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SECTION I
INTRODUCTION

1.1 MANUALS

This technical manual is part of a series providing complete
documentation for the Model 704. The three manual series, with part
numbers, is listed below.

TITLE PART NO.
Technical Manual 37400700
Operator's Manual 37400701

Illustrated Parts Breakdown Manual 37400702
1.2 GENERAL DESCRIPTION (Figure 1-1)

The Model 704 is a 132-column, dot matrix printer with an intergrated
RS=232C asynchronous interface and a 9-foot EIA input cable. The printer uses
microprocessor technology and prints bidirectionally. Maximum throughput is
achieved with the bidirectional print head which seeks the shortest path to
the next line of data when printing successive lines of data. Print speed is
180 characters-per—-second for the standard 7x7 dot matrix. Stepper motors
control print head and paper movement. A six key control panel and DIP
switches are used for operator control. The logic board contains circuitry
for receiving serial data from a data set or modem. The RS=232C interface
portion of the logic provides serial-to-parallel data conversion, buffers each
data character and generates interrupts to synchronize the microprocessor with
the serial data communications link. :

The remainder of the logic consists of a 256 character input buffer,
a 132 character print buffer and PROM's for firmware storage and character
generation. Print mechanism control circuits provide the final output to the
print head and stepper motors for carriage motion and paper movement.

Figure 1-1. MODEL 704 PRINTER

1=-1



1.3 PHYSICAL DESCRIPTION (Figure 1-=2)

The printer is completely self-contained, including the printer
mechanism with micoprocessor electronics and integral power supplies.
Optional features are available to adapt the printer to specific needs. . A

The printer covers include several plastic covers and one sheet
metal cover. The top cover, the two side covers, and the front cover are
plastic, and the rear cover is sheet metal. The front cover has an opening
for the control panel in the lower left corner.

TRACTOR

PAPER FEED

ELECTRONIC VFU
(OPTIONAL)

ON/OFF
CIRCUIT BREAKER

PAPER TENSIONER

PLATEN KNOB

(AUDIO ALARM] DIP SWITCHES

CONTROL PANEL

PRINTER STAND
(OPTIONAL)

Figure 1-2. MAJOR ASSEMBLIES
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The printer consists of three major units: the print mechanism,
the electronics, and the paper handling mechanism.

1.3.1 PRINT MECHANISM

The print mechanism consists of the carriage assembly, drive mechanism
and print head. The drive contains a stepper motor which drives a continuous
belt that transports the print head and carriage assembly back and forth along
the platen.

1.3.2 ELECTRONICS

Printer control is provided by the electronics which consists of the jfﬁb
input power transformer, DC power supply, video amplifier, logic card, s
and power driver board. The logic card contains the RS=232C serial interface,
microprocessor, firmware, control logic, and power supply regulators. The
power driver board is located in front of the printer behind the front cover.
It provides the drive signals for the print head solenoids and stepper motors.
The video amplifier receives pulses from a timing fence to synchronize the
head firing.

1.3.3 PAPER HANDLING MECHANISM

The paper handling mechanism is a tractor feed unit accommodating
fan-fold forms up to 17.3 inch wide with a 13.2 inch maximum print width.

The printer has a rear paper feed and a bottom paper feed. Both can
handle up to six-part forms at a slew rate of 15 inches per second (ips). The
standard vertical line spacing is 6 lines per inch (lpi) with 8 lpi optional.

1.4 PRINTER OPERATION (Figure 1-3, 1-4)

Figure 1-3 is a basic block diagram of the printer, and Figure 1-4 isha
pictorial diagram illustrating the particular printer components and how they
relate to the main logic board.

The printer uses a microprocessor that controls printer operations.
Under program control, the microprocessor, located on the logic board,
controls the receiving of serial data via the I/O controller chip and monitors
the control panel. Also, the microprocessor initiates movement of the print
head carriage and paper, and monitors feedback from the limit switches, video
system, optional electronic vertical format unit (EVFU), and the paper empty
switch to effect proper execution of these motion commands. It maintains a
record of the position of the print head at all times, provides printer status
information to the attached devices, and performs other "housekeeping” functions.

1=3
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OPTION
PORT*
*Option port can accommodats devices
such as, character butfer option board.
CONTROL DATA
T ,
MICROPROCESSOR CONTROL | WRITE PULSES PRINT
| paraseron SERIAL DATAIN > MEMORY & SUPPORT LOGIC HEAD
| INPUT DEVICE |
i 1N STATUS LINES
e
L * DATA INPUT
] CARRIAGE CARRIAGE
¢ PRINT COMMAND HEAD MOTION DRIVE STEPPER
CONTROL MOTOR
° PAPER MOVEMENT
OPERATOR SWITCHES, INDICATORS
CONTROL * SPECIAL FUNCTIONS .
) PAPER LIN
ANEL CONTROL PAPER MOTION DRIVE FEED (PAPER)
CONTROL STEPPER MOTOR
READY TO END OF PAPER
PRINT PRINT EMPTY VFUCHI-VFUCHI2
SWITCH SWITCH SWITCH VIDEO 1,2
SPEAKER
ELECTRONIC
¥¢2$2u . AUDIO VERTICAL
TIMING ALARM FORMAT
FENCE OPTION uNIT
.| oPTION

Figure 1-3. PRINTER BASIC BLOCK DIAGRAM

Basically, all printer functions can be grouped into one of three
categories: (1) character printing, (2) paper motion, and (3) auxiliary
functions such as automatic motor control, audio alarm, etc.

1.4.1 CHARACTER PRINTING (Figure 1-5)

In the printer, characters are printed by selectively activating
the print wires aligned in a vertical column in the print head. As the
head moves across the paper, the appropriate print wires are momentarily
activated, driving them against the ribbon, paper and platen to form the
specified dot pattern.




. 30016
CIRCUIT BREAKER
TRANSFORMER |~
=~ : FILTER
N ELECTRONIC
' VERTICAL FORMAT

UNIT(VFU) (OPTION)

{OPTIONAL) X DIODE BRIDGES

PAPER
V STEPPER MOTOR
PAPER
MOVEMENT

En':ur CABLE
i LOGIC BOARD
e —————— SOLENOIDS SIGNALS
| MICROPROCESSOR
PROGRAM

MEMORY

PRINT HEAD &

< CARRIAGE ASSEMBLY
SUPPORT LOGIC
POWER SUPPLIES

POWER DRIVERS

VIDEO

" "
ENCE CARRIAGE
STEPPER

MOTOR

PAPER EMPTY
SWITCH

LEFT MARGIN INDICATOR
RIGHT MARGIN INDICATOR EOP

Figure 1=4. PRINTER PICTORIAL DIAGRAM



. 5" PAPER ORIVE

Y
CARRIAGE 3 / »\
DRIVE, BELT A,

ELECTRONIC VFU
(OPTION)

VIDEO AMP._X
ASSEMBLY

Figure 1-5. CHARACTER PRINTING/PAPER MOTION

The print commands to the print wires are developed by programmable
read-only memories (PROM's). To extract print information, the microprocessor
addresses a PROM memory location for each column within a character.

As shown in Figure 1-5, the print head is attached to the carriage
assembly, which in turn is attached to a rotating carriage drive belt. The
carriage is driven in the forward direction or in the reverse direction by
the carriage stepper motor which rotates the belt clockwise (forward direction)
or counterclockwise (reverse direction).

Je



1.4.2 PAPER MOTION (Figure 1-5)

Paper can be moved manually by pushing in and rotating the platen
knob, or automatically by any of three paper motion commands: line feed,
vertical tab and form feed.

Torque from the paper stepper motor is applied to the tractor drive
gears. Paper is advanced one line by momentarily activating the paper
stepper motor, which turns the drive gears to advance paper by one line. When
using the tractor unit with the electronic vertical fommat option, vertical
tab and form feed operations are accomplished by activating the paper stepper
motor until the amount of paper movement programmed into the microprocessor
has been completed.

The electronic vertical format option allows vertical tab, form feed
and bottom of form operations to be controlled electronically by data memory.
The memory can be loaded either locally through a hand-fed paper tape reader
or remotely by downstream loading on the data lines. The paper tape must be
pulled through the reader by the operator each time the printer is powered-up
or when a format change is required. The memory holds the "tape image™ which
is electronically "rotated" as paper is advanced.

If the electronic vertical format option is not used, then a vertical
tab operation moves paper 1 inch (6 line feeds) and a form feed operation
moves paper 11 inches or 12 inches, as prescribed by the customer. This
feature is preset in the option, PROM, and also determines forms control if
the electronic vertical format option is installed but memory is not loaded.

1.4.3 SPECIAL FUNCTIONS

As a standard feature, the printer contains an automatic motor
control which turns off the carriage and paper stepper motors when no data
is received. The motors are then automatically turned on whenever a print

~ or paper motion command is received.

Also as a standard feature, the printer has a self-test capability
which is activated by depressing the OVERRIDE switch while the printer is

deselected. The printer automatically prints out both character sets and

the hexadecimal equivalent for each of the 32, 8~bit locations in the option
PROM.

An optional audio alarm is available for alerting the operator of a
special condition. An audible tone from a speaker is sounded by software
command (bell code - 074¢) or by a paper empty condition.

In addition to printable character codes, the printer also recognizes
certain special control codes. Refer to the operators manual for a list of
these control codes and the actions performed upon receiving these codes.



1.5 SPECIFICATIONS SUMMARY

- Baud Rate o »
Data Format . .
Input Code . .
Buffers e o o o

Line Protocol .

(Buffer Full Iandication)

EIA DATA INPUT

e o o s o ¢ o o« = o o 110,150,300,1200,2400,4800,9600
(switch selectable)

e« e o o o o s o » o o 1 start bit, 7 data bits, 1 parity bit,
and 1 or 2 stop bits. This data word
must contain 10 or 11 bits.

e o o o o o o o o s o 96 character ASCII

e o« o o o o o ¢ o o « One line print buffer and 256 character
input buffer.

e o o o s s s o » o o X=-On/X-Off or Reverse Channel or

Data Terminal Ready (switch selectable)

Printing Method . « « « « « ¢« « « « « Impact, character by character, bidirectional

Dot Matrix e o

Print Format. .

e« o ¢ o o o o o o o o Standard - 7x7 dot matrix (7 pins high),
7x9 or 9x9 dot matrix (9 pins high)
e o o o o o o o o« o o 10 characters per iach

Number of CopieSe « ¢« ¢ « o « o « o « Prints original and up to five carbon copies

Character Set .

Print Speed . .

Vertical Format
Paper Entry . .
Auto Line Feed.

Paper Feed. . .

Switches .+ « &
Indicators . .

Manual Controls

Hei ght e o o o o
Depth e o o o o
Width « ¢« ¢ o &
Wei ght e o o o o
Temperature . .

Humidity +« « o

Input Voltage .

e« ¢ e o« o o o o o o o Standard: 96 character ASCII
Optional: 96 character sets

e o o o o o s o o o o 180 cps (7x7 dot matrix)
165 cps (9x7 or 9x9 dot matrix)

PAPER ADVANCE

.---......-Glinesperinch

‘e o« o« o« o o o« o o o o« Rear and Bottom Feed

e« o o o o o s o o o o Automatic line feed on carriage return
(DIP switch selectable)

e« o o o o s s o o o o Rear or Bottom Tractor Feed
17.3 inches (439 mm) maximum paper width
13.2 inches (335 mm) maximum print width

CONTROLS AND INDICATORS

e o o o o o o o o o o Standard: Powar, Select, LF, Override and TOF
Optional: Double LF, 6/8 LPI

e o o o o o o o o o o Standard: Power' Select and Alert
Optional: Audio Alarm

e« ¢« ¢ o o« o« o s ¢ « o« Forms Thickness, Paper Advance, Paper
Tensioner

" PYHSICAL/ENVIRONMENTAL/ELECTRICAL

e © o o o o o o o o o 8.0 inches (203 m)
e o o o o ¢ o o o o« o 19.5 inches (495 mm)
e o o o o o o ¢ o o o 24,5 inches (622 mm)
e ¢ o o o o s o o o o 60 1bs (27Kg) (without stand)
o o o o s o o o o o« o Operating: 40° to 100°F
(44° to 38°C)
Storage: =35° to 130°F
(=37° to 55°C)
e« e o o o o o o o o o Operating: 20% to 90% (No Condensation)
Storage: 5% to 95% (No Condensation)
e o o o s o o o o o o 60 Hz; 11SVACI +10%/-15% of nominal )
50 Hz; 230VAC, +10%/-15% of naminal
1-8 ’
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SECTION 2
INSTALLATION/SET-UP

2.1 INTRODUCTION

This section contains installation, floor planning and set-up
procedures. All other operating notes and procedures are contained in the
Model 704 Operator's Manual.

2.2 FLOOR PIANNING

Space requirements may be determined from Figure 2-1.

36.0"” max.
. ——
(914 mm)
19.5" 24.5" >
< 495mm 612mm

i

(812 mm) W v v v

b

ﬁ— —]

Figure 2-1. PRINTER OUTLINE DRAWING

WEIGHT ELECTRICAL REQUIREMENTS
Printer 60 lbs (27Kg) 50/60 Hz, 115/230 VAC; +10%/-15%
Stand 25 1lbs (11.4Kg) of nominal tappable transformer
. (100, 110, 115, 120, 200, 220,
TEMPERATURE 230, 240 VAC)
Operating: 400 to 1000F Power Cord: 12 feet long
(4° to 37°C)
HUMIDITY
Storage: -40° to =-160°F
(=37° to 54°C) Operating: 20% to 90% (no condensa-
tion)
Storage: 5% to 95% (no condensa-
tion)



SET-UP PROCEDURES (Figure 2-2)

Note any discrepancies in general printer appearance.

Remove the top plastic cover and manually move the print head from the
left to right. ENSURE THE OPTICS BLOCK OF THE VIDEO AMPLIFIER DOES NOT
CONTACT TIMING FENCE. Timing fence may be damaged by improper alignment
of optics block.

Manually move the print head from left to right and ENSURE CARRIAGE ARMS
DO NOT CONTACT THE READY TO PRINT AND END OF PRINT SWITCHES.

Ioosen and move penetration control knob backwards, (away from platen)
as far as possible and insert paper into printer as described in the
LOADING PAPER section of the OPERATOR'S MANUAL.

Adjust print head penetration for optimum print quality as follows:

SINGLE PART FORMS:

A) Loosen and move penetration control knob as far forward as possible.
B) Tighten penetration control knob.

MULTI-PART FORMS:

A) While manually moving print head across the page, increase penetration
by moving knob forward until smudging occurs. :

B) Back knob off just enough to prevent smudging.
C) Tighten penetration control knob.

Plug printer into appropriate AC outlet. ALWAYS USE A 3-WIRE GROUNDED
OUTIET. .

Set power switch on rear of printer to the ON position.
Ensure SELECT lamp on operator's panel is extinguished.

Depress Top of Form switch on operator's panel and rotate platen knob to
adjust paper to top of form position.

Ensure power switch on rear of printer is OFF and connect printer to
input device via interface connector.

Set power switch to ON position and depress SELECT switch to enable
printer to receive data.

2-2
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SECTION 3
THEORY OF OPERATION

3.1 OVERALL OPERATION
3.1.1 INPUT/OUTPUT SIGNALS (Figure 3-1)

Input/output paths and associated hardware devices are shown in
Figure 3-1. Three pc boards control all printer operations. The video PCB
receives and shapes the timing pulses from the timing fence. These pulses
synchronize the firing of the print head solenoids with the carriage position.
The driver PCB provides the current source for the solenoids and the paper
feed and carriage drive motors. All input/output data is processed by the
logic PCB. It receives the serial input data from the host device and re-
sponds within one of three operator selectable ways to define the buffer
status. All printer operations are controlled by the logic PCB using
end-of-print (EOP) and ready-to-print (RTP) signals provided by right and left
margin photo-detectors in conjunction with the input data, video amplifier,
timing pulses, and external commands from the control panel switches.

3.1.2 MICROPROCESSOR CONTROL

The printer electronics uses an interrupt driven microprocessor with a
bus oriented structure. Memory reference instructions (MRI's) provide direct
processor control for all input/output functions other than interrupts.
Software detection of the 132nd input character or a control character initiates
the printing of each line of data. After each column of dots is formed, a
video interrupt (VIDINT) is generated from the timing fence to step the
program logic to the next sequential dot column. When the interrupts have
been serviced (software or VIDINT), the microprocessor polls the control panel
and the optional VFU repeatedly while the electronics continues to load the
next line of input data. The polled devices are serviced via MRI's as
required until the software flags the beginning of another printed line
with the accompanying VIDINT signals. This asynchronous operation keeps the
loading of input data independent of the microprocessor routines. As soon as
one line is accumulated, the microprocessor switches to printing that line by
operating the print mechanism. Asynchronous operations may occur during the
print cycle because of the relative timing between the mechanical operations
of the printer and the electronic operations of the microprocessor. For
example, the time between VIDINT pulses (adjacent print columns) is approximately
500 microseconds. One cycle of the microprocessor requires 500 nanoseconds.
Thus, as many as 1000 microprocessor instructions may be executed "in between"
the printing of each column of dots.

3.1.3 MEMORY ORGANIZATION

The printer electronics uses approximately 15K memory locations
distributed among fifteen logic devices. The 15K, 8 bit locations are
divided into 1K "slices” and allocated as shown in Figure 3-2, a memorvy
mape
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Figure 3-2. MEMORY MAP (Sheet 1 of 2)



The firmware program occupies the first 6K locations. The standard
character generator firmware occupies the next 1K and the alternate character
generataor the last 1K of the first half of memory. These 8K locations are
contained in four 2K PRM's (ME 42/43/45) and two 1K PROM's (ME 40/41).

A scratchpad memory, which also stores VFU data and the stack RAM,
occupies the next 1K locations provided by two 1K x 4 bit RAM's ME-46 and
47. These RAM's also contain the 256 character input buffer which provides
temporarty storage for the de-serialized characters.

The first 256 locations above 9K (2400-24FF hex) are for the print
buffer RAM (ME-14/15). This is a one line buffer for the received data from
the input buffer. The rest of the 9K to 10K slice of memory is not used.

Iocations 10K to 13K (2800-3400 hex) are reserved for I1/0 data
manipulation and instructions, although only a small portion of each 1K
slice is required.

The I/0O controller (ME-9) for the MPU contains 16 locations in addresses
3400 to 340F hex. ME=-9 contains a one character receiver buffer and a one
character transmitter buffer to serialize and de-serialize data. The rest of
the 13K to 14K slice is not used.
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The first 32 locations above 14K are used by the option PROM (ME=-49).
The rest of 16K memory space is not used.

All memory devices are addressed from the MPU using a 16 bit address
bus. Only the first 14 bits are used to address 15K locations. The
address decoding scheme and a description of the input and output memory
reference instructions are provided in paragraph 3=-7.

3.2 MICROPROCESSOR (MPU)

The 8080A is an 8-bit parallel, microprocessor unit (MPU) contained on
a single 40-pin, LSI chip (Figure 3-3). It transfers data and internal state
information over an 8~bit, bidirectional data bus. Memory and input/output
device addresses are transmitted over a separate 16-bit address bus. Six
timing and control outputs (SYNC, DBIN, WAIT, WR(N), HLDA and INTE) are
generated by the 8080A, while four power inputs (+12V, +5V, =5V, and GND) and
two clock inputs (@1 and @2) are received. Instructions are located in RM
memory, from where they are fetched and executed sequentially. There are over
100 separate instructions possible.

3.2.1 ARCHITECTURE
The MPU contains the following:

Instruction register

Program counter

Memory address register

Stack pointer

Arithmetic and logic unit
Bidirectional, 3-state data bus buffer
Other registers and logic elements

O0O0OO0COODO

Figure 3-4 shows the functional blocks within the MPU.
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Figure 3-3. 8080A MICROPROCESSOR PIN DESIGNATIONS
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The instruction register holds the 8-~bit instruction code. The program
counter maintains the memory address of the current program instruction and is
incremented automatically during every instruction fetch. The memory address
register, referred to as the H, L register pair, is made up to two 8-bit
registers and is used to address memory during read and write memory instruc-
tions. The stack pointer maintains the address of the next available main
program instruction while an interrupt subroutine is being executed. The
arithmetic and logic unit (ALU) performs the computational and logical oper-
ations. The remaining elements internal to the MPU perform the input and
output operations over the data bus.

The data bus isolates the internal bus from the external data bus
(D0-D7). 1In the input mode, the contents of the internal bus are loaded into
a latch that drives the data bus output buffers. During the input mode, data
from the external data bus is transferred directly to the internal bus.

3.2.2 TIMING

Timing is developed from a 12MHz oscillator'that is divided to produce
a two phase oscillator with a frequency of 2MHz. Clock signals @1 and #2
are converted from TTL levels to MOS levels before going to the MPU. Paragraph
3.4 covers system timing in detail.

3.2.3 BASIC MPU OPERATION
Operation of the MPU is divided into time periods called "cycles" and
"states." There are two types of cycles: instruction cycles and machine

cycles. The material that follows is summarized in the timing chart in Figure
3-5.

3.2.3.1 Instruction Cycle

An instruction cycle includes both the fetching of the instruction from
memory and the execution of the instruction. Each instruction can be either
one, two, or three 8~bit bytes in length. Multiple byte instructions are
stored in successive memory locations.

3.2.3.2 Machine Cycle

A machine cycle is required each time an I/O device or the memory is
accessed. Each instruction cycle can contain from one to five machine cycles.
There are ten different types of machine cycles possible, as follows:

1. Instruction Fetch 6. Input

2. Memory Read 7. Output

3. Memory Write 8. Interrupt Acknowledge

4. Stack Read 9. Halt Acknowledge (not used)

5. Stack Write 10. Interrupt Acknowledge while in Halt (not used)
3-6
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Figure 3=5. TYPICAL OUTPUT INSTRUCTION CYCLE TIMING
3.2.3.3 States

A state is defined as the time interval (500 ns) from leading edge to
leading edge of the g1 clock. There are six possible states, identified as
T1 through T5 and TW (representing "wait"). All machine cycles include T1,
T2, and T3. T4 and T5 are omitted during the execution of the instructions
not requiring them. The six states are defined as follows:

T1 - During state 1, either a memory address or an I/0 device address
is placed onto the memory address bus. Also, the MPU places bits of status
information on the data bus which identify the type of machine cycle being
performed. Following the rising edge of @2, the SYNC signal is produced by
the MPU, which identifies the beginning of a machine cyle. Refer to Figure
3-5.

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 the "wait" state.
In the printer, the RDY input is tied high. This causes T3 to always follow
T2, .

During machine cycles that bring data into the MPU (Instruction Fetch,
Memory Read, Stack Read, Input and Interrupt Acknowledge), the Data Bus In
signal (DBIN), is developed at #2 during T2. DBIN remains high through T2 and
into T3. This signal is used by the logic board to provide input data to the
”UO ’

T™ - The wait state provides the MPU delay required for proper‘memory
access. It is not used by the printer.
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T3 - during T3 the data or instruction byte is actually transferred
between the MPU and memory or an I/0 device. The source and destination of
the byte is determined by the type of machine cycle being performed. For
example, during an instruction fetch cycle, the source of data (instruction
byte) is the memory location addressed during state 1; the destination is the
MPU. During an output machine cycle, the source is the MPU and the destination
is the I/0 device selected (addressed) in state 1.

T4 and TS5 - These two states are used only when required for manipulation
of data within the MPU.

3.2.3.4 System Logic Control

At the beginning of each machine cycle, the MPU issues "status” informa-
tion on the data bus that indicates the type of cycle about to be performed.
The status information provided by the MPU, and the system control signals
developed for each of the ten types of machine cycles, are shown in Figure
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3.2.3.5 Addressing

The 16 address lines contain the binary address of the device currently
being accessed. These lines allow the MPU to address 65,536 different addresses
although the logic board uses only the first 15,336 addresses. All 16 lines
are buffered bv ME32/2 and ME33/2 to provide drive for all devices connected
to the address bus.

3.2.3.6 Data Buses

Data transfer in and out of the MPU is accomplished via the 8-bit
bidirectional data bus (DBUSBO - DBUSB7). A detailed description of bus
operation is contained in paraqraph 3.3.

3.2.3.7 Control Lines

These lines control handshaking between the MPU and the remaining
logic. The reset line (ME24-12/2) ensures that on power up, the MPU starts
executing at location zero with all internal reqisters and flags reset. C26,
R16, and ME84 create a positive reset pulse lasting between 40-60 milliseconds.
The HOLD line (ME24-13/2) is not used and is permanently disabled to signal
ground. The READY line (ME24-23/2) is held high. The interrupt line (INT)
indicates to the MPU that an external event requires immediate attention. The
MPU completes the current instruction and then services the interrupt.

When the MPU performs a read function via its data bus, the DBIN
(ME24~-17/2) signal is activated. This signal, combined with the addresses,
activates the enable line for the required device, thus placing data on the
data bus. The RAM and PROM's are activated by DBIN. When the MPU performs a
write function via the data bus, the WRITE (ME24-18/2) signal is activated.
This signal, combined with the correct addresses, activates the required
device's input enable line, thus permitting the device to accept the data.
The output SYNC signal (ME24-19/2) permits the logic to gate the status word
from the data bus to the host device.

3.2.4 MICROPROCESSOR PROGAM

The microprocessor program is a series of coded instructions
that provides the machine with its decision-making capability. Memory
mapping I/0 is used to treat all input and output actions as memory ref-
erence instructions (MRI's). Refer to the overall memory map in Figure 3-2
for the allocations.

After the printer has been initialized, the program progresses into the
main loop. The main program loop periodically branches off into subroutines
which perform specific operations. Flow charts of the major subroutine and
interrupt routines are located at the end of this section. A list of the
routines follows:

Name Mnemonic
1. Print. Routine PRINT
2. Video Interrupt Routine (With Print Only) VIDINT
3. Carriage Drive Interrupt Routine CRMT
4. Paper Drive Interrupt Routine STMT
5. Control Character Interrupt Routine CONCHR
6. VFU Paper Tape Load Routine VFUCH
7. Self-Test Routine SELFTEST
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3.3 BUS STRUCTURE

3.3.1 GENERAL DESCRIPTION (Figure 3-=7)

Two, 8 bit data buses and a .16 bit address bus transfer all data in
and out of memory and control the print mechanism. Figure 3-7 shows a
simplified diagram of the two data buses. The address bus is shown in
detail with the two data buses in Figure 7-1.

The two data buses in Figure 3-7 are designated the I/O bus and the
memory bus. As shown, the input devices and output devices connect to the
I/0 bus via a transceiver. This bi-directional device is switched on and
off by the microprocessor (MPU) to either send or receive data to or from
the I/0 bus and to or from the memory bus. Input devices consist of video
pulses from the timing fences, the control panel switches, the ready-to-print
switch (RTP) and the end-of-print switch (EOP). Output devices include the
control panel lights and the print mechanism which consists of three devices:

1. Carriage Stepper Motor
2. Paper Stepper Motor
3. Print Head Solenoids

1031
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CHARACTER MPU
INPUT —3- QUT
BUFFER
MEMORIES
—
HOST /0 PROGRAM
SYSTEM CONTROLLER PROM'S
>
CHARACTER
GENERATOR
PROM'S
VIDINT '
132
CHARACTER
PRINT
BUFFER
VFU RAM
OPTIONAL
FEATURES
PROM
INPUT DEVICES OUTPUT DEVICES
1. CONTROL PANEL SWITCHES 1. CARRIAGE MOTOR
2. EOP SWITCH 2. PAPER MOTOR
3. RTP SWITCH 3, HEAD SOLENOIDS
4, VIDEO AMPLIFIER 4. CONTROL PANEL LIGHTS

Figure 3-7. BUS STRUCTURE BLOCK DIAGRAM
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Serial data characters are loaded from the I/O controller to the input
buffer independent of the operation of the MPU and the printer mechanism.
When a complete line of data is received or the maximum line length is reached
the data characters are transferred to the print buffer. Data characters are
then processed in between any other printer operations on a time sharing basis
until the print buffer is empty.

The memory bus transfers data characters from the print buffer to the
MPU, one character at a time. The MPU then accesses the corresponding
locations in the character generator PROM's to obtain the matrix of dots, one
column at a time. The transceiver gates the column code to the head solenoids
via the memory bus and the I/0 bus. '

The memory bus also connects the program PROM's to the MPU and two
other memory devices: (1) The vertical format unit RAM provides electronic
storage for forms handling, (2) The optional features PROM may be used to
control character responses and other user-orineted features.

NOTE
THE INPUT BUFFER IS PHYSICALLY PART
OF THE VFU RAM. !

3.3.2 DETAILED DESCRIPTION (Figure 7=-1)

Figure 7-1 shows the bus structure in detail with all associated logic
chips. The chips are identified by an abbreviated reference designation and
the sheet number of the schematic that shows the entire chip. For example,
the MPU is chip number ME-24 and is shown on Sheet 2 of the detailed schematic.
It is abbreviated as 24/2 on the functional schematic. The abbreviated
numbers are used on all functional schematics for easy cross reference to the
schematic.

The 16 bit address bus (bits BADBO1-15) originates in the MPU and is
used by the following chips:

1. Print Buffer ) ME-=14/15

2. I/0 Controller ME-=9

3. Program PROM's ME=-42/43 and 45
4. Character Generator PROM's ME-=40/41

S. Optional Features PROM ME-49

6. Input Buffer/VFU RAM ME-46/47

7. Device Select Decoder ME-54

8. Output MRI Decoder ME-55

9. Input MRI Decoder ME-92

Data on the I/O0 bus (bits BUFDB0-7) originates or terminates in the
following devices:

1. Decoder ME-37

2. Video Amplifier Board
3. VFU Reader

4. Printer Mechanism

5. Control Panel
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The I/0 bus is connected to the memory bus (bits DBUSBO-7) and vice-versa
via transceiver ME-38/39. The memory bus (bits DBUSB0-7) is a bi-directional
- bus as is the I/O bus. It sends and receives data to and from the print
buffer, I/0 controller, MPU and VFU/scratchpad RAM. The program PROM's,
character generator PROM's and optional features PROM place data on the bus
for manipulation by the MPU.

All activity on the bus is under program control of the MPU. Firmware
instructions stored in program PROM's ME-42/43/45 are transferred to the MPU
over the memory bus. The MPU executes the instructions by controlling the
bits on the address bus to select the appropriate device via decoder ME-54 or
by placing a memory reference instruction (MRI) on the address bus for decoding
by the input MRI decoder ME-92 or the output MRI decoder ME-55, depending on
the instruction.

3.3.3 INPUT DATA TRANSFERS

Data flow within the bus structure may be separated into cammunications
with the devices on the I/0 bus and receiving serial input data. I/0 bus
transfers are between the MPU and:

1. Video Amplifier
2. VFU Reader

3. Printer Mechanism
4. Control Panel

Input data characters are received from the host by the 1I/0 controller
(ME-9) in RS-232 serial format. The controller de-serializes the bits one
character at a time, and temporarily stores one assembled character in its
receiver buffer. It flags the MPU (ME-14) when each character is ready to be
transferred. The character is then gated onto the memory bus and stored by
the MPU in the input buffer (ME-46/47).

This process continues until the carriage return code (CR) at the end
of the line is received. The CR causes the MPU to transfer the line from the
input buffer to the print buffer (ME-14/15). The print mechanism immediately
begins to print that line. The input buffer is then free to receive additional
characters or lines of characters from the I/0 controller independent of the
print buffer and print mechanism operation.

3.3.4 I/0 BUS TRANSFERS

Periodically, as part of the main program, the MPU scans the devices on
the I/0 bus for servicing. Multiplexers ME-60/61/71/72 are four input devices
which connect the VFU reader to the I/0 bus. (Only two inputs are used).

The VFU data consists of two 8 bit bytes. The MPU activates SELP10 and
toggles address bit BAD0O0 and BADO1 to gate each byte onto the I/O bus through
transceiver ME38/39 and onto the memory bus DBUSBO-7. The MPU samples bit 14
which is high if a tape is loaded in the VFU reader. This bit corresponds to
the VFU load switch signal (VFULSW). Bit 13 comes from the feed hole in the
tape and provides a strobe pulse (VFUSTB) on the bit 13 line as the tape is
pulled through the reader. Bits 15 and 16 are not used. The 12 channel VFU .
uses the lower 12 bits. If bit 14 (VFULSW) is low, the MPU executes the
firmware program to load the VFU data into the VFU RAM ME-46/47. Otherwise,
the MPU continues on to poll the next I/O device.
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NOTE

THE VFULSW SIGNAL COMES FROM AN OPTICAL PICKUP
IN THE VFU READER THAT SENSES THE PRESENCE OF THE
TAPE. AFTER THE TAPE HAS BEEN PULLED THROUGH

THE READER, ALWAYS REMOVE IT TO PREVENT CONSTANT
ACTIVATION OF VFULSW WHICH MAY CAUSE THE PRINTER
TO "HANG-UP."

Data transfers to and from the control panel are gated through transceiver
ME77/78. The SELP11 signal from device select decoder ME~54 and the READ
pulse from the MPU, enable the transceiver. The control panel keyboard bus
bits KBB 00-07 are connected to the I/O bus. The MPU addresses the input MRI
decoder so as to generate an enable switch output pulse (ENSWOP). This pulse
samples the following:

X-ON/X=-OFF (DIP 2-5) - Bit 0
EOP (Left Margin) - Bit 2
RTP (Right Margin) = Bit 3
DTR (DIP 1-1) - Bit 4
REV CHAN (DIP 1-2) - Bit 5
LF AFTER CR (DIP 1-=3) - Bit 6
EIA/CL (DIP 2-6) - Bit 7

Bits # and 2 through 7 are set accordingly. The MPU addresses the input MRI
decoder again to generate an enable serial output pulse (ENSERO). It samples
the following:

BAUD RATE 1 (DIP 1-6) - Bit O
BAUD RATE 2 (DIP 1=7) - Bit 1
BAUD RATE 3 (DIP 1-8) - Bit 2
REV CHAN POLARITY (DIP 1-4) - Bit 3
PARITY 1 (DIP 2-1) - Bit 4
PARITY 2 (DIP 2-2) - Bit 5
DATA BITS (DIP 2-3) - Bit 6
STOP BITS (DIP 2-4) - Bit 7

The MPU addresses the input MRI decoder again to generate an enable switch
panel 2 pulse (ENSPN2). This pulse samples the following front panel switch
settings:

Select (Sw2) = Bit O
TOF (Sw3) = Bit 1
Line Feed (SW1) = Bit 2
Double Line Feed (SWS) - Bit 3
Override (sw4) - Bit 6
6/8 (swé) - Bit 7

3-13
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This three byte control panel word is acted upon as required by the MPU
and is also used to light the appropriate LED's on the control panel. To
output data, tha MPU addresses the output MRI decoder ME-=55 which sends an
indicator clock pulse (INDCLK) to a latch in the control panel. The latch
stores bits of the KBB00-07 word to light or extinguish the following LED
indicators:

Power (CR1) - Bit O
Select (CR2) = Bit 1
Alert (CR3) - Bit 2
Ready (CR4) - Bit 3
Alt. Char. (CRS) - Bit 4
On Line (CR6) = Bit 5

The video amplifier board is used only when the carriage is moving.
During carriage motion, the dual timing fence and optics assembly generate
electrical pulses to synchronize the firing of the print head solenoids
with the carriage position. These pulses are sensed, shaped and amplified by
the video amplifier board. The timing fence consists of a top and bottom
fence. Each has alternating clear and opaque lines on them. They are aligned
horizontally so that the corresponding electrical pulses are 90° out of
phase. This technique provides twice the resolution of one timing fence. In
addition, the direction of carriage motion is indicated by the relative phase
relationship of the two video signals. Paragraph 3.10 provides a detailed
description of the video.

Each edge of the two video signals corresponds to a dot column position
for the printed character. Edge detector circuit ME-66/83/85 generates a
video interrupt pulse (VIDINT) and sends it to the I/O controller for each
edge of the video pulse. VIDINT causes an INT to the MPU telling it that the
print mechanism is in position to fire the solenoids corresponding to the next
character dot column. The MPU addresses either the standard character
generator PROM ME-41 or the alternate character generator PROM ME-40 to
obtain the code for the next column of dots.

Additional head position circuits are connected to the I/O bus to allow
the MPU to determine the head's instantaneous position at all times. This
information is used with the bi-directional firmware to calculate the shortest
print path for the next line. If the carriage is moving to the right, multi-
plexer ME-82 connects the edge detector output to the "cout up"” input of head
position counter ME-93/94/95. The counter is reset initially by RTP. For
right to left motion, the "count down” input is used. The countéer provides a
12=bit binary word that divides the printed line into 4096 increments. This

provides absolute values at all times. The 12 bit head position word (HDPS00-11)

requires two bytes from the MPU. The input MRI decoder is addressed to
generate a column 0 through 7 (COLOT7) pulse. This gates bits 0~7 to bus
driver ME-79/80 and onto the I/O bus. The second byte (bits 8-11) is accessed
by a column 8 through 11 pulse (CO8T11). The HDPS00-11 bits are campared with
the print buffer address bits by the MPU. Basically, the print buffer address
contains the position of the last character on the next line just before it is
printed. By subtraction, the MPU determines which way the head should move to
reach the correct position in the shortest time. It controls the REVESE
signal to up/down counter ME=-90 which determines the direction of carriage
motion.
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The pfinter mechanism operation is controlled by four latches and a
PROM. The latches store control bits from the I/O bus which send the following
signals to the power driver board and onto the printer mechanism:

SMT01-04 ) Four phase inputs to stepper motor for
paper motion.

CRMT01-04 Same as above except for carriage stepper
motor.

STMTSL Stepper motor slew control causes an

initial high current flow to overcome
inertia of paper motion stepper motor.

CRMTSL Same as above except for carriage motor.
CG1=-CG9 Character generator output signals that

drive the nine head solenoids to fire
each column of dots.

Motor Control Enable signal for power driver board
circuitse.

The MPU gates the appropriate control bits from the memory bus onto the
I/0 bus and addresses the output MRI decoder ME-55 to generate the clock
pulses necessary to load the bits into the four latches. Latch ME-67 stores
the STMT01-04 signals and is loaded by the stepper motor clock (STMICL). The
output latch pulse (OUTLAT) clocks latch ME-68 which stores bits for STMTSL and
CRMSTL to the power driver board and the reverse (REVESE) signal to the
carriage motor counter ME-90. Enable output 1 (ENBOP1) clocks latch ME-70/81/91
to store the nine bits for CG1-CG9. The MOTOR CONTROL bit is stored in latch
ME-63 by enable output 2 (ENBOP2). This latch also stores the SPEAK bit which
turns on the paper empty alarm.

When the print cycle is started, the MPU addresses output MRI decoder
ME-55 to generate the clock pulse necessary to generate a slew carriage
control (SLEWCR) stored in ME-68. For each print column a pulse increments
up/down counter ME-90. It counts from 0-7 during forward carriage motion and
from 7-0 during reverse. The 3 bit counter output addresses carriage motor
PROM ME-89. It contains the correct phase relationships for the four carriage
motor signals (CRMT01-04) which drive the carriage to the next print column.

ENABLE output 3 (ENBOP3) is not used.

3-15



3.4 SYSTEM TIMING (Figures 3-8 and 3-9)

Basic timing is established by a crystal-controlled 12 MHz oscillator
consisting of inverter ME-10 and crystal Y1. As shown in Figure 3-8, the 12
MHz pulses increment divide-by=-six counter ME-11 (1, 2 and 3). The 1Q, 2Q and
3Q outputs are ANDed by ME-22 to gate flip~flop 4D on for 83 microseconds once
every six clock pulses. This provides 1 and ¢2 pulses at a 500 nanosecond
rate with the pulse width and relative timing shown in Figure 3-8. The #1 and
g2 pulses are used by the microprocessor to establish each 500 nanosecond
machine cycle. A 010 fault detector circuit prevents the counter from shutting
off in the event it initially comes on in an illegal condition with 1D and 3D
reset and 2D set (010). If this occurs, ME~96 clears all three flip-flops to
000 and the counter runs normally.

The 2 MHz §2 pulse train is divided-by~two to generate 1 MHz F2BY2
pulses. Two successive §2BY2 pulses are used to generate a 1 microsecond
external interrupt pulse (EXTINT) to the I/O Controller when a line of data is
ready to be printed. As shown in Figure 3-9, the #2 pulses are also divided-by-
4, 8, and 16. The §2BY8, 250 kHz pulses provide a 4 microsecond acknowledge
pulse (ACKNLIG) to the sender after each input character is received. The 125
kHz OSCXT pulses are available for external clocking applications.

3-16
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3.5 SERIAL COMMUNICATIONS (Figure 7-2)

3.5.1 INPUT DATA

Asynchronous, 10 or 11 bit serial ASCII characters are de-serialized
by the communications portion of I/0O Controller ME-9. When the RCV input to
ME-9 goes low, the controller automatically shifts in the following data bits
until it assembles one character in its receiver buffer. At that time it sets
bit 3 of the I/O status word appearing on memory bus bits Dg~D; (OBUS@-7).

The next time the MPU polls the I/O Controller to read the status word, the
RCV BUFFER LOADED flag (bit 3) is set. Status is ready by placing a 0011 code
on the BAD@F-BAD@3 address lines. With bit 3 set, the MPU generates a
command on the address lines to read the reciever buffer character onto the
memory bus. This command is 0000. The MPU then loads the 8 bit character
into the 256 character input buffer ME-46/47 and increments a software
counter to keep track of the buffer contents. The I/O Controller is then free
to de-serialize the next input character.

The I/0O Controller can also tell the MPU that a charater has been
assembled by generating an interrupt (INT) signal and simultaneocusly setting
bits 3 and 4 (DBUSB3 and DBUSB4) on the memory bus. This tells the MPU that
the interrupt was generated because the receiver buffer is full with one
de-serialized character. In either case (INT or status word), the input
character is loaded into the input buffer.
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The rate at which input data is de-serialized is set by DIP switches
behind the front panel. The MPU reads the status of the DIP switches and
sends a "load rate register" word to the I/0 contoller via the bi-directional
memory bus (DBUSB@-DBUSB7). This word is read into the I/0 Controller by
sending a 0101 "load rate register"” command on the address bus.

00788

BIT: 7 6 5 4 3 2 1 0
STOP | 9600 4800 2400 1200 300 150 110
BIT(s) | baud baud baud baud baud } baud baud

EH: One stop bit
L: Two stop bits

Figure 3-10. DATA BUS ASSIGNMENTS (BAUD RATE COMMANDS)

To receive data, the data set ready (DSREDY) and carrier detected
(CARDET) input lines must both be active (EIA +12V nominal). They are applied
to the I/O Controller via EIA=-to-TTL converter ME-3 and 4 on the external
input # and 3 lines (XIf and XI3). The MPU gates the external inputs
through the I/O contoller by issuing a "read external inputs" command on the
address bus with a 0001 code. The two active external inputs appear on the
data bus bits Dy and D3 and DBUSBf and DBUS3 to the MPU. As long as
both bits are set, de-serialization by the I/0O Contoller is enabled.

When the input buffer accumulates 132 character or receives a control
code, it transfers the data to the print buffer, ME-14 and 15, unless the
print mechanism is busy printing a previous line. The print buffer contents
are then accessed by the MPU one character at a time until the line of data is
printed or the control code is acted upon. :

3.5.2 OUTPUT DATA

Buffer full or empty status is transmitted by the I/O Contoller to
the host in one of three ways as selected by the DIP switches on the operator
panel. This status information tells the host to cease transmitting when the
256 character input buffer approaches a full condition to prevent the loss of .
data. The three methods are summarized below:

Table 3=-1 Buffer Full Indication

PROTOCOL BUFFER STATUS OUTPUT LINE
Full (224 chars.) | Empty (132 chars.)

X=-ON/X~-OFF Transmit DC3 Transmit DC1 XMTDAT (BA)
DATA TERMINAL READY -12v +12v DATRDY (CD)
(*)REVERSE CHANNEL -12v +12v XMTRCH (SA)
(*)REVERSE CHANNEL +12v -12v XMTRCH (SA)

(*) Polarity is DIP switch selectable.
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_ on buffer full, the X~-ON/X-OFF protocol causes the I/O Controller to
transmit the ASCII code for a DC3 in serial form over the XMTDAT line. Baud
rate and bit structure are the same as those selected for the input serial
data. DC3 is transmitted once and then the XMT line from the I/O Controller
returns high. The MPU places the ASCII code for DC3 on the memory bus lines
and issues a "load transmitter buffer" command (0110) on the address lines.
The I/O Controller then serializes the DC3 character at the selected baud rate
and bit structure. The clear to send line (CLRTOS~CB) must be high to enable
serial transmission. When 132 characters remain in the buffer, the I/0
Controller transmits the ASCII character for a DC1 once. This tells the host
to resume inputting to the printer. If the X-ON/X-OFF protocol is not
selected, the XMT line remains high. -

The DATA TERMINAL READY protocol simply causes the DATRDY (CD) line
to stay at +12 volts when the buffer contains 132 or fewer characters. It
switches to =12 volts when the buffer has 224 characters and remains at =12
volts until the buffer has been reduced to 132 characters. If this prorocol
is not selected the DATRDY line is held at +12 Volts.

REVERSE CHANNEL protocol is similar to DATA TERMINAL READY except it
uses the XMTRCH(SA) line and the polarity is DIP switch selectable to have
either +12 volts or =12 volts indicate the full or empty status.

If this protocol is not selected, the XMIRCH(SA) line is held at the
polarity corresponding to a buffer empty condition.

>

3.6 CONTROL CHARACTERS

3.6.1 FIRMWARE RESPONSE
-The firmware contains programmed responses for the standard 128 ASCII

character set to detect special functions such as escape sequences and expanded
character codes, as well as normal, printable character responses.
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The following characters are action type control codes and are the
only ones stored in the input buffer.

DC1 Select

LF Line Peed

vT Vertical Tab

FF Form Feed

CR Carriage Return

DC3 Deselect

DEL Delete

GS STVFULD (Start VFU Load)
RS SPVFULD (Stop VFU Load)
uUs VFUCOM (VFU Command)
ESC Escape

so Expand Full Line

After the MPU executes the action control code, it prints any characters
remaining in the print buffer. All other codes are listed below:

NUL  Null STX Start of Text

BS Backspace ETX End of Test

HT Horizontal Tab EOT  End of Transmission
sI Shift In ENQ Enquiry

DLE Data Link Escape ACK Acknowledge

DC2 Device Code 2 NAK Negative ACK

DC4 Device Code 4 SYN Synchronous Idle
SUB Substitute ETB EOT Block

FS Forward Space CAN Cancel

SOH Start of Header EM End of Medium

[}

Until the printer is selected, either locally from the control panel
or remotely by the host, no action occurs. Receipt of a DC1 code selects the
printer.

Receipt of the SO expand code causes all the following characters to
be printed double width. The expand character code sets a flag in the software
so that all characters are printed double width until a DEL code or end-of=-print
command is received.

The printer may be switched between the standard character set and
the alternate character set by software control of bit 8. Bit 8 reset enables
the standard characters and bit 8 set enables the alternate characters.

The ESC code followed by a hex 33 (ASCII 3) sets bit 8. A hex 34
(ASCII 4) following an ESC code resets bit 8. Receipt of an ESC code sets a
software flag. The next character either sets or resets a bit 8 flag de-
pending on whether an ASCII 3 or 4 is received. The condition of this flag
tells the MPU which character set to select. Either set bit 8 or reset bit 8
goes high depending upon whether an ASCII 3 or 4 is received. This sets or
resets a bit 8 flag that tells the MPU which character set to select.

Receipt of a BELL code causes the SPEAK line to enable ME-5 which
triggers 2-second timer ME-27. The timer enables the BEL SPK output of 2.5
kHz oscillator ME-17 which drives the speaker via Q7 and Q8. The BEL SPK
output is_enabled from the MPU via the BUFDB0O-3 lines and latch ME-69 whlch
generate 'SPEAK.
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3.6.2 CONTROL CODES

3.6.2.1 Line Feed Code (Octal 012)

If the printer is in the select mode, receipt of the line feed code
causes immediate advance of one line.

3.6.2.2 Carriage Return Code (Octal 015)

If the printer is in the select mode and printable characters have
been received, receipt of the carriage return code causes immediate printing.

3.6.2.3 DC1 Code (Octal 021)

Receipt of this code allows the printer to be selected remotely,
independent of the operator control panel.

3.6.2.4 DC3 Code (Octal 023)

Receipt of this code allows the printer to be deselected remotely,
independent of the operator control panel.

3.6.2.5 Vertical Tab (VT) (Octal 013)

If the vertical tab code is received while the printer is selected,
the code is processed. The vertical tab will not be processed when the
printer is deselected.

If VFU data is loaded in memory, receipt of VI code causes paper to
advance to the next sequential vertical tab location.

If VFU data is not loaded in memory, reéeipt of a VI code causes
paper to advance to a pre-set default VT location. Default VT locations are
located in every sixth line from the top of form setting.

3.6.2.6 FF Code (Octal 014)

If the form feed code is received while the printer is selected, the
code is processed. The form feed will not be processed when the printer is
deselected.

, If VFU data is loaded in memory, receipt of FF code causes the paper
to advance to the next sequential form feed (top of form) location.

If VFU data is not loaded in memory, receipt of an FF code causes
paper to advance to a pre-set default FF location. Default FF locations
occur in 66 line increments. (72 line increments with 12" TOF option).

when the 6/8 LPI feature is used with an 8 LPI setting, default
locations remain set for 6 LPI increments rather than advancing to the next 8
LPI TOF location.

3.6.2.7 DEL Code (Octal 177)

If the DEL code is received when the printer is in the select mode, the
printer logic resets to zero.
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3.6.2.8 SO Code (Octal 016)

If the printer is selected and receives the "SO" code, it prints
characters as expanded characters. This mode is cancelled by a DEL code, an
end of print command, or an input prime Command.

A maximum of 66 elongated characters may be printed on one line (one
half the print buffer size).

3.6.2.9 BEL Code (Octal 007)

Receipt of this code with the printer in the select mode causes the
optional speaker to sound a tone for approximately 2 seconds.

3.7  MRI AND DEVICE SELECT DECODING (Figure 7-3)

3.7.1 DEVICE SELECT

The device select decoder may be enabled by MEMENA. or BADB13 pulses
each time the MPU performs an instruction. The MPU addresses bus places a 4
bit word on the device decoder input (ME-54) which corresponds to one of the
16 possible output device select lines (SELP@@F to SELP15). The 16 select
lines correspond to the 16 "slices" of memory shown in the memory map in
Figure 3-2 and in the following table of address bits (Table 3-3). Bits
BADB14 and BADB15 are always low since addresses above 16K are not used. The
MPU controls bit BADB10 through BADB13 to select one particular 1K "slice" of
memory corresponding to a specific memory device. ILower order addresses
within the selected 1K range are sent directly to the device (e.g., program
PROM, print buffer, etc.) and are controlled by bits BADB00 through BADB09.

Figure 7-3 is a functional schematic of the device select logic. It
also shows the relative timing associated with memory selection. A status
strobe pulse (STASTB) is generated by ME-18 at the beginning of every T2
state. The data bus bits contain the status of the machine instruction about
to be performed at that time. STASTB also clocks flip-flops ME-30 and ME-64
which may be used to enable the G2 input to 1 of 16 decoder ME-54. BUFDBO is
low unless an interrupt acknowledge instruction follows. In that case ME-54
is inhibited by INT ACK. If a memory read instruction follows, BUFDB7 is
high. This activates the memory enable line (MEMENA) and ME-54 G2 via ME-63
and ME-62, respectively. MEMENA is used for the lower 8K of memory which
accesses the program PR(M's and the character generator PRM's. The upper 8K
is selected by bit BADB13 high as shown in Table 3-2. This bit is inverted by
ME-84 and enables G2 via ME-63 in place of MEMENA. The G1 input to ME-54 is
held active low by BADB14 and BADB15 low.
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TABLE 3-3

MEMORY ADDRESS BITS

BADB Select
Address 8K | 4K| 2K | 1K Line Memory Chip
Range 15]14]) 13} 121 11 ] 10 9 8 6 5 4 3 2 1 0 (SEL) Device No.
0K-1K 0 0 0 0 0 0 X X X X X X X X X PQO Program PROM ME-43
1K-2K 0 0 0 0 0 1 P01 Program PROM ME-43
2K-3K 0 0 0 0 1 0 P02 Program PROM ME-45
3K-4K 0 0 0 0 1 1 P03 Program PROM ME-45
4K~-5K 0 0 0 1 0 0 0 - 8K P04 Program PROM ME-42
S5K-6K 0 0 0 1 0 1 P05 Program PRQM ME-42
6K-7K 0 0 0 1 1 0 P06 Standard C. G. ME-41
7K-8K 0 0 0 1 1 1 P07 Alternate C. G. | ME-40
8K-9K 0 0 1 0 0 t.0 P08 Input Buffer & ME-46/47

VFU RAM

9K~-10K 0 0 1 0 0 1 P09 Print Buffer ME-14/15
10K-11K | O 0 1 0 1 0 P10 I1/0 Transfers ME-38/39
11K=-12K | 0 0 1 0 1 11 8K - 16K P11 Input MRI's ME-92
12K-13K | O 0 1 1 0 0 P12 Output MRI's ME=-55
13K-14K | O 0 1 1 0 1 P13 I/0 Controller ME-9
14K-15K | O 0 1 1 1 0 P14 Option Prom ME-49
15K-16K | 0 0 1 1 1 1 X X X X X X X X X P15 Not Used




3.7.2 MRI DECODING

. Input MRI's are decoded in a similar manner by ME-92. These decoded
instructions gate input data onto the I/0 bus from the control panel or the
video amplifier when SELP11 and ENDBIN are active. The four input MRI's are
ags follows: '

1. COIOT7. Enables bus driver ME-78/79 to gate bits 0 through 7
of the two byte head position word (HDPS00-11) onto the I/O
bus.

2. C08T11. Same as above except it gates bits 8 through 11
(second byte of word).

3. ENSPN2. Enable switch panel signal reads in p081t10n of
six front panel switches (SW1 thru SW6) .

4. ENSWOP. Enable switch outputs from external switches for
RTP and EOP and the IF after CR DIP switch.

Output MRI's are decoded by ME-55 when WRITE, ENDBIN and SELP12 are
- low. The ten MRI's are as follows:

1. ENBOP1. Enable output 1 gates the I/O bus bits into latch
ME-70/81/91. These bits control the print head solenoids using
character generator signals CGI-9. One address bit (BADBO08) is
used with the 8 data bits (BUFDB0-7) to provide 9 bits of informa-
tion.

2. ENBOP2. Enable output 2 gates selected I/O bits into latch
ME-69 to provide a MOTOR CONTROL signal to enable the carrlage
motion and paper feed stepper motors. ‘

3. ENBOP3. (Not Used)

4. RTP. The ready~-to-print signal originates at the left mérgin
photo detector in the print mechanism and indicates that the
printer is ready to print the next line. It is gated through the
control panel onto the I/O bus, the memory bus and into the MPU.
The MPU sets a software flag which ultimately causes the output
address lines into_decoder ME-55 to generate the RTP signal.

From the decoder, RTP resets head position counter ME-93/94/95 in
preparation for counting the next line.

S. OUTIAT. The output latch MRI gates the I/0 bus bits into latch
ME-68. The three bits stored in this latch are the stepper motor
slew cammand (STMSL), the carriage motor slew (CRMTSL) and the
reverse signal. The slew commands increase stepper motor speed
under MPU control. Wwhen the bi-directional head is moved quickly
to a different position without printing, the CRMTSL slew command
is used. Similarly for paper handling functions such as moving
forms, the STMSL slew command is used.
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6. STMTCL. The stepper motor clock pulses load control bits into
latch ME-67. These bits determine the sequence of the STMT01-04
drive signals to the paper motion stepper motor.

7. CARPUL. The carriage pulses clock up/down counter ME-90 when the
motor is initially turned on or when it is turned off. These
pulses cause the stepper motor to "ramp up" to normal operation
quickly or to "ramp down" to a stop. They overcome the inherent
inertia of the motor before the "auto-index" circuits slew the
motor.

8. INDCLK. The indicator clock pulses a latch in the control panel
which stores control bits from the I/0 bus to turn the front
panel LED indicators on and off.

9. CPUACK. (Not Used).

10. PRIME C. (Not Used).

3.8 CONTROL PANEL/MPU COMMUNICATIONS (Figure 7-4)

As part of the main program, the MPU periodically samples the status of
the control panel switches. It also changes the LED's as necessary. A
three-byte input word contains the status of the switches while a single ocutput
byte controls the indicators.

Input MRI decoder ME-92 generates an ENSPN2 pulse which strobes the
status of switches 1 through 6 onto the keyboard bus (KBB00-07). The decoder
is enabled by SELP11 while the address bus provides the MRI bits for ENSPN2.
The first byte of switch status is gated onto the I/0 bus (BUFDB0-7) through
transceiver ME-77/78 by the keyboard data enable signal (KBDENA). It is gated
from the I/0 bus onto the memory bus (DBUS) and to thg MPU through transceiver
ME-38/39 by the external input signal (EXINPT).

KBDENA and EXINPT are activated during ENDBIN while SELP11 is active
either by making address bit BADO2 low or BAD14 high. Either method enables
ME-88 which drives KBDENA low and EXINPT goes low via ME-87.

The second byte is initiated when the input MRI decoder generates an
enable switch output pulse (ENSWOP). This pulse -strobes ME~2, 3, 4 and 5 on
the control panel pc board which places status bits on the keyboard bus for
the EOP and RTP signals and for one section of DIP switch 1 and from sections
of DIP switch 2. This byte is gated to the MPU in the same way as the first
byte as shown in Figure 3-11.

The third byte is gated by the enable serial output pulse (ENSERO).
Baud rate selection in three bit binary anl parity selection on two bit binary
(odd, even or none) are placed on the keyboard bus along with bits for selection
of 7 or 8 data bits and 1 or 2 stop bits.
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LED's CR1 through CR6 are controlled by bits of the output data word.
Figure 3-12 shows the bit assignment for the output word and the three byte
input word described above. To activate an LED or turn it off, the MPU
addresses device selects decoder ME-54 to activate SELP12 during the WRITE
pulse time. Address bits 00-03 activate the MRI for the indicator clock
pulse (IND CLK) from output MRI decoder MB~55. At the same time, the MPU
gates the output data word onto the memory bus, through transceivers ME-38/39
and ME-77/78 to the I/O bus and to latch ME-1 on the control panel pc board.
IND CLK strobes the word into the latch which turns the corresponding LED's on
or off. Both transceivers are enabled to output data (write) when ENDBIN goes

. high.
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3.9 VFU READER/MPU COMMUNICATIONS (Figure 7-5)

VFU data is read into the VFU RAM by the MPU whenever the VFU LSW bit
is low. The VFU load switch bit (VFU LSW) is the highest order bit in the 14
bit VFU word. As the MPU polls the I/O devices, it enables multiplexer
ME-60/61/71/72 periodically to gate the VFU word onto the I/O bus and then to
the MPU via the memory bus.

The 8-bit multiplexer is enabled by SELP10 and WRITE or ENDBIN being
active. The resulting low from ME~-61 (S10BIN) turns on gate inputs G1 and G2.
S10BIN also enables transceiver ME-38/39 via ME-5 to gate I/O data onto the
memory bus (BUFDB to DBUSB) .

Address bits BADOO and BADO1 are latched into ME-32/33 and control the
A and B inputs to the multiplexer to select the lower 8 bits of the VFU word
and then the upper 8 bits. With the A and B inputs both high, the upper bits
are connected through the multiplexer via the four 1C3 and four 2C3 inputs to
the I/O bus. If the tape is in the reader, bit 13 is low (VFU LSW) and the MPU
executes the program to load the 12 bit words into the VFU RAM on each VFU
strobe pulse (VFU STB) generated by the tape feed hole. The MPU alternately
loads bits 1-8 and then 9-14 (15 and 16 are not used) into the allocated RAM
addresses until bit 13 goes high, indicating the end of data. This occurs
when the tape is removed from the reader.

Each 8 bit byte is loaded into the MPU and then written into the VFU
RAM ME-40/47. The BAD00-09 lines address the next sequential address allocated
to VFU data while the WRITE pulse stores the data word appearing on the memory
bus (DBUSB0-7) when the "chip select” line (CS) is enabled by SELP08 and
WRIBIN. Data is read from the RAM when WRITE is high and CS is enabled by
ENDBIN and SELP0S8.

>

The downstream loading option allows the vertical spacing on forms to
be changed remotely by software loading of the VFU memory via the interface.
The sequence for downstream loading is initiated by sending a "Start Ioad"
code (1D4¢) followed by two bytes per line, and terminated by a "Stop Load"
code (1E4¢). Refer to the operator's manual for the complete data format
used to downstream load via the interface.

3.10 PRINTER MECHANISM OPERATION (Figure 7-6)

Operation of the printer mechanism consists of turning on the stepper
motor to move the carriage/head assembly across the page while simultaneously
firing the head solenoids as required to form the dots for each column of the
dot matrix character. In addition, the mechanism turns on the other stepper
motor to move the paper up one or more lines. Printer operation is initiated
upon detection of a control character in th: input buffer. It ends when the
end-of-print switch (EOP) is activated -or the last character in the print
buffer is printed. :
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3.10. 1 CARRIAGE MOTOR OPERATION

Figure 7-2, the input data functional shows the details of how the MPU
controls the address and data lines to read each character from the print

" buffer cnto the memory and bus and the I/O bus. The MPU puts the carriage

motor in operation and then lets it run until the end of the line is reached.
This frees the MPU from controlling each step.

Figure 7-6 shows the details of carriage motor operation.
’ The four-phase carriage stepper motor is controlled by PROM ME-89 which
contains the correct phase relationships in 8 sequential addresses to create
0.9° steps or 400 steps per revolution. Each step corresponds to one dot
column. The PROM addresses are accessed by up/down counter ME-90. It counts
up during left to right motion (REVESE is low) and counts down for right to
left motion.

Initially, the carriage stepper motor is "ramped up” by a series of
carriage pulses (CARPUL) to overcome the motor inertia. The MPU places bits
on the address bus for the CARPUL, selects MRI output decoder ME-55 with
SELP12 and then activates the decoder with each WRITE and ENDBIN pulse (WRBIN).
The CARPUL pulses clock the up/down counter ME-90 via ME-63 until the motor
reaches 10 ips.

During the "ramp up” operation, the slew carriage signal (SLEWCR) from
latch ME68 is low. This keeps one-shot ME-73 and flip-flop ME-81 reset. The
MPU controls both stepper motors using the output latch pulse (OUTLAT) from
output MRI decoder ME-55, the address bus bits and the I/O bus bits. SLEWCR
allows the auto-increment circuit (ME-73 and ME-81) to control the carriage
stepper while REVESE determines its direction. The stepper motor slew signals
(STMSL and CRMSL) enable the stepper drivers on the power driver board (see
para. 3.12).

After the last CARPUL, the MPU sets the SLEWCR bit high, releasing the
auto-increment circuit (ME-73 and ME-81). The next 0.5 us g2 pulse sets
ME-81. The clock input to the counter goes low and ME-66 is enabled. The
next @2 pulse fires 500 us one-shot ME-73 and its Q output goes low. On the
third @2 pulse ME-83 resets and its high Q output in conjunction with CARPUL
high clocks the counter. ME66 is gated off until the one-shot times out 500
microseconds later. At that time the sequence repeats with g2 setting
ME-81, re-triggering the one-shot and then re-setting ME-81. This auto-
increment circuit continues to pulse the carriage stepper motor every 500 us
until the MPU resets the SLEWCR bit at the end of the line.
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3.10.2 VIDINT GENERATION

The video interrupt pulses (VIDINT) enable the logic board to determine
print head position for registration of the printed characters and to calculate
the shortest print path at the end of each line. Components of the video
system consists of a dual timing fence, a video amplifier and a flexible
cable. Since the amplifier is attached to the carriage/lead assembly, the
flexible cable is used to connect the video signals to the logic via the power
driver board. The timing fence is positioned between an optical pick-up and
an LED. The print head moves the pick-up and LED along the fence. This
generates a series of electrical pulses which are detected by the video
amplifier and sent to the logic pc board.

The timing fence is a clear, thin strip of mylar with alternately
transparent and opaque slots (See Figure 3-12). An upper and lower fence are
photographically etched onto the strip with the fences displaced 90° from

each other. This provides twice the pick density of a single fence since each
edge of the slots from both fences establishes a dot columne.

00466

wormerns /e T
B N3 1

Figure 3-12. EXPLODED SECTION OF TIMING FENCE
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As the print head moves over the timing fence, the transparent and
opaque areas of the fence cause corresponding electrical signals to be
generated by the two optical pick=-ups. Each pick-up consists of an optical
block that houses an LED and a phototransistor. The resulting video signals
are detected, compared against an adjustable reference voltage and then sent
to the logic board to generate the VIDINT pulses. Figure 3-13 shows the video
amplifier and optical pick=-ups.

00774
DUAL SPLIT
OPTICS
+5V
BUFFER
+ UPPER CHANNEL AMPLIFIERS ggﬁ:ﬁgirons Poo3
\
ME 1 -
1] L me2>—V1 7 |VibEo 1
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+5V ' T0
LOGIC BOARD
. \\\\ —
ME3
2 _ -
C!) / ME 42 8 |ViDEO 2
CR2 TIMING FENCE g
=+ CROSS SECTION R10 —
LOWER CHANNEL —fA—

Figure 3-13. VIDEO AMPLIFIER SIMPLIFIED SCHEMATJC

Figure 3-14 shows the logic and timing for detecting each edge of the
VIDEO 1 and VIDEO 2 pulses from the video amplifier. The top timing diagram
gives overall relationships. Each video pulse train occurs at 500 Hz. The
square wave pulses are on for 1 millisecond and off for 1 millisecond. The
logic shown generates a VIDINT pulse for the leading and trailing edge of each
video pulse. VIDINT occurs at 2 kHz because of the 90° phase relationship
between the two video signals. Count up or count down pulses are also generated
for forward and reverse head motion. These pulses go to the up/down head
position counter which generates the 12 bit head position word (HDPS00-11).
This word is used by the MPU to determine the direction to move the head
before printing the next line.

As shown in Figure 3-14, the edge detector consists of four D flip-flops,
a dual 4-to-1 multiplexer and associated logic gates. The MUX gates one of
the four inputs (1C0-1C3) to the output, pin 1Y and one of the other four
inputs (2C0-2C3) to 2Y. Both sections of the dual MUX are enabled during each
VIDINT pulse by @1 via ME-75. This keeps the 1G and 2G inputs active for 0.5
microseconds. Note that the MUX is used only for the head position counter
inputs. (CD or CU). VIDINT is generated independent of the MUX.

D flip~-flops ME-83D and 83A with exclusive or gate ME-66 detect each
edge of VIDEO 1. On the negative-going edge, ME-83D sets with the next g2
pulse. ME-83A sets on the second ¢2 pulse. Before ME-83A sets, both inputs
to ME-85 are high and VIDINT goes high for 0.5 microseconds. When VIDEO 1
goes positive, ME-83D resets on the next @2 pulse. At that time, the 4Q and
1Q outputs are both low and another VIDINT pulse is generated. The next #2
pulse drives 1Q high and ends VIDINT.
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Flip-flops ME-83C and 83B operate in a similar manner to generate
VIDINT pulses for each edge of the VIDEO 2 pulses.

Either CU or CD pulses are generated simultaneously with the VIDINT
pulses depending on the phase relationship of the input video pulses. If
VIDEO 1 leads VIDEO 2, CU pulses are generated for forward carriage motion.
For reverse motion, VIDEO 2 leads VIDEO 1 and CD pulses are generated.

The A (VIDEO 1) and B (VIDEO 2) inputs to MUX ME-82 select one of the
four input lines C0-C3. Since both "G" inputs (1G and 2G) are tied together,
two lines are actually selected (i.e., corresponding inputs of both halves
such as 1C0 and 2C0 or 1C1 & 2C1, etc.)._ An inspection of the timing diagram
or Table 3-4 shows that either the 1Q or 1Q output of ME-83A is high for two
successive edges of video. These two outputs are connected to the MUX to
provide a high input at the correct time for the €U or CD pulses.

The 1Q output is high during count down when the A & B inputs_to the
MUX select 0 or 1 and during count up when 2 or 3 is selected. The 1Q is the
camplement of 1Q, therefore it is high for 2 & 3 during count down or 0 & 1
for count up.

Table 3-4. CU/CD BIT CONTROL (MUX ME-82)

COUNT UP (CU)

B A 1Q 1Q 2y DECODED COUNT
o o0 0 1 1Q 2co
o 1 o(n* | 1o~ | 0 2c1
11 1 0 1Q 2c3
1 0 100)* | o(n)* | 1 2c2

COUNT DOWN (CD)

B A 19 19 1 DECODED COUNT
1 0 0 1 10 1c2
1 1 0(1)* 1(0)* 10 1c3
0 1 1 0 10 1c1
0 0 1(0)* 0(1)* 19 1c0

*occurs 0.5 us after AB changes
S
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3.10.3 CHARACTER GENERATION (Figure 7-6)

Each VIDINT pulse causes I/O controller ME-9 to send an INT pulse to
the MPU when the controller is enabled by SELP13 on its chip enable input
(CE). The MPU reads the next character from the print buffer, places it on.
the address bus and selects either the standard character generftor PROM
(ME-41) or the alternate PROM (ME-42) with SELP04 or SELP05S. PROM selection
depends on which character set bit has been set in the option PROM. The
selected PROM places the bits for the first column of dots on the memory
bus.

The MPU addresses output MRI decoder ME-55 to generate an ENBOP1 pulse
which clocks the character bits into latch ME-70/81/91. The CG1-CG9 lines from
the latch turn on the corresponding drivers on the power driver board which
energize the print head solenoids via lines L1-L9. Each time an ENBOP1 pulse
clocks the character bit latch, it fires re-triggerable, one-shot ME-73.

When the one shot runs down in approximately 500 microseconds, it clears the
character bits from the latch which de-energizes the head solenoids. The MPU
then increments the PROM address by one to read out the next column of dots
and the process repeats until the last column is printed.

Each vertical column represents one 8 bit word from the PROM. Wherever
a "1" is programmed causes the corresponding solenoid to fire and form the
dots on the page. Intercharacter spacing is provided by programming all
zeroes in the word. The majority of the characters in the 9x7 or 9x9 matrices
are formed by bits 1-8. Bit 9 is used only for underlining and for descending
characters such as "p, q, z," etc. When the ninth bit is used, the MPU
accesses the PROM twice. The first byte reads bit 1~8 while the second byte
reads bit 9. Since the I/0 bus has only 8 bits, the MPU uses address bit
BADO08 as the ninth data bit when necessary.

3. 11 MISCELLANEOUS OPERATIONS (Figure 3-15)

In addition to paper movement and character printing, the printer also
performs the following: Audio Alarm (optional), Paper Out and Motor Control.

3.11.1 AUDIO ALARM

Receipt of a bell code (074¢) or detection of a paper-out condition
causes the generation of the tone signal for the speaker if the optional audio
alarm feature is installed. The software controlled BELL code or the SPEAK
signal triggers timer ME-27 which enables 2.5 kHz ocsillator ME-~17 for approxi-
mately 2 secondse.
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3.11.2 PAPER OUT

A paper—-out condition in the printer is detected by the paper-out
switch located in the path of the paper. With paper in the printer, the
switch is held open. After the last page passes over the switch, the switch
closes, causing the microprocessor to deselect the printer, generate a speaker
signal and light the ALERT lamp on the control panel.

To allow the printer to print the last form, the operator can press the
OVERRIDE switch and then depress the select switch on the control panel. This
overrides the paper-out condition as long as the switch is held depressed.

3.11.3 MOTOR CONTROL

The motor control feature automatically turns the stepper motors off
when the printer has not received a print or paper movement command. If no
print or paper movement command is received, the coil drive circuits, which
provide the current to the motors, are deactivated. The coil drive circuits
are reactivated by the next print or paper movement command.
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3.12 STEPPER MOTOR OPERATION

are identical, with motor specifications as shown below:

MOTOR SPECIFICATIONS

Two stepper motors are used in the printer, one to drive the paper
feed mechanism and the other to drive the print head carriage.

Both motors

Voltage: 1.8 VDC
Current: 4.5 amps/phase
Resistance Per Phase: 0.4 ohms
Phase: 4

Excitation: 2 phase
Temperature Rise: 80 degrees
Insulation Class: B

Inductance: 1.4 MH/phase
Dynamic Torque: 10 kg - cm
Holding Torque: MM kg=-om
Response Freq.: 3000 PPS

Step Angle: 1.8 degrees
Rotor Inertia: 560 g - cm?
Rotation: bi-directional
Weight: 1400 g

The electronic drive circuitry for the motors is located on the
power driver board behind the front cover. Basically, the stepper motor
translates electrical pulses sent from the drive circuitry into precisely
accurate mechanical movements. Each incoming pulse rotates the motor drive
shaft through a specific angular rotation. This angle or displacement per
step is repeated with each succeeding pulse sent from the drive circuitry.
Stepper motors are used as opposed to servo-mechanisms with position feedback
because the rotation of the stepper motor shaft is in fixed, repeatable, known
increments.

Stepper motor operation is related to basic permanent magnet theory
where "likes" repel and "unlikes" attract. If, for instance, the stator
windings (A, B, C, D in Figure 3-16A) are energized so that polarities appear
as shown, then the direction of the rotor is counterclockwise. The rotor
aligns itself between the "average™ south pole and the "average® north pole,
as shown in Figure 3-16B.

To allow better single step resolution, more stator poles are added
and teeth are machined on each stator pole and also on the rotor. The number
of teeth on the rotor and stator is dependent upon the step angle required
each time the polarity of the winding is changed. The stepper motor has a
basic 1.8° step angle movement, giving 200 full steps per revolution. &an
electronic half-stepping mode of operation is used in the printer, resulting
in a 0.99, 400 step per revolution motor. This electronic half-stepping
results in the rotor moving half its normal distance per step. The advantages
are finer resolution and smoother motor operation.

Figure 3-17 is a schematic diagram of the driver circuit for one
winding. '
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3.13 POWER DISTRIBUTION (Figure 3-18)

The power supply provides six outpuﬁ voltages:

Regulated Unregulated
+5 VDC © 435 vVDC
-5 VDC +15 vDC

+12 VDC

-12 VDC

The standard power input to the printer is 115 VAC, 60 Hz. Power
enters the rear of the printer through a three-conductor power cord, an on/off
circuit breaker and a line filter. From the line filter, power goes through
the wire harness to the multitap power transformer and to the cooling fan.

The wire harness to the transformer is connected to different points on the
terminal block for each input voltage option.

The power transformer distributes the power at lower voltages for
use in the logic circuits and head driver circuits. The secondary windings of
the transformer develop the following voltages: 12 VAC, 36 VAC center-tapped
and 27.5 VAC. The 12 VAC and 27.5 VAC voltages are connected to diode bridges
to generate +15 VDC and +35 VDC, respectively. The +15 VDC is filtered and
sent to the main logic board where it is fused and requlated to +5 VDC. The
+35 VDC is filtered and sent to the main logic board where it is fused and
sent unrequlated directly to the print head via <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>