:L—E_-_— m—?fﬂs || ‘ 1 T _@ s G
36 00 N A i —PORI_7 () .
436 o || | Lo rarsse P LN S - RAM
0K a2za . : 172 o2 - 5HZ -£ 16 |-
~1 2 RST B2z - ROY, ROV | : [ Ha 13 pl
@ — XRS b gqasn,u rst |l '| | D36 _
.:[ a4z P{STNC  STSTBP ] — 3} oi1# o5 Sl . SO b
AL —_
Fl Sov | ] 20~ pd T EROM - 5142 - B16 = F
ray 15 1 2V .
L | 2c 2Te O—
. = 14 4 L4s
] | vc:ﬁ . 26 2T 3 — 1K
5T3TR INTMC:Lz:5 ﬁ |
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REVISION HISTORY - #23924-XX HPRO3 Board

Rev.

A ECO#

B

C

7648

7690

7759

7771

7816

As released,

Change resistor F24 from 1K to 8.2K; add resistor F25 from
~OPTION D to +5V. :

Correct error on bill of material (diode A28 omitted); add "on™
indication to S1-54 on sheet 3 of schematie; correct note 5 on
sheet 1 of schematic —specified "B7," should be "Bl11." No
changes to board.

Replace 74LS221 at A26 with 74LS123. Change resistor (S32)
and capacitor (A29), and remove diode (A28). Provides more
stable real-time clock.

Allow use of plastie ICs, no schematic changes.
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REVISION HISTORY -#23926-XX XMEM1 Board

Rev.

A ECO#
B
C

7646
7852
7933

7953

A4092

As released.
Add dash numbers for 1641, 1660. No schematie changes.
PWA MEM]1 bill of materials and ROM changes,

PWA MEM1 establish -98, -99. Change bill of material to
include -98 - authorize 04 eteh for custom ROM.

Authorized Purchasing to buy other than plastic packaged IC's
if there was a shortage.
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REVISION HISTORY - #24930-01 MATRIX INTERFACE

REV. A ECO# Al1902 As released.
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REVISION HISTORY -# 24620-12, -13 PROCESSOR Board

REV. ECO#
A Al429
B  Al464
C Al1539
D A1828
E A1902

A3106
G A3127
H A3610

ETCH

01

01
01

01

01
01
02

02

CONFIGURATION

Standard -01 configuration bill of material, assembly, and
schematic as released.

Documentation change only.

Eliminate PROM PCB, add ROM'’s to this assembly
(A24=13206-01/A39=13206-12)

Add ROM descriptions
(13206-01 = A52G0OPA 13206-12 = A52G1PB)

Change drawing to -XX, add -11 (systems) configuration.
Documentation change only

Add -02, -05, and -12 configurations, Alow use of -02 eteh,
Remove switch A74 and ground terminal B70. Add -12V (Vss) to
ROM pins 12 and 40. Add connector J17 in upper left hand
corner for additional ROM PCB interconnect. Include ROMs
with bi-directional printing program.

Add -13 configuration. Allow program change to accept multiple
font option.
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REVISION HISTORY -# 24625-02 CARRIAGE SERVO Board
REV. ECO# ETCH CONFIGURATION

A A1738 03 Release -02 configuration, and allow use of -03 etch. Include
Ribbon Motion Sensor circuits.

B Aa1s871 03 Add low offset Op-Amp (selected 747C) at A39 to reduce speed
variation in reverse carriage motion.

C Al1870 03 Change transistor F10 from type 2N5322L to type 2N5322,

D A18%1 03 Documentation changes only.
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REVISION HISTORY -#40525-07 CARRIAGE POWER AMPLIFIER Board

REV. ECO#
N Al1260
P Al1260A
Q Al565
A A3128
A A3278

ETCH
05
05
05

06

07

CONFIGURATION

As released for use in the Series 2300 Matrix Printer.
Documentation error

Documentation error.

-05 to ~-06 configuration. Allow use of -07 eteh. PCB relayout
only. Change component locator codes as follows:

C57 to Ad4 C54 to B46 C55 to B47

C56 to B44 C54 to A45 D56 to A47

-05 to -07 configuration, -06 to -08 configuration. Reduee
sensitivity to power supply variations. Remove D74. Replace
D73 with a jumper. Change zener diodes A7 and B7 to 11 volt
devices. Change resistor values: D75 to 5.1K and B33 to 30K.
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REVISION HISTORY -# 24605-03 HAMMER DRIVER Board

REV., ECO#
A  Al1428
B A1532
C Al575
D A1817
A Al1896

A1975
C A3539

ETCH
02

02

02

02

04

04

04

CONFIGURATION

-02 configuration bill of material. Assembly, and schematic as
released.

Documentation change only.

Parts standardization. Change transistor types: TIP32 to
TIP32A, 2N3644 to PN3644,

Change types but not values of ecapacitors for automatie
insertion.

-02 to -03 configuration. Allow use of -04 eteh. New layout only,
no eircuit changes.

Document change only.

Hardware change only. See Parts Catalog.
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REVISION HISTORY -#24935-01 MOTHER BOARD
REV. A ECO# Al1902 As released

B A3535 Change Key Position from 20-22 to 4-6. Remove 80° form
from 10 terminals.
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