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SECTION 1

INTRODUCTION

. GENERAL DESCRIPTION

A text editor is presently the most effective means of converting
spoken, handwritten and recorded information into typed copy for
distribution. This conversion is called Word Processing. In essence,
a text editor permits all information to be entered, recorded,

verified, modified and edited before committing it to paper.

The AES-PLUS Text Editor brings new dimensions to the world of Word
Processing. It is compact, consisting mainly of a CRT console and
printing unit. It is also programmable, allowing the feasability o

creating customer oriented software packages.

The AES-PLUS is designed around an integrated processor, the Intel
8080A, and utilizes the latest technological breakthroughs such as
16K dynamic random access memories. The design of this text editor
was largely made possible by the use of software controlled
functions, having an instruction memory with 32K of capacity, thus
minimizing the electronics to the point where only three 12.5 x 7.5
inch printed circuit boards are needed. Two additional boards may
also be added to the system as expansions where several options may

be chosen.

SCOPE OF MANUAL

This manual contains all the necessary information on the AES-PLUS
and provides maintenance procedures and field support. It contains
five chapters where Chapter I outlines the Text Editor in its

specifications and gives the Theory of operation. Chapter II gives
a detailed description of each printed circuit board including the
switching power supply. In Chapter III, a complete mechanical

description is given with the aid of photographs and legends; a set

of component data sheets also occupies that section.

Chapter IV gives general unpacking and installation procedures at
the customer's site and also provides field maintenance and fault
isolation with the aid of a diagnostic program. Chapter V con-
cludes the manual with a detailed description of each peripheral

unit.

Figure 1 AES plus Block Diagram
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SECTION II

AES-PLUS TECHNICAL SPECIFICATIONS

CONFIGURATION:

CRT DISPLAY:

Stand alone word processing system consisting
of: one cabinet containing a CRT, a keyboard
two magnetic mini-diskette drives and all the
electronics. A high-speed printer completes
the whole system.

35.56 centimeter (14 inch) viewable
diagonally; 100 sq. in. dark non-glare

SIZE & WEIGHTS:

POWER REOUIREMENTS:

OPERATING TEMPERATURE:

RELATIVE HUMIDITY:

ELECTRONICS:

VIDEO CONSOLE CONTROLS:

52.0cm (20.5")D x 48.26cm (19")H x 60cm
(24") w.

30.9 kgs (68 1bs).

Approximately 400 watts.

0°C to 40°C.

10% to 90% non condensing.

Standard MOS and TTL, SSI, MSI and LSI circuit

Screen brightness and bell volume.

screen with P39 green phosphor. C.P.U: 8080A Integrated processor.
VIDEO SCREEN CAPACITY: 2240 characters including control lines and MEMORIES: Instruction Memory 32K x 8.
2080 without control lines. Bootstrap 512 x 8.
Video Memory 16K x 9.
KEYBOARD STRUCTURE: One electronic keyboard consisting of standard
typewriter keys and one 15-key function
cluster for filing and editing.
. CHARACTER REPERTOIRE: 66/70 keys for alphanumeric upper or lower
case characters. Up to 53 special symbols.
CHARACTER SPACING: Mono spaced.
' SCANNING: 262.5 lines in both interlaced A and B fields
! (312.5 lines for Europe).
'VIDEO REFRESH RATE: 60 per second (50 for Europe).
STANDARD DISPLAY 28 lines of up to 80 characters in a single
FORMATS: row.
CURSOR: Half-tone software-controlled rectangle.
CURSOR MOVEMENTS Up to 15 different movements.
& SCROLL:
FUNCTIONS: Video format, Edit, File, Printer, dual-disc
and special purpose functions.
Specifications




e The Video Memory: This memory has a capacity of 16K x 9 bits and

employs 16K RAM devices. It 1s used to maintain keyboarded
characters on the CRT at their specific location. Since a video
 page needs only 8K of memory, the current video page may be
displayed while the additionnal 8K could contain a "background"
page or any page desired. (This 'background page'" has not yet

been included in the operating system).

NOTE :

Several ROM memories are also found in the video subsystem;

these are primarly used to generate algorithms related to

character locations 1in the video memory.

Figure 2 Memory Subsystem
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2.3 Video Subsystem: The Video Subsystem consists of the CRT, the

a)

Video Memory and associated control circuits. (FIG. 3)

The CRT Monitor and the Video Memory: The CRT monitor

displays 28 lines of information with 80 character locations per
line. The top line is called "Control Line" and consists of a
half-tone band on which appear messages and status indicators
of the operating AES-PLUS Text Editor. The second line is the
format line on which are displayed format information, tab
locations, margin setting, indentation etc. The control line 1is
not scrollable on the video screen and occupies the first Y
address of the video memory. The format line, however, is
scrollable from left to right on the video page, in other words
it follows the video window throughout the video page in the X
direction only and occupies the second Y address in the video

memory .

The visible page of the display is an XY coordinate matrix.
The X coordinate 1is divided into 80 character slots. The Y
coordinate 1is divided into 28 lines. Thus the XY matrix
determines one particular character location on the CRT by a
specific number in X and Y. Each character slot is then
allocated one position in the video memory and the correct
character will always be displayed on the screen at the proper

location.
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SECTION III

THEORY OF OPERATION

“This section describes the theory of operation of the AES-PLUS Text

Editor. A more detailed description is given in Chapter II, where

the printed circuit boards are analyzed individually.

CONFIGURATION

The AES-PLUS consists of 6 subsystems: the integrated
microprocessor, the memories, the video, the magnetic storage, the

printer and the optional communication package.

" FUNCTIONAL DESCRIPTION

-The 808B0A Microprocessor: This device is a self-contained

g integrated_CPU in a 40-pin DIP package and is designed to be

interfaced with memories and I/O peripherals of all types. It 1is
a "buss'" oriented system where CPU and I/0 peripherals read the
data buss at certain predetermined periods. In the AES-PLUS Text
Editor, it controls every operation performed from the keyboard

for editing and filing of texts displayed on the video screen.

Every function is stored in a RAM memory from a program diskette
when the machine is first turned on. All these functions are,
however, in the form of instruction bytes which are decoded by the
microprocessor. The process:- of loading a program into a RAM 1is
called "BOOTSTRAP" and introduces flexibility in the machine
operation. Several program Option packages are available and are

tailored to meet customers requirements.

2.

2

The 8080A Microprocessor Module is interfaced with a Programmable
DMA.Controller which han&les all data transfers from memory to
floppy disc. The Microprocessor communicates with the video
subsystem and the printer via the address buss, the data buss and

five control lines.

All 1/0 decoding is performed from the address buss and allows
the addressing of individual peripherals. Provisions have also

been made to allow for two additional expansion boards, for

" instance the Communications or the IBM MAG Card interfaces.

The Memory Sub-System: The AES-PLUS employs three different

memories for its operation and they are:

®* The Instruction Memory.
* The '"Bootstrap'" Memory.

* The Video Memory.

e The Instruction Memory: This memory has a capacity of 32K x 8

bits and employs 16K RAM devices. The instructions are loaded from
a program diskette when the AES-PLUS is first turned on; they are
then processed by the 8080A CPU, which executes these in one
machine cycle of 2 microseconds. These instructions are also part

of a repertoire of commands associated with the filing and editing

. functions of the Text Editor.

" @ The "Bootstrap' Memory:

This memory is a ROM and consists of a

512 x 8-bit device. It contains all the program loading

instructions used when the text editor is first turned on.

Theory of
Operation
n




The video memory has a capacity of 16K x 9-bits where the

lower 7-bits define the ASCII characters, the 8th bit

defines the underline and the 9th bit generates the half- Figure 4 Inter C_haracter-&
) ‘ , Inter Line Spacing

tone background video. The video page occupies a block of

8K of memory and, in the case of the AES-103, since 16K 1is

available, a second video page may be accessed. The address

Blanks

of any location in this memory is produced by the generation
of an X and a Y number, referring in that order to the
character position and the line number. The address byte

contains 16 bits and has the following format:

15 14 13 12 11 10 9 08 07 06 05 04 03 02 061 00
11 Y | X |

Bit 15 is decoded by the memory synchronization circuit when

" the CPU accesses the video memory.

Character Generation:

Ascended
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Each character is generated within a 7

x 13 dot matrix where normal and descending characters may be

displayed. To provide inter character and interline spacing,

a character block concept is used; such a character block

000V
Q0000 VOO
OOOO0VOO)

consists of 10 dots in the horizontal plane and 15 dots in

Descended
Character

the vertical plane (see FIG. 4).

esesessseless QOOOQOOOOOO

tatat Q.Q 0.0 0.4.0

| Ssessesseiecescess: - OOOOOOOBOOO
BN ‘o000 00 Q0 A

e < << g < <> e

25 DC X X @ X)) ) (XX

25 (XX XD (D o0

<>

Calata ot 00
0000 ‘e
000 ‘o
Gab ¢ 49

()
<>

Underline
onder™® o

Q000000 CC

-

Descended
Character




Keyboard

8080 A
Microprocessor

Figure 3 Video Subsystem

Data Bus

X-Counter

—————3=4 Y-Counter

e
Timing
e
8 | Data Buss Video
L
4 o Memory

41 6 Address Buss

7

Character Generator
(2 Tone + Underline)

V-DR

Video
Amp.

H-DR

Video
Screen




c)

The cursor is a software controlled character and consists of
a half-tone rectangle which occupies the whole 10 x 15 dot

matrix.

Display Generation: The CRT employs the standard 525 line-per

—frame display (625 for Europe). The basic element of the

display is the scan line which is generated by the horizontal

‘oscillator, pulse shaper and output amplifier of the CRT's

analogue circuitry. However, the freerunning frequency of the
horizontal oscillator is synchronized by the horizontal
synchronization amplifier which accepts the 8 microsecond
H-DR pulse issued by the timing circuitry of the video board.
The scan line has a period of 63.5 microseconds which 1includes

the 12.7 microsecond flyback period for the next scan line.

The vertical oscillator of the CRT circuitry is also free
running and 1is synchronized in a similar manner as the
horizontal oscillator. The video board generates a vertical
drive signal (V-DR) which is applied to the vertical
synchronization amplifier. This V-DR signal has the form of
a pulse with a repetition rate of 60 per second (period of
16.66 milliseconds). The third signal involved in the
display is the video pulse train and 1s responsible for
displaying the dots on the CRT. This signal is fed directly
to the cathode circuit of the CRT which modulates the

electron beam.

Since the AES-PLUS employs an interlace video frame
composition system, the relative occurence of the vertical and
horizontal drive pulses 1s critical. They interact 1in the

following manner:

Figure 5 Displays Signals
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At the start of a video frame, the first vertical drive pulse
appears simultaneously with a horizontal drive pulse and has
a duration of 3 horizontal drive pulses. The second vertical
drive pulse, however, starts halfway between two horizontal
drive pulses and again has a duration of 3 horizontal draive

pulses.

The simultaneous occurence of the vertical and horizontal
drive pulses is called the "A" field whereas the trace where
the vertical drive pulse starts midway between the three
horizontal pulses is called the "B" field. Each field
corresponds to 262.5 lines to form the'525 line standard
frame (or 312.5 lines to form the 625 line european standard
frame). Thus, interlacing provides high resolution but
introduces flickering as the display is refreshed only 30
times per second. For this reason, P39 phosphor is employed

to reduce this effect.




d) Timing Generation: The timing clock signals are generated

from a 15.75 Mhz (15.625 for Europe) oscillator whose output
is fed to a series of frequency dividers generating all the
different frequencies used in the system. For example, it
provides horizontal and vertical sync pulses, video pulses,

block address signals and so forth (see figure 6).

Timing in video is generated in different frequencies
affecting specific occurences for display purposes. The
character .clock for instance is derived from a + 10 counter
since a character is 10 dots wide. The number of block
widths within a scan line constitutes the next frequency. By
determining the number of characters in one scan line, the
generation point of the horizontal drive pulse becomes
evident. Therefore to provide an horizontal pulse of one
scan period equivalent to 63.5 microseconds, a + 100 counter
becomes necessary.

Figure 6 Timing Generator
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This counter 1is organized 1in such a way that count O
corresponds to the left-most character position, count 1
corresponds to the second position and so forth.
Consequently, the counter is used to address the memory as-
each character location corresponds to an X memory location.
Since the video display consists of 80 characters, counts 80

to 99 are used for horizontal blanking.

In the vertical mode, a counter is also used to determine the
height of the character. Thus, this counter 1s set to 7 or 8
scan lines, depending on whether the A or B fields are
concerned or whether 1t will count an odd or even character
line. In any case, the counter generates an output pulse

each time a vertical character block has been completed.

The last required signal relates to the number of vertical
character slots. In a similar manner to the horizontal
system, the output pulse issued by the vertical line counter
is applied to a block counter which assigns the number of

blocks in the vertical field.

ROM Character Generator: The video signal will either turn on

or off the electron beam of the CRT, allowing the display of

a dot on the screen. A character on the video screen 1s
simply a mosaic of dots whose outlines are determined by the
ROM Character Generator, a.single LSI integrated circuit.
Within this chip, every character 1is stored on a line-by-line
basis and is retrieved by a specific character addressing
scheme. Thus, to generate a character on the screen, the video

memory 1s addressed by the X and Y




£)

g)

coordinate of the specific allocated position. The resulting
character from the video memory i1s combined with the vertical
scan line count to provide an address pointer to one of the
lines of the character. The specific address of that line 1s
fed to the character generator which retrieves the required
dot pattern. This dot pattern 1s then fed to a shift
register and, being clocked by the dot frequency, becomes the

serial video signal applied to the CRT monitor.

Microprocessor to Video Subsystem Interface: All the data to

and from the Video Subsystem is channelled via the data buss.
Data to be stored in the video memory is first assigned a
specific address or location by the X and Y counters. The
microprocessor then places a character on the data buss and
sends a WRITE command to the video memory to place the
character in the proper location. Special logic ensures that

all Write functions are performed at the cursor position.

The Keyboard: The keyboard consists of standard typewriter

characters, a fifteen key control function cluster located at
the right and five option keys located at the left. Each time
a character key is depressed, a signal is sent to notify the
microprocessor and the keyboard unloads an ASCII coded

character onto the data buss via a buffer.

THE DISC SUBSYSTEM

In the AES-PLUS Text Editor system, the Disc Subsystem (FIG.7)

may either consist of a dual or a single floppy disc storage

drive and one disc interface. The main functions of the storage

drive are:

a)

b)

To store text data magnetically for a later recall and, 1n the
case of dual disc drives, the duplication of pages, texts or
even entire disc files becomes possible. The dual system also
incorporates a disc recovery function. This 1s accomplished by
transferring all the good pages of the main disc to the
secondary disc and systematically building a new directory

with arbitrary page names.

To buffer data to be printed so as to enable the overlapping

of printing and editing.

A single Shugart SA400 Disc Storage drive provides storage for
109.4 kilobytes of data with a data transfer rate of 125,000
bits/second. The disc drive consists of a drive mechanism and
a read/write head positioned by a mechanism activated by
electronics. The magnetic disc is divided into 35 tracks at
3125 bytes per track, 16 sectors, one index, 16 sector holes

and one file protect notch.

The smallest section of a disc recognized by the
microprocessor is one track sector or 1/16 of a track, with a
storing capacity of 193 bytes, and can be addressed randomly.

The data recording method 1s a frequency modulation technique.

One SA400 mini-diskette 1s capable of storing up to 69 pages
of text (however if all pages occupy a full 8K of memory, the

minidiskette will overflow).




Figure 7 The Disc Subsystem
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.5 THE PRINTER SUBSYSTEM

The Printer Subsystem (FIG.8) consists of two main units, the
printer and the printer interface. It 1s utilized as an output
deviée andiallows the contents of the video page or the disc to
be printed. The printer operates as a closed loop with the
Microproceééor, accepting data only when certain flags allow

it. -

Printer Features: The high speed character priﬂter 1s designed

to interface only with automatic data systems. This printer can
achieve a print rate of 45 characters per second during normal

text printouts.

The most significant feature of this device is its mechanical
simplicity since most mechanical functions have been replaced by
electronics and the remnant 1inertia of the mechanism has been

minimized through the use of light weight components.

Operation of the Printer: The Printer accepts signals from the

Microprocessor and acknowledges by issuing feedback status
signals. When the printer 1s being addressed, the

microprocessor issues the Printer Select strobe and the printer

responds immediately by the Printer Ready strobe. Any

malfunction of the printer at this time will be indicated by the

CHECK strobe which disables the printer.

The Paper Feed function is controlled by the P.F.RDY (paper feed
ready) and the P.F.STROBE (paper feed strobe) command lines.
When the P.F.RDY is set HI, the printer's paper feed logic 1is
cleared and can therefore accept a paper feed command. The
paper feed command 1s protected by an automatic interlock which
prevents paper motion when a character print cycle is in

progress.

‘The Carriage Function is also controlled by two command lines,

the CAR.STROBE and CAR.RDY. When the CAR.RDY status line 1is set
HI, the printer carriage logic 1s cleared and can therefore

accept a carriage strobe.




The Character Print function follows the same rule as above. Two
command lines are 1involved, the CHAR.STROBE and the CHAR.RDY.
The character print logic is cleared when the CHAR.RDY line 1s

set I, and can therefore accept the CHAR.STROBE.

Initialization of the printer takes place automatically following
the application of power and thereafter when the printer's
control logic issues a RESTORE command. A CHECK condition may

also be cleared by the application of the RESTORE signal.

NOTE: For more detailed information on the printer, refer to the

Interface board (Chapter 2, Sect. 2) or the Printer

Maintenance Manual (Chapter 5).

Printer Sel.

Figure 8 The Printer Subsystem
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VIDEO BOARD (1-950-009101-00)

INTRODUCTION

The Video Board comprises all the logic circuits to perform the

following functions:

e Timing for the 1instruction memory (RAM) .

e Storage of a page of text 1n a memory.

e Generate a video signal for display purposes.
e Generate a real time clock interrupt signal.

® Generate TICK and BELL sounds.

CONFIGURATION

The video board 1is divided into 9 subgroups:

e The X counter.

o The scan line counter.

e The Y counter.

o The address linearizer

e The video memory and video output.
e The memory synchronization circuit.
e The I/0 flag register

e The TICK & BELL logic.

e The timer interrupt

3.

.1

a)

b)

FUNCTIONAL DESCRIPTION

The X-Counter

Clock Generator: The clock generator consists of inverters

A2-B, A2-E and a 15.75 MHz crystal (16.625 MHz for PAL). The
output of the generator is the CLOCK signal, which 1s

inverted by A2-A to form the dot clock with a period of 63.5
nanoseconds and is also applied to counter A4(74160) from which
successive division of the clock signal 1s initiated. The
binary outputof A4 1s applied to Binary-to-Decimal converter
A13(74LS42) from which clock pulses CP@, CP3, CP5, CPé6 and

CP9 are produced. Clock pulse CP9 occurs every 635 nanoseconds,
corresponding to the end of a character interval. Clock pulses
CPP, CP3, CP5 and CP6 are then applied to R-S latches Al2 which
generates three major video and CPU memory timing signals,

RAS*, CAS* and ROW EN*,

X-Counter: The X-counter generates the X address to the
display (the position of a character on a line). This
counter consists of devices A20(74LS161), Al1(74LS161) A49,
A58(6301) A65, A38, A28, A37 and A53-B.

The 1aput circuit of the X-counter consists of A20 and All,
forming a 7-bit serial counter, 1ncremented by clock signal
CP9. The serial counter counts from O to 99, giving the

amount of X addresses necessary to fill the video screen. To
determine the starting address of the video display, since the
video page has a maximum capacity of 256 characters per line,
an offset value 1s loaded into the X-start register from the
CPU and this value 1s added to the X-counter value 1n devices

A38 and A29 (4-bit full adders).

Video
Board




In displaying the control line, since it is never scrolled
from the video display, a permanent location (address
PPPPPPB) has been assigned for it in the memory. When a
video frame is displayed, buffer A28 (DM51LS95) 1s enabled by
the CNTRL LN-1 strobe for the first character row so as to
force the offset to be zero; this scheme establishes a
stationary video display for the control line. The X-Start
register is enabled by the CNTRL LN-1 strobe, creating a
shift in the display from addresses (@@@@@#@ of the control
line to the address of the first line of text to be

displayed. In figure 1, the scheme is clearly visualized.

Figure 1 Control & Tab Line Location
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The tab line is, however, scrollable to the left and the right of
the video page. It occupies line 1 and scrolls from X = ¢ to X MAX

in an 80 character segment.

Control Strobes: The seven bits of the X-counter are also

applied to two ROM's (MMI 6301-1). These ROM's track the
character count to generate 8 control strobes, which are:

X~-RST, XROM1l, 3, 4, 5 and 6, EARLY HOR.DR and Power Supply

Synch. These strobes are latched through A65(74LS73) to eliminate

skewing an "glitches".

SCAN .LINE COUNTER

This counter consists of devices A62, A69, A53-A and A45-A. Its
purpose is to keep track of the number of scan lines per character
row (15 lines) and maintain the alternate 7 and 8 scan line count

for the A and B fields (interlaced display).

The input to the scan line counter consists of device A62(74SL161),
configured as a binary up-counter. The horizontal drive signal
(H-DR) increments the counter at the end of each scan line. The
three bit binary outputs SL1, SL2 and SL3 are inverted and applied
to the character generator as bits RS1, RS2 and RS3. Bit SL is a
product of either bit Y-AD@ or AF*, exclusive-ored by A33-B. Bit
SLP also serves as the 7 or 8 count selector bit, fed with SLI to
SL3, FARLY H-DR*, MIDSCAN, AF, ROW 41 to a 256 x 4 bits ROM (6301).
Two ROM outputs are then issued to flip-flop A45-A to form the V-DR
strobe while UNDERLINE and Y-CLOCK constitute the others.




3.3 THE Y-COUNTER

This counter comprises devices A30, A39, A2l, A66, A50, A48, A59
and A57. It generates the Y address of the display, meaning simply

that its content corresponds to the character row count.

The basic counter consists of devices A30 and A66(74LS161) forming
a 6-bit binary counter. The Y-CLK strobe, issued by scan line
counter and occurring at the end of each character row, 1ncrements
the counter. The Y-counter is configured similarly to the
X-counter, where the Y-address of the video display is generated by
the summation (A50 and A59) of the contents of Y-Start register
A48(741S374) and the contents of Y-Counter A30 and A66. The
Y-Address for the control line is still located at @ and accessed
at tri-state register A57(74LS95) by strobe CNTRL LN-2. The
outputs of the Y-Counter are also fed to decoding ROM A39(6301)
from which are generated control strobes Y-RST, Y-ROM@, Y-ROMl and
V-DR*, The first three strobes are latched through A21(74LS175)
while V-DR* is brought to NAND gate A67-C and combined with CLR
VDR, to form the V-DR pulse at flip-flop A45-A. A strapping option
applied to ROM A29 selects the 525 or 625 line video display.

3.4 THE ADDRESS LINEARIZER

This subgroup comprises integrated circuits A32, A4l, A6l, A52,A68,
A44 and A33. The purpose of this subgroup is to transform the CPU,
the X and Y addresses into a "linearized" format complying with the

video memory address input.

The AES-103 can display two video pages. In this case the current
page occupying 8K of memofy and another 'background" page occupying
the remaining 8K. The information format pertaining to either page
to be displayed is obtained from the CPU and loaded 1into a holding
register (A32) in a 6-bits format. The register is loaded by strobe
LD XMX on the positive edge. The 6-bits are then multiplexed by A4l
(74L8298), selecting whichever page is being accessed. The selected
information is then fed to both ROMS (6351) as bits A7, A8 and A9.
The remaining address bits A@ through A6 are issued by the X and Y

address multiplexer.

At this stage, the ROMS perform a mathematical operation with the
different variables appearing at its inputs, and this operation is a
multiplication of the row number (Y address) by the maximum number
of characters per row. The X component of the address 1s then added
to the product by full-adders A8 and A44 (74LS293), e.g., 1if the
maximum number of characters in a row 1s 80 and the row number 1s
57, the output of the ROM 1is 4560. The value of the X component may
be anv value between 1 and 80, so as to position a character on the

video screen.

The 8 outputs (Mad 4-12) from the full-adders are then applied to
the video memory controller chip. The 12th bit is issued from
exclusive-or gate A33-D, being either the carry bit from A68 or

A6l's bit (4.




3.5

a)

b)

THE VIDEO MEMORY AND VIDEO OUTPUT

The Multiplexer: Consisting of devices A3l, A40, A51 and A60

(741.5298), the multiplexer selects either the CPU bus address or
the X and Y address lines. Each time a new character 1s to be
displayed on the CRT, the MUX SEL strobe goes HI and allows the
selection of the CPU buss address. The most significant bit of
the CPU buss address is I/0 FL5, called the Paging bit, which,
when set, selects the video page located at the most significant
addresses of the 16K video memory (one page equals 8K). The
paging bit and the lower 4-bits of the multiplexer are applied
directly to the refresh memory logic, that 1s memory controller
chip A64(3442). The remaining bits are brought to the

Linearizer circuit for further processing.

The Video Memory: This memory comprises devices A64, Al7, A23,

A26, A27, A35, A36, A46, A47, Al8, A25 and A3. The memory
employs nine 16K devices (2116), eight of which are used as
video memory and one as a buffer for half-tone character display

information.

Linearized memory addresses are applied to memory controller
chip A64(3242), which generates l4 addresses in 7 address
segments, i1n a multiplexer fashion and also refresh addresses,

since it contains its own refresh address counter. The memory

“controller is timed by three strobes called REFR, COUNT and

ROWFN, all issued by the timing generator. The 16K RAM chips
are strobed by RAS* and CAS*, allowing proper address loading
and data transfer. The eight data bits to the RAM chips are
obtained from the data buss via buss driver A25 and are written
bv RAM WE. The ninth RAM chip holds half-tone character
information to be displayed. Its input is obtained from I/O

FL7.

c¢) The Video Output Logic: Devices A34, A43, A71-B, A22-C

A23-B, A5-C, A8-C-D-F-E constitute the video output logic.

The memory data output consists of modified ASCII to meet
special characters for video and printer purposes. Output
character data supplied by the video memory is fed Lo memory
latch A34 (7418273). The code is then applied to character
generator A43(MCM6570). The scan line counter outputs are also
applied to A43 at inputs RS@, RS1, RS2 and RS3, forming a binary
code used to select one of the rows of the addressed character
to appear at the seven output lines. The character generator
outputs are then fed to parallel-to-serial shift register
A54(74165) from which the serial data is brought to the video
output via exclusive-or gates A23-B and A27-C, to three-input
nand gate A5-C and finally to inverter A8-E. The eighth
character underline bit, contained in D flip-flop A71-B, 1s
nanded at gate A23-B. When half-tone background is displayed,
the 1/2 TONE strobe coming from flip-flop A3-B goes active low,
disabling inverters A8-E. The video signal now passes through
inverter A8-F and therefore voltage divider R3 and R6. The
video off-state 1s then generated at half amplitude (2.5V), thus

creating the half-tone background.
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3.6 THE MEMORY SYNCHRONIZATION CIRCUIT

3.

7

This circuit comprises flip-flop A24, A6 and Al5; its purpose 1s to

regulate the memory reauest cycle of the CPU and the refresh

function.

When the CPU accesses the video memory, bit AD15 1s set and strobes
MEMR* or MEMW* are LO. These states are applied to A6-A, A6-D and
Al4F. Flip-flop A24-A D input will go LO 1f no Refresh cycle (PRE
REFR) occurs or the video logic reads the memory (I/O FL@# 6 PRE

ADDR SEL).

issues the SYNC-F strobe.

The RAS* signal thereafter clocks the flip-flop which
The memory 1s then read by the CPU via
the CPU buss during the period the SYNC-F strobe 1s HI. At the

next RAS* pulse, the SYNC-F strobe goes LO which sets the memory

flip-flop A24-B, 1issuing RDY* via inverter A8-B.

When the MEMR* or MEMW* strobes go high again, the RDY* flip-flop

will be cleared.

THE I/0 FLAG REGISTER

This register consists of integrated circuit A19(9334), which
distributes 8 flags (I/O FL@ - FL7). Strobe LD I/O enables it when
LO. The register accepts a four-bit (DB DB3) binary number and

distributes the decoded number on 8 lines.

3.8 THE TICK AND BELL LOGIC

3

.9

This circuit consists of dual timer device Al6(3456), inverters

Al4-E, Al4-D and A8-A and output transistors Ql and Q2.

When BELL and TICK sounds are required, I/0 flags FL2 and FL3 arL
caused to pulse through inverters Al4-E or Al4-D. Device Al6
consists of a dual timer (similar to a 555) where each one 1s tuned
to the specific pitch required for the bell and tic sounds. A 2
KHz signal appears at inverter A8-A, whose output 1s an open
collector, connected to resistors R1ll and R12. When timer output A
or B goes high, the 2 KHz signal modulates the collector circuit of

Darlington pair Ql and 02, which 1in turn drive the speaker.

THE TIMER

This circuit includes devices A72, A71-A, AlO-F, Al5-D and Al5-C.
Its purpose is to generate an interrupt every 200 milliseconds
(used for software purposes).

The field rate, AF*, 1issued by the Y-counter, 1s introduced to
decade counter A72(74LS161), enabled by I/0 FL1. The output of the
counter 1s taken at the carry output and applied to D flip-flop
A71A. Strobe CLR TIME INTRPT and the rate of AF* control the
flip—flop. The Q output forms the CPU interrupt, which 1s

distributed by line driver Al0-F.
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01 02 03 04 05

01 02 03 04 05

1 P.C.B. Drilling C6-955-009101 A31,40,41,51,60 5 SN74LS298N 660-0237
2 P.C.B. Extractor 252-0102 Al7 1 SN74365AN 660-0238
Al0 1 SN74366AN 660-0239
Al8,26,27,35,36 9 Dynamic Ram A6-937-004801 A37,48 2 SN74LS374N 660-0240
46 ,47,55,56 A25,28,57 3 DM81LS95N 660-0241
A49 1 Rom 256X4 6-908-001801 A64 1 3242 660-0250
A58 1 Rom 256X4 6-908-001802 Al6 1 MC3456P 660-0254
A69 1 Rom 256X4 6-908-001803
A39 1 Rom 256X4 6-908-001804 01,2,3 3 Transistor 2N 2222A 620-0101
A52 1 Rom 1K X4 6-908-001901
a6l 1 Rom 1K X4 6-908-001902 CR5 1 Diode IN4001 600-0112
A54 1 SN 74165N 660-0114 Cri1,3,7,8 4 Diode IN4148 601-0104
Al9 1 F9334 660-0121 CR4 1 Diode IN702A 602-0100
A2 1 SN74S04N 660-0145 CR2 1 Diode IN751A 602-0104
A8 1 SN7406N 660-0202 CR6 1 Diode IN752A 602-0105
Al5,22,67 3 SN74LS00N 660-0208
Al4,70 2 © SN74LS04N 660-0210 C9,13,52 3 Capacitor 10uF 20V. Tag. 164-0177
A23 1 SN74LS08N 660-0211 C6,7,11 3 Capacitor 33uF 16V. Tag. 164-0220
A5 1 SN74LS10N 660-0212 c8,10,12,14-33, 28 Capacitor .05uF 165-0251
A6 1 SN74LS32N 660-0215 38,49-51,53
Al3 1 SN74LS42N 660-0217 Cl,4,5 3 Capacitor .0luF 165-0263
A3,24,45,53,71 5 SN74LS74AN 660-0219 C2,3,34,37,39-48 16 Capacitor .luF 165-0347
A33 1 SN74LS86N 660-0220
A63 1 SN74LS157N 660-0225 R3,4,5,6 4 Resistor 180 OHMS 1/4W 5%  402-0181
A4 1 SN74LS160AN 660-0226 R7 1 Resistor 200K OHMS 1/4W 5% 402-0204
Al1,20,30,62 6 SN74LS161AN 660-0227 R18,19,20 3 Resistor 2.2K OHMS 1/4W 5% 402-0222
66,72 R1,2,10 3 Resistor 270 OHMS 1/4W 5% 402-0271
A32 1 SN74LS174N 660-0228 R14,17 2 Resistor 330 OHMS 1/4W 5% 402-0331
A21 1 SN74LS175N 660-0229 R12,11 2 Resistor 3.9K OHMS 1/4W 5% 402-0392
A34,65 2 SN74LS273N 660-0233 R15 1 Resistor 510 OHMS 1/4W 5% 402-0511
Al2 1 SN74LS279N 660-0234 R8 1 Resistor 82K OHMS 1/4W 5% 402-0823
A29,38,44,50 6 SN74LS283N 660-0236 R13 1 Resistor 10 OHMS 1/2W 5% 411-0100
59,68 R16 1 Resistor 47 OHMS 1/2W 5% 411-0470
Video

Parts List




Video

Parts List
01 02 03 04 05 06 07 08 09
Video Sig. J2 1 Connector 10 Pins 290-0120 1 P.C.B. Assy A2-950-009102
Video Test J1 1 Connector 34 Pins 290-0123 1 1 1 P.C.B. Assy A2-950-009103
A2,16 2 Socket DIL 14 Pins 698-0102 Y1l Crystal 15.75MHz (60Hz) 490-0115
Al8,26,27,35,36 13 Socket DIL 16 Pins 698-0103 Yl Crystal 15.625MHz (50Hz) 490-0117
39,46,47,49,55
56,58,69 A43 1 Character Generator 6—907-000301
A43 1 Socket DIL 24 Pins 698-0106 A43 1 Character Generator 6-907-000201
A52,61 2 Socket DIL 18 Pins 698-0127 Ad3 1 1 Character Generator 6-907-000101
1 1 P.C.B. Assy A2-950-009101
1 1 P.C.B. Assy A2-950-009102
P.C.B. Assy A2-950-009103
Y1l 1 Crystal 15.75MHz (60Hz) 490-0115
Y1l 1 Crystal 15.625MHz (50Hz) 490-0117
A43 1 Character Generator 6-907-000301
A43 1 Character Generator 6-907-000201
A43 Character Generator 6-907-000101
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THE INPUT/OUTPUT INTERFACE BOARD (D1-950-008901-00)

INTRODUCTION

The I/0 Interface Board includes all the necessary logic circuits to
interface the CPU with the various peripheral devices. These
peripherals include a high-speed printer, a keyboard, one or two
floppy diskette drives, several internal functions and two
optional expansion boards. The board 1s divided into four logical

groups:

o The Address Decoder
o The Keyboard Interface
® The Printer Interface

® The Disc Interface

FUNCTIONAL DESCRIPTION

THE ADDRESS DECODER

The decoder consist of 3-to-8 line decoders A33, A35, Al7 and
A41. It provides select signals for the peripherals including

two sets of select lines for system expansion.

The decoder 1s fed by 7 address lines, AP through A6, and two

strobes, IOW and IOR. Decoder A33 1issues address lines I07,
106, 105 and 104, used for system expansion, while the other
three 1ssue addresses for the printer, the keyboard and the disc

drive.

2.2 THE KEYBOARD INTERFACE

2.

3

This circuit includes devices A3, A4-A, A4-B, Al-C, A20-B, Al9- B
and A19-20.

Keyboard data is generated in ASCII code and stored in tri-state
register A43(74LS374) when a key 1s pressed, thus generating the
STROBE signal.
A19-B which in turn sets INTERRUPT flip-flop A20-B. The

This signal also sets one-shot multivibrator

keyboard data is read when the RD KB signal goes low and at
the same time the INTERRUPT flip-flop 1s cleared via gate
A1-Cc(74LS08).

character is displayed as a string on the video screen.

The REPEAT key is used whenever a specific
When
pressed simultaneously with a character key, the output of
Al19-A goes low and is fed back to Al19-B. When the STROBE
signal is received, both one-shots of Al9 form an oscillator,

causing flip-flop A20-B to send an interrupt to the CPU every

35 milliseconds.

THE PRINTER INTERFACE

This interface allows the video memory contents to be
printed. It comprises devices A9, A42, A34, A35, A36, AlO,
A2, A26, A43, A51, A49 and A50.

The operating principle of the interface consists of

channelling data, read from the data buss, through buffers
and then formatting them into the 12-bits buss required by
the printer. Seven strobe signals are also fed to the

printer. During the operation of the printer, ten status
flags are returned to the 1interface so that the CPU may

constantly assess the printing process.

/O
Board




2.4

a)

Data bits issued by the 8080A arrive at the interface
through buffers A9 and A42(8095). The first six most )
significant bits (PTR 8 through PTR13) are ioaded first 1ntoa
D-type latch A34 at the positive-going edge of the LDPTR-1
strobe at which time the original 6-bits are transferred to
latch A35. The following eight bits are then loaded into A34
at a second LD PTRl strobe. The twelve bits formed are then
fed to the printer via drivers A26 and A36. Strobe signals to
the printer are issued by nand buffers A43 and A51. Data bit 7
is stored in flip-flop Al10-B and becomes the ribbon control
bit. The ten-bit status lines supplied by the printer are
terminated by resistor network A50 and applied to tri-state
driver A49, delivering printer status to the data buss. Status
lines CHECK, PAPER FEED RDY and CHAR RDY are inverted through
Al8 and applied to flip-flop AlOA, A2-A and A2-B. Their
outputs are ored by All-A and Al-A to issue the PTR INTRPT
flag.

THE DISC DRIVE INTERFACE

The AES-PLUS Text Editor allows the use of two miniature floppy

disc drives of the Shugart Model 400 type. The two disc drives
are controlled by two independent interfaces where selection is
accomplished by multiplexers on the I/0O board itself. Each

drive has its own sector counter and ready flag signals.

Sector Search Scheme: A photo-transducer, mounted on the

disc drive mechanism, generates a pulse each time a hole
appears on the magnetic disc. There are 16 holes punched on
the inner circumference of the disc plus one index hole,

therefore 17 pulses are generated.

The sector pulses from both disc drives arrive at the 1/0

_board -and are applied to inverters A4-E and A6-C. These

pulses are then brought to one-shot multivibrator Al4-A (for
disc drive 1) where the specified time constant reduces their
width. The separation of the index and sector pulses is
produced by one-shot multivibrator Al6-A 1n conjunction with
gates A47-C, A22-B and A23-A. The Q output of Al4-A 1is fed
to pin 11 of Al6-A where each pulse is stretched to 9
milliseconds at the output, due to its long time constant.
Since the rotating disc creates a 12.5 millisecond period
between each sector pulse and the index hole is located at
midpoint between two sector holes, the output of Al6-A will
remain low during that entire period. The following index
hole pulse is then issued by the Q output of Al4-A which

will clear counter A30 via gate A22-B,.

The 9 millisecond pulse is applied to Nand gates A22-B and
A23-A. The Q output of Al4-A is also applied to A23-A which
outputs clock pulses to 5-bits binary counter A30(74LS393).

Since provision has been made for a 32 sector diskette,
sector counter bit SCT4-1 is applied to one section of
multiplexer A5 whose output 1s tied to a strapping pin,
allowing for the option. The outputs of counters A28 and A30
are then fed to multiplexer A29, whose output is selected by
the DRIVE SEL signal, and then to 6-bit comparator (DM8160)
A37 where comparison occurs between the value of the sector
to be addressed, stored in sector register A38(74LS273), and
the output value of the sector counter. When both values
become equal, the SECT EQ signal is issued to flip-flop Al2-A
of the DMA (Direct Memory Access) logic. Sector register A38
also drives LED's @ and 1, indicating the disc drive in

service.




b)

c)

d)

Track Access Logic: This circuit generates the DIRECTION

signal, defining the direction of motion of the R/W head and
the STEP signal which moves the head 1n the selected
direction. The direction signal is 1ssued by the data buss
through register A52(73LS273) while the STEP signal
originates from the address decoder. Both signals are issued

to the disc drive by drivers A53 and AS8.

Disc Drive Select: Selection of the disc drives is

accomplished by the address decoder, multiplexer A29, data
bits @ and 1 for selecting the R/W head and bit 7 for the
Drive Select strobe. After the selection, each disc drive

receives its own WRT GATE, HEAD LD, MOTOR ON and WRITE DATA

signals.

Each disc drive issues three status flags which are
multiplexed by A5. These are the TRK@@, the READ DATA an thed
WRITE PROT. The status flag lines are terminated by

resistor network A7.

Both DSK RDY strobes are derived from the sector pulse train.
For instance, the output of gate A23-A is fed to one-shot
multivibrator Al13-B, where the pulse train is transformed
into one pulse with a period of approximately 25

milliseconds and then applied to flip-flop A2l-a.

The USRT and Associated Logic: USRT A46 (COM 2601) operates

in conjunction with devices A&44, A45, A54, A31, A32, A23,
A39, A24, A3l and A47. This logical subsystem performs all
the transmitting and receiving functions of data between the

disc drive and the AES-PLUS Text Editor.

The transmitting rate of the USRT is derived from a 4 MHz

crystal controlled clock oscillator, formed by inverters A56-

F and A56~F, whose output 1s fed to flip—flop A54-A, where
division by two occurs. The 2 MHz clock signal is then

applied to counter A55, whose most significant output bit 1is
inverted by A56-A and finally applied to the TCP (Transmitter
Clock) input of the USRT. Data to be transmitted 1s fed to

the USRT from the data buss and when the TSS (Transmitter

Sync Strobe) input receives a high level 1ssued by decoder

A41l, data is loaded into the transmitter sync register. At

this moment 1in time, the transmitter sync reglster contains

a header of zeroes , a flag character (DB) and data. Data
transfer is inhibited until DB 1is transfered to the transmitter
buffer register, this setting TDS. When TDS is set, data transfer
is enabled. The flag character is immediately followed by a valid
data byte, which is released serially from USRT serial output TSO

(Transmitter Serial Output).

The data to be stored on the disk has to appear in the form of a
modulated signal, usually in a dual frequency signal. This is

achieved by using the three least significant bits of counter A55
and routing them to gate A31-A. Its output changes state at each

count of 8 and is mixed with the USRT serial output at gate A7-B.

When the USRT 1s receiving data, the modulated data stream coming
from the disc drive circuitry has first to be processed since 1it
contains both the receiver clock signal and the data. This signal
processing takes place at gate A23-B and A23-C, one-shot
multivibrator A39 and flip-flop A32-B, where the clock signal and
the data are separated. One-shot multivibrator A39 stretches the

pulses coming from A23-B and feeds them to the RCP (Receiver




Clock) input of the USRT. The combined receiver clock signal and In the Transmit mode, characters are loaded from the data bus

the modulated data stream are applied to gate A23-C which 1ssues into the USRT transmitter data buffer register. In this case, a
the DATAS signal to the PRESET input of flip-flop A32-B. The character from the program memory is transferred to the USRT
output of A23-B also clocks A32-B and the resulting signal at 1ts Q under the control of the DMA circuit chip on the CPU board.
output is the valid serial data fed to the RSI (Receiver Serial However, disc activities are allowed only when the CPU has set
Input) input of the USRT. When an entire character has been the disc activity flag (SET ACT F) via address decoder A4l.

received, the RDA (Receiver Data Available) output flag goes high;

the character is unloaded onto the data buss and then the RDAR In the Receive mode, characters are retrieved from the disc
resets the RDA to a lowlevel. The unloading of a character on the sector. Once the Read function 1s established, the DMA cycle
data buss is accomplished through tri-state multiplexers A44 and . is initiated at the second channel (RDQl and DACK1) by the RDA
A45(741.8257), which are also used for disc drive status flag (Receiver Data Available) output of the USRT and DMA

drivers. acknowledgment is given at the RDAR (Receiver Data Available

Reset) input of the USRT.
The DMA (Direct Memory Access) Logic: The DMA circuit informs

the CPU that data is to be exchanged between the disc and the When a DMA cycle has terminated for a disc Read function, the DMA
video memory. The disc drive employs two DMA channels, one for controller issues a TC (Terminal Count) flag, which appears at
the transmit function and one for the receive function of the gate All1-C and resets the ACTIV-F strobe of flip-flop Al2-A.
USRT. Interrupt flip-flop A32-A is then set via gate A22-C and an

interrupt flag is issued to the CPU. This flag 1s cleared later
All disc activities are only allowed when the microprocessor has when the CPU reads the disc status.
issued the disc activity flag. When this 1s so, the SECT EQ
flip-flop Al2-B is enabled. As soon as the SECT EQ pulse 1is 1ssued
from comparator A37, the SECT EQ F strobe from Al2-B goes high and
is fed to gate A31-B which issues the DMA Request @ (DRQ@) to the
first channel of the DMA controller on the CPU board. The DMA
Request 1is acknowledged by the DACK@ strobe arriving at inverter
A27-D and then to gate A24-A, setting high 1ts output which 1s then
applied to the TDS (Transmitter Data Buffer Strobe) input of the
USRT. Data 1s then loaded into the USRT data buffer for
transmission to the disc and when the required number of bytes has
been transferred, the TBMT output goes low and cancels the DMA
Request. The ACTIV-F flag 1s reset when the next sector 1is

encountered.
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CPU BOARD (D1-950-0090-01-00) Figure 1 The Microprocessor

BI-DIRECTIONAL
DATA BUS

INTRODUCTION
(8 BIT) (8 BIT)
INTERNAL DATA BUS INTERNAL DATA BUS
L ]
The Central Processing Unit of the AES-PLUS Text Editor is contained 1[ I: kR
on a single printed circuit board. It includes an integrated 4
g P g lACCUMULATOR] [ TEMP. REG. 1 'N:ZEL’CW'T—" MULTIPLEXER
. . IS
microprocessor CPU (INTEL 8080), 32K of Instruction RAM (random = - - —— 1
- I
access memory) small Bootstrap ROM (read-only memory), one 8-level ACCUMULATOR - 5 ® T @
LATCH (8 - Q REG. REG.
priority interrupt controller and a 4-channel DMA (direct memory ARITHIETIC "ECODER % ree. | e
. R . . s UNIT MAL(\S':!'IJNE Dl g H 8) L (8) REGISTER
access) controller. Provision has been made for instruction bit CYCLE z REG. REG. ™ ARRAY
ENCODING w (16)
. . STACK PO ER
parity check, in case of memory failure and also two 8 D.I.P. i ‘ por ot
. ) » . PROGRAM COUNTER el
switch packs to determine the configuration of the system. DECIMAL 1 NCREMENTERDECREMENTER
ADDRESS LATCH (16)
) . TIMING
The board consists of the following subgroups: - oo Jl,
POWER | —= 12V I ADDRESS BUFFER (15]
SUPPLIES | —= 45V DATA BUS INTERRUPT HOLD WAIT 2
8080 M ) sv WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS
& The icroprocessor T
=a T T T T T T TT]
Y The Interru t LO iC WR DBIN INTE INT HOLD HOLDWAIT SYNC 1 2 RESET AL -
p g ACK READY ADD;’ES:‘)BUS
® The DMA Controller
® The Instruction Memory The 8080A Microprocessor chip is interfaced with Clock Generator A5-
® The Memory Synchronization Circuit ‘ (8224) and a bi-directional data buss driver (8228) to form the CPU
® The Address Decoder module. The clock generator 1s a single chip device, controlled by
e The Program Switches an 18.0 MHz crystal, supplying the two-phase clock signals @l and @2
® The Parity Check Logic a power-up RESET, a READY flag and advance status strobe (STSTB).

The READY flag is a product of the RDY IN in sync with phase @2
THE MICROPROCESSOR while the STSTB strobe 1is formed by the SYNC strobe, 1ssued by A30

and phase @1 of the clock.

The basic processor consists of an Intel 8080A Microprocessor chip,

(see FIG.1) associated timing circuit and a buss driver. The 8080A The bi-directional buss driver and system controller A30 (8228)

is a complete 8-bit parallel central processing unit supplying a generate all the signals required to interface with the Random
16-1line address buss, a separate 8-line bi-directional data buss and Access Memory and I/0. The 8228 accepts the data buss from the 808
all the control signals to interface with the memory and Microprocessor and distributes 1t to the system. It also generates
Input/Output peripherals. strobe signals MEMR, MEMW, I/OR, I/OW and INT ACK.
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Figure 2 C.P.U. Module
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Figure 2 is representative of what constitutes the basic CPU module.
The basic CPU Module communicates with the instruction memory, the
DMA controller, the interrupt controller and bootstrap ROM via a
16-bit address buss, an 8-bit data buss and 5 control lines. The
16-bit address lines are buffered through A49 and A58 (81LS95) and
brought to the memory logic. The eight data bits issued by A30 are

buffered by drivers A57 and A48 (8216).

THE INTERRUPT LOGIC

The Interrupt Logic consists of devices A28(8214), being an inte-
grated priority interrupt control unit, and A46 (8212) which is an
eight bit latch with tri-state output buffers. Eight interrupt
requests are applied to A28 for the timer, the printer, disk,
keyboard, option 1 and option 2, COMl and COM2. These interrupt
flags are encoded and compared to the contents of a status register,
fed by bits DB to DB3 from the data buss. An interrupt is then
issued along with vector information to I/O port A46. The Interrupt
Controller is clocked by the @2TTL signal, issued by A5 and enabled

by INTE (Interrupt Enable) coming from the microprocessor.

I/0 port A46 accepts the three vector bits at its DI4, DI5 and DI6
inputs and the interrupt flag. Unloading data on the data buss 1is
accomplished by the INTA (Interrupt Acknowledge) and DBIN strobes.

The interrupt flag is then brought to the 8080A.




4. THE DMA (DIRECT MEMORY ACCESS) CONTROLLER Figure 3 C.P.U. Module With DMA
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THE INSTRUCTION MEMORY

This memory has a capacity of 32K x 9 bits and utilizes 16K RAM
devices. The memory is accessed through 16 address lines, issued by
the microprocessor, and unloads 8-bit instruction bytes onto the
data buss. The ninth bit is used internally for parity checking
(error detection). A 512 x 8-bit instruction ROM (A51-74LS472)

contains program loading instructions for Bootstrapping.

The 16-bit address buss accesses the memory via latches A50

(74LS273) and A59 (74LS174), both clocked by the RAS B signal.

When the AES-PLUS Text Editor is first turned on, memory
instructions have to be loaded from a program diskette into the RAM.
This is accomplished by a Bootstrap Flag issued by quadruple
flip-flop Al2 on the video board. This flag is brought to OR gate
A67-C whose output is fed to decoder A32(7442). The EN ROM signal
is then issued to ROM A51, which in turn unloads instruction bytes
onto the data buss. After the program is loaded into the RAM,
address decoder Al7 on the I/O board issues a CLR BTSP (clear

bootstrap) strobe to quadruple flip-flop Al2.

Henceforth, the Microprocessor has access to the 32K RAM. The 16
address bytes are then brought to address multiplexer and refresh
counter chip A41(3242) which distributes addresses to the RAM chips.
Memory controller A4l contains its own refresh address counter,
which is enabled by BUS REFR i1ssued by octal latch A65 of the video
board. FEach RAM device is controlled by two addressing strobes
called RAS* (Row Address Strobe) and CAS *(Column Address Strobe)

also issued by the video board.

These two strobes allow the loading of the row and column addresses
in a sequential manner. The WE strobe (Write Enable) goes low

during program loading.

Instruction bytes are, thereafter, loaded onto the data buss via

tri-state latches A6 and A15(74LS374).

. MEMORY SYNCHRONIZATION

This circuit consists of devices A67, A65, A55, A66 and Ab64. Its
purpose is to control memory request from the Microprocessor between

refresh cycles.

A memory request is started by bit 15 (when low) which enables gate
A67-A in unison with a MEMR or MEMW strobe. If a memory PRE REFR
strobe has not appeared at gate A-57D, the request is brought to
flip-flop A64B which sets the SYNC-F strobe at the next edge of the
RAS* signal. From this point on, the memory is read until the next
edge of the RAS* signal clears the SYNC-F and sets memory flip-flop
A64~A which in turn issues the MEM RDY signal on the data bus. When
bit 15 of the address buss goes high again, flip-flop A64-A is

cleared and the MEM RDY signal 1s removed.

. THE ADDRESS DECODER

Decoder Al9 is a 4-to-10 line decoder (74LS42) and accepts the SYNC-
F, the WRT MEM, the BUS ROWEN and address bit 14. The decoded
signals produce a Write pulse to the appropriate bank of RAM chips
(WEA or WEB). Decoder A32 accepts address bit 14 and decoded bits
9, 10, 11, 12 and 13 and issues an enabling strobe (ENA or ENB) to
either banks of RAM chips or the EN ROM strobe to the bootstrap

ROM.




8. THE PROGRAM SWITCHES

These are two packages of 8 D.I.P switches followed by tri-state
buss drivers A45 and A54(81LS95). The Microprocessor reads the
switch status when strobes RD SW1 or RD SW@ are issued. The

programm

SWITCH BLOCK @

DB # )

Software

Unallocated

~N & B W N
TN

SWITCH BLOCK 1

DB

Unallocated

0N - S

5
6 Bootstrap Loader Enable
7 Parity Enable

THE PARITY CHECK LOGIC

This circuit consists of devices A33, A72, A63, A69, A60, A56-B and
A55-D. TIts purpose is to constantly verify the validity of data
read from the memory. The heart of the circuit consists of a 9-bit
odd/even parity generator/checker, device A33(74LS280), and accepts
at its input the 8-bit data buss. When data is written into the
memory, A33 generates a parity bit (even parity) into 9th RAM chip
A72, 1f enabled and addressed. When data is read from the memory,
the parity is also read from A72 and is applied to parity chip A33
via a multiplexer (for Parity A or B) formed by gates A60-C, A60-B
and A66-D. The EVEN output of the parity chip is inverted by A55-C
and brought to flip-flop A56-B, which sets its Q output if an error
is detected. Flip-flop A 56-B is clocked by PAR CLK issued by
A69-B. The Q output is fed to OR gate A66-B. A detected error will
force a HOLD request on the Microprocessor. The request will
maintain the Microprocessor in a halt mode until the system 1is
reset. A L.E.D on the front panel of the Text Editor turns on when

the system is halted.
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C.P.U.

Parts List
01 } 01
1 P.C.B. Drilling C6-955-009001
2 PCB Extractor 252-0102 A23 1 Res. Pack 314E221331 1485-0110
Al10,36,37 3 Res. Pack 898-1-R2.2K 485-0111
A7,8,16,17,25 18 Dynamic Ram A6-937-004801 A9, 27 2 Switch Pack 8 Pos'n 533-0110
26,34,35,43,44
52,53,61-63,70-72 CR2 1 Diode IN4148 601-0104
A60 1 SN74LS02N 660-0209 CR1 1 Diode IN751A 602-0104
All,20,38 3 SN74LS04N 660-0210
AGS 1 SN74LS08N 660-0211
A40,66,67,68 4 SN74LS32N 660-0215
A55 1 SN74LS38N 660-0216 C28,34,51 3 Capacitor, 10uF, 20V. Tag. 164-0177
A19,32 2 SN74L.S42N 660-0217 C1,2,20 3 Capacitor, 33uF, 16V. Tag. "164-0220
AS6,64,69 3 SN74LS74AN 660-0219 c3-5, 7,9,11-16 20 Capacitor, .05uF 165-0251
A2 1 SN74LS125N 660-0223 18, 21-26, 52,35
A59 1 SN74LS174N 660-0228 ce6, 8, 10, 17, 19 26 Capacitor, .luF 165-0347
A0 1 SN74LS273N 660-0233 27,29-33,36-50
A33 1 SN74LS280N '660-0235
. A24 1 SN74366AN 660-0239
A6,15,39 3 SN74LS374N 660-0240 R2 1 Resistor 100 OHMS 1/4W, 5% 402-0101
A45,49,54,58 4 DM 81LS95N 660-0241 R5,6 2 " 1K OHM 1/4W, 5% 402-0102
A21 ' ‘ 1 8080-A 660-0243 R3,4 2 " 10K OHMS, 1/4W, 5% 402-0103
Ad6 1 8212 660-0244 R7,10 2 " 2.2K OHMS 1/4W, 5% 402-0222
A28 1 8214 660-0245 R8 . 1 " 240 OHMS, 1/4W, 5% 402-0241
A48 ,A57 2 8216 '660-0246 R1,R9 2 " 330 OHMS, 1/4W, 5% 402-0331
A5 1 8224 660-0247
A30 1 8228 660-0248
A3 1 8257 660-0249
Adl 1 3242 660-0250 Yl 1 Crystal 18.000 MHz 490-0120
A51 1 Boot, Prom 6—908-002001
1 Test Header, 34 Pins 290-0123.
A5,7,8,16,17 19 I.C. Socket, DIL,16 Pin. 698-0103
25,26,34,35,43
44,52,53,61,62
63,70,71,72
, A3,21 2 I.C. Socket, DIL,40 Pin. 698-0118
A51 1 I.C. Socket, DIL,20 Pin. 698-0128
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POWER SUPPLY (1-950-009301-00)

PURPOSE

The power supply provides all necessary voltages and currents to power
the logic circuits and the printer constituting the AES-PLUS Text
Editor. All the voltage supply modules are switching regulators and

operate synchronously.

THEORY OF OPERATION

The power supply generates several positive and negative voltages:
e +15 volts at 13 amperes
e + 5 volts at 15 amperes

e —-15 volts at 13 amperes peak

e +12 volts at 7 amperes
e —-12 volts at 1 amperes
As shown in the block diagram, all the voltage supplies are fed from

the +27 and -27 volt unregulated sources and synchronized by an

external pulse generator.

Line Input Transformer, Full-Wave Bridge and Filtering: The line

input transformer can either operate from a 115 volt or 230 volt AC

B)

The secondary of the transformer is connected to a 27 ampere
fullwave bridge and has its center tap connected to ground. A
10,000 microfarad capacitor filters the +27 volts and a 4,700

microfarad capacitor filters the -27 volt output.

The +5 Volt 15 Ampere Supply: This supply 1s a switching regulator

and is synchronized by a 555 timer circuit. The basic switching
regulator is comprised of voltage regulator (723), acting as an
error amplifier, series-pass element Ql (PIC645), coil L1 and

capacitor Cl (refer to FIG 1).

The switching cycle, when not synchronized externally, begins when
Ql starts conducting and causes a nearly linear current to build up
through L1. This current, less the load current, charges capacitor
Cl unti1il a maximum voltage threshold 1is reached at the detector

(723) which immediately turns Ql off. At this point, diode CRI1
forward conducts and eventually discharges Cl through L1 to the

lower threshold limit at which time Ql is allowed to conduct again.

Figure 1 Switching Regulator Block Diagram

Q- '
T ﬁ(Ym O V Out

outlets. The input AC voltage is filtered through a universal line Vin O-
filter and applied to the primary of the transformer via a DPST : L1
" switch. The power line 1s also distributed to cooling fan motors I
|
and to the monitor.
Error
Amplifier
/ T
C1
2R T
Power

Supply




. Voltage Regulation: In switching regulators, the output voltage

is a function of the duty cycle of the switching waveform;
voltage regulation can thus be achieved if the duty cycle is made
variable. In the present regulator, the steady-state duty cycle
is in the order of 20%. However, different load conditions will
create voltage fluctuations which are sensed by the error
amplifier (723) and immediately compensated by increasing the

pulse duration at the base of Ql.

Current Regulation: Resistor R22 is the current sensing resistor.

This resistor is connected in series with the positive terminal
and also across a differential amplifier formed by gransistor Q2
and the current limiting transistor in the 723 error amplifier.
The two emitters of the differential pair are connected to a -8.2
volt source via a 4.7K resistor. If the output of the 5 volt
supply ever becomes short-circuited, 15 amperes would
flow-through R19, creating .15 volt across the differential
amplifier input. This voltage would cause the transistor of the
723 to conduct and linearly reduce the duty cycle of the waveform
to a point where only 3 amperes are allowed to flow through the

short circuit.

Overvoltage Protection: The 5 volt supply is protected against

overvoltage by thyristor Q3 and voltage sensing circuit R24, R25,
C9 and CR5. Diode CR5 has a zener voltage of 5.6 and when this

is reached, the diode starts conducting and current flows through
R24 and R25. When the voltage at the junction of the two resis-
tors equals .25, the thyristor fires and all the voltage across

"~ the output flows through it. The effect felt by the regulator is
the same as a short circuit across the terminals and it would then
behave accordingly. Diode CR6 protects the output against

- possible polarity reversals.

c)

D)

The +15 Volt 13 Ampere Supply: This switching regulator operates

similarly to the 5 volt unit, having the same configuration.
However, a diode and resistor network appears at the compensation
input of the 723; this network, comprising CR17, Zener diode CRI18
and resistor R65, maintains the base of the first transistor of the
driving pair at approximately 3 volts above the output voltage to

prevent Q7 from being overdriven.

The -15 volt 13 Ampere Supply: This negative voltage supply is fed

by the =27 volt unregulated source. A 723 voltage regulator I.C. 1is
also used as an error amplifier and operates 1in unison with Q2, L2

and C9 to form a switching regulator.

The Vc output of the 723 generates a square wave and is applied to
the base of Ql via a voltage divider formed by Rl and R2. The
resulting output waveform at the base of Q2 1i1s another square wave
with a 39 volt swing, combining both the +15 and -27 volt

components.

+15V.

ov.

-24 V.




F)

G)

The -15 volt Sense line is brought to resistors R102, R100, R99 and
R98, forming a voltage dividing string between the -15 volt output
and a +15 volt reference source. The non-inverting input of the
error amplifier is set to 0 volts at potentiometer R100 while the

inverting input accepts a 2.7 volt zener reference. Resistor R95

- provides hysteresis.

Current Regulation: The current regulator of the -15 volt supply

uses a "current mirror'" configuration. It comprises transistors
012 and 013, current sensing resistor R110 and other associated
resistors and diodes. The operation of: this current limiter is
based on the relationship between the current flowing through R110
and R106. The current will limit when the voltage drop across both
resistors becomes equal. When Ql2 conducts, it pulls down the 723

positive input thus reducing the output voltage of the supply.

Overvoltage protection: The -15 volt supply is protected against :{)__ EL,

overvoltage by thyristor Ql4 and the voltage sensing circuit

consisting of zener diode CR31, R10, R113 and C44. Diode CR32

protects the output from possible polarity reversals.

The +12 Volt 7 Ampere Supply: This supply is almost the exact

replica of the + 15 volt unit except for R48 which adjusts

the supply's output voltage.

The -12 Volt Series Regulator: This supply is rated at 1.5 ampere

and is an integrated three-terminal device.

External Synchronizing Oscillator: This oscillator comprises a 555

timer I.C., two transistors and associated resistors and capacitors.
The frequency of operation is established by resistor R21l and
capacitor C51. Transistor Ql6 establishes a current source with
R122 for the threshold detectors of the 555. Transistor Ql7 outputs

the oscillator signal by an emitter-follower configuration.

Power
Transformer
Bridge
Rectifier

&

Filter

AES plus Power Supply Block Diagram
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Power Supply

Parts List
01 01
1 P.C.B. Drilling D6-955-009301 c5,9,17,20,28 10 Capacitor 10uF, 16V. 164-0177
31,38,44,47,49
_ Cl1 1 Capacitor 1luF, 35V. 164-0207
Al,2,3,4 4 IC uA 723DC- Precision Volt Reg 650-0108 C10 1 Capacitor 47uF, 35V. 164-0229
A5 1 IC LM 555CN- I.C., Timer 660-0182 C42 1 Capacitor 100uF, 1leV. 164-0257
02,5,8,12,13,17. 6 Transistor 2N2222A 620-0101 C50,51 ‘ 2 Capacitor .0luF, 100V. 165-0261
Q10,16 2 Transistor 2N2907A 621-0118 C4,14,25,36 4 Capacitor 100pF, 200V. 165-0271
c2,3,7,8,11,13 17 Capacitor 0.luF, 50V. 165-0285
15,16,22,24,26,27
33,35,37,39,46
C43 1 Capacitor 1000pF, 200V. 165-0336
c6,18,19,29,30 7 Capacitor 1luF, 50V. 165-0345
. 40,41
CR6,14,22,32 4 Diode IN5199 600-0104 R1,25,29,38,53 10 Resistor 100 OHMS, 1/4W, 5% 402-0101
CR2,3,4,8,9,11 17 Diode IN4148 601-0100 57,66,81,87,113 ‘
12,16,17,19,20 R3,5,9,11,19,20 22 Resistor 1K OHM, 1/4W, 5% 402-0102
24,25,28-30,35 32,33,34,45,50
60,61,62,73,78
90,92,93,97,98
CR5,21 2 Diode Zener IN4734A, 5.6V 602-0119 108
CR31 1 Diode Zener IN4745, 16 V 602-0121 R30,58,96,103 6 Resistor 10K OHMS, 1/4W, 5% 402-0103
CR13,33 2 Diode Zener IN4743, 13 V 602-0122 105,117
CR34,36,37,27 4 Diode Zener IN5237, 8.2V 602-0129 R2,12,16,35,63 5 Resistor 100K OHMS, 1/4W, 5% 402-0104
CR10,18,26 3 Diode Zener IN5227, 3.6V 602-0130 R4,21,31,59,95 5 Resistor 1M OHMS, 1/4W, 5% 402-0105
~ R99,101 2 Resistor 1.3K OHMS, 1/4W, 5% 402-0132
R85 1 Resistor 150 OHMS, 1/4W, 5% 402-0151
R104 1 Resistor 1.5K OHMS, 1/4W, 5% 402-0152
R42 1 Resistor 150K OHMS, 1/4W, 5% 402-0154
R48,115,122 3 Resistor 1.8K OHMS, 1/4W, 5% 402-0182
‘R17 1 Resistor 20K OHMS, 1/4W, 5% 402-0203




Parts List

01 01
R36,41,64,69,70 5 Resistor 200K OHMS, 1/4W, 5% 402-0204 R8,100,116 3 Potentiometer 500 OHMS 357-0567
R10,123 2 Resistor 2.2K OHMS, 1/4W, 5% 402-0222 R49,77 2  Potentiometer 1K OHMS 357-0568
R13 1 Resistor 22K OHMS, 1/4W, 5% 402-0223 :
R51,79 2 Resistor 2.7K OHMS' 1/4W, 5% 402-0272 R22,46,74,110 4 Wire Resistance A6-937-005701
R76 1 Resistor 3 K OHMS, 1/4W, 5% 402-0302 :
R15,125 2 Resistor 330 OHMS, 1/4W, 5% 402-0331
R39 1 Resistor 390 OHMS, 1/4W, 5% 402-0391
R86 1 Resistor 470 OHMS, 1/4W, 5% 402-0471 8 Fuse Holder Clip 247-0201
R18,43,71,88,91 5 Resistor 4.7K OHMS, 1/4W, 5% 402-0472 F2 1 Fuse 3 AMP 246-0127
R44,72 2 Resistor 47K OHMS, 1/4W, 5% 402-0473 F1,3,4 3 Fuse 5 AMP 246-0140
‘R67 1 Resistor 510 OHMS, 1/4W, 5% 402-0511
R89 1 Resistor 51K OHMS, 1/4W, 5% 402-0513
R124 1 Resistor 6.2K OHMS, 1/4W, 5% 402-0622 J1 1 Connector, Terminal Pin-7 295-0135
R102,109 2 Resistor 6.8K OHMS 1/4W, 5% 402-0682 J2,3 2 Connector, Terminal Pin-4 295-0146
'R7 1l Resistor 750 OHMS, 1/4W, 5% 402-0751 J4,5 2 Connector, Terminal Pin-3 295-0150
R10€ 1 Resistor 75 OHMS, 1/4W, 5% 402-0750 TP1-8 8 Test Point 543-0234
R24,52,80,112 4 Resistor 10 OHMS, 1/2W, 5% 411-0100
R26 1 Resistor 100 OHMS, 1/2W, 5% 411-0101 Al-4 4 Socket DIL 14 Pin 698-0102
R94 1 Resistor 1K OHM, 1/2W, 5% 411-0102 A5 1 Socket DIL 8 Pin 698-0123
"R6 1 Resistor 560 OHMS' 1/2W, 5% 411-0561
R37,65 2 Resistor 1.2K OHMS, 1/2W, 5% 411-0122
R120,126,127 3 Resistor 1.2K OHMS 1w 421-0122
R23,47,75,111 4 Resistor .1 OHM 3W 450-0125
R54,82,114 3 Resistor 240 OHMS 2W 450-0241

Power Supply




SECTION I

ASSEMBLY

This Section describes, with the aid of photographs
and legends, the mechanical configuration of the
AES-PLUS Text Editor. Cabinet panels have been
removed showing the whole assembly; the four main
printed circuit boards are displayed giving full
rendition of their topography.

Assembly
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COMPONENTS

This Chapter contains data sheets of the following integrated circuits:

TIL Mos
7442 INTEL 8080A
74125 MMI 6301
74157 6351
74160 INTEL 2116 RAM
74161 3242
74165 8212
74175 8214
74174 8216
74257 8224
74273 8228
74279 8257
74280 coM2601
74283 NE553
74298

74365

74366

74374

74393

74472

81LS95

F9334

DM8160

Components




THE 8080 MICROPROCESSOR

The 8080 is a complete 8-bit parallel, central processor
unit (CPU) for use in general purpose digital computer sys-
tems. It is fabricated on a single LS! chip (see Figure 3-1).
using Intel’s n-channel silicon gate MOS process. The 8080
transfers data and internal state information via an 8-bit,
bidirectional 3- state Data Bus (Dg-D7). Memory and peri-
pheral device addresses are transmitted over a separate 16-

bit 3-state Address Bus (Ag-A1s). Six timing and control
outputs (SYNC, DBIN, WAIT,WR, HLDA and INTE) eman-
ate from the 8080, while four control inputs (READY,
HOLD, INT and RESET), four power inputs (+12v, +5v,
-5v, and GND) and two clock inputs (¢1 and ¢2) are ac-
cepted by the 8080.

Figure 2-1. 8080 Photomicrograph With Pin Designations
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. ARCHITECTURE OF THE 8080 CPU

The 8080 CPU consists of the following functional
units:

* Register array and address logic
e Arithmetic and logic unit (ALU)
e Instruction register and control section
e Bi-directional, 3-state data bus buffer

Figure 2-2 illustrates the functional blocks within
the 8080 CPU.

Registers:

The register section consists of a static RAM array
organized into six 16-bit registers:

e Program counter (PC)

e Stack pointer (SP)

® Six 8-bit general purpose registers arranged in pairs,
referred to as B,C; D,E; and H,L

® A temporary register pair called W,Z2

The program counter maintains the memory address
of the current program instruction and is incremented auto-

matically during every instruction fetch. The stack pointer
maintains the addressof the next available stack location in
memory. The stack pointer can be‘initialized to use any
portion of read-write memory as a stack. The stack pointer
is decremented when data is “‘pushed’’ onto the stack and
incremented when data is “popped’’ off the stack (i.e., the
stack grows ‘‘downward’’).

The six general purpose registers can be used either as
single registers (8-bit) or’ as register pairs (16-bit). The
temporary register pair, W,Z, is not program addressable
and is only used for the internal execution of instructions.

Eight-bit data bytes can be transferred between the
internal bus and the register array via the register-select
multiplexer. Sixteen-bit transfers can proceed between the
register array and the address latch or the incrementer/
decrementer circuit. The address latch receives data from
any of the three register pairs and drives the 16 address
output buffers (Ap-A1g), as well as the incrementer/
decrementer circuit. The incrementer/decrementer circuit
receives data from the address latch and sends it to
the register array. The 16-bit data can be incremented or
decremented or simply transferred between registers.

Figure 2-2. 8080 CPU Functional Block Diagram
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Arithmetic and Logic Unit (ALU):

The ALU contains the following registers:

e An 8-bit accumulator
e An 8-bit temporary accumulator (ACT)

e A 5-bit flag register: zero, carry, sign, parity and
auxiliary carry

e An 8-bit temporary register (TMP)

Arithmetic, logical and rotate operations are per-
formed in the ALU. The ALU is fed by the temporary
register (TMP) and the temporary accumulator (ACT) and
carry flip-flop. The result of the operation can be trans-
ferred to the internal bus or to the accumulator; the ALU
" also feeds the flag register.

The temporary register (TMP) receives information
from the internal bus and can send all or portions of it to
the ALU, the flag register and the internal bus.

The accumulator (ACC) can be loaded from the ALU
and the internal bus and can transfer data to the temporary
accumulator (ACT) and the internal bus. The contents of
the accumulator (ACC) and the auxiliary carry flip-flop can
be tested for decimal correction during the execution of the

- DAA instruction (see Chapter 4).

" Instruction Register and Control:

During an instruction fetch, the first byte of an in-

struction (containing the OP code) is transferred from the-

internal bus to the 8-bit instruction register.

The contents of the instruction register are, in turn,
available to the instruction decoder. The output of the
decoder, combined with various timing signals, provides
the control signals for the register array, ALU and data
buffer blocks. In addition, the outputs from the instruction
decoder and external control signals feed the timing and
state contro! section which generates the state and cycle
timing signals. )

Data Bus Buffer:

This 8-bit bidirectional 3-state buffer is used to
isolate the CPU’s internal bus from the external data bus
(Do through D7). In the output mode, the internal bus

" content is loaded into an 8-bit latch that, in turn, drives the
data bus output buffers. The output buffers are switched
off during input or non-transfer operations.

During the input mode, data from the external data bus
is transferred to the internal bus. The internal bus is pre-
charged at the beginning of each internal state, except for
the transfer state (T3—described later in this chapter).

THE PROCESSOR CYCLE

An instruction cycle is defined as the time required
to fetch and execute an instruction. During the fetch, a
selected instruction (one, two or three bytes) is extracted
from memory and deposited in the CPU’s instruction regis-
ter. During the execution phase, the instruction is decoded
and translated into specific processing activities.

Every instruction cycle consists of one, two, three,
four or five machine cycles. A machine cycle is required
each time the CPU accesses memory or an |/O port. The
fetch portion of an instruction cycle requires one machine
cycle for each byte to be fetched. The duration of the execu-
tion portion of the instruction cycle depends on the kind
of instruction that has been fetched. Some instructions do
not require any machine cycles other than those necessary

to fetch the instruction; other instructions, however, re- .

quire additional machine cycles to write or read data to/
from memory or 1/O devices. The DAD instruction is an
exception in that it requires two additional machine cycles
to complete an internal register-pair add (see Chapter 4).

Each machine cycle consists of three, four or five
states. A state is the smallest unit of processing activity and
is defined as the interval between two successive positive-
going transitions of the ¢1 driven clock pulse. The 8080
isdriven by a two-phase clock oscillator. All processing activ-
ities are referred to the period of this clock. The two non-
overlapping clock pulses, labeled ¢1 and ¢2, are furnished
by external circuitry. It is the ¢1 clock pulse which divides
each machine cycle into states. Timing logic within the
8080 uses the clock inputs to produce a SYNC pulse,
which identifies the beginning of every machine cycle. The
SYNC pulse is triggered by the low-to-high transition of ¢2,
as shown in Figure 2-3.

FIRST STATE OF
*EVERY MACHINE
CYCLE

o L /
w | /NS
SYNC ____/—_\_____

*SYNC DOES NOT OCCUR IN THE SECOND AND THIRD MACHINE
CYCLES OF A DAD INSTRUCTION SINCE THESE MACHINE CYCLES
ARE USED FOR AN INTERNAL REGISTER-PAIR ADD.

Figure 2-3.¢1, 2 And SYNC Timing

There are three exceptions to the defined duration of
a state. They are the WAIT state, the hold (HLDA) state
and the halt (HLTA) state, described later in this chapter.
Because the WAIT, the HLDA, and the HLTA states depend
upon external events, they are by their nature of indeter-
minate length. Even these exceptional states, however, must

be synchronized with the pulses of the driving clock. Thus,
the duration of all states are integral multiples of the clock
period.

To summarize then, each clock period marks a state;
three to five states constitute a machine cycle; and one to
five machine cycles comprise an instruction cycle. A full
instruction cycle requires anywhere from four to eight-

teen states for its completion, depending on the kind of in-

struction involved.

Machine Cycle Identification:

With the exception of the DAD instruction, there is
just one consideration that determines how many machine
cycles are required in any given instruction cycle: the num-
ber of times that the processor must reference a memory
address or an addressable peripheral device, in order to
fetch and execute the instruction. Like many processors,
the 8080 is so constructed that it can transmit only one
address per machine cycle. Thus, if the fetch and execution
of an instruction requires two memory references, then the
instruction cycle associated with that instruction consists of

-two machine cycles. If five such references are called for,
then the instruction cycle contains five machine cycles.

Every instruction cycle has at least one reference to
memory, during which the instruction is fetched. An in-
struction cycle must always have a fetch, even if the execu-
tion of the instruction requires no further references to
memory. The first machine cycle in every instruction cycle
is therefore a FETCH. Beyond that, there are no fast rules.
It depends on the kind of instruction that is fetched.

Consider some examples. The add-register (ADD r)
instruction is an instruction that requires only a single

“ machine cycle (FETCH) for its completion. In this one-byte

instruction, the contents of one of the CPU’s six general
purpose registers is added to the existing contents of the
accumulator. Since all the information necessary to execute
the command is contained in the eight bits of the instruction
code, only one memory reference is necessary. Three states
are used to extract the instruction from memory, and one
additional state is used to accomplish the desired addition.
The entire instruction cycle thus requires only one machine
cycle that consists of four states, or four periods of the ex-
ternal clock.

Suppose now, however, that we wish to add the con-
tents of a specific memory location to the existing contents
of the accumulator (ADD M). Although this is quite similar
in principle to the example just cited, several additional

steps will be used. An extra machine cycle will be used, in "~
order to address the desired memory location.

The actual sequence is as follows. First the processor
extracts from memory the one-byte instruction word ad-
dressed by its program counter. This takes three states.
The eight-bit instruction word obtained during the FETCH

- machine cycle is deposited in the CPU’s instruction register

and used to direct activities during the remainder of the
instruction cycle. Next, the processor sends out, as an address,

the contents of its H and L registers. The eight-bit data
word returned during this MEMORY READ machine cycle
is placed in a temporary register inside the 8080 CPU. By
now three more clock periods (states) have elapsed. In the
seventh and final state, the contents of the temporary regis-
ter are added to those of the accumulator. Two machine
cycles, consisting of seven states in all, complete the
“ADD M" instruction cycle,

At the opposite extreme is the save H and L registers
(SHLD) instruction, which requires five machine cycles.
During an “SHLD’ instruction cycle, the contents of the
processor’s H and L registers are deposited in two sequen-
tially adjacent memory locations; the destination is indi-
cated by two address bytes which are stored in the two
memory locations immediately following the operation code
byte. The following sequence of events occurs:

(1) A FETCH machine cycle, consisting of four
states. During the first three states of this
machine cycle, the processor fetches the instruc-
tion indicated by its program counter. The pro-
gram counter is then incremented. The fourth
state is used for internal instruction decoding.

(2) A MEMORY READ machine cycle, consisting
of three states. During this machine cycle, the
byte indicated by the program counter is read
from memory and placed in the processor’s
Z register. The program counter is incremented
again.

(3)  Another MEMORY READ machine cycle, con-
sisting of three states, in which the byte indica-
ted by the processor’s program counter is read
from memory and placed in the W register. The
program counter is incremented, in anticipation
of the next instruction fetch.

(4) A MEMORY WRITE machine cycle, of three
states, in which the contents of the L register
are transferred to the memory location pointed
to by the present contents of the W and Z regis-
ters. The state following the transfer is used to
increment the W,Z register pair so that it indi-
cates the next memory location to receive data.

(6) A MEMORY WRITE machine cycle, of three
states, in which the contents of the H register
are transferred to the new memory location
pointed to by the W, Z register pair.

In summary, the “SHLD" instruction cycle contains
five machine cycles and takes 16 states to execute.

Most instructions fall somewhere between the ex-
tremes typified by the “ADD r” and the “SHLD" instruc-
tions. The input (INP) and the output (OUT) instructions,
for example, require three machine cycles: a FETCH, to
obtain the instruction; a MEMORY READ, to obtain the
address of the object peripheral; and an INPUT or an QUT-
PUT machine cycle, to complete the transfer.




While no one instruction cycle will consist of more
then five machine cycles, the following ten different types
of machine cycles may occur within an instruction cycle:

(1) FETCH (M1)

(2 MEMORY READ
(3} MEMORY WRITE
(4) STACK READ
(6) STACKWRITE

(6) INPUT

(7}  OUTPUT

(8) INTERRUPT
(9) HALT

(10) HALT e INTERRUPT

The machine cycles that actually do occur in a par-
ticular instruction cycle depend upon the kind of instruc-
tion, with the overriding stipulation that the first machine
cycle in any instruction cycle is always a FETCH.

The processor identifies the machine cycle in prog-
ress by transmitting an eight-bit status word during the first
state of every machine cycle. Updated status information is
presented on the 8080’s data lines (DQ-D7), during the
SYNC interval. This data should be saved in latches, and
used to develop control signals for external circuitry. Table
2-1 shows how the positive-true status information is dis-
tributed on the processor’s data bus.

Status signals are provided principally for the control
of external circuitry. Simplicity of interface, rather than
machine cycle identification, dictates the logical definition
of individual status bits. You will therefore observe that
certain processor machine cycles are uniquely identified by
a single status bit, but that others are not. The My status
bit (Dg), for example, unambiguously identifies a FETCH
machine cycle. A STACK READ, on the other hand, is
indicated by the coincidence of STACK and MEMR sig-
nals. Machine cycle identification data is also valuable in
the test and de-bugging phases of system development.
Table 2-1 lists the status bit outputs for each type of
machine cycle.

State Transition Sequence:

Every machine cycle within an instruction cycle con-
sists of three to five active states (referred toas T1, T2, T3,
T4, Ty or Tyw). The actual number of states depends upon
the instruction being executed, and on the particular ma-
chine cycle within the greater instruction cycle. The state
transition diagram in Figure 2-4 shows how the 8080 pro-
ceeds from state to state in the course of a machine cycle.
The diagram also shows how the READY, HOLD, and
INTERRUPT lines are sampled during the machine cycle,
and how the conditions on these lines may modify the

basic transition sequence. In the present discussion, we are
concerned only with the basic sequence and with the
READY function. The HOLD and INTERRUPT functions
will be discussed later.

The 8080 CPU does not directly indicate its internal
state by transmitting a ‘’state control” output during
each state; instead, the 8080 supplies direct control output
(INTE, HLDA, DBIN, WR and WAIT) for use by external
circuitry. ’

Recall that the 8080 passes through at least three
states in every machine cycle, with each state defined by
successive low-to-high transitions of the ¢1 clock. Figure
2-5 shows the timing relationships in a typical FETCH
machine cycle. Events that occur in each state are referenced
to transitions of the ¢1 and ¢2 clock pulses.

The SYNC signal identifies the first state (T1) in
every machine cycle. As shown in Figure 2-5, the SYNC
signal is related to the leading edge of the ¢2 clock. There is
a delay (tpc) between the low-to-high transition of ¢2 and
the positive-going edge of the SYNC pulse. There also is a
corresponding delay (also tpc) between the next ¢2 pulse
and the falling edge of the SYNC signal. Status information

is displayed on DQ-D7 during the same ¢2 to ¢2 interval.
Switching of the status signals is likewise controlled by ¢2.

The rising edge of ¢2 during T1 also loads the pro-
cessor’s address lines (AQ-A15). These lines become stable
within a brief delay (tpa) of the ¢2 clocking pulse, and
they remain stable until the first ¢2 pulse after state T3.
This gives the processor ample time to read the data re-
turned from memory.

Once the processor has sent an address to memory,
there is an opportunity for the memory to request a WAIT.
This it does by pulling the processor's READY line low,
prior to the ‘“Ready set-up’” interval (trg) which occurs
during the ¢2 pulse within state T2 or Tyy. As long as the
READY line remains low, the processor will idle, giving the
memory time to respond to the addressed data request.
Refer to Figure 2-5.

The processor responds to a wait request by entering
an alternative state (Tyy) at the end of T2, rather than pro-
ceeding directly to the T3 state. Entry into the Tyy state is
indicated by a WAIT signal from the processor, acknowledg-
ing the memory’s request. A low-to-high transition on the
WAIT line is triggered by the rising edge of the ¢1 clock and
occurs within a brief delay (tDC) of the actual entry into
the Tyy state.

A wait period may be of indefinite duration. The pro-
cessor remains in the waiting condition until its READY line
again goes high, A READY indication must precede the fall-
ing edge of the ¢2 clock by a specified interval (tgg), in
order to guarantee an exit from the TW state. The cycle
may then proceed, beginning with the rising edge of the
next ¢1 clock. A WAIT interval will therefore consist of an
integral number of Ty states and will always be a multiple
of the clock period.

Instructions for the 8080 require from one to five machine
cycles for complete execution. The 8080 sends out 8 bit of
status information on the data bus at the beginning of each
machine cycle (during SYNC time). The following table defines
the status information.

STATUS INFORMATION DEFINITION

Data Bus
Symbols Bit Definition
INTA® Do Acknowledge signal for INTERRUPT re-

quest. Signal should be used to gate are-
start instruction onto the data bus when
DBIN is active.

Indicates that the operation in the current
machine cycle will be a WRITE memory
or OUTPUT function (WO = 0).Otherwise,
a READ memory or INPUT operation will
be executed.

Indicates that the address bus holds the
pushdown stack address from the Stack
Pointer.

Acknowledge signal for HALT instruction.
Indicates that the address bus contains the
address of an output device and the data
bus will contain the output data when
WR is active.

Provides a signal to indicate that the CPU
is in the fetch cycle for the first byte of
an instruction.

Indicates that the address bus contains the
address of an input device and the input
data should be placed on the data bus
when DBIN is active.

Designates that the data bus will be used
for memory read data.

WO D,

STACK D,

HLTA Dj
ouT D4

M, Dg

INP* De

MEMR* D,

*These three status bits can be used to control
the flow of data onto the 8080 data bus.
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Table 2-1. 8080 Status Bit Definitions
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The events that take place during the T3 state are
determined by the kind of machine cycle in progress. In a
FETCH machine cycle, the processor interprets the data on
its data bus as an instruction. Duringa MEMORY READ or
a STACK READ, data on this bus is interpreted as a data
word. The processor outputs data on this bus during a
MEMORY WRITE machine cycle. During I/O operations,
the processor may either transmit or receive data, de-
pending on whether an QUTPUT or an INPUT operation
is involved.

Figure 2-6 illustrates the timing that is characteristic
of a data input operation. As shown, the low-to-high transi-
tion of ¢ during T7 clears status information from the pro-
cessor’s data lines, preparing these lines for the receipt of
incoming data. The data presented to the processor must
have stabilized prior to both the “¢1—data set-up” interval
(tpg1), that precedes the falling edge of the ¢4 pulse defin-
ing state T3, and the “‘¢p—data set-up’ interval (tpgo),
that precedes the rising edge of ¢2 in state T3. This same

data must remain stable during the “data hold” interval
(tpH) that occurs following the rising edge of the ¢2 pulse.
Data placed on these lines by memory or by other external
devices will be sampled during T3.

During the input of data to the processor, the 8080
generates a DBIN signal which should be used externally to
enable the transfer. Machine cycles in which DBIN is avail-
able include: FETCH, MEMORY READ, STACK READ,
and INTERRUPT. DBIN is initiated by the rising edge of ¢
during state T2 and terminated by the corresponding edge of
¢2 during T3. Any Ty phases intervening between T2 and
T3 will therefore extend DBIN by one or more clock
periods.

Figure 2-7 shows the timing of a machine cycle in
which the processor outputs data. Output data may be des-
tined either for memory or for peripherals. The rising edge
of ¢2 within state T2 clears status information from the
CPU’s data lines, and loads in the data which is to be output
to external devices. This substitution takes place within the
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Figure 2-5. Basic 8080 Instruction Cycle
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Figure 2-6. Input Instruction Cycle
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Figure 2-7. Output Instruction Cycle

“data output delay” interval (tpp) following the ¢, clock’s
leading edge. Data on the bus remains stable throughout
the remainder of the machine cycle, until replaced by up-
dated status information in the subsequent T state. Observe
that a READY signal is necessary for completion of an
OUTPUT machine cycle. Unless such an indication is pres-
ent, the processor enters the Tyy state, following the T2
state. Data on the output lines remains stable in the
interim, and the processing cycle will not proceed until
the READY line again goes high.

The 8080 CPU generates a WR output for the syn-
chronization of external transfers, during those machine
cycles in which the processor outputs data. These include
MEMORY WRITE, STACK WRITE, and OUTPUT. The
negative-going leading edge of WR is referenced to the rising
edge of the first ¢q clock pulse following T2, and occurs
within a brief delay (tpc) of that event. WR remains low
until re-triggered by the leading edge of ¢4 during the
state following T3. Note that any Ty states intervening
between To and T3 of the output machine cycle will neces-

sarily extend WR, in much the same way that DBIN is af-
fected during data input operations.

All processor machine cycles consist of at least three
states: T4, T2, and T3 as just described. If the processor has
to wait for a response from the peripheral or memory with
which it is communicating, then the machine cycle may
also contain one or more Ty states. During the three basic
states, data is transferred to or from the processor.

After the T3 state, however, it becomes difficult to
generalize. T4 and Tg states are available, if the execution
of a particular instruction requires them. But not all machine
cycles make use of these states. It depends upon the kind of
instruction being executed, and on the particular machine
cycle within the instruction cycle. The processor will termi-
nate any machine cycle as soon as its processing activities
are completed, rather than proceeding through the T4 and
T states every time. Thus the 8080 may exit a machine
cycle following the T3, the T4, or the Tg state and pro-
ceed directly to the T4 state of the next machine cycle.

STATE

ASSOCIATED ACTIVITIES

T

A memory address or |/O device number is
placed on the Address Bus (A15.0); status
information is placed on Data Bus (D7.g).

T2

The CPU samples the READY and HOLD in-
puts and checks for halt instruction.

T™W
(optional)

Processor enters wait state if READY is low
or if HALT instruction has been executed.

T3

An instruction byte (FETCH machine cycle),
data byte (MEMORY READ, STACK READ)
or interrupt instruction (INTERRURT machine
cycle) is input to the CPU from the Data Bus;
or a data byte (MEMORY WRITE, STACK
WRITE or OUTPUT machine cycle) is output
onto the data bus.

T4
T5
(optional)

States T4 and Tg are available if the execu-
tion of a particular instruction requires them;
if not, the CPU may skip one or both of
them. T4 and Tg are only used for internal
processor operations.

Table 2-2. State Definitions




INTERRUPT SEQUENCES

The 8080 has the built-in capacity to handle external
interrupt requests. A peripheral device can initiate an inter-
rupt simply by driving the processor’s interrupt (INT) line
high.

The interrupt (INT) input is asynchronous, and a
request may therefore originate at any time during any
instruction cycle. Internal logic re-clocks the external re-
quest, so that a proper correspondence with the driving
clock is established. As Figure 2-8 shows, an interrupt
request (INT) arriving during the time that the interrupt
enable line (INTE) is high, acts in coincidence with the ¢2
clock to set the internal interrupt latch. This event takes
place during the last state of the instruction cycle in which
the request occurs, thus ensuring that any instruction in
progress is completed before the interrupt can be processed.

The INTERRUPT machine cycle which follows the
arrival of an enabled interrupt request resembles an ordinary
FETCH machine cycle in most respects. The M1 status bit
is transmitted as usual during the SYNC interval. It is
accompanied, however, by an INTA status bit (Dg) which
acknowledges the external request. The contents of the
program counter are latched onto the CPU’s address lines
during T1, but the counter itself is not incremented during
the INTERRUPT machine cycle, as it otherwise would be.

In this way, the pre-interrupt status of the program counter
is preserved, so that data in the counter may be restored by
the interrupted program after the interrupt request has been
processed.

The interrupt cycle is otherwise indistinguishable from
an ordinary FETCH machine cycle. The processor itself
takes no further special action. It is the responsibility of the
peripheral logic to see that an eight-bit interrupt instruction
is “jammed’’ onto the processor’s data bus during state T3.
In a typical system, this means that the data-in bus from
memory must be temporarily disconnected from the pro-
cessor’s main data bus, so that the interrupting device can
command the main bus without interference.

The 8080's instruction set provides a special one-byte
call which facilitates the processing of interrupts (the ordi-
nary program Call takes three bytes). This is the RESTART
instruction (RST). A variable three-bit field embedded in
the eight-bit field of the RST enables the interrupting device
to direct a Call to one of eight fixed memory locations. The
decimal addresses of these dedicated locations are: 0, 8, 16,
24, 32, 40, 48, and 56. Any of these addresses may be used
to store the first instruction(s) of a routine designed to
service the requirements of an interrupting device. Since
the (RST) is a call, completion of the instruction also
stores the old program counter contents on the STACK.
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Figure 2-8. Interrupt Timing
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Figure 2-9. HOLD Operation (Read Mode)
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'HOLD SEQUENCES

The 8080A CPU contains provisions for Direct Mem-
ory Access (DMA) operations. By applying a HOLD to the
appropriate control pin on the processor, an external device
can cause the CPU to suspend its normal operations and re-
linquish control of the address and data busses. The proces-
sor responds to a request of this kind by floating its address
to other devices sharing the busses. At the same time, the
processor acknowledges the HOLD by placing a high on its
HLDA outpin pin. During an acknowledged HOLD, the
address and data busses are under control of the peripheral
which originated the request, enabling it to conduct mem-
ory transfers without processor intervention.

Like the interrupt, the HOLD input is synchronized
internally. A HOLD signal must be stable prior to the “"Hold
set-up’’ interval (tng), that precedes the rising edge of ¢5.

Figures 2-9 and 2-10 illustrate the timing involved in
HOLD operations. Note the delay between the asynchronous
HOLD REQUEST and the re-clocked HOLD. As shown in
the diagram, a coincidence of the READY, the HOLD, and
the ¢ clocks sets the internal hold latch. Setting the latch
enables the subsequent rising edge of the ¢1 clock pulse to
trigger the HLDA output.

Acknowledgement of the HOLD REQUEST precedes
slightly the actual floating of the processor’s address and
data lines. The processor acknowledges a HOLD at the begin-
ning of T3, if a read or an input machine cycle is in progress
(see Figure 2-9). Otherwise, acknowledgement is deferred
until the beginning of the state following T3 (see Figure
2-10). In both cases, however, the HLDA goes high within
a specified delay (tpc) of the rising edge of the selected @1
clock pulse. Address and data lines are floated within a
brief delay after the rising edge of the next ¢ clock pulse.
This relationship is also shown in the diagrams.

To all outward appearances, the processor has suspend-
ed its operations once the address and data busses are floated.
Internally, however, certain functions may continue. If a
HOLD REQUEST is acknowledged at T3, and if the pro-
cessor is in the middle of a machine cycle which requires
four or more states to complete, the CPU proceeds through
T4 and Tg before coming to a rest. Not until the end of the
machine cycle is reached will processing activities cease.
Internal processing is thus permitted to overlap the external
DMA transfer, improving both the efficiency and the speed
of the entire system.

The processor exits the holding state through a
sequence similar to that by which it entered. A HOLD
REQUEST is terminated asynchronously when the external
device has completed its data transfer. The HLDA output

returns to a low level following the leading edge of the next
¢1 clock pulse. Normal processing resumes with the ma-
chine cycle following the last cycle that was executed.

HALT SEQUENCES

When a halt instruction (HLT) is executed, the CPU
enters the halt state (Tyyy) after state T2 of the next ma-
chine cycle, as shown in Figure 2-11. There are only three
ways in which the 8080 can exit the halt state:

e A high on the RESET line will always reset the
8080 to state Tq; RESET also clears the program
counter.

e A HOLD input will cause the 8080 to enter the
hold state, as previously described. When the
HOLD line goes low, the 8080 re-enters the halt
state on the rising edge of the next ¢1 clock
pulse. .

e An interrupt (i.e., INT goes high while INTE is
enabled) will cause the 8080 to exit the Halt state
and enter state Tq on the rising edge of the next
@1 clock pulse. NOTE: The interrupt enable (INTE)
flag must be set when the halt state is entered;
otherwise, the 8080 will only be able to exit via a
RESET signal.

Figure 2-12 illustrates halt sequencing in flow chart
form. .

START-UP OF THE 8080 CPU

When power is applied initially to the 8080, the pro-
cessor begins operating immediately. The contents of its
program counter, stack pointer, and the other working regis-
ters are naturally subject to random factors and cannot be
specified. For this reason, it will be necessary to begin the
power-up sequence with RESET.

An external RESET signal of three clock period dura-
tion (minimum) restores the processor’s internal program
counter to zero. Program execution thus begins with mem-
ory location zero, following a RESET. Systems which re-
quire the processor to wait for an explicit start-up signal
will store a halt instruction (El, HLT) in the first two loca-
tions. A manual or an automatic INTERRUPT will be used
for starting. In other systems, the processor may begin ex-
ecuting its stored program immediately. Note, however, that
the RESET has no effect on status flags, or on any of the
processor’s working registers (accumulator, registers, or
stack pointer). The contents of these registers remain inde-
terminate, until initialized explicitly by the program.
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Figure 2-11. HALT Timing
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Figure 2-12. HALT Sequence Flow Chart.

!

HOLD STATE




Ta Tn+1 Tn+2

Tt [ Tasl-n

Tn+i T T2

RESET

INTERNAL

M
) Y

—%-——_—.

e
| FLOATING

g Y N

(1)

RESET

SYNC

WA

STATUS
INFORMATION

(NWHEN RESET SIGNAL IS ACTIVE, ALL OF CONTROL OUTPUT SIGNALS WILL BE RESET IMMEDIATELY OR SOME
CLOCK PERIODS LATER. THE RESET SIGNAL MUST BE ACTIVE FOR A MINIMUM OF THREE CLOCK CYCLES. IN

Xe

THE ABOVE MAGR?M N AND | MAY BE ANY |NTEGERI4
f !

1 — i
NOTE: (R)  Aeter 1o Status Word Crurt on Page 26,
" Figure 2-13. Reset.
My
Twn TwH Twn Twn TwH Twh T T2 T
LN Tﬂ_ﬂ_JT_ﬂJiﬂmq\
e I I I e B e P -
Ao J :: LOATING | _‘ 1/ | FLOATING
RSR[5 S J
Do 4 \L RsT_ 4
SYNC / \
DBIN / \
HOLD
HOLD F/F -~
{INTERNAL) /
HLDA
INTE \
INT S INHIBIT INHIBIT
INT N?LD
INT F/F
(INTERNAL)
STATUS
INFORMATION ®

NOTE: @ Reter to Status Word Chart on Page 26,

Figure 2-14. Relation between HOLD and INT in the HALT State.

MNEMONIC OP CODE mif1] M2
D7DgDs5D4 | D3D2D9Dg T 7202 T3 T4 5
MOV r1,r2 01 DD [ DS S S | PCOUT | PC=PC+l |INST-TMP/IR | (SSS)-TMP (TMP)-DDD
STATUS
MOV r, M 0o1DD |D110 x[3) HL OUT DATA—»-DDD
STATUSIB!
MOV M, r 0111 [0sSsS (sSS)-TMP HL OUT
STATUS!7] (TMP)—
SPHL 1111 {1001 (HU) ’
MV r, data oo0oDD D110 X PCOUT
STATUSIE)
MVI M, data 0011 {0110 X B2—{»-TMP
LXI rp, data OO0RP (0001 X PC=PC+1 B2 —»r1
LDA addr 0011 1010 X PC=PC+1 B2—»-Z
STA addr 0011 /0010 X PC=PC+1 B2—{»2Z
LHLD addr 0010 (1010 X PC=PC+1 B2—{»-Z
SHLD addr o010 [0010 X PC OUT PC=PC+1 82—{»-Z
STATUS!6]
LDAX rpl4l OORP [1010 X rp OUT DATA—{»-A
STATUSIE!
STAX rpl4 0O0RP |0O010 X rp OUT
STATUSI?!
XCHG 1110|1011 (HL)+— (DE)
ADDr 1000 |0osss (SSS)-TMP
(A)+ACT
ADD M 1000 {0110 (Al-ACT ! HL OUT
STATUSIE
ADI data 1100 |01 10 (A)+ACT PC OUT PC=PC+1 82 —{»TMP
STATUSIE!
ADCr 1000 |1S8SS (SSS)-TMP © (ACT)+(TMP)+CY—A .
(A)>ACT .
ADCM 1000 (1110 (A)>ACT HL OUT DATA—{»-TMP
STATUSIE!
ACI dota 1100 (1110 (A}>ACT PCOUT _ | PC=PC+1 B2
: STATUSIE!
SUBr 1001 |0SSS (SSS)->TMP 19 (ACT)-(TMP)~A
(A)-ACT
SUBM 1001|0110 (A)~ACT HL OUT DATA
STATUSI6]
SUI data 1101|0110 (A)+ACT PC OUT PC=PC+1 82
STATUSIS!
SBB' 1001 |18ss (SSS)-TMP [E] (ACT)~(TMP)-CY~A
(A)~ACT
S8B M 1001|1110 (A)ACT HL OUT DATA
STATUSI6)
SBI data 1101 {1110 (Al~ACT PCOUT PC=PC+1 82
STATUs!6]
INR ¢ 00DD|D10O (DDDITMP e
(TMP) + 1=ALU
INR M 0011|0100 x
DCR ¢ 00DD | D101 (DDD~TMP
(TMP)+1-ALU
DCR M 0011|0101 x
INX rp OO0RP | 0011 RPY+1____ |
DCX rp 00RP | 1011 (RP) -1
DAD rpl(8 CO0ORP| 1001 X
DAA o010 | 0111 DAA—A, FLAGSI10} S
ANA ¢ 1010[0s8SS (SSSITMP (ACT)+(TMP}+A
- {A-aCT
ANAM 1010 | 01 10 | PCOUT | PC=PC+1| INST-TMPAR | (AleACT HLOUT DATA
STATUS STATUSIS!




M3

T

7212

(9l

(ACT)+(TMP)—A

o
E

(ACT)+(TMP)—A

(ACT)+{TMP)—~A

X

%

i 2 5
(ACT)+(TMP}>A

(ACT)+(TMP)-A

e

(ACT)-(TMP); FLAGS

(ACT)-(TMP); FLAGS

5 e b
PC=PC+1 B3 —»W

WZ OUT
sTAaTus(18

(A) —»DATA BUS

PCOUT
STATUSI6!
PCOUT . | PC=PC+1 B3 —{mW
STATUSIS! 5% s : .
PC OUT PC=PC+1 B3 —f»W s OUT (PCH) I»DATA BUS | SPOUT (PCL)—- DATA BUS |
STATUS(6] STATUS(16] | sp=ipP-1 STATUSI6]
PC OUT PC=PC+1 B3 —{»-wI13] SP OUT (PCH) -DATABUS | SPOUT (PCL)—4- DATA BUS
STATUSIE) STATUSI16) | sp=sP-1 STATUsI16)
P ouT SP=SP+1 DATA—|mwW ke O St g
STATUs(1S)
SP OUT SP=SP+1 DATA—{mW
STATUS[15]
SPOUT (TMP = 0ONNNQOO) —je-Z
STATUs(6] (PCL)—{»-LATA BUS .
SPOUT (rl) —»-DATA BUS
STATUS(16]
SP OUT FLAGS —#»DATA BUS
sTATUs(8l
SPOUT SP=SP+1 DATA—lerh
STATUSI15!
SP OUT SP=SP+1 DATA- A 2
STATUS(15] . N g |
sPout DATA—{»-W sPOUT (H) DATABUS | SPOUT w DATA BUS
STATUS(1S) STATUSI6) STATUs6)
W2z OuT, DATA —{»A 3 Saahae
STATUS[8] & ey

AN

=

T

wa)

HL

" wzout, (W2) +1-PC
& sTaTusi
WZ OUT (W2) +1-PC
STATUS[1112}
W2 oUT (W2) + 1> PC
sTATUS(11)
WZ OUT, (W2) +1-PC
STATUsIN12
WZ ouT (W2) +1-PC
sTATus(1
Wz out W2) +1PC
STATUSI1.12)
WZ OUT, (W2) +1-PC
sTaTus(!]

NOTES:

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

2. If the READY input from memory is not high during
T2 of each memory cycle, the processor will enter a wait
state (TW) until READY is sampled as high.

3. States T4 and T5 are present, as required, for opera-
tions which are completely internal to the CPU. The con-
tents 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. Only register pairs rp = B (registers Band 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.

8. 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 gene-
rated 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 in-_
structions 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. E

10. If the value of the least significant 4-bits of the accumu-
lator is greater than 9 or if the auxiliary carry bit is set, 6

is added to the accumulator. If the value of the most signifi-
cant 4-bits of the accumulator is now greater than 9, or if
the carry bit is 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 contents of the register
pair WZ are output on the address lines (Ag.y5) 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 immediately to
the instruction fetch (M1) of the next instruction cycle.

14. If the condition was not met, sub-cycles M2 and M3
are skipped; the processor instead proceeds immediately to
the instruction fetch (M1) of the next instruction cycle.

15. Stack read sub-cycle.
16. Stack write sub-cycle.

17. CONDITION CcC
NZ — not zero (Z=0) 000

Z — zero(Z=1) 001

NC — no carry (CY =0) 010

C — carry (CY=1) 011

PO — parity odd (P =0) 100

PE — parity even (P =1) 101

P — plus (S=0) 110

M — minus (S=1) 11

18. 1/0 sub-cycle: the /O port’s 8-bit select code is dupli-
cated on address lines 0-7 (Ag.7) and 815 (Ag_15).

19. Output 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 re-
quest is accepted, the CPU enters the hold mode; after the
hold mode is terminated, the processor returns to the halt
state. After a reset is accepted, the processor begins execu-
tion at memory location zero. After an interrupt is accepted,
the processor executes the instruction forced onto the data
bus {usually a restart instruction).

S$SS or DDD Value rp Value
A 111 B 00
B 000 D 01
C 001 H 10
D 010 SP 1
E 011
H 100
L 101




M3 M4 M5 MNEMONIC OP CODE i1 M2
D7 DgDgDg | D3D2DqDg T 12i2 T3 T4 6 T 122 T3
AN dsta 1110 01 10 | PCOUT | PC=PC+1|INST-TMP/IR | (Al-ACT PCOUT PC=PC+1 B2l TMP
STATUS sTATUSIE |
XRA r 1010[188Ss (Al»ACT ) (ACT)+(TPM)>A
. (sSS)~TMP
XRA M 1010] 1110 (A)>ACT HL OUT DATA
STATUSE]
XRI data 1t10[ 1110 ] (A)ACT £COUT PC=PC+1 B2 —{eTMP
STATUS!E!
ORAr 1101 08ss (A)>ACT [&)] (ACT)HTMP)-A
(sSS)-TMP
HLouT (TMP) —»- DATA BUS ORA M 1011|0110 (A)>ACT HL OUT DATA _wTMP
STATUS!! . STATUS(6!
PCOUT PC=PC+1 B3—{»-rh - -
sl ORI data 1111|0110 (A)>ACT ;'(l:'ETUJsl @ | PC-FCH 821> TMP
PC=PC+1 B3 —feW WZ OUT, "
PRSI cMPr 1011 188s :gs);)igrw G (ACT)-(TMP), FLAGS
PC=PC+1 B3—{e-W Wz ouT (A) + DATA BUS ]
AT AN | cMP M 10111110 (A)>ACT HLouT DATA —{e-TMP
PC=PC+1 B3—{eW WZ OUT, DATA L Wz ouT DATA- .
AT il ARSI CPI dsta 11111110 (Al-ACT PS'?AO'PLLl g | FETFCH
PC=PC+1 MDATABUS | WZOUT | (HI—=DATA BUS ALe 2000 01 11 (AIALU ) ALUSA.CY
S ‘ ROTATE
RRC 0000 | 1t 111 (Al>ALU o] ALU-A, CY
ROTATE
RAL 6001 | 0111 (A), CY-ALU 191 ALU-A, CY
ROTATE
RAR 0001t | 1111 (A}, CY=ALU [C] ALU~A, CY
ROTATE
CMA 6010|1111 (Al+A
(ACT)+(TMP)~A cMc 0011|1111 ev-cy
(ACTIH{TMP)A sTC 00110111 ' 1-CY
JIMP addr 1100|0011 | X PCOUT PC=PC+1 B2—mZ
: STATUSI6]
(ACTIHTMPJ+CY—A Jeondadarl'l | 1 1 cCc | co 10 JUDGE CONDITION PC OUT PC=PC+1 82 —{»2
. STATUSIE!
(ACT)HTMP)+CY~A CALL gddr 1100|1101 SP=SP-1 PC OUT PC=PC+1 B2—{»2z
- STATUSI6!
Ccondaddrl) | 1 1 cCc | €100 JUDGE CONDITION PC OUT PC=PC+1 ' B2—{»2Z
IF TRUE,SP=5§P- 1 STATUSIE!
(ACT)-(TMP}-A RET 1100|1001 x sPoOUT SP=SP+1 DATA—»Z
y STATUSI5!
(ACT)-(TMP}-A Rcondaddr7l | 1 1 cc | coo o INST-TMP/IR JUDGE CONDITION(14] SP OUT SP=SP+1  DATA—{»2Z
- sTATUSIS)
RST n 1TINN| NT T oW SP=SP-1 SPOUT SP=SP-1  (PCH)—{»DATA BUS
INST-TMP/IR STATUs[16]
(ACT)-(TMP)-CY~A PCHL 1110|1001 INST-TMP/IR | (ML) #vc
(ACTI-(TMP}-CY—A PUSH rp 1T1RP| 01024 SP=5P-1 SP OUT SP=sP-1 {rh)—]»-DATA BUS
STATUS[16]
PUSH PSW 11110100 ) SP=SP-1 SP OUT SP=SP-1 (A)—{=DATA BUS
STATUSI16]
POP rp 11RP | 0001 x SP OUT SP=SP+1 DATA—ferl
STATUSI15]
S POP PSW 1111 ][0001 X SP OUT SP=SP+1 DATA—{»FLAGS
= = STATUSI15]
PRI S - 7
IN port 11011011 X PC OUT PC=PC+1 B2—{»Z, W
STATUSI6]
our 11010011 X PC OUT PC=PC+1 B2—{eZ, W
port STATUSISl | - N
€ RN EERE SET INTE F/F c
ol 1111] 06011 RESET INTE F/F
HLT o111l o0110 x PC OUT HALT MODE(®!
STATUS
(ACTIHTMPI-A NOP 000 0| 0000 | PCOUT | PC=PC+1|INST+TMP/IR x .
STATUS =




5300-1/6300-1
5301-1/6301-1

1024-Bit Bipolar (256 x 4)

Programmable
Read Only Memory

PRODUCT FEATURES
¢ |.~120mA max.
¢ T,,-60 ns max.

* Very high programmability—

typically 9
program to completion

¢ Field programmable with
programming procedure

% of all units will

simple

¢ Fast programming time—average

of 1 ms/bit
e Pin compatible with lowe

r cost

H5200/H6200 and H5201/6201

ROMs.
oL [ THREET  OPEnN |
MILITARY | COMMERCIAL | ¢YATE | coLLecTonl
63001 x x
3011 x x
53001 X X ]
53011 X . X

BLOCK DIAGRAM

= MOST SIGNIFICANT ADDRESS 81T

% 0—

surrens
ano

132
otcone

axamr
MEMORY ARRAY

—
Vet ' MOST SIGNIKICANT
ono -8

PIN CONFIGURATION

ADDRESS  Ag
ADDRESS  Ag
ADDRESS A,
ADDRESS Ay
ADDRES,  Ag
ADDRESS A,
ADDRESS A,

GROUND  GNO

Voo SUPPLY VOUTAGE
A, ADORESS
A

€, ENABLE

i

outeu
0, outeut
03 ourPLT
04 outeur

To enable the device, E. and .E_, must be LOW

H5200/H6200
H5201/H6201

1024-Bit Bipolar (256 x 4)
Read Only Memory

PRODUCT FEATURES
e T,,-45 ns max. (0°C to 75°C)
and - 5% voltage variation
(H6200, H6201)
e T,,-60 ns max. (55"C to 125°C)
and +10% voltage variation
(H5200, H5201)
lec=125 mA max. (0°C to 70°C)
lcc— MA max. (-55°C to +125°C)
Advanced Schottky processing
Low input current (250 uA max.)
Single-layer metal for reliability
Pin compatible with 5300-1/6300-1
and 5301-1/6301-1 PROMs

THREE OPEN

MILITARY | COMMERCIAL STATE | COLLECTOR

H6200 x X
H6201 x X
H5200 X x
H5201 X X

4096 BIT BIPOLAR
(1024x4) ELECTRICALLY
PROGRAMMABLE
Monolithi READ ONLY MEMORY

INCORPORATED

5350-1/6350-1
5351-1/6351-1

PRODUCT FEATURES

e Very High Programmability: Typically 95% of All e Special On Chip Circuitry Permits Vo Testing Before Programming
o Pin Configuration Allows Easy Upgradihg Present 512 x 4 Designs

Units Will Program to Completion

¢ Field Programmable with Simple Programming
Procedure

e Fast Programming Time — Average of 1ms/bit
e Pin Compatible with 5250-1/6250-1-1 ROMs
e Very High Reliability

e Fully Decoded — On Chip Address Decoding
e Three-State or Open Collector Outputs

BLOCK DIAGRAM: 1024 Words x 4 Bits/Word

MILITARY | COMMERCIAL THREE . OPEN
STATE | COLLECTOR
5350-1 X X
5351-1 X X
6350-1 X X
6351-1 X X

PACKAGE OUTLINE

r___ MOST SIGNIFICANT BIT OF ADDRI

A9 Ot L.
A8 O i
ADO
AO— W | 64 64 1T
¥ ARRAY
A¢O— 164 MEMOR
DECODE
50— N
A4O 63

]o ™ u 7 n 15
é %ég Inur suE ‘,HOD,E .,lmenuom E olcove

50— ENABLE outeuT ouTPyT ouTPUT ouTteuY
£20—— cATE BUFFER BUFFER BUFFER BUFFER
[ 03 02 01
MOST SIGNIFICANT
Vee =18 DATABIT
GND = 9

PIN CONFIGURATION

Ve - SUPPLY VOLTAGE

ADDRESS - Ag—{ 1
ADDRESS - Ag—2 E2 — ENABLE
ADDRESS — A5 —{3 A7 — ADDRESS
ADDRESS — Ag—{4 Ag — ADDRESS
ADDRESS - A3—{5 £7 — ENABLE AND PROGRAM PIN
ADDRESS - Ag—{6 01 - OUTPUT
ADDRESS — A1 —{7 02 -OUTPUT
ADDRESS - A2 —{8 03 -- OUTPUT
GROUND - GND—9 04 - OUTPUT

18 Lead Side Brazed Ceramic DIP
04A (thermal resistance from junction to ambient soldered
to a printed circuit board in still air) ~ 68°C/watt.
- 900 -+ 010 -
NN =W = —
AL ]
k‘ 10

T T T O OF OJ T
PIN1ID BY

|
METALLIZED = 470 REF -l 03TVPiL 310« 010 =
MARK OR NOTCH 85+ 010 Y
[
v 155 MAX ¢
035+ 0101
.
125/.160
v
< =100 = .« 08 002 s om- ooz

* 0o
Order Information: Use the Suffix ’‘D’’. Example 6350-1D
18 Lead CERDIP

0Jp (thermal resistance from junction to ambient soldered
to a printed circuit board in still air) ~ 756°C/watt.

100 os

080 . e
s s lene e
Tve Ty END LEADS

we T %

Order Information: Use the Suffix “'J. ~ Example 6350-1J
NOTE: 6 c (thermal resistance from junction to case with

To enable the device Eq must be LOW and E2 must be HIGH.

freon as a heat sink) ~ 20°C/watt for both packages.

Monolithic Memories

1165 East Arques Avenue/Sunnyvale, California 94086 (408) 739-3535

INCORPORATED

TWX 910-339-9229




2116 FAMILY
; 16,384 X 1 BIT DYNAMIC RAM

2116-2 2116-3 [2116-4

Max. Access Time .(ns) 200 250 300

. Read, Write Cycle (ns) 350 375, 425
i Read-Modify-Write Cycle (ns)| 400 525 595

| . Industry Standard 16 Pin
| Package
‘; s Low Standby Power

= All Inputs Including Clocks

E TTL Compatible

i s ¥10% Tolerance on all
3 Power Supplies +12V,
t +5V, -5V

The Intel

= Highest Density 16K RAM:

s On-Chip Latches for
Address and Data In

= Only 64 Refresh Cycles
Required Every 2 ms

a Output is Three-State, TTL
Compatible; Data is Latched
and Valid into Next Cycle

2116 is a 16.384 word by 1 bit MOS RAM fabricated with two layer polysilicon N-MOS technology — a production-

i proven process for high performance, high reliability, and high functional density. The 2116 uses a smgle transistor dynamic

maintaining high pertormance.

storage cell and dynamic circuitry to achieve high speed and low power dissipation.

The unique design of the 2116 allows it to be packaged in the industry standard 16 pin dual-in-line package. The 16 pin package
provides the highest system bit densities and is compatible with widely available automated handling equipment. The 2116 is
designed to facilitate upgrading of 2104 A-type 4K RAM systems to 16K capabilities.

The use of the 16 pin package is made possible by multiplexing the 14 address bits (required to address 1 of 16,384 bits) into the
2116 on 7 address input pins. The lwglblt acldress words are latched into the 2116 by the two TTL clocks, Row Address Strobe
(RAS) and Column Address Strobe (CAS). Non-critical clock timing requirements allow use of the multiplexing technique while

. The single transistor dynamic storage cell provides high speed along with low power dissipation. The memory cell requires re-
freshing for data retention. Refreshing can he accomplished every 2 ms by any one of the three following methods: (1) CAS
before RAS cycles on 64 addiesses, Ap-Ag, (2) RAS-only cycles on 128 address, Ag- Ag, or (3) normal read or write cycles on
128 addresses, Ag—Ag. A wnite cycle will refresh stored data on all buts of the selected row except the bit which is addressed. The
output is brought to a high impedance state by a CAS-only cycle or by a CAS before-RAS refresh cycle.

PIN CONFIGURATION LOGIC SYMBOL

VnsEl 16 _]"“ i
—{A,
on ]2 5] Teas
4 - A
—{a,
-—4
-
wr[_ 3 1) DGy, _a, Opb—
ras[ e 13 VA, —a,
1 21 A
“o[_ 5 12f 14 i Our b—
A L
- e
A l
S SR
N _
W] 10 "]A\ —dcas
VDDL 8 9 '_} Vie —we
PIN NAMES
: | S0 A ADDRESS INPUTS WE__ WRITE ENABLE
CAS COLUMN ADDRESS STROBE | POWER ( 5V)
1 f:1:1
| Oy DATA IN Vi POWLR (*6V)
! Dour DATAOUT Vou POWER (+12V]
AA ROW ADDRE SS STROBE Vs GROUND

BLOCK DIAGRAM

WE STROBE

DATA
N |eDb,
LATCH w~

_

(CAS)—t—= CLOCK
T GENERATOR NO 2
__~ | column
A atew COLUMN
T DECODER
Ao l ______
Al
N . SENSE AMPS
771 | . ADORESS 10 GATING
Ay - BUS
1 l !__, I _1
Ay ! )
Ao T
A -] l W
N ] row 3 16384 817
LATCH 8 STORAGE ARRAY
-l z
2

ENABLE

CLOCK
(RAS) — —=] GENERATOR NO 1

ENABLE

QUTPUT
LATCH AND
BUFFER

'

Oour
Vg
Voo
Ve

*——GND

MCMB573_

MCM6570
MCM65T1
MCM6571A
MCM6572
thru

8192-8!T READ ONLY MEMORIES
ROW SELECT CHARACTER GENERATORS

The MCM6E570 is a mask-programmable 8192-tit horizontal-scan (row
select) character generator It contains 128 characters in a 7 x 9 matrix, and
has the capability ot shifting certain characters that normally extend below
the baseline, such as §, y, g. p, and g. Cucuitry 1s supplied internally to
etfectively lower the whole matrix for this type of character - a teature
previously requiring external circuitry.

A seven-bit address code is used to select one of the 128 available char-
acters. Each character 1s defined as a specific combination of logic ““1''s and
*'0"s stored 1n a 7 x 9 matrix. When a specific four bit binary row select code
is apphed. a word of seven parallel bits appears at the output. The rows can be
sequentially selected, providing a nine-word sequence of seven paraltel bits
per word tor each character selected by the address inputs. As therow selectin-
puts are sequentially addressed, the devices will sutomatically place the 7 x 9
character 1n one of two pre-programmed s0sitions on the 16-row matrix, with
the positions defined by the Lour row sclect inputs. Rows that are not part of
the character are automatically blanked.

The MCMG571, MCM6571A, and MCME572 thru MCME579 are pre-pro-
grammed versions of the MCM6570. They contain various sets of characters
to meet the requirements of dwerse apphcations. The complete patterns of
these devices are contained in this data sheet.

® Static Operation

® TTL Compatibility

® CMOS Compatibitity (5 V)

® Shifted Character Capability (Except MCM6572, MCM6573)
® Maximum Access Time = 500 ns

MOS
(N-CHANNEL, LOW THRESHOLD)

8 K
READ ONLY MEMORIES

HORIZONTAL-SCAN
CHARACTER GENERATORS
WITH SHIFTED CHARACTERS

ABSOLUTE MAXIMUM RATINGS ' (See Note 1. Voltages referenced to Vgg)

1! L SUFFIX
, | CERAMIC PACKAGE
CASE 684

24

P SUFFIX
PLASTIC PACKAGE
CASE 709

Rating Symbol Value Unit
Supply Voltages Vee 0310 ¢6.0 Vdc
Vob -0.3 t0 +15
Vgg -1010+03
Data Input Voltage Vin -03 10 +15 Vdc
Operating Temperature Range Ta 01w +70 oc
Storage Temperature Range Tsig -55 10 +125 Sc

NOTE 1 Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded Functional operaton should be restricted 1o RECOMMENDED OPERAT.
ING CONDITIONS. Exposure to higher than recommended voltages for extended

periods of time could affect device reliability .

+
AQ 15 020 08
Al 160— o 5
A2 120— Memory °°
Address Row Output
A3 110 Matrix —019 D4
Decode code Butfers
AL 90 (8064) Do
A5 8 06 03
A6 40— 1 1 ) 018" D2
I 1 o7 01
. Bianking o
Shift Mateix 17 00
Controt
Matrix l 1 )
(128)
8LOCK 2 — Matrix Vge = Pin2
DIAGRAM _— Setect Vpp - Pin 3
Vgg * Pin 13
. 28220238248 Vgg * Pt

RSO AS1 RS2 RS3

PIN ASSIGNMENT

1 vS’s RS3[J24
2 Vee Rs2 {23
3C] Voo RSt 22
4] a6 RSO [ 21
s 05 D6 320
6] o3 D419
1] o 02318
83 as oo v
9] aa A6
1w NC. A0 [D1s
11 A3 NC e
120 A2 Vssfa13

This device contains circuitry to protact the
Nputs againgt damage due to high static voitages
or electric fieids, however. it s sdvised that
normal precautions be tak en to avoid application
of any voltage higher than maximum rated voit
ages 10 this high.impedance circust




3242 8212

ADDRESS MULTIPLEXER AND REFRESH HT-BIT INPUT/OUTPUT PORT
COUNTER FOR 16K DYNAMIC RAMs EIG ut/ou

m Fully Parallel 8-Bit Data Register ® 3.65V Output High Voltage for Direct

= Ideal For 2116 = Single Power Supply: and Buffer Interface to 8080 CPU or 8008 CPU

. i . +5 Volts +10% m Service Request Flip-Flop for ® Asynchronous Register Clear
= Simplifies System Design : Interrupt Generation m Replaces Buffers, Latches and Multi-
» Reduces Package Count = Address Input to Output Delay: ® Low Input Load Current — .25 mA Max. plexers in Microcomputer Systems
. 9ns Driving 15 pF, B Three State Outputs m Reduces System Package Count
s Standard 28-Pin Dva 25ns Driving 250pF B Outputs Sink 15 mA
» Suitable For Either Distributed
Or Burst ReffeSh : ‘ The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection

, Iogic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor.
The Intel® 3242 is an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring refresh of 64 or .
128 cycles. It multiplexes 14 bits of system supplied address to 7 output address pins. The device also contains a 7 bit refresh
counter which is externally controlled so that either distnibuted or burst refresh may be used. The high performance of the 3242
makes it especially suitable for use with high speed N-channel RAMs like the 2116 - I e R

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the princi-
pal peripheral and input/output functions of a microcomputer system can be implemented with this device.

The 3242 operates from a single '5 volt power supply and is specified for operation over a 0to ' 75°C ambient temperature PIN CONHGURATION LoGIc D|AGRAM
‘range. Itis fabricated by means of Intel’s highly reliable Schottky bipolar process and is packagedin a hermetically sealed 28 \J SERVICE REQUEST FF
~pin Type D package. os, 1 24 Vee
mo [} 2 23 INT DEVICE SELECTION
o, [ 3 22 Diy R .
- >
PIN CONFIGURATION LOGIC DIAGRAM 0o, [ « 21 oo, = DSHD D T B>
J— e ‘ o, s 20 [Jor, 3> vs? (ACTIVE LOW)
coont [ s v,, . o t—En
Agc ﬁD_' Do, 6 19 0o, MO
ReFREsH enasLe (]2 kS ! 8212 B WwR
i o, []7 18| Jorg L
ROW ENABLE 3 r{ n —_—— —
O [~ A — oo oo,[] 8 17 [ J oo, > ste ~ T oureur
ne [ e a0, : : o, [0 16 [Jor, | | | BUFFER
a . ) | -
0 P f | oo, [ 10 15 | Joo, ' | |
A Oe A ’ " : ste[] w [Jcr E>on o o ooy [
m N IR} ) c
~4 S0z #Ban et : I ono[ ] 12 13 [ Jos, DATA LATCH | L |
I} i | I
A H N A ! 7 l l
«O ’: ! froras TOTAL | D‘)’y ‘l JJO I >5‘L002D
2, [+ a0, i | S | I
i ! | e
sl wHo, !
>oi + | lrb—‘o%
o, wiJo, Ry — - — ! ¢ | I
PS - | l R
o, v, | | |
o, wiJo, O + JD ! >0, | [6 o} t 004 i[>
T 1
- C
nnu(: s w [ zenoneticer PIN NAMES | = ' ‘
N ' I
B Il l
NOTE Ay THROUGH A, ARE HOW ADURESSES ——;D Oh Ol | DATA N Dfs T 0 o1 I 005 2>
A) THROUGH A, ARE COLUMN ADDHESSES ' 001 D0s | DATA OUT | Cr |
HEERE ) _(b_ - | D% 0S; | DEVICE SELECT | | l
. c»————l p
TRUTH TAB F : B et Mo MODE
LE AND DEFINITIONS oo sTe [ stAoBE DL T1° °f 005 (D>
REFRESH | ROW [ o o Koo L Ny INTERRUPT (ACTIVE LOW) Ch | |
ENABLE | ENABLE ENARLL ‘>——>°—-4 D— —‘D o e CLR CLEAR (ACTIVE LOW) |
N M REFRESH ADDRESSe ] ! 415 ol | I
L IFROM INTERNAL COUNTER) | 01, 1 D a D0y .
; T ROWADDRTSS ; c ! ’
A, THROUGH A | x !
: N TOTUMN ADGRESS | !
Lol IHROUGH A, 2> 014 00 Dog >
COUNT O RESET DRIVER | Cp I
COUNT ADVANCES INRERNAL REFRESH COUNTER o I I |
ZERODETECT INDICATES ZERG IN THE FIRST 6 CLR
SIGNIFICANT REFRESH COUNTER i cir | |
BITS (USED IN BURST Kt F RESH MODE ) (ACTIVE LOW) _J __’




intgl

- 8214
PRIORITY INTERRUPT CONTROL UNIT

m Eight Priority Levels
m Current Status Register
m Priority Comparator

= Fully Expandable
® High Performance (50ns)
® 24-Pin Dual In-Line Package

The 8214 is an eight level priority interrupt control unit designed to simplify interrupt driven miérocomputer
systems.

The PICU can accept eight requesting levels; determine the highest priority, compare this priority to a soft-
ware controlled current status register and issue an interrupt to the system along with vector information to
identify the service routine.

The 8214 is fully expandable by the use of open collector interrupt output and vector information. Control
signals are also provided to simplify this function.

The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count
in interrupt drivpn microcomputer systems. )

PIN CONFIGURATION LOGIC DIAGRAM
- ~J (1> R
8 d ' 24 Y vee 3> ETc
8, 2 23 : £cs (5% Ry [ REQUEST ACTIVITY !

— — 16 (OPEN COLLECTOR)

8, 3 R 1> R, -«

juE 2[R, = ' ] reouist . ’_jDu.__ a, {8
—_ — [)7) R, o Latch o |82
ses [ e 2 & N8> - ano —

®
A PRIORITY A 3>

T [r9>

wi s 27, R, - <{ ENCODER

6> n- : O o>

ax[Je R, [2D> R, , — e
8214 > N D>
R, - 7= LIS
" C ] " 3 n COLLECTOR:
Ay A '_‘ A B Wi 5
%CB w:)n, n n—‘) Nt {5 >
™ b _ > 8- : e
' 9 16 R 7> g, -—of CURRENT P £F
— ' & Y srarus s be
a2, Mo 15 :] R (3> 8,-Areaisten
) ’ (&> sos- PRIORITY
ELR OMPARATOR
e ll 1] ene B> ecs co
oo 412 ul] ene

7> INTE
> cux

PIN NAMES

INPUTS
Ro Ry REQUEST LEVELS (R, HIGHEST PRIORITY)
By B, CURRENT STATUS

SGS STATUS GROUP SELECT

€cs ENABLE CURRENT STATUS

INTE INTERRUPT ENABLE

ax CLOCK UINT ¢ F)

ELR ENABLE LEVEL READ

ETLG  ENABLE THIS LEVEL GROUP

ourruts

AoA;  REQUEST LEVELS oPEN

INT | INTERRUPT(ACT Low) ~ COLLECTOR

ENLG ENABLE NEXT LEVEL GROUP

®

=

8216/8226
4-BIT PARALLEL BI-DIRECTIONAL BUS DRIVER

» Data Bus Buffer Driver for 8080 CPU = 3.65V Output High Voitage for Direct
* Low Input Load Current — .25 mA Interface to 8080 CPU
Maximum = Three State Outputs

» High Output Drive Capability for

Driving System Data Bus = Reduces System Package Count

The 8216/8226 is a 4-bit bi-directional bus driver/receiver.

All inputs are low power TTL compatible. For driving MOS, the DO outputs provide a high 3.65V Vg, and for high capaci-
tance terminated bus structures, the DB outputs provide a high 50mA I capability.

A non-inverting (8216) and an inverting (8226) are availuble to meet a wide variety of applications for buffering in micro-
computer systems.

PIN CONFIGURATION LOGIC DIAGRAM LOGIC DIAGRAM
8216 8226

&[] ~ e ] vee
00, ]2 1wl Joien 0ty o—
o8, [} [—] oo,
o, (}a ga16/ 13|08

|
oo, |5 8226 12[ Jor, oI, o__.ﬁg,__ . b o
<

08, 6 n 00, ——o s, . > p—- ———0 08B,
N0y O

01, 0—

w
s

Do, o

Y]
i

]
T

o, [} 1] ] os, D
[T S— %

oo _Js o[ J o, [ a—
L————o 0B, ’

T e e e S
<1
o

¢————o0 L8,

0O, 0— 0o, o——————oq
- B 1
PIN NAMES o N
3 O— V D1, o
J}»———- ——0 DB, p-- | ¢———o0 08,

DATA BUS DO, O——o—t- 00, O————
DBy 0B; | g1 DIRECTIONAL ' *h
DY DI, | DATAINPUT )
00, DO,| DATAGUTPUT -
IEN DATA IN ENABLE ]

DIKECTION CONTROL I
cs CHIP SELECT -0 CS ’ -1 i————-—*’ cs

I)IIT\J e e e I)lIN —_—




intel

8224
CLOCK GENERATOR AND DRIVER
FOR 8080A CPU

s Single Chip Clock Generator/Driver m Oscillator Output for External System
for 8080A CPU Timing

'n Power-Up Reset for CPU ® Crystal Controlled for Stable System

'8 Ready Synchronizing Flip-Flop Operation

|8 Advanced Status Strobe ® Reduces System Package Count

|
| The 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled by a crystal, selected by
' the designer, to meet a variety of system speed requirements.

I Also included are circuits to provide power-up reset, advance status strobe and synchronization of ready.

}The 8224 provides the designer with a significant reduction of packages used to generate clocks and timing
for 8080A.

PIN CONFIGURATION BLOCK DIAGRAM

19> XTALL— .
OSCILLATOR D__M"'“Sc
> xraiz - >
N
RESET [ Veu B> 1ank _

XTAL 1 —-'D—-—‘—h >
CLOCK
XTAL 2 GEN ——D——— 0. [1}
y

rovin (T

aov ] TANK
READY [ | . O A ———— G, T >
SYNC 0sC [ N
e I B> s -———-‘D—D»STSVH o>
S75T8 [ : .
(- ’ > s 1’> [}
GND Vou SCHMITT
INVUIT
+{c o RESET 1>
3> ROYVIN ) Reapy >
Lqc
-
PIN NAMES
RESIN | RESETINPUT ATAL 1 | CONNECTIONS
RESET | RESETOUTPUT XTaL 2 \ FOH CRYSTAL
ROYIN | READY INPUT TANK USED WITH OVERTONE XTAL
READY | READY OUTPUT 0SC OSCILLATOR OUTPUT
SYNC SYNC INPUT 2 TL) 2 CUK (TTL LEVEL,
STST8 STATUS STB Vee 5V
(ACTIVE LOW) Voo v
KB 1 8080 GND oV
i | cLocks

intel
M8228/M8238

SYSTEM CONTROLLER AND BUS DRIVER
FOR M8080A CPU

.8 Single Chip System Control for m User Selected Single Level Interrupt

s M8238 has Advanced IOW/MEMW for

MCS-80 Systems Vector (RST 7)
8 Built-in Bi-Directional Bus Driver ® 28 Pin Dual In-Line Package
for Data Bus Isolation Reduces System Package Count

.8 Allows the use of Mulitiple Byte m Full Military Temperature Range

Instructions (e.g. CALL) for

Int t Acknowled -55°C to +125°C
nterrupt Acknowledge = +10% Power Supply Tolerance

Large System Timing Control

The M8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to directly interface
MCS-80 family RAM, ROM, and I/0 components.

A bi-directional bus driver is included to provide high system TTL fan-out. !t aiso provides isolation of the 8080 data bus from
memory and I/0. Thus allows for the optimization of control signals, enabling the systems designer to use slower memory and
10. The isolation of the bus driver also provides for enhanced system noise immnunity

A user selected single level interrupt vector (RST 7) is provided to simphfy real time, interrupt driven, small system
requirements. The M8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g., CALL)In
response to an INTERRUPT ACKNOWLEDGE by the MB080A. This feature permits large, interrupt driven systems to have an
unlimited number of interrupt levels.

The M8228 is designed to support a wide variety of system bus structures and also reduce system package count for cost
effective, reliable, design of the MCS-80 systems.

PIN CONFIGURATION M8228/M8238 BLOCK DIAGRAM

a S D,
stste [ o : Ve, by —-= - - - DB,
| —-—i - DB,
_ )y — - ] - OB
Hoa [ 2 2 [Jiow L :
t E [] u(:‘”A D, — == BIDIRECTIONAL s OB M bATA BUS
WR 3 2 MEMW . 0y - BUS DRIVER e DB
O [] % BUS 0 - — e DB,
oBin[] 4 »w[Jior - 0, - e s DB,
[: 3 [ — - - 0B,
oss []» 22 [Jmemn T1 17 ‘ L
i
qub = [N L Lo
D8/ C 7 22 : BUSEN | ! H [
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o7[]s 2 Jue ] s —— p-———
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°3d i wlJos o ——_.]canne 'OR
ARRAY
os2 [ w [ Joss . b——~ 1ow
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D):)) vlJom STSTE I
DBIN BUSEN
ose (] 13 wlJom Wh
HLDA ——= INTA
GNo (] e 1wl Joe
PIN NAMES
5700 YOATA BUS 1800 SIOF INTA INTERRUPT ACKNOWL EDGE
DB7DLBO | DATABUS (SYSTEM SiLL) HLDA | HLDA (FROM 8080}
1 OR 1 0 READ WR' WR (FROM 8080}
1 ow 1OWHITE BUSEN | BUS ENABLE INPUT
MEMR MEMORY READ STSTB | STATUSSTROBE (FROM 8224)
MEMW MEMORY WRITE Vee "5V
N DBIN (F ROM 808O) GND 0VOLTS
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8257
PROGRAMMABLE DMA CONTROLLER

® Four Channel DMA Controller
m Priority DMA Request Logic
® Channel Inhibit Logic

# Terminal Count and Modulo 128
Outputs

Auto Load Mode

Single TTL Clock

Single +5V Supply
Expandable .

40 Pin Dual-In-Line Package

; The 8257 is a four-channei Direct Memory Access (DMA) controller. It is specifically designed to simplify the transfer of
. data at high speeds for the Intel Microcomputer Systems Its primary function is to generate, upon a peripheral request, a

sequential memory address which will allow the peripheral to read or write data directly to or from memory Acquisition of

the system bus i1s accomphished via the 8080's HOLD function The 8257 has prionty logic that resolves the penpherals
‘ requests and 1ssues a composite HOLD requesttothe 8080 It maintains the DMA cycle count for each channel and outputs
"a control signal to notity the peripheral that the programmed number of DMA cycles 1s complete. Other output control
’signa|s simphify sectored data transfers and expansion to other 8257 devices for systems that require more than four
i channels of DMA controlied transfer. The 8257 represents a significant savings in component count for DMA-based 8080
f systems and greatly simphifies the transfer of data at high speed between peripherals and memories.

PIN CONFIGURATION BLOCK DIAGRAM
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FEATURES

= STR, BSC—Bi-sync and interleaved bi-sync
modes of operation

= Fully Programmable—data word length, parity
mode, receiver sync character, transmitter
sync character

= Full or Half Duplex Operation—can receive and
transmit simultaneously at different baud rates

= Fully Double Buffered—eliminates need for
precise external timing

= Directly TTL Compatible—no interface
components required

= Tri-State Data Outputs—bus structure oriented

= IBM Compatible—internally generated SCR
and SCT signals

= High Speed Operation—250K baud, 200ns
strobes

= Low Power—300mW
= Input Protected—eliminates handling problems
= Hermetic Dip Package—easy board insertion

GENERAL DESCRIPTION

The Universal Synchronous Receiver/Transmitter
is an MOS/LSI monolithic circuit that performs all
the receiving and transmitting functions
associated with synchronous (STR, BSC, Bi-sync,
and interleaved bi-sync) data communications.
This circuit is fabricated using SMC’s P-channel
low voltage oxide-nitride technology, allowing
allinputs and outputs to be directly TTL
compatible. The duplex mode, baud rate, data
word length, parity mode, receiver sync character,
and transmitter sync character are independently
programmable through the use of external
controls. The USR/T is fully double buffered and
internally generates the sync character received
and sync character transmitted signals. These
programmable features provide the user with the
ability to interface with all synchronous
peripherals.

COM2601

Universal Synchronous Receiver/ Transmitter

Pin Configuration
N
Vee [ 40[] POE
TBMT (] 2 39[] cs
TS0 [ 3 38[] NDB1
Gnd [ & 37{] NPB
scT [ s 36]] NDB2
Voo [ 6 35[] RD1
pB1 (] 7 34{] RD2
DB2 [} 8 33F] RD3
DB3 [] 9 32[] RD4
pB4 [J10 31{] RDS
pBS [J11 30[] rD6
DB6 []12 29[] RD7
DB7 [J13 28{] RD8
DB8 [J14 27[J ROR
RR {15 26[] RDA
RPE E 16 25{] RDE
SCR [J17 24[] RDAR
1SS [J18 23[] RCP
TCP {19 22 g RSI
DS ] 20 21[] rSS

PACKAGE: 40-Pin D.I.P.

A Standard Microsystems Company

TDS

RDE

ET

Functional Block Diagram

DB8 DB7 DB6 DBS DB4 DB3 DB2 DB1
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range . . . . . . . . . . . . . . 0°C to +70°C
Storage Temperature Range . . . . . . . .. . -55°C to +150°C
Lead Temperature (soldering, 10 sec.) e e e e +325°C
Positive Voltage on any Pin, Vgg. « « « « « « « « « « . . . *0.3V
Negative Voltage on any Pin, Vcc. . . . + « « « « ¢« o o o . =25V

* Stresses above those listed may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at
these or at any other condition above those indicated in the operation-
al sections of this specification is not implied.

ELECTRICAL CHARACTERISTICS (Ta=0-+70°C,Vcc=+5V£5%,VDD=-12V+5%unless otherwisenoted)

Parameter Min Typ Max Unit Conditions
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, VIL Vpp 0.8 \
High-level, Viy Vce-1.5 Vce \
OUTPUT VOLTAGE LEVELS
Low-level, VoL 0.2 0.4 A Iop = 1.6mA
High-level, Vou 2.4 4.0 v Ton =-100pA
INPUT CURRENT
Low-level, Iy 1.0 mA see note 1
OUTPUT CURRENT
Leakage, ILo -1 HA RDE=VIL, 0=Vgoyr=+5V
Short circuit, Igg+=* 10 mA Voyt = 0V
INPUT CAPACITANCE
All inputs, Cix 5 10 pf ViNy = Vgc, £ = 1MHz
OUTPUT CAPACITANCE
All outputs, Cout 10 20 pf Rpe = ViL, f = 1MHz
POWER SUPPLY CURRENT
Icc 28 mA All outputs = Voy
Ipp 25 mA
A.C. CHARACTERISTICS Ta =+25°C
CLOCK FREQUENCY DC 250 KHz RCP, TCP
PULSE WIDTH
Clock 1 us RCP, TCP
Receiver reset 1 ps RR
Control strobe 200 ns CS
Transmitter data strobe 200 ns TDS
Transmitter sync strobe 200 ns TSS
Receiver sync strobe 200 ns RSS
Receiver data available
reset 200 ns RDAR
INPUT SET-UP TIME
Data bits >0 ns DB1-DB8
Control bits >0 ns NPB,NDB2,NDB1,POE
INPUT HOLD TIME
Data bits >0 ns DB1-DB8
Control bits >0 ns NPB,NDB2,NDB1,POE
STROBE TO OUTPUT DELAY Load =20pf+1TTL input
Receive data enable 180 250 ns | RDE: Tppi, Tppo
OUTPUT DISABLE DELAY 100 250 ns RDE
** Not more than one output should be shorted at a time.
NOTES:

1. Under steady state condition no current flows for TTL or MOS interfacing.
A switching current of 1.6mA maximum flows during a high to low transition
of the input. .

2. The tri-state output has 3 states:

1) low impedance to VC(C

2) low impedance to GND

3) high impedance OFF £ 10M ohms

The OFF state is controlled by the RDE input.




DESCRIPTION OF PIN FUNCTIONS

Pin No.

Symbol

Name

Function

SMC Microsysfems Corpory

1
2

6
7-14

15

16

Vee
TBMT

TSO

GND
SCT

Vbp
DB1-DB8

RR

RPE

Power Supply

Transmitter
Buffer Empty

Transmitter
Serial Output

Ground

Sync Character
Transmitted

Power Supply
Data Bus Inputs

Receiver Reset

Receiver
Parity Error

+5 volt Supply

This output is at a high-level when the
transmitter data buffer register may be
loaded with new data.

This output serially provides the entire
transmitted character. This character
is extracted from the transmitter data
buffer register provided that a TDS
pulse occurs during the presently trans-
mitted character. If TDS is not pulsed,
the next transmitted character will be
extracted from the transmitter sync reg-
ister.

Ground

This output is set high when the charac-
ter loaded into the transmitted shift
register is extracted from the transmit-
ter sync register, indicating that the
TDS was not pulsed during the previously
transmitted character. This output is
reset low when the character to be trans-
mitted is extracted from the transmitter
data buffer register. This can only oc-
cur if TDS is pulsed.

-12 volt Supply

This 8 bit bus inputs information into
the receiver sync register under control
of the RSS strobe, into the transmitter
sync register under control of the TSS
strobe, and into the transmitter data
buffer register under control of the TDS
strobe. The strobes operate independ-
ently of each other. Unused bus inputs
should be at a high level? The LSB
should always be placed on DB1.

This input should be pulsed to a high-
level after power turn-on. This resets
the RDA, SCR, ROR, and RPL outputs to a
low-level. The transitior of the RR
input from a high-level to a low-level
sets the receiver into the search mode
(bit phase). In the search mode the
serially received data bit stream is ex-
amined on a bit by bit basis until a
sync character is found. A sync charac-
ter is found, by definition, when the
contents of the receiver sync register
and the receiver shift register are
identical. When this occurs the SCR
output is set high. This character is
then loaded into the receiver buffer
register and the receiver isset into the char-
acter mode. In this mode each character
received is loaded inteo the receiver buf-
fer register.

This output is a high-level if the
received character parity bit does not
agree with the selected parity.

*Parts date coded 7610 or later, no longer have this requirement.

Auedwon SWaiSASOIDIN PIEPURIS Y
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Description of Pin Functions (cont.)

Pin No. Symbol

Name

Function

17

18

19

20
21

22

23

24

25

26

27

28-35

36, 38

SCR

TSS

TCP

TDS

RSS

RSI

RCP

RDAR

RDE

RDA

ROR

RD8-RD1

NDB2,
NDB1

Sync Character
Received

Transmitter Sync
Strobe

Transmitter Clock

Transmitter Data
Buffer Strobe

Receiver Sync
Strobe

Receiver Serial
Input

Receiver Clock

Receiver Data
Available Reset

Received Data
Enable

Receiver Data
Available

Receiver Over-
Run

Receiver Data
Output

Number of Data

This output is set high each time the
character loaded into the receiver buf-
fer register is identical to the char-
acter in the receiver sync register.
This output is reset low the next time
the receiver buffer register is loaded
with a character which is not a sync
character.

A high-level input strobe loads the
character on the DB1-DB8 lines into the
transmitter sync register.

The positive going edge of this clock
shifts data out of the transmitter shift
register, at a baud rate equal to the
TCP clock frequency.

A high-level input strobe loads the char-
acter on the DB1-DB8 lines into the
transmitter data buffer register.

A high-level input strobe loads the char-
acter on the DB1-DB8 lines into the re-
ceiver sync register.

This input accepts the serial bit input
stream.

The negative-going edge of this clock
shifts data into the receiver shift reg-
ister, at a baud rate equal to the RCP
clock frequency. :

A high-level input resets the RDA out-
put to a low-level.

A high-level input enables the outputs
(RD8-RD1) of the receiver buffer
register

This output is at a high-level when an
entire character has been received and
transferred into the receiver buffer
register. '

‘This output is at a high-level if the

previously received character is not
read (RDA not reset) before the present
character is transferred into the re-
ceiver buffer register.

These are the 8 tri-state data outputs
enabled by RDE. Unused data output
lines, as selected by NDB1 and NDB2,
have a low level output, and received
characters are right justified, i.e. the
LSB always appears on the RD1 output.

These 2 inputs are internally decoded to
select either 5, 6, 7, or 8 data bits/
character as per the following truth
table:

NDB2 NDB1 data bits/character
L S

jeofie ol ol ol
TZex

6
7
8
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DESCRIPTION OF OPERATION - RECEIVER/TRANSMITTER

S

Description of Pin Functigns (cont.)

PinNo. Symbol Name Function |
! The input clock frequency for the receiver is set at the desired receiver baud
37 NPB No Parity Bit A high-level input eliminates the parity | rate and the desired receiver sync character (synchronous idle character) is
loaded into the receiver sync register. When the Receiver Reset input trans-

bit from being transmitted. In addition,
it is necessary that the received char-
acter contain no parity bit. Also, the
RPE output is forced to a low-level.

See pin 40, POE.

itions from a high-level to a low-level the receiver is set into the search
mode (bit phase). In the search mode the serially received data bit stream is
examined on a bit by bit basis until a sync character is found. A sync char-
acter is found, by definition, when the contents of the receiver sync register
and the receiver shift register are identical. When this occurs the Sync Char-

Auedwo) SwalsASOIDIW piepuels v
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39 Cs Control Strobe A high-level input enters the control acter Received output is set high. This character is then loaded into the re-
bits (NDB1, NDBZ, POE, and NPB) into ceiver buffer register and the receiver is set into the character mode. In
the control bits register. This line this mode each character received is loaded into the receiver buffer register.
may be strobed or hard wired to a high- The receiver provides flags for Receiver Data Available, Receiver Over Run,
level. Receiver Parity Error, and Sync Character Received. Full double buffering

10 POE 0dd/Even Parity The logic level on this input, in con- eliminates thg need for precise external timing by allowing one full character

Select junction with the NPB input, determines time for received data to be read out.
the parity mode for both the receiver The input clock frequency for the transmitter is set at the desired baud rate
and transmitter, as per the following and the desired transmitter sync character is loaded into the transmitter sync
table: register. Internal logic decides if the character to be transmitted out of
NPB POE MODE the transmitter shift register is extracted from the transmitter dgta register
L L odd parity or the transmitter sync register. The next character transmitted is extracted
L H even parity from the transmitter data register prov1@ed that a Transmitter Data Strobe
H X no parity pulse occurs.durlng the presently transmitted character. If the Transmitter
Data Strobe is not pulsed, the next transmitted character is extracted from

X=don't care ; - ? .
the transmitter sync register and the Sync Character Transmitted output is set

to a high level. Full double buffering eliminates the need for precise exter-
nal timing by allowing one full character time to load the next character to
be transmitted.

ADDITIONAL TIMING INFORMATION
(Typical Propagation Delays) There may be 5, 6, 7, or 8 data bits and odd/even or no parity bit. All in-
puts and outputs are directly TTL compatible. Tri-state data outputs levels
) are provided for the bus structure oriented signals. Input strobe widths of
Transmitter 200ns, output propagation delays of 250ns, and receiver/transmitter rates of
250K baud are achieved.

ViH
TP / FLOW CHART - TRANSMITTER

OUTPUT Tepo Teppi  UNITS
= e D er— TSBé{er ;\‘g‘ 122 ": TURN POWER ON
OUTPUT ~ Vo S b i I 251 CONTROL BITS-PULSE CS
X X us ET SYNC CHARACTER ONTO THE DATA BUS-PULSE TSS
VoL SELECT BAUD RATE-TCP
-
F———————TPDO
————4 TRANSMIT 1 BIT 1
TrD1
SET DATA BITS ONTO
A DATA BUS-PULSE TDS |—
A FULL CHARACTER TBMT = 0
BEEN TRANSMITTED
”?
Receiver ’
gﬁ}osgug CHARACTER
ATA BUS- —
RCP PULSE TSS
ViL
OUTPUT Tepo Tepi UNITS

RDA NA 1.0 us

- —— e —— - —  ——— ROR 2.0 25 ns
TPUT ~ VoH RPE 20 25 uS

ou vor Shoozo 25 T S Lo T et
| . . REGISTER FROM TRANSMITTER
[ T T RD1-RD8 25 25 us ) ge;A REGISTER SYNC REGISTER £
= SCT = <
TBMT = 1 c !
TeoO 1 . L l
TePD1
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FLOW CHART - RECEIVER
USRT TIMING DIAGRAM
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TURN POWER ON H TCP
SELECT CONTROL BITS-PULSE CS s 1 |
SET RECEIVER SYNC CHARACTER ONTO DATA BUS-PULSE RSS ‘ | |
PULSE RR-SETS RECEIVER INTO SEARCH MODE,RDA = ROR = RPE = SCR = 0 | n | [Note 1
i DS - |
g |
< BT " |
I____.___ _'.I Note 1
l SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER1 ! Lfll
SCT
J
N I [~
| |
_________ - L -
DO THE
CONTENTS OF THE o _l_ L _ L1+t _ v bt _.l__l__.l_ [
RECEIVER SHIFT REGISTER le——— Sync Character ———»i¢ Data Character ——+lé——— Data Character ——j

COMPARE TO THE CONTENTS

OF THE RECEIVER

SYNC REGISTER
?

- - - - - = e - = ‘o - - - + —
rer I 1 _ L 1 J._L_'_L_Lt'_lj_'__’-_'+1: N SO T N B I
SET THE RECEIVER INTO THE CHARACTER MODE }e——— Sync Character 1 IData Character —— -+t Data Character —¥ !
RR ] 1 1 ! 1 1 } | '
rog ! o P!
oy [potel2 ;!
LOAD THE RECEIVED CHARACTER INTO THE RECEIVER BUFFER REGISTER RDAR : + ¥ | t } T |
RDA = 1
! |
RDA [ — I [
— T T

I ] ]r — INote 3 11.__[_. —J | |

|
I SHIFT 1 BIT INTO THE RECEIVER SHIFT REcxsTERJ ROR | ! : | | !
— L | J_
I | I | ]
RPE ! | Note 3' T L |

EXAMINE OUTPUTS !
PULSE RDAR, RDA = 0 : + lr_,_ __________ IJ_
HAS SET RECEIVER SYNC P | | |
A COMPLETE CHARACTER CHARACTER ONTO DATA SCR —

BEEN RECEIVED BUS-PULSE RSS | H IiNote 3 'r] n | J
? M T v 1
! J

DO THE

CONTENTS OF THE

RECEIVER SHIFT REGISTER

COMPARE TO THE CONTENTS

OF THE RECEIVER

SYNC REGISTER
?

NOTE 1 NOTE 2 NOTE 3

The transmitter shift register is In order to avoid an ROR The ROR, RPE, SCR and RD1-
loaded with the next character indication the leading edge of RD8 outputs are set to their

at the positive clock transition the RDAR pulse should occur correct levels approximately

SET SCR = 1 SET SCR = 0

two microseconds after the

HAS
THE PROPER
PARITY BIT

BEEN RECEIVED
?

SET RPE = 1

SET ROR = 0

SET ROR = 1

corresponding to the leading
edge of the last bit of the
current character on the TSO
output. TBMT is set high
approximately two microsec-

onds after this clock transition.

Ifitis desired that the next
character be extracted from
the transmitter data register
the leading edge of the TDS
should occur at least one
microsecond prior to this
clock transition.

at least one microsecond prior
to the negative clock transition
corresponding to the center

of the first bit after the last data
biton the RSl input.

negative clock transition
corresponding to the center of
the first bit after the last data
bit on the RSl input. The RDA
output is set high at the next
negative clock transition.

The solid waveforms corre-
spond to a control register
setting of 5 databitsand a
parity bit. The dashed wave-
forms are for a setting of 6 data
bits and no parity bit.

SMC Microsystems Corporation  3s Marcus Bivd., Hauppaugs, N.Y. 11787 Phone (516) 273-3100 TWX 510-227-8898




FEATURES
+ 100mA OUTPUT CURRENT PER SEC-

TION

. EDGE-TRIGGERED (NO COUPLING
CAPACITOR)

+ OUTPUT INDEPENDENT OF TRIGGER
CONDITIONS

+ WIDE SUPPLY VOLTAGE RANGE 4.5V

T0 16V
+ TIMER INTERVALS FROM MICRO-

SECONDS TO HOURS

- ELECTRICAL CHARACTERISTICS

APPLICATIONS
SEQUENTIAL TIMING
TIME DELAY GENERATION
PRECISION TIMING
INDUSTRIAL CONTROLS
QUAD ONE-SHOT

Tpa=25C, VCC = +5V 1o + 15V (Unless Otherwise Noted).

PIN CONFIGURATION

SE553-BA,F @ NESS3-BA F @ SE554-BA.F ¢ NE534-BAF

BA, F PACKAGE

!m.mgAE -1

Trgger A L
Controt [j
Voitage L'

e

Trigger 8o

Tuning e[f: ’

Output u[:._‘

-
*[ Ourput O

] Tegge 0
13| Reset

12| Grouny

—{ 11| Trigger C

- zo] Timing €

Eoumm c

LiMi
PARAMETER TEST CONDITIONS TS UNIT
- MIN TYP MAX
Supply Voltage 45 16 \
Supply Current Vece = SV, RL = = 18 27 mA
Voo = 15V, Ry = = 22 32 mA
Timing Accuracy R - 2k to 100k
C = 1uF
Initial Accuracy 1 4 %
Dnft With Temperature 150 ppmv/°C
Drift With Supply Voitage 0.03 0.1 %/V
Match Between Sections 0.2 0.5 %
Trigger Voltage 0.8 1.6 2.4 \"
Trigger Current
Logical "1" 10 100 nA
Logical "0" 50 100 pA
Threshold Voltage 0.63 xVee
Threshold Leakage 10 100 nA
Output Voltage (553) IL = 10mA 0.1 0.2 \"
I = 100mA 1.0 15 v
Output Voltage (554) IL = 10mA Vgg =15V 13 14 Y
I = 100mA Vg =15V 125 135 v
Output Leakage 10 100 nA
Propagation Delay 1.0 us
Risetime of Output I = 100mA 100 ns
Falltime of Output I = 100mA 100 ns

TYPES SN5442A THRU SN5444A, SN54142 THRU SN54144,
SN541S42, SN7442A THRU SN7444A,

L SN74142 THRU SN74144, SN74LS42
MSi 4-LINE-TO-10-LINE DECODERS (1-OF-10)

'42A,°L42,°LS42 ... BCD-TO-DECIMAL
‘43A, 'L43 ... EXCESS-3-TO-DECIMAL
‘44A,°'L44 . . . EXCESS-3-GRAY-TO-DECIMAL

e All Outputs Are High for

Invalid Input Conditions SN5442A THRU SN5444A, SN54LS42 . .. J OR W PACKAGE
SN541L42 THRU SN54L44 . . . JPACKAGE
o Also for Application as SN7442A THRU SN7444A,
4-Line-to-16-Line Decoders SN74L42 THRU SN74L44, SN741LS42...J OR N PACKAGE
3-Line-to-8-Line Decoders (TOP VIEW)
e Diode-Clamped Inputs
INPUTS QUTPUTS
TYPICAL TYPICAL
TYPES vee A B C 0 9 8 7
POWER DISSIPATION PROPAGATION DELAYS

'42A, '43A, ‘44A 140 mW 17 ns W jujuiiniingie a
‘L42,°L43, ‘L4 70 mW 49 ns l LﬂL_—“
‘LS42 35mwW 17 ns ~ s s >
description

These monolithic decimal decoders consist of eight 01 2 34

inverters and ten four-input NAND gates. The invert- ] T 'i

ers are connected in pairs to make BCD input data —

available for decoding by the NAND gates. Full V2134

decoding of valid input logic ensures that all outputs 9 ! 2 3

remain off for all invalid input conditions. ouTPUTS

The "42A, ‘L42, and ‘L S42 BCD-to-decimal decoders, positive logic: sce function table

the "43A and 'L43 excess-3-to-decimal decoders, and
the "44A and ‘L44 excess-3-gray-to-decimal decoders feature inputs and outputs that are compatible for use with most
TTL and other saturated low-level logic circuits. D-c noise margins are typically one volt. .

Series 54, 541, and 54LS circuits are characterized for operation over the full military temperature range of —55'C to
125°C; Series 74, 74L, and 74LS circuits are characterized for operation from 0°C to 70°C.
FUNCTION TABLE

‘424, °L42, 'LSA2 ‘43A, '143 ‘44A, 'L44 ALL TYPES
NO. BCD INPUT EXCESS-3-INPUT | EXCESS-3-GRAY INPUT DECIMAL OUTPUT

b ¢c B8 A|lD ¢c B Al D ¢ B8 A|lO0O 1 2 3 4 5 6 7 8 9
o fL L L LftL L H H| L L H LtlL H H H H H H H H H
1t L L L H|lL H L Ll L H H L|lH L H H H H H H H H
2 L L H L{UL H L H{ L H H HI|H H L H H H H H H H
3L L H H|lL H H L|{ UL H L H|H H H L H H H H H H
4 ft H L LlL H H H| L H L L{H H H H L H H H H H
5 L H L H|H L L L| H H L L|H H H H H L H H H H
6 L H H L|IH L L H|H H L H|H H H H H H L H H H
7]/L H H H|®B L H L| H H H H|H H H H H H H L H H
8 |H L L L|[H L H H|{H H H L|{H H H H H H H H L H
9 fH L L H|H H L u|H L H L|{H H H H H H H H H L

H L H L[H H L H| H L H H|H H H H H H H H H H
o |/H L H H|IH H H L|H L L HI|H H H H H H H H H H
3 H H L L|H W M H|lH L L L|H H H H H H H H H H
M H L oML L oL L] L L LJH H H H H H H H H H
T |H H H L L L L H L L t H H H H H H H H H H H

H H H H|lL L # tlt ©t H H|H H H H H H H H H H

H = high tevel | 'ow tevel




QUADRUPLE BUS BUFFER GATES WITH THREE-STATE OUTPUTS

125

positive logic:
Y=A
Output 15 off (disabled) when C is high,

See page 6-33

!'YL

IR
Iﬂﬁﬁ HILﬁ

SN54125 (J, w) SN74125 (J, N)
SN54LS125 (J, W) SN74LS125 (J, N)

QUADRUPLE BUS BUFFER GATES WITH THREE-STATE OUTPUTS

126

positive logic:
Y=A
Output is off {disabled) when C is fow

See page 6-33

“iiﬁaﬁLr'-Euf-iLffl.l’if{H
;l ‘L\/ . | ‘ .

LJ B
wm LT

SN54126 (J, W) SN74126 (4, N)
SNS54LS126 (J, W) SN74LS126 (J,N)

SN54128 ... 75-OHM LINE DRIVER
SN74128 ...50-OHM LINE DRIVER

128

positive logic:
Y = A¥B

See page 6-22
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SN54128 (3, W) SN74128 (J,N)

QUADRUPLE 2-INPUT POSITIVE-NAND SCHMITT TRIGGERS

132

positive logig:
Y = AB

See page 6-14

Ve a8 4A ey
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SN54132 (J, W) SN74132 (J,N)
SN54LS132 (J, W) SN74LS132 (J,N)
SN54S132 (J, W)  SN74S132 (J, N).

TYPES SN54157, SN541157, SN5415157, SN54L5158, SN54S157, SN545158,
SN74157, SN741157, SN74LS157, SN741S158, SN74S5157, SN74S158
QUADRUPLE 2-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

BULLETIN NO, DL-5 7611847, MARCH 1974 REVISED OCTOBER 1976

features

e Buffered Inputs and Outputs

e Three Speed/Power Ranges Available

TYPES

‘167
‘L1587
‘LS157
‘§157
‘LS158
‘S158

applications

TYPICAL
AVERAGE
PROPAGATION
TIME

9ns
18ns
9ns
Sns
7ns
4ns

TYPICAL
POWER
DISSIPATION

150 mW
75 mW
49 mW

250 mW
24 mW

195 mW

e Expand Any Data Input Point

o Multiplex Dual Data Buses

e Generate Four Functions of Two Variables
(One Variable Is Common)

e Source Programmable Counters

description

These monolithic data selectors/multiplexers contain
inverters and drivers to supply full on-chip data
selection to the four output gates. A separate strobe
input is provided. A 4-bit word is selected from one
of two sources and is routed to the four outputs. The
‘167, ‘L1657, 'LS157, and 'S157 present true data
whereas the 'LS158 and ‘S158 present inverted data
to minimize propagation delay time.

FUNCTION TABLE

INPUTS

OUTPUT V¥

STROBE [SELECT

>

‘157, °'L157,] ‘LS158
'LS157,'S157| ’'S158

X

-~ r-rr-cox
I IIrr

X X I r x

L H

Ir X x Xx
IrIr
-~ Ir-rZI

SN54157, SN54LS157, SN54S157 ... J OR W PACKAGE
SN54L157 ... JPACKAGE
SN74157, SN74L157, SN74LS157, SN74S157 ... J OR N PACKAGE
(TOP VIEW)

INPUTS OUTPUT INPUTS OUTPUT

Vcec STROBE 4A 48 a4y 3A 38 3y

wijnjjuijujiniingjel]s

Ll

G 4A 48 4ay 3A 38

S 3y

1A 18 1Y 2A 28 2v
1 [}

SELECT 1A 18 1w 2A 28 2y GND

S—
—

-~
wn
L]
-~

N, oot/ .
INPUTS OQUTPUT INPUTS OUTPUT

positive logic:
Low level at S selects A inputs
High level at S selects B inputs

SN54LS158, SN54S158 . . . J OR W PACKAGE
SN74LS158, SN74S158 ... J OR N PACKAGE
(TOP VIEW)

INPUTS OUTPUT INPUTS OQUTPUT

P -
Vce STROBE 4A 48 4y 3A 38 3y

WS jupnniiniinwijs]_
Ll L]
G 4A 4B 4y 3A 38
s 3y

IRIEZIERIEBIR I IR

SELECT 1A 18 v 2A 28 2y GND

e !
INPUTS OUTPUT  INPUTS OUTPUT

positive logic:
Low level at S selects A inputs
High level at S selects B inputs

*
H = high level, L -

low level, X - irrelevant

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)

Supply voltage, Ve (see Note 1)
Input voltage: ‘157, ‘'L157,
‘LS157, 'LS158

Operating free-air temperature range: SN54' SNS4L’ SN54LS’ SN54S' Clrcuns
SN74’, SN74L’, SN74LS’, SN74S’ Circuits

Storage temperaturg range

NOTE 1: Voltage values are with respect 10 network ground terminal.

'S158

7V

55V

. . 7V
~~55 Cto0125°C

. 0'Cto70°C
-65°C to 150°C




TYPES SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A, TTL TYPES SN54165, SN541LS165, SN74165, SN74LS165

L SN545162, SN545163, SN74160 THRU SN74163, | PARALLEL.LOAD 8-BIT SHIFT REGIST
i SN74LS160A THRU SN74LS163A, SN74S162, SN745163 ms RALLEL-LOAD 8-BIT SHIFT REGISTERS
SYNCHRONOUS 4-BIT COUNTERS :

BULLETIN NO. DL-S 7611385, OCTOBER 1076

e Complementary Outputs SN54165, SNS4LS165 ... ) OR W PACKAGE
‘160, '161,'LS160A, ‘LS161A ... SYNCHRONOUS COUNTERS WITH DIRECT CLEAR p Y p SN74165, SN74LS165 ... JOR N PACKAGE
162, ‘163, 'LS162A, ‘LS163A, 'S162, 'S163 ... FULLY SYNCHRONOUS COUNTERS e Direct Overriding Load (Data) Inputs (TOP VIEW)
. SERIES 54', 54LS’, 645’ . .. J OR W PACKAGE oo PRRRCELRROTS oo
Internal Look-Ahead for Fast Counting SERIES 74", 74LS'. 745’ . .. J OR N PACKAGE e Gated Clock Inputs Vec o TR R et ow
Carry Output for n-Bit Cascading — (TOP VIEW) e Parallel-to-Serial Data Conversion w s [ wlJulfelin]{n]]s
auyIePyTS
H — Ay
e Synchronous Counting o T oo VAP Loau bt ;
TYPICAL MAXIMUM TYPICAL INHIBIT "
. nchronously Programmable |
Sy v rros TYPE CLOCK FREQUENCY POWER DISSIPATION feyed -
e Load Control Line RIPPLE Op oUENMT;Lg 165 26 MHz 210 mW ¢ f "
. RY
e Diode-Clamped Inputs S L5165 35 MMz 105 mw l I [ I
CLEAR LOAD J ‘ ‘ 7
TYPICAL o
TYPICAL PROPAGATION MAXIMUM TYPICAL ENABLE descnptlon SHIFT/CLOCK _E 3 T W, OUTPUT GND
TYPE TIME, CLOCK TO cLOCK POWER y A [5) [ ) ) ) ) LOAD ‘—V"'_‘"Mu“ IMU'S— oW
QOuUTPUT FREQUENCY DISSIPATION l The 165 and ‘LS165 are 8-bit serial shift registers
160 thru ‘163 14ns 32 MH2 305 mW 3 that shift the data in the ditection of Qpa icwarfi positive logie: see description
‘LS160A thru 'LS163A 14 ns 32 MHz 93 mW (ITARCTOCK A 6 ¢ G (NABLE GND QH when clocked. Parallel-in access to each stage is
5162 and ‘S163 9ns 70 MHz 475 mW HATA INPUTS " made available by eight individual direct data inputs
. . that are enabled by a low level at the shift/load
logic: see description . . .
description input. These registers also feature gated clock inputs
Lo and complementary outputs from the eighth bit. All
These synchronous, presettable counters feature an internal carry look-ahead for‘appli(':ation' in hagh-seeed counting inputs are diode-clamped to minimize
designs. The "160, 162, ‘LS160A, 'LS162A, and 'S162 are decade counters and the ‘161, "163, ‘LS161A, ‘LS163A, and transmission-line effects, thereby simplifying system

'S163 are 4-bit binary counters. Synchronous operation is provided by having all flip-fiops clocked simultaneously so
that the outputs change coincident with each other when so instructed by the count-enable inputs and internal gating.
This mode of operation eliminates the output counting spikes that are normally associated with asynchronous (ripple
clock) counters. A buffered clock input triggers the four flip-flops on the rising (positive-going) edge of the clock input

design.

Clocking is accomplished through a 2-input positive-NOR gate, permitting one input to be used as a clock-inhibit

waveform.

These counters are fully programmable; that is, the outputs may be preset to either level. As presetting is synchronous,

setting up a low level at the load input disables the counter and causes the outputs to agree with the setup data after
the next clock pulse regardless of the levels of the enable inputs. Low-to-high transitions at the load input of the ‘160

thru '163 or 'S163A or 'S162 should be avoided when the clock is low if the enable inputs are high at or before the

transistion. This restriction is not applicable to the 'LS160A thru 'LS163A. The clear function for the ‘160, ‘161,

‘'LS160A, and ‘LS161A is asynchronous and a low level at the clear input sets all four of the flip-flop outputs low
regardless of the levels of clock, load, or enable inputs. The clear function for the ‘162, ‘163, ‘LS162A, ‘LS163A, 'S162,
and ‘S163 is synchronous and a low level at the clear input sets all four of the flip-flop outputs low after the next clock

pulse, regardless of the levels of the enable inputs. This synchronous clear allows the count length to be modified easily

as decoding the maximum count desired can be accomplished with one external NAND gate. The gate output is

connected to the clear input to synchronously clear the counter to 0000 (LLLL). Low-to-high transitions at the clear

input of the "162 and ‘163 should be avoided when the clock is low if the enable and load inputs are high at or before'
the transition.

The carry look-ahead circuitry provides for cascading counters for n-bit synchronous applications without additional
gating. Instrumental in accomplishing this function are two count-enable inputs and a ripple carry output. Both
count-enable inputs (P and T) must be high to count, and input T is fed forward to enable the ripple carry output. The
ripple carry output thus enabled will produce a high-level output pulse with a duration approximately equal to the
high-level portion of the QA output. This high-level overflow ripple carry pulse can be used to enable successive
cascaded stages. High-to-low:level transitions at the enable P or T inputs of the ‘160 thru ‘163 should occur only when
the clock input is high. Transitions at the enable P or T inputs of the ‘LS160A thru ‘LS163A or ‘5162 and ‘S163 are
allowed regardless of the level of the clock input.

‘LS160A thru 'LS163A, 'S162 and ‘S163 feature a fully independent clock circuit. Changes at control inputs (enable
P or T, or clear) that will modify the operating mode have no effect until clocking occurs. The function of the
counter (whether enabled, disabled, loading, or counting) will be dictated solely by the conditions meeting the stable
setup and hold times.

The 'LS160A thru ‘LS163A are completely new designs. Compared to the original ‘LS160 thru ‘LS163, they feature
0-nanosecond minimum hold time and reduced input currents Iy and IjL.

function. Holding either of the clock inputs high inhibits clocking and holding either clock input low with the
shift/load input high enables the other clock input. The clock-inhibit input should be changed to the high level only
while the clock input is high. Parallel loading is inhibited as long as the shift/load input is high. Data at the parallel
inputs are loaded directly into the register on a high-to-low transition of the shift/load input independently of the levels
of the clock, clock inhibit, or serial inputs.

FUNCTION TABLE

INPUTS INTERNAL OUTPUT

SHIFT/ CLO?K cLock| sErIaL PARALLEL| OUTPUTS ay
LOAD [INHIBIT A...H Qa Qg

L X X X a...h a b h

H L L X X Qap Qgo QHo

H L 1 H X H  Qan| Qgn

Ho oL t L x L Qan| Qgn

H H X X X Qap Qo Qo

See explanation of function tables on page 3 8

. schematic of inputs and output

; ‘165 ‘LS165
EQUIVALENT OF EACH INPUT|TYPICAL OF BOTH OUTPUTS]| EQUIVALENT OF EACH INPUT [ TYPICAL OF BOTH OUTPUTS|
| Vee - Tro0 0 vee
! Aeq NOM
|
I INPUT - T
!‘ ouUTPUT
l - Clock, clock inhibit - Req 17 k§2 NOM
Paraltel inputs,
Shift/load R, 3 X5INOM senal input  Rey 24 kil NOM
Other inputs Rey 6 RI2NOM Shitt/ioad Req 57452 NOM




TYPES SN54LS257A, SN54LS258A, SN545257, SN545258,
SN74LS257A, SN74LS258A, SN745257, SN745258
QUADRUPLE 2-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

BULLETIN N, DL-S 7611734, OCTOBER 1976

TYPES SN54174, SN54175, SN54LS174, SN541S175, SN654S174, SN54S175,  TTL
SN74174, SN74175, SN74LS174, SN74LS175, SN745174, SN74S175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR MSi

BULLETIN NO. DL S 7611803, DECEMBER 1972 REVISED OCTOBER 1976

‘174,°LS174,'S174 . . . HEX D-TYPE FLIP-FLOPS
175, 'LS175, 'S175 . . . QUADRUPLE D-TYPE FLIP-FLOPS °

SN541LS257A, SN545257 ... J OR W PACKAGE

‘174, 'LS174, 'S174 Contain Six Flip-Flops
with Single-Rail Outputs

(TOP VIEW) ‘LS257A an_d 'LS258A Offer Three orror JNEUTS TNPUTS p——
‘175, 'LS175, 'S175 Contain Four Flip-Flops Times the Sink-Current Capability vecconraolan e ol e o
with Double-Rail Outputs vee s e o s s s cloc of the Original ‘LS257 and 'LS258
Three Performance Ranges Offered: See wiw e lnlwlls Same Pin Assignments as SN54LS157,
Table Lower Right q’ = 3] SN74LS157, SN545157, SN745157, and
. ° “:DM;’“ ¢ _d;“ ¢ SN541L.S158, SN74LS158, SN545158, G 42 48 4y 3A 38
Buffered Clock and Direct Clear Inputs s X . SN745158
Individual Data Input to Each Flip-Flop Provides Bus Interface from Multiple ) “
Applications include: TTEan ) | [ Sources in High-Performance Systems By 2a 28 2v
Buffer/Storage Registers ckpbg> cx Lab> cx
Shift Registers Ef ht—h npe—=h AVERAGE PROPAGATION  TYPICAL 1 ] ] l J ]
Pattern Generators 1 2 3 4 5 3 ] 8 DELAY FROM POWER 1 2 3 4 5 3 1 '
’ CLEAR 10 0 20 20 30 30 GND DATA INPUT DISSIPATION SELECT 1A 18 v 2A 28 2y GND
description 'Ls257A 12ns 60 mW inputs OVTPUT TinpGrs OUTPUT
) ‘LS258A 12ns 60 mw
These monolithic, positive-edge-triggered flip-flops . 'S$257 48ns 320 mW positive logic: sce function table
utilize TTL circuitry to implement D type flip-flop positive logic: see funciion table '$258 4ns 280 mwW
logic. All have a direct clear input, and the 175, Off state (worst caso) SN54LS258A, SN545258 . . . J OR W PACKAGE

‘L.S175, and ‘S175 feature complementary outputs
from each flip-flops.

SN74175, SN74LS175, SN745175 . .. J OR N PACKAGE ouTPUT " OUTPUTM ouTPuT
Information at the D inputs meeting the setup time (TOP VIEW) : These Schottky-clamped high-performance multi- VCCCONTROL4A 48 4y  3a 38  3Y
reqt:ui_l'ements is transferred to the Q outputs on the plexers feature three-state outputs that can interface wijsjuwjugjuryynijuelfs
positive-going edge of the clock pulse. Clock Vi 40 a0 a0 1 30 w0 work directly with and drive data lines of bus-organized l ] I l ] l
triggering occurs at a particular V‘?'?age l.evel and is systems. With all but one of the common outputs 2
not‘ filrec((y refated to the transition time of the disabled (at a high-impedance state) the low impe- ¢ 4 4B 4y o o®
posctlye-gomg puise. When the clock input is at either dance of the single enabled output will drive the bus
the high or low level, the D input signal has no etfect line to a high or low logic level. To minimize the S 3v
at the output. possibility that two outputs will attempt to take a B W a2 2y
o . . common bus to opposite logic levels, the output-
These circuits are Ifully compatible for use with most epable circuitry is designed such that the output l ] T ] [ T
TTL or DTL circuits. disable times are shorter than the output enable 1 2 3 4 5 6 1 )
times. SELECT 1A 18 Y 2A 28, 2Y GND
FUNCTION TABLE ouTPUT ===v==0y 1puT
(EACH FLIP-FLOP) e e This three state output feature means that n-bit TS puTS
INPUTS OUTPUTS (paralleled) data selectors with up to 258 sources can positive logic: see function table
CLEAR CLOCK D Q at be implemented for data buses. It also permits the use
L X X L H positive logic: see function table of standard TTL registers for data retention
H N Wl n L throughout the system. FUNCTION TABLE
H ot L L H INPUTS OUTPUT Y
H L x| q Qo Series 54LS and 54S are characterized for operation OUTPUT serect| a 8 ‘LS257A | ‘LS258A
TYPICAL TYPICAL over the full military temperature range of —55"C to CONTROL, '§257 'S258
H = high level (steady state) TYPES MAXIMUM POWER 125°C; Series 74LS and 74S are characterized for H X X X Z Z
L '.':':l:vat:ltwadv state) CLOCK  DISSIPATION operation from 0"C to 70°C. L L x L H
FREQUENCY PER FLIP-FLOP M . L L H X H L
1= fmnsmnu trom low 1o high level 174,178 35 MH, 38 mW L " x L L H
Qg = the level of Q before the indicated steady state
Mput conditions were estabhished. ‘LS174,°LS175 40 MH, 14 mW L H X H H L
‘5174, 'S175 110 MH2 75 mw

12175, °L$17%, and "S175 only

SN54174, SN541L.S174, SN545174 .. . J OR W PACKAGE
SN74174,SN74LS174,SN745174 .. . J OR N PACKAGE

SN54175, SN54LS175, SN54S175 ... J OR W PACKAGE

Three-State Outputs Interface Directly
with System Bus

description

SN74LS257A, SN745257 ... J OR N PACKAGE
(TOP VIEW)

SN74LS258A, SN745258 .. .J OR N PACKAGE
(TOP VIEW)

H high level, L low level, X = irrelevant, Z = high impedance (off)




1L TYPES SN54273, SN54LS273, SN74273, SN74L§273

msl

OCTAL D-TYPE FLIP-FLOP WITH CLEAR

BULLETIN NO. DL S 7612091, OCTOBER 1976

e Contains Eight Flip-Flops with
Single-Rail Outputs

e Buffered Clock and Direct Clear Inputs
e Individual Data Input to Each Flip-Flop

e Applications Include:
Buffer/Storage Registers
Shift Registers
Pattern Generators

description

These monolithic, positive-edge-triggered flip-tlops
utilize TTL circuitry to implement D-type flip-flop
logic with a direct clear input.

Information at the D inputs meeting the setup time
requirements is transfeired to the Q ~utputs on the
positive-going edge of the clock pulse. Clock
triggering occurs at a particular voltage level and is
not directly related to the transition time of the
positive-gqoing pulse. When the clock input is at either
the high or low level, the D input signal has no effect
at the output.

These flip-flops are guaranteed to respond to clock
frequencies ranging from 0 to 30 megahertz while
maximum clock frequency is typicaily 40 megahertz.
Typical power dissipation is 39 milliwatts per
flip-flop for the ‘273 and 10 milliwatts for the
'LS273.

schematics of inputs and output

‘273
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS

- ‘In
Req v
g = VCC
wo“]
T —o- ..
INPY } } NOM_{

Clear Req 3 kil NOM
Clock  Hoq © 6 ki2 NOM
All other inputs R, B ki NOM

-— OUTPUT

SN54273,SN54L5273 .. . J PACKAGE
SN74273,SN7418273 ... J OR N PACKAGE

(] U ) ) 1 \_ L‘U “()_‘ 100K
InininiGinininininins
T l‘ ] T I T

) G )

l ) [0
(kP g Pk
CLEAR CLEAR
U

Cran 10 " 20 20 W n a0 40 GND

positive logic: see function table

FUNCTION TABLE
(EACH FLIP-FLOP)

INPUTS ouUTPUT
CLEAR CLOCK D Q
L X X L
H ! H H
H ‘ L L
H L X Qg

See explanation of function tables on page 3 8

‘LS273

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS

— V¢e

Vee
} 20 k§2 NOM T -
INPUT .-
M T ) -— OUTPUT
® i U

functional block diagram

e |
"

no

7-BIT SLICE WALLACE TREES

275 3.STATE QUTPUTS

See page 7-391

AIFE AND CARRY OUTPUTS

. wen v

— suct
oo
wirmeu? Canmv

SN54LS8275 (J) SN74LS275 (J, N)
SN548275 (J) SN748275 (J,N)

QUAD J-K FLIP-FLOPS

276 SEPARATE CLOCKS
EDGE-TRIGGERING
COMMON DIRECT CLEAR

See page 7401

SN54276 (J) SN74276 (J, N)

4-BIT CASCADEABLE PRIORITY REGISTERS

278 LATCHED DATA INPUTS
PRIORITY OUTPUT GATING

See page 7403

SN54278 (J, W) SN74278 (J,N)

NC - No internal connection

FUNCTION TABLE

QUAD S-R LATCHES INPUTS | QUTPUT
s' R [o]
219 R
DIODE CLAMPED INPUTS LW "
TOTEM-POLE OUTPUTS noL L
H = high level L L H*

L - low level

Qg = the level of Q before the indicated input conditions were est

* This output level is pseudo stable, that is, it may not persist when the
S and R inputs return 1o their inactive (high) level.
Y For latches with double S inputs:
H - both S inputs high

See 660 s
page L - one or both S inputs low

SN54279 (J, W) SN74279 (J,N)
SN54L.S279 (J, W) SN74LS279 (J, N)




TYPES SN54283, SN54LS283, SN54S283,
SN74283, SN74LS283, SN745283
4-BIT BINARY FULL ADDERS WITH FAST CARRY

BULLE TIN NO. DL.S 7611832, OCTOBER 19/6

TTL TYPES SN541LS280, SN545280, SN74LS280, SN745280 m
MSi 9-BIT ODD/EVEN PARITY GENERATORS/CHECKERS MS!

BULLETIN NO. DL S 7611829, DECEMBER 1972 REVISED OCTOBER 1976

SN54L5280, SN545280 ... J OR WPACKAGE

Generates Either Odd or Even Parity SN74LS280, SN745280 . ..J OR N PACKAGE

54283, SN54LS283 ... J OR W PACKAGE
. ; e Full-Carry Look-Ahead Across the Four SN :
for Nine Data Lines (TOP VIEW) Bits y SN548283 ... J PACKAGE
Cascadable f Bits SN74283, SN741.5283, SN745283 . . . J OR N PACKAGE
scadable for n-Bi . .
asc , s - e Systems Achieve Partial Look-Ahead (TOP VIEW)
Can Be Used to Upgrade Existing —_{mm Performance with the Economy of Ripple
Systems using MS! Parity Circuits 3 Carry '
e Typical Data-to-Output Delay of Only 14 ns I < e Supply Voltage and Ground on Corner
‘ for 'S280 and 33 ns for ‘L5280 Pins to Simplify P-C Board Layout
e Typical Power Dissipation: G a
'LS280 80 mW TYPICAL ADD TIMES
'S280 . ..335 mW Y (_Evin _ooo ™O0 T™O TYPICAL POWER
l [ [ J 88IT 16817 DISSIPATION
FUNCTION TABLE ‘1 ) f‘] 2 H 3 H P [“] sel 7 TYPE  WORDS  WORDS PER ADDER
" NUMBER OF INPUTS A OUTPUTS N N et even ooo, ON° - .
THRU | THAT ARE HIGH | L EVEN 1 0DD INPUTS A, 283 23ns 43ns 310 mw T e AZ ST AT BT o oD
0.2.4.6.8 H L ‘LS283  25ns 4505 95 mw
. ‘S283 15ns 30ns 510 nW
1,3,5.7,9 L H logic: see function table positive logic: see function table

H  high level, L  low level

NC No internal connection

description
description The ‘283 and 'LS283 adders are electrically and
functionally identical to the '‘83A and 'LS283,

respectively; only the arrangement of the terminals FUNCTION TABLE

These universal, monolithic, nine-bit parity generators/checkers utilize Schottky-clamped TTL high-performance

5

INPUT~% g

-+
3—~ OUTPUT

Ll

range of -55°C to 125 C. Series 74, Series 74LS, and
Series 74S circuits are characterized for 0'C to 70°C
operation.

circuitry and feature odd/even outputs to facilitate operation of either odd or even parity application. The word-length has been changed. The ‘S283 high performance }w"m ~ _ouvg:LEN
} capability is easily expanded by cascading as shown under typical application data. versions are also functionally identical. INPUT -t Com
WHEN WHEN
Series 54LS/74LS and Series 545/74S parity generators/checkers offer the designer a trade off between reduced power These improved full adders perform the addition of C2et Ci=M
consumption and high performance. These devices can be used to upgrade the performance of most systems utilizing two 4-bit binary words. The sum (X) outputs are S Vw82 Sy 2 e Sy e sl
the “180 parity generator/checker. Although the 'LS280 and ‘S280 are implemented without expander inputs, the provided for each bit and the resultant carry (C4) is ‘A:I l' ‘“ l” L’"’ LL‘ lcﬁl- “’- L’-‘ LC.‘J
corresponding function is provided by the availability of an input at pin 4 and the ahsence of any internal connection obtained from the fourth bit. These adders feature " L L . " N . R " N
at pin 3. This permits the ‘LS280 and ‘S280 to be substituted for the ‘180 in existing designs to produce an identical full internal look-ahead across all four bits generating L WL L Ho| L L L Ho| L
function even if ‘LS280's and 'S280’s are mixed with existing “180's. the carry term in ten nanoseconds, typically, for the HpHL L L HoL H| H L
‘283 and 'LS283, and 7.5 nanoseconds for the 'S283. 'L‘ t : t : : t :' ': :
These devices are fully compatible with most other TTL and DTL cucuits. All '1.S280 and 'S280 inputs are buffered to This capability provides the system designer with N wlwle PR IV L "
lower the drive requirements to one Series 54LS/74LS or Series 54S/74S standard load, respectively. partial look-ahead performance at the economy and Ho| MW | L A T AT R )
reduced packuge  count of a ripple-carry L t L H L H L H H L
) . . implementation. L L B B e A N L
schematics of inputs and outputs [ ITI U VI YIS RTE U IR B
L5280 $280 The adder logic, including the carry, is implemented ': r .: : t t : : t :
EQUIVALENT OF INPUTS TYPICAL OF OUTPUTS EQUIVALENT OF INPUTS TYPICAL OF OUTPUTS in its true form. End around carry can be accomplish- Hlu W w lw | ML | HH
’ ed without the need for logic or level inversion. L AL LA A LU U L L B L
v - :r,(;;g '\,‘0_”;1 _VCC LH KM H L H " H H H
Ve ———yp—— 120 2 NQBL cc Vce ' -- /,_._5 Series 54, Series 54LS, and Series 54S circuits are ,:‘0‘,:%,,',:::'CLO;,,:ﬁ:,,I:V:" A1, B1, A2, B2, and CO are used 10
] 20 k2 NOM . :[: 28 ki NOM - "{k characterized for operation over the full temperature deterine outputs L1 and L2 and the value of the internal
INPUT g pgdq - -

carry C2. The values at C2, A3, 83, A4, and B4 are then
used 10 determine outputs L3, L4, and C4,




MmslI QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE

BULLETIN NO. DL-S 7611747, MARCH 1974 REVISED OCTOBER 1976

363 TRANSPARENT LATCH
3STATE OUTPUT
COMMON OUTPUT CONTROL
COMMON ENABLE

m | TYPES SN54298, SN541S298, SN74298, SN7415298 i OCTAL D-TYPE LATCHES

e Selects One of Two 4-Bit Data Sources
and Stores Data Synchronously with SN54298, SN54LS298 . .. J OR W PACKAGE ’
S Clock . SN74298, SN74L5298 ... J OR N PACKAGE 1
ystem Cloc (TOP VIEW) ;
e Applications: ) ouTPUTS DATA |
Dual Source for Operands and Constants ve mTCLOCKS»;v?:g INP’UT ' See page 7-467
in Arithmetic Processor; Can Release c 0 A SNSALS363 (J)  SN74LS363 (J, N)
Processor Register Files for Acquiring New WS pjupyinjfuogls :
Data [ I [ I l I | OCTAL D-TYPE FLIP-FLOPS
Implement Separate Registers Capable of aa 0s Q¢ Qp 'C\{( Ws i
“Parallel Exchange of Contents Yet Retain 364 commoncrock
External Load Capability 82 ct ; COMMON OUTPUT CONTROL
. . . 1 3-STATE QUTPUTS
Unlyersal '_l'vpe Register for implementing A2 A' Bl €2 02 D1 ‘
Various Shift Patterns; Even Has Compound 1 I
Left-Right Capabilities i
descripti 1 2113 [14]5(16]]7 8 i
escription B2 A2 Al 81 C2 D2 D1, GND [
These monolithic quadruple two-input multiplexers DATAINPUTS See page 7-467
" with storage provide essentially the equivalent | SN54LS364 (J) SN74L5364 (J. N)
functional capabilities of two separate MSI functions \ :
N ogic: see function table N
(SN54157/SN74157 or SN54LS157/SN74LS1567 and i HEX BUS DRIVERS v B e e s e a
SN54175/SN74175 or SNS54LS175/SN74LS175) in a F wi fs] Jra] foal Jaap in| {w]]e
single 16-pin package. . . !
g pin packag functional block diagram 365 3STATE OUTPUTS
A ‘ NONINVERTED DATA OQUTPUTS
When the word-select input is low, word 1 (A1, B1, GATED ENABLE INPUTS
C1, D1) is applies to the flip-flops. A high input to
word select will cause the selection of word 2 (A2, S LN !
N
B2,"C2, D2). The selected werd is clocked to the —pox ]
output terminals on the negative-going edge of the R THAyHHsHsH 1 Hs
clock pulse. T s o ™ om w om
See page 6-36
4
Typical power dissipation is 195 milliwatts for the - _‘;D_w__ S ool-L g Zzgaigigs(‘:dwv:l) ::;:igg‘;;:JNt)dl
298 and 65 milliwatts for the 'LS298. SN54298 I . ) .
and SN541.5298 are characterized for operation over " HEX BUS DRIVERS
vee &2 [0 . A v “ o

the full military temperature range of —55°C to -
125°C; SN74298 and SN741.5298 are characterized -

for operation from 0°C to 70°C. - %r R ‘ 366 nverTeD DATA OUTPUT

2 b . GATED ENABLE INPUTS

FUNCTION TABLE 3-STATE OUTPUTS

INPUTS OUTPUTS
WORD
seLect Ct9¢K|Ca @8 Qc Cp oo
L i at bl ct d1 ; : > : ; : gL
" X s o2 s o H & A W I v 3 ¥ oW
3 H
Qa0 Qgo Aco Qpo ook A > See page 6.36 SN54366A (J, W) SN74366A (J,N)
’ SN54LS366 (J, W) SN74LS366 (J,N)
H = high level {steady state) _ql> Dynamic input activated by a transition from a high level
L - fow level (steady state) ! o a low level

X - irrelevant (any mput including transitions)

I transition from high to low level

a1, a2, etc. ~ the level of steady state input :;I A1, A2 etc

QaQ. Qgg. etc. ~ the level of Qp. Qg, etc. entered on the
most recent 4 transition of the clock input




TYPES SN54LS373, SN541LS374, SN54S373, SN545374,
TTL ) SN74LS373, SN741LS374, SN74S373, SN74S5374

MSI

OCTAL D-TYPE TRANSPARENT LATCHES AND

EDGE-TRIGGERED FLIP-FLOPS

BULLETIN NO. DL S 7612350, OCTOBER 1976

o Choice of 8 Latches or 8 D-Type Flip-Flops
In a Single Package

o 3-State Bus-Driving Outputs

o Full Parallel-Access for Loading

e Buffered Control Inputs

e Clock/Enable Input Has Hysteresis to Improve
Noise R'ejection

e P-N-P Inputs Reduce D-C Loading on
‘Data Lines ('S373 and ‘S374)

Me SN54L5363 and SN74LS364 Are Similar But
Have Higher Vg For MOS Interface

‘LS373,°8373
FUNCTION TABLE

OUTPUT ENABLE o | outeut
CONTROL G

L H H H

L H L L

L L X Qg

H X X z

‘'LS374, 'S374
FUNCTION TABLE

ouTPUT CLOCK D | OUTPUT
CONTROL

L 1 H H

L 1 L L

L L X Qo

H X X z

See explanation ot tunction tables on page 3 8

description

SN5418373, SN54S373 ... J PACKAGE
SN74L8373, SN74S373 .. .J OR N PACKAGE
(TOP VIEW)

ENABLE

ouTPUT 10 0 £ EY n ° 4 «@  GND
CONTROL

fogic: see function table

SN541LS374, SN54S374 .. . J PACKAGE
SN74LS374, SN745374 ... J OR N PACKAGE

(TOP VIEW)
V¢ 80 B0 D 70 0 8 30 50 CLOCK
([ [|8]j|jw|[[]lralf13i{t2|in
T J
P & o PP o
¢ [te) lal |Ca
o ) o )
ox <Pt -4 o ok cx
o ot _ .
D S B G & —3 4
1 L AL i .l [
1 2I3H4|5Hil7llﬂll!”|ﬂl
OUTPUT 10 w0 20 0 0 o 40 «0 GND

CONTROL

logic: see function table

TYPES SN54390, SN54LS390, SN54393, SN54LS393,
m SN74390, SN74LS390, SN74393, SN74LS393
DUAL 4-BIT DECADE AND BINARY COUNTERS

BULLETINNO DL S 7612099, OCTOBER 1976

These 8-bit‘registers feature totem-pole three-state outputs designed specifically for driving highly-capacitive or
relatively low-impedance loads. The high-impedance third state and increased high-logic-level drive provide these
registers with the capability of being connected directly to and driving the bus lines in a bus-organized system without
need for interface or pull-up components. They are particularly attractive for implementing buffer registers, 1/0 ports,

bidirectional bus drivers, and working registers.

The eight latches of the ‘LS373 and 'S373 are transparent D-type latches meanina that while the enable (G) is high the

Q outputs will follow the data (D) inputs. When the enable is taken low the output will be latched at the level of the

data that was setup.

e Dual Versions of the Popular ‘90A, 'LS90

and '93A, 'LS93

e ‘390, 'LS390. . .Individual Clocks for ‘A and B

Flip-Flops Provide Dual : 2 and :5 Counters

e ‘393, 'LS393. . .Dual 4-Bit Binary Counter

with Individual Clocks

e Ali Have Direct Clear for Each

4-Bit Counter

e Dual 4-Bit Versions Can Significantly Improve

System Densities by Reducing Counter Package
Count by 50%

® Typical Maximum Count Frequency . .. 35 MHz

o Buffered Outputs Reduce Possibility of Collector

Commutation

description

- Each of these monolithic circuits contains eight
master-slave flip-flops and additional gating to imple-
ment two individual four-bit counters in a single
package. The ‘390 and ‘LS390 incorporate dual
divide-by-two and divide-by-five counters, which can
be used to implement cycle lengths equal to any
whole and/or cumulative multiples of 2 and/or 5 up
to divide-by-100. When connected as a bi-quinary
counter, the separate divide-by-two circuit can be
used to provide symmetry (a square wave) at the final
output stage. The ‘393 and ‘LS393 each comprise
two independent four-bit binary counters each having
a clear and a clock input. N-bit binary counters can
be implemented with each package providing the
capability of divide-by-256. The ‘390, ‘LS390, ‘393,
and ‘LS393 have parallel outputs from each counter
stage so that any submultiple of the input count
frequency is available for system-timing signals.
Series 54 and Series 54LS circuits are characterized
for operation over the full military temperature range
of -55°C to 125°C; Series 74 and Series 74LS
circuits are characterized for operation from 0°C
to 70°C*

SN54390, SN54L.S390 . .. J OR W PACKAGE
SN74390, SN74LS380 ... J OR N PACKAGE
(TOP VIEW)

OQUTPUTS
2 outpPur
vee 2A  CLEAR 204 28 208 2Q¢ 2Qp

18 15 14 k] 12 n 10 9

L [ & 1 [ 1
Qa ‘; Qg ., Qc o
CLEAR

I

ClEAR g

l—_ ua A G __Qac__ Gp

L ¥ 1T 1 1

1 2 3 4 5 6 7 ]

1A 1 104 18 108 10c  1Qp, GND
CLEAR OUTPUT M e/

OUTPUTS

positive logic: High input to clear resets all four
outputs low

SN54393, SN541.S393 .. . JOR W PACKAGE
SN74393, SN541.5393 ... JOR N PACKAGE
(TOP VIEW)

OUTPUTS
2 A
vee 2a  ciear 7204 208 200 20p°

1 13 12 n 10 9 8

I I I T
Qa Qg Qac Qp
CLEAR

> >

» Jp—

CLEAR
I Qa Qg Qac Qp
1 i 1 L

1 2 3 4 5 6 7

1A 1 \10a 10g 1Qc 100/ GND
CLEAR \V/

OQUTPUTS

positive logic: High input to clear resets all four
outputs low




TTL SERIES 54/74, 545/74S | 44 Proprietary DM71/DM81LS95,LS96,LS97,LS98
MEMORIES PROGRAMMABLE READ-ONLY MEMORIES | -

BULLETIN NO. DL S 7512258, MAY 1975 ‘ o TRI-STATE Octal Buffers
- S General Description Features ’
* Titanium-Tungsten (Ti..W) Fuse Links fpr ¢ Is:u:lte[?;a%)g;:\%and Chip Select Simplify These devices provide eight, two-input buffers in each ® QOctal versions of popular DMB8095, 8096, 8097,
Fast, I:ow-Voltage, Reliable Programming v g . package. All employ the newest low power-Schottky TTL 8098
® All Schottky-Clamped PROM's Offer: ° App_lications Inclu_de: . technology. One of the two inputs to each buffer is
Fast.Chlp Select to Simplify System Decode Mlcroprogramml;‘lgr/‘mewarGe Loadters used as a control line to gate the output into the high- ® Typical power dissipation
Choice of Three-State or Open-Collector Outputs (T:ode F?nve/gers' ! aracter Generators impedance state, while the other input passes the data U595 LS9y 80 mW
P-N-P Inputs for Re_duced Loading on ranslators/Emulators through the buffer. The 95 and 97 present true data pesdyed 80 mW
System Buffers/Drivers Address Mapping/Look-Up Tables

at the outputs, while the 96 and 98 are inverting. On the
B . . . 95 and 96 versions, all eight TRI-STATE enable lines are

- - - . ® Typical propagation delay
IV TYPE NUMBER (PACKAGES) BIT SIZE OUTPUT TYPICAL ACCESS TIME (ns) common, with access through a 2-input NOR gate. On LS95 LS‘:”ga 13 ns
I~ FROM FROM the 97 and 98 versions, four buffers are enabled from LSQG‘ LS98 10 ns
-55 Ct0 125 C{ 0 Cto70 C |[(ORGANIZATION)|CONFIGURATION ADDRESS | CH® SELECT . one common line, and the other four buffers are enabled !
- e S - - - —- from another common line. In all cases the outputs
512 bits . ,p ® Low power-Schottky, TRI-STATE technology
SNSA186(J, W) | SN74186(, N) open collector 50 55 are placed in the TRI-STATE condition by applying a ;
- - 164 W x 88) R -- high logic level to the enable pins. These devices repre- -
™ coline )
| SN54188A(J, W) SN7418BALN) 256 bits open collector 3 ol sent octal, low power-Schottky versions of the very
SNOASIBBLL. W) [SNIASTEBU. NI W gy fobeoteton 25 12 popular DM70/8095, 96, 97, and 98 TRI-STATE hex
| SN545288(J, W1 [SN74S288(4, N) o threestare | 25 12 buffers.
SNH45287(J. W) |SN745287(J, N) 1024 bits three-state 42 15 .
[SNS4S387(J, W) |SN74S387(J, NI| (256 W x 4 B) 42 15 Connection Diagrams
[SN54S47000)  |SN745470(3, N) 2048 bits 50 20 Ve G2 A8 Y8 A1 Y] AS Y A5 Y§ Vee B2 A8 Y8 AT Y] A6 Y6 A5 Y5
i'\!"dsf"j”‘” __|SN74S477 0. N} (256 W x 8 B) ‘ 50 20 [m 19 Iu 17 l\i ||s Iu Iu llz In 20 19 lll |n 16 15 |u |u Iu |n
SNGASA72())  [SN74S472(4, N) 4096 bits theee state 55 20
SN545473(J)  |SN745473(J, N)|[ (512W x 8 B) “open-collector 55 20
512 8I7S 256 BITS 1024 BITS 2048 BITS 4096 BITS
(64 WORDS BY 8 BITS) (32 WORDS 8Y 8 BITS) (256 WORDS BY 4 BITS) (256 WORDS BY 8 BITS) (512 VYORDS'BV 8 BITS)
‘186 "188A, 'S188, 'S288 '§287, 'S387 ‘$470, 'S4a71 S472,°'S473
- - 1 ar N
R vqr—‘LI REEIINN Bt L] 06 Ve AnG % Vi Ana L]”Em vee ava i LJ-T 20 \cc .
e NETIRRTS bo s " s vt 7 NS | Do non S ' ] 2 3 4 s [ ) 8 | 10 1 2 3 ‘ 5 s |7 8 |o 10
AU A J(I "2 o Doy 14 ADE ALF 1 ITERE AvC 3 J 518 Al G ApC ac ‘ 18 ADM
IS ikh oo ho 4 e 3 AbD ADD & [ARNER Al ag [y Ao At acl) D17 AnG 4] A Y1 A? Y2 Al Y3 A4 37 GND (] Al Y1 A2 Y2 A3 v3 AQ va GND
anc s¢ [fr20 voa e 12 oane Ava s oot s !,\‘s s anv ¢ [pre 2o 71L595/81L.S95(N) 71LS96/81LS96(N)
[RRIY ’ 319 DO GO b & 1MOADER ADR 6 nono Y [T ErS D15 (o1 DOV 6 P (3
U RET4 218 pos 0o No AL A AncC ) [T 002 o l‘n. DOR NS & e oA
AD0 8C l)n 06 ND R 9 Do KR GND R A hoa 0o 1 8e 513 007 v e ‘R., 001 Vee G2 At Y§8 A \2 A6 Y6 AS ¥s - Vee T2 a8 Y& A Y? A6 Y6  AS Y§
- 156 00 Do & e M2 006 no4 9 ‘12 vos | l l | | | I I
anovor] !! LD 10 l "o onos D 104 S nos 20 19 18 17 16 15 14 13 12 11 20 19 18 17 16 15 14 13 12 11
b nd :
12C
o s Pin assignments for all of these memories are the same for all pack ages

et
The e 4t 10 g unde finer

description

These monolithic TTL programmable read-only memories (PROM’s) feature titanium-tungsten (Ti-W) fuse links with
each link designed to program in one millisecond or less. The Schottky-clamped versions of these PROM’s offer
considerable tlexibility for upgrading existing designs or improving new designs as they feature full Schottky clamping
for improved peiformance, low-current MOS-compatible p-n-p inputs, choice of bus-driving three-state or |
open-collector outputs, and improved chip-select access times. !

|| ]z I: Ia ls ls |7 Il 9 lw I' Iz Is 'l ls |c |1 ]o 9 ]w

The high-complexity 2048 and 4096-bit PROM’s can be used to significantly improve system density for fixed € Al Y1 A2 Y2 A} Yl A4 Y&  GND G Al Yl A2 Y2 A3 Yl A4 Y4 GND
] It are offere » 20-pi -in-h + hi - . ch.

memories as all are offered in the 20-pin dual-in-line package having pin-1ow spacings of 0.300 inch 71LS97/81LS97(N) 71LS98/81LS98(N)
Data can be electronically programmed, as desired, at any bit location in accordance with the programming procedure i
specitied. All PROM’s, except the ‘S287 and ‘S387, are supplied with a low-logic-level output condition stored at each ! Truth Tables
bit location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at selected
locations. The procedure is irreversible; once altered, the output for that bit location is permanently programmed. ; Lses L596 Ls97 — LS98
Outputs never having been altered may later be programmed to supply the opposite output level. Operation of the unit INPUTS OUTPUT INPUTS ouTPUT INPUTS | OUTPUT INPUTS | OUTPUT
within the recommended operating conditions will not alter the memory content. Gl G2 A A Gl G2 A Y G A N G A '
A low level at the chip-select input(s) enables each PROM except the ‘186, which is enabled by a high level at both H X X z _H——XH X z H X 7 H X 4
chip-select inputs. The opposite level at any chip-select input causes the outputs to be off. X H X 2 X H X z L H H L H L
The three-state output offers the convenience of an open-collector output with the speed of a totem-pole output; it can ! L L H H L L H L L L L L L H
be bus-connected to other similar outputs yet it retains the fast rise time characteristic of the TTL totem-pole output. L L L L L L L H

The open-collector output offers the capability of direct interface with a data line having a passive pull-up.




TTL/MSI 9334

8-BIT ADDRESSABLE LATCH N Series 54/74

DM7130/DM8130 10-bit comparator
DM7160/DM8160 6-bit comparator

. DESCRIPTION — The TTL/MSI 9334 is a high speed 8-Bit Addressable Latch designed for general
purpose storage applications in digital systems. It is a multifunctional device capable of storing single
line data in eight addressable latches, and being a one-of-eight decoder and demultiplexer with active
level HIGH outputs. The device also incorporates an active level LOW common clear for resetting
all latches, as well as, an active level LOW enable. The 9334 is compatible with all members of
Fairchild’s TTL family.

‘e SERIAL TO PARALLEL CAPABILITY
‘ e §'BITS OF STORAGE WITH OUTPUT OF EACH BIT AVAILABLE
g e RANDOM (ADDRESSABLE) DATA ENTRY
{e ACTIVE HIGH DEMULTIPLEXING OR DECODING CAPABILITY
! e EASILY EXPANDABLE
"o COMMON CLEAR
[ ® INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS
' TTL COMPATIBLE
PIN NAMES LOADING
(Note a)
AO, Ay , Ay Address Inputs 1 U.L.
i D Data Input 1U.L.
i E Enable (Active LOW) Input 1.5 U.L.
c Clear (Active LOW) Input 1U.L.
. QgtoQy Parallel Latch Outputs (Note b) 6 U.L.
!
. NOTES:

a. 1 Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW
b. 6 U.L. is the output LOW drive factor and 18 U.L. is the output HIGH drive factor.

LOGIC SYMBOL

3
A,

2

m
o

0—
-
2~

9334

¢ 00,0, o,o.asoso,

BERERAN

15 4 5 6 7 9 1011 12

Vce = Pin 16
GND = Pin 8

CONNECTION DIAGRAMS
DIP (TOP VIEW)

LOGIC DIAGRAM
®' O = PIN NUMBERS®
[ 1
I
g' 9,

FLATPAK (TOP VIEW)

' % vec|ve

b n LY [ s 113
L] s VY e
1% o1
sCo, o)
sC—]o, [ ses [T}

eCJano 7} s 1)

general decription

The DM7130/DM8130 and DM7160/DM8160 com-
parators determine equality or non equality be-
tween two binary words. The DM7130/DM8130
compares two ten-bit words while the DM7160/
DMB8160 compates two six bit words. A stiobe
over ride is provided on both devices which when
taken to a logical 1" will force the output to a
logical 1"

features
® Series 5474 compatible
& 20 ns typical compare delay

& Typical power dissipation
DM7130/0M8130 240 mW
DM7160'DM8160 205w

& Open collector outputs for expandability

logic and connection diagrams

Dual-In-Line and Flat Package

OM7130 OMB130

truth table

Dual-In-Line and Flat Package

OM7160,0M8160

CONDITION

A B A’B
A B
A’rB

STROBE | 2
s
1 1
[ '
0 0

For DM7130 DM8130

(A) Aq Ao
(B) B, Bo

Z S IXg Xy Xy Xy-

For DM7160/DMB160

(A} A, A,
8} 8, B,

Z S Xg Xy X, Xy

where

Xg - Xo o+ Xg o+ Xy Xy Xoy !

SXe - Xg ]

Xo AgBg'AgBo. X, A,B,'A B,




{ INSTALLATION PROCEDURE

. GENERAL UNPACKING AND INSPECTION

The AES-PLUS Text Editor is shipped in two boxes containing the CRT
console and the printing unit. The CRT console is packaged in two
~moulded Styrofoam blocks, encasing both ends and fitted in a
corrugated cardboard box. The printing unit is packaged in its
original beox, where it is bolted on a press-wood board and

contained in a dual box (inner and outer) arrangement.

ONCE UNPACKING IS COMPLETED

e Place the unit as required at the designated customer location.

e Inspect CRT surface for cracks, scratches or other possible
damages that might have resulted from shipment.

e Check all hardware for loose nuts, frayed cables, etc...

e Make sure that all printed circuit boards are firmly inserted in
their edge connector.

e Check all connectors, fuses and relays for proper installation.

ALL PACKAGING MATERIAL SHOULD BE BROUGHT BACK TO AES DATA

INSTALLATION

CAUTION

POWER SHOULD NOT BE APPLIED BEFORE THE FOLLOWING PROCEDURES
HAVE BEEN COMPLETED

e Connect the printer flat cable to the proper socket in the rear
of the CRT console and the printer.

e Connect the printer power cable to the printer power supply
socket located behind the CRT console.

e Connect the AC power cord to the CRT console and to the

appropriate wall socket.

INITIAL POWER TURN-ON

After having entirely inspected the system, turn power ON as

follows:

e Press the white ON-OFF switch, located in the rear of the CRT
console, to the ON position.

e A continuous bell tone is heard at this moment; insert a program
diskette in the upper disc drive and wait for 30 seconds.

e The control line should appear on the video display. Set the
brightness and volume controls located below the disc drives.

e Verify that the printer operates by printing properly a small
text from the screen.

e Set left and right margins.

e Insert a diskette in either disc drive and check all EDIT and
FILE functions.

e Allow the operator to exercise the system with most of its

functions.

NOTE:
If any malfunction occurs during the above procedures, refer

to the MAINTENANCE section of the manual.

ES

Installation




A)

B)

MAINTENANCE & DIAGNOSTIC

INTRODUCTION

Maintenance of the AES-PLUS Text Editor consists mainly of a system
check performed on a GO-NO-GO Test Station. This system check is
almost done automatically by a diagnostic progfam loaded 1nto an 8K
EROM Memory Board and two formatted mini-diskettes. A power

supply adjustment procedure completes the system check.

DIAGNOSTIC PROCEDURES

The Diagnostic Program is contained in an 8K EROM Memory printed
circuit board. This memory board is inserted in the lower slot of
the test station and two formatted diskettes in each disk drive.

At this point, it is assumed that the C.P.U. Board and the printer

_.are operating properly.

System Diagnostic

The EROM Progam will test the system automatically and operator
intervention will be required on a few tests only. The program 1s

divided into twelve sub-programs:

e The Microprocessor Test

e The C.P.U. Test

e RAM Test (Instruction Memory 0-16K)
e Switch Packs Test

e RAM Test (Instruction Memory 16-32K)
e Printer Test & Exerciser

o Keyboard Test & Exerciser

1.

1.

1

2

e Disk Test & Exerciser

o Video Test

e Video RAM Test

e Video Format & Scroll Test (Page @)
e Video RAM Test (Page 1)

The tests requiring operator intervention are tests D, G, H, I and

J. Proceed by:

e Turning the system power ON and check that all connections are
made properly (Qume power cord ...).

e Insert paper in printer.

e Set the switch pack on the video board to the desired
configuration. (All configuration have not been defined yet so
place Parity switch 8 of switch pack 1 in the OFF position).

e Press the RESET button to start program execution.

The Microprocessor Test

Result: A bell sound is heard if the microprocessor passes the

test.

If a failure occurs, the bell stays on and a RESET should

be executed by the operator.

THE C.P.U. Tests

Result: ERROR O is printed if no failure occurs

ERROR 1 is printed if failure occurs.

This test verifies state of Bootstrap flag.

Maintenance




t.3

2.

Result: Will print ERROR 2 or 3, 4 or 5

This test verifies the instruction memory READ/WRITE in the first

4K.

Result: ERROR 6 First address byte of channel @,1
ERROR 7 Second address byte of channel @,1
ERROR 8 First byte of Terminal count @ & 1
ERROR 9 Second byte of Terminal count @ & 1

*During the printing of results, the DMA channel number 1is

included.

The RAM Tests

Result: *%*PASSED** jis printed for first 16K
If failure occurs, the original data byte is printed with the

stored data byte accompanied by the error address.

XXXXXXXX
Stored byte XXXXXXXX
Error Address: XXXXXXXXXXXXXXXX

Original byte:

The same as above applies for the second 16K, the 8K of

Video Page @ and the 8K of Video Page 1.

Result:

‘1.4 Switch Pack Test

.

5

The automatic diagnostic stops and then the operator must place all

switches in the ON position and press the EXEC key.

Result: *%PASSED** is then printed.

The switches are then placed in the OFF position.
*%PASSED*%* is then printed.

Result:

If error occurs, **FAILED** is printed. The failed switch pack
number (@ or 1) is also printed followed by the switch pack binary

configuration.

The Printer Test

Result: The printer prints the following string of characters

AZBYCXDWEVFUGTHSIRJOQKPLOMN
abcdefghijklmnopqrstuvwxyz
0918273645

The mechanical functions of paper feed, carriage feed, ribbon and
character strobes are also tested. These functions require the

operator's observation since no printout 1s issued.




l.6 The Keyboard Test & Exerciser

1.

l.

7

8

This test requires the operator's assistance since characters have
to be keyed from the keyboard. The operator should key several
characters in upper and lower case (twelve per line as shown in the

GO-NO-GO Test output).
The REPT key should be pressed simultaneously with a character so
as to verify repeated interrupts. The underline is also verified

by pressing a character with the SCROLL key ON.

To allow the diagnostic to continue, the operator should press the

STOP key.

The Disk Drive Test & Exerciser

Result: **PASSED** is printed if no failure occurs.

ERROR 1 - if Drive @ not ‘ready.
ERROR 2 - if Drive 1 not ready.
ERROR 3 - if Track flag false.

ERROR 4 - if Track unaccessible.
ERROR 5 - if READ/WRITE error occurs.

The Video Test

The test consists of questions asked to the operator via the
printer. These questions only require a YES or a NO given via the

keyboard by a CRTL+Y for a YES and CRTL+N for NO.

Result: IS VIDEO OFF ?
IS PICTURE STABLE ?
IS V 1IN TOP LEFT CORNER OF SCREEN ?

! IS IT A VALID CHARACTER ?
IS IT ! UPSIDE DOWN ?

;The answers typed by the operator appear next to each question. If

an error 1s generated, the error number appears beside the answer.

The following list describes the type of video error that may be

incurred:

ERROR NO: DESCRIPTION
1 The video cannot be turned off.

2 Fault ahead of scan line logic.

3 Fault after scan line logic.

4 "V" cannot be written in ADDRESS 8@@@H.

5 "V" is written in address @@@PPH instead of SPPPH.
6 Video screen cannot be cleared.

7 @PH cannot be written in SP@@H.

8 Non-valid character; video output or scan line

counter fault.

9 Possible video output failure.

10 Video memory failure.

11 Memory output driver fault.

12 Memory output latch & underline logic.

13 . Memory or output logic failure.

14 Memory output driver.

15 Half-tone Bit XOR and underline.




1.9 The Video Format & Scroll Test (Page @)

Result: The eight formats are verified and assigned an error

number.

ERROR NUMBER DESCRIPTION

1 FORMAT 256 FAILED
2 FORMAT 208 FAILED
3 FORMAT 160 FAILED
4 FORMAT 144 FAILED
5 FORMAT 128 FAILED
6 FORMAT 112 FAILED
7 FORMAT 96 FAILED
8 FORMAT 80 FAILED

The scroll test is performed with the aid of the operator. When a
P appears at the left corner of the video screen, the operator must
scroll right or left by using SCROLL + <«—— or SCROLL + ——

The format at this time is 256:

COLUMN @ COLUMN 255
LINE 1

This test is ended by pressing the STOP key. To perform the UP and
DOWN scroll, press SCROLL + f or SCROLL +t . The format becomes at
this time 80:

LINE 2 @ 80 COLUMN 79

LINE 101 101

'This test 1s also ended by pressing the STOP Key,

This same test should also be performed on video Page 1.

EXAMPLE OF A.E.S. 103 GO-NO-GO TEST PRINTOUT

Microprocessor Test *%PASSED*%*
C.P.U. TESTS **PASSED**
BOOTSTRAP CHECKSUM = 01010000
RAM TEST **PASSED**

SWITCHES TEST

SET SWITCH PACKS ON **PASSED**
SET SWITCH PACKS OFF **PASSED**
RAM TEST **PASSED**

PRINTER TEST & EXERCISER

AZBYCXDWEVFUGTHS IRJOKPLOMN

abcdefghijklmnopqrstuvwxyz

0918273645




c)

Power Supply Adjustment Procedures

All power supply adjustments include an output voltage adjustment,

an overvoltage protection and current limiting check.

Equipment required:

e Oscilloscope.

Digital Voltmeter.

e A five ampere fuse shunted by a 30 ohm resistor.

e A 1l kilohm resistor with leads.

Before applying power to the unit, make sure all regulator input

fuses have been removed from their P.C. board holders.

Synchronizing Oscillator Check

With the oscilloscope, place probe at the emitter of Q2 and check
for the presence of pulses. The pulses should have a period of 33

microseconds and an amplitude of approximately 8 volts.

+5 Volt Adjust

e Insert fuse with 30 ohm resistor in the fuse holder situated

ahead of the +5 volt pass transistor Ql.
e Check presence of sync signal at capacitors C3 or C&
e To verify the overvoltage protection circuit, apply the 1K

resistor across the +27 volt and input 5 of reference amplifier

Al. Check the +5 volt output response with the D.V.M.

e For the current limiting check, use same resistor and apply
between the base of Q2 and ground. Check waveform at base of Ql;

waveform should widen due to simulated higher load demand.

e Readjust potentiometer R8 for a 5 volt reading on D.V.M.

+ 15 Volt Adjust

e The procedure for this adjustment 1s the same as described for

the + 5 volt.

The - 15 Volt Adjust.

o Insert fuse with 30 ohm resistor.

e Place 1K resistor across + 5 volts and arm of potentiometer R100.

Check output response with D.V.M.
e For current limiting check, place 1K resistor across base of Q13
and -27 volt source. Check response with oscilloscope at base of

series-pass transistor Qll.

The + 12 Volt Adjust.

The procedure for this adjustment is the same as described for the

+ 5 volt adjustment procedures.

The - 12 Volt Adjust

This regulator consists of an integrated circuilt and its 12 volt

output is simply adjusted by potentiometer R116.
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Model M4000 (15”—CRT)

SAFETY WARNING

CAUTION: NO WORK SHOULD BE ATTEMPTED ON AN EXPOSED MONITOR CHASSIS BY ANYONE NOT
FAMILIAR WITH SERVICING PROCEDURES AND PRECAUTIONS.

- 1. SAFETY PROCEDURES should be developed by

habit so that when the technician is rushed with re-

; pair work, he automatically takes precautions.

|

! 2. A GOOD PRACTICE, when working on any unit,

is to first ground the chassis and to use only one

! hand when testing circuitry. This will avoid the pos-

sibility of carelessly putting one hand on chassis or
ground and the other on an electrical connection
which could cause a severe electrical shock.

3. Extreme care should be used in HANDLING THE
PICTURE TUBE as rough handling may cause it to
implode due to atmospheric pressure (14.7 lbs. per
sq. in.). Do not nick or scratch glass or subject it to
any undue pressure in removal or installation. When
handling, safety goggles and heavy gloves should be
worn for protection. Discharge picture tube by
shorting the anode connection to chassis ground (not
cabinet or other mounting parts). When discharging,
go from ground to anode or use a well insulated piece
of wire. When servicing or repairing the monitor, if
the cathode ray tube is replaced by a type of tube
other than that specified under the Motorola Part
Number as original equipment in this Service Manual,
then avoid prolonged exposure at close range to un-
shielded areas of the cathode ray tube. Possible dan-
ger of personal injury from unnecessary exposure to
X-ray radiation may result. '

4. An ISOLATION TRANSFORMER should always
be used during the servicing of a unit whose chassis is
connected to one side of the power line. Use a trans-
former of adequate power rating as this protects the

serviceman from accidents resulting in personal injury
from electrical shocks. It will also protect the chassis

‘tand its components from being damaged by acci-

"dental shorts of the circuitry that may be inadver-

tently introduced during the service operation.

5. Always REPLACE PROTECTIVE DEVICES, such
as fishpaper, isolation resistors and capacitors and
shields after working on the unit.

6. If the HIGH VOLTAGE is adjustable, it should al-
ways be ADJUSTED to the level recommended by
the manufacturer. If the voltage is increased above
the normal setting, exposure to unnecessary X-ray
radiation could result. High voltage can accurately be
measured with a high voltage meter connected from
the anode lead to chassis.

7. BEFORE RETURNING A SERVICED UNIT, the
service technician must thoroughly test the unit to be
certain that it is completely safe to operate without
danger of electrical shock. DO NOT USE A LINE
ISOLATION TRANSFORMER WHEN MAKING
THIS TEST.

In addition to practicing the basic and fundamental
electrical safety rules, the following test, which is re-
lated to the minimum safety requirements of the
Underwriters Laboratories should be performed by
the service technician before any unit which has been
serviced is returned.

p— 1000 OHM/VOLT (OR HIGHER) AC VOLTMETER

REVERSED IN THE POWER OUTLET.

2. METER READING MUST NOT EXCEED
7% \VOLTS AC

AC VOLTMETER _

EXPOSED PART OF CABINET

——

AS WELL AS THE CABINET.

GROUND LEAD OF METER TO ANY EARTH
GROUND SUCH AS A COLD WATER PIPE \

1500 OHM 10 WATT RESISTOR

Voltmeter Hook-up for Safety Check

A 1000 ohm per volt AC voltmeter is prepared by
shunting it with a 1500 ohm, 10 watt resistor. The
safety test is made by contacting one meter probe to
any portion of the unit exposed to the operator such
as the cabinet trim, hardware, controls, knobs, etc.,
while the other probe is held"in contact with a good
“earth” ground such as a cold water pipe.

The AC voltage indicated by the meter may not ex-
ceed 7% volts. A reading exceeding 7" volts indicates
that a potentially dangerous leakage path exists be-
tween the exposed portion of the unit and “‘earth”
ground. Such a unit represents a potentially serious
shock hazard to the operator.

The above test should be repeated with the power
plug reversed, when applicable.

NEVER RETURN A MONITOR which does not pass
the safety test until the fawt has been located and
corrected.

NOTES: 1. REPEAT EACH CHECK WITH THE LINE CORD

“HOT” LEAD OF METER TO EACH

Video
Monitor




ELECTRICAL SPECIFICATIONS *

TTL SEPARATE
HORIZONTAL, VERTICAL,
VIDEO:

MODEL M3000 MODEL M4000
| —— — = = e =

PICTURE TUBE: 12"’ measured diagonally (305 mm); 74 15" measured diagonally (381 mm); 100
sq. in. viewing area (477 sq.cm); 110°de- sq. in. viewing area (645 sq. cm); 110°
flection angle; integral implosion protec- deflection angle; integral implosion pro-
tion; P4 phosphor standard tection; P4 phosphor standard

POWER INPUT: 115/230V AC, 60 watts (nominal), or 70V DC

FUSES: 0.8 Amp Slo-Blo 0.8 Amp Slo-Blo

LOW VOLTAGE Electronically regulated over AC inputs from 107V to 135V, or 214V to 270V

POWER SUPPLY:

INPUT SIGNALS: COMPOSITE VIDEO INPUT: 0.5V to 2.5V composite P-P, sync negative (input im-

pedance: 75 ohms terminated, 12K ohms unterminated),

or

2.5V to 5.0V P-P, video drive, sync positive at input (in-
put impedance: 75 ohms to 250 ohms video termination,

> 2K ohms vertical and horizontal)

PULSE RISE TIME

30V rise in less than 20 nSec

* Specifications subject to change without notice.

(TYPICAL):
RESOLUTION 800 lines center, 600 lines corners
(TYPICAL):
VIDEO RESPONSE Within —3 dB, 10 Hz to 22 MHz
(TYPICAL):
LINEARITY: Within 2% as measured with standard EIA ball chart and dot pattern
HiGH VOLTAGE: 14kV nominal at 20 uAmp beam current 17kV nominal at 20 uAmp beam current
HORIZONTAL 11.0 uSec maximum at 15.75 kHz
RETRACE TIME:
SCANNING Horizontal: 15,760 Hz £500 Hz; Vertical: 50/60 Hz
FREQUENCY:
ENVIRONMENT: Operating temperature: 0°C to 50°C
Storage temperature: —40°C to +65°C
Operating altitude: 10,000 feet maximum (3048 meters)
Designed to comply with applicable DHEW rules on X-Radiation
Designed to enable listing under UL Specification 478
TYPICAL 9.12” H, 11.40” W, 884" D (232 x 10.94" H, 12.84" W, 10.22" D (278 x
DIMENSIONS: 290 x 225 mm)

326 x 260 mm)

GENERAL INFORMATION

The monitors described herein are fully transistorized (ex-
cept CRT) and applicable for displaying alphanumeric

. characters. The M3000 series monitors use a 12-inch CRT

and the M4000 series monitors use a 15-inch CRT. All
M3000/4000 series monitors are capable of accepting a
composite video signal or a non-composite video signal with
separate TTL horizontal and vertical sync pulses. (See
Schematic diagram.)

The CRT's employed are of the magnetic deflection type
with integral implosion protection. An operating voltage of
+70 volts DC is required from the regulated power supply
for both models. A universal power transformer permits
operating the monitor from either 115 or 230 volts AC,
50/60 Hz.

Input and output connections for the monitor are made
through a 10-pin edge or header connector on the vertical/
video circuit card. Inputs consist of video, horizontal/
vertical sync, and signal ground. One additional input, an
optional TTL level StepScan, may also be connected to the
monitor via the 10-pin edge connector. Output connections
are provided for an optional remote brightness control.

Circuitry consists of two stages for video amplification, five
stages for vertical sync and deflection processing, five stages
for horizontal sync and deflection processing, and a regu-
lated +70 volt power supply. Both models also have
available as options, dynamic focusing, vertical blanking
amplifier, horizontal sync delay, and StepScan amplifier.
(See Schematic diagram.) )

_ Four etched circuit cards are utilized, containing the
. vertical/video circuit, horizontal circuit, differential ampli-

fier/sync separator circuit and power supply circuit. An
optional low voltage logic power supply is available when a
remote power source is required for logic interface cir-
cuitry. Components are mounted on the top of the circuit
cards and plating copper foil on the bottom. Schematic
reference numbers are printed on the top and bottom of
each circuit card to aid in the location and identification of
components for servicing. All standard operating/
adjustment controls are mounted in a convenient manner
on the three circuit cards. Refer to Motorola Service Man-
ual VP20, Part No. 68P25253A40 for complete service
information on the low voltage logic power supplies and

| VP21, Part No. 68P25253A41 for complete service infor-
" mation for the composite v_ideo circuit card.

COMPONENT REMOVAL

Removing components from an etched circuit card is facili-
tated by the fact that the circuitry (copper foil) appears on
one side of the circuit card only and the component leads
are inserted straight through the holes and are not bent or
crimped.

It is recommended that a solder extracting gun be used to
aid in component removal. An iron with a temperature
controlled heating element would be desirable since it
would reduce the possibility of damaging the circuit card
foil due to over-heating.

The nozzle of the solder extracting gun is inserted directly
over the component lead and when sufficiently heated, the
solder is drawn away leaving the lead free from the copper
foil. This method is particularly suitable in removing multi-

- terminal components.

When replacing ‘‘plug-in’ transistors, please observe the fol-
lowing precautions:

1. The transistor sockets are not ‘““captive”, which means
that the transistor mounting screws also secure the socket.
When installing the transistor, the socket must be held in its
proper position.

2.  When replacing a plug-in transistor, silicone grease -
(Motorola Part No. 11M490487) sheuld be applied evenly
to the top of the heat sink and bottom of the transistor.
In addition, be sure a mica insulator is positioned properly
between the transistor and heat sink.

3. The transistor mounting screws must be tight before
applying power to the monitor. This insures proper cooling
and electrical connections. NON-COMPLIANCE WITH
THESE INSTRUCTIONS CAN RESULT IN FAILURE OF
THE TRANSISTOR AND/OR ITS RELATED COMPO-
NENTS.

NOTE
Use caution when tightening transistor mount-
ing screws. If the screw threads are stripped by
excessive pressure, a poor electrical and me-
chanical connection will result.




' SERVICE NOTES
' CIRCUIT TRACING

Component reference numbers are printed on the top and
‘ bottom of the three circuit cards to facilitate circuit
" tracing. In addition, control names and circuit card termin-
" al numbers are also shown and referenced on the schematic
diagram in this manual.

Transistor elements are identified as follows:

E — emitter, B — base, and C — collector.

2. Remove CRT from the front of the chassis by loosen-
ing and removing four screws; one in each corner of the

CRT.
REGULATOR ADJUSTMENT

NOTE
Misadjustment of the low voltage regulator, or
the horizontal oscillator may result in damage
to the horizontal output transistor or pulse lim-
iter diode. The following procedure is recom-
mended to insure reliable operation.

"1, Connect the monitor to an AC line supply; then

“ adjust supply to 120 volts (240 volts in some applications).

’i 2. Apply test signal to proper input. Signal should be of

‘ same amplitude and sync rate as when monitor is in service.

‘3. Adjust HOR. SET coil L50 (on the horizontal circuit
card) until display is stable.

4, Connect a DC digital voltmeter or equivalent pre-
cision voltmeter to the emitter of the regulator output
transistor, Q160 (or any +70 volt test point on the power
supply circuit card).

5. Adjust the 70V ADJUST. control, R158, on the pow-
er supply circuit card for an output of +70 volts. DO NOT
rotate the control through its entire range; damage to the
monitor may result.

6. When adjustment is complete, the AC line supply can
be varied between 105 and 130 volts AC to check for
proper regulator operation. With the regulator operating
properly, changes in display size should be negligible.

HORIZONTAL HOLD/OSCILLATOR ADJUSTMENT

Adjust the core of HOR. SET coil L50 until the horizontal
blanking lines are vertical, or the CRT display is stable
(synced).

CRT REPLACEMENT

Use extreme care in handling the CRT as rough handling
may cause it to implode due to high vacuum pressure. Do
not nick or scratch glass or subject it to any undue pressure
in removal or installation. Use goggles and heavy gloves for
protection. In addition, be sure to disconnect the monitor
from all external voltage sources.

1. Discharge CRT by shorting 2nd anode to ground;
then remove the CRT socket, deflection yoke and 2nd
anode lead.

2. Adjust DYNAMIC FOCUS coil L52 for best edge
focus.

3. Alternate between adjusting R70 and L52 until over-
all CRT focus is optimized.

PROCEDURE NO. 2

1. Connect an oscilloscope (DC coupled) between the
junction of R71 and C63 (on horizontal circuit card) and
signal ground.

CAUTION
High voltage is present.

2. Adjust the oscilloscope controls until one cycle of the
horizontal rate sinewave appears as shown in Figure 1.

3.  Adjust the DYNAMIC FOCUS coil, L52 for a mini-
mum sinewave amplitude of not more than 125 volts P-P.

NOTE

Be sure that the one cycle appearing on the
oscilloscope is not a harmonic of the horizontal
rate sinewave. This may occur if the DYNAM-
IC FOCUS coil, L562, is misadjusted to the
extent that L52 will produce the second har-
monic. The coil must be udjusted to produce
the minimum amplitude of the fundamental
frequency only. Confirm the preceding by
momentarily connecting the oscilloscope across
the primary of T50. Only one cycle or pulse
should appear.

4, Observe the center of the CRT display and adjust the
FOCUS control, R70, for optimum focus; then record the
DC voltage (represented as amplitude A" in Figure 1) be-
tween the DC 0 volt reference and the negative peak of the
sinewave.

5.  Observe the edges of the CRT display and adjust the
FOCUS control, R70, for optimum focus; then record the
DC voltage (represented as amplitude B’ in Figure 1) be-
tween the DC 0 volt reference and the positive peak of the
sinewave .

! DYNAMIC FOCUS ADJUSTMENT

The DYNAMIC FOCUS coil is factory set and should not
normally require further adjustment. However, if it be-
comes necessary, use Procedure No. 1 for touching up the
overall focus. Procedure No. 2 is provided if the CRT (V1)
and/or DYNAMIC FOCUS coil (L52) is replaced in the
field.

PROCEDURE NO. 1

1. Adjust FOCUS control R70 (on horizontal circuit
. card) for best focus in the center of the CRT.

6. Subtract the negative peak voltage from the positive
peak voltage. The difference becomes the voltage value to
which the DYNAMIC FOCUS coil, L52, must be adjusted.

7.  While observing the sinewave, adjust the DYNAMIC
FOCUS coil, L52, until amplitude “C’* (see Figure 1) equals
the difference voltage value determined in step 6.

8. While observing the oscilloscope, readjust the FOCUS
control, R70, until the negative peak of the sinewave is
positioned above the DC 0 volt reference line equal to the
voltage value recorded in step 4.




. Amplitude “A’” — Represents adjusting FOCUS control,
R70, for best CRT center FOCUS.

- Amplitude ““B” — Represents adjusting FOCUS control,
R70, for best CRT edge FOCUS.

Amplitude “C"" — Represents adjusting DYNAMIC FOCUS
coil, L52, for final P-P setting that is equal to difference be-
tween amplitude A’ and ““‘B".

OSCILLOSCOPE
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. THEORY OF OPERATION

POWER SUPPLY
(Refer to Figure 2.)

The power supply is a transformer operated, full wave,
regulated series pass circuit that maintains a constant out-
put voltage with line input variations of £12.5%. Depend-
ing on how connector S2 is wired, operation from 115 or

NOTE: After amplitude ““C” is adjusted, amplitude ‘A" AEPC-00175
" must be reset to the original voltage value that provided Figure 1. Adjusting Dynamic Focus with an
best CRT center FOCUS. Oscilloscope ‘
N,
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STEPSCAN ¢§——1 ampL.
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Block Diagram

230 volts, 50/60 Hz is possible. Integrated circuit IC150 is
the reference amplifier, transistor Q152 is a regulator
buffer, transistor Q151 is the regulated output driver, and
Q150 is the series pass transistor.

The output voltage, +70V, appears at the emitter of Q150.
This voltage is divided between R157, R158 and R159.
The voltage appearing on the arm of potentiometer R158
(70V ADJ. control) is the reference input to the non-
inverting input of reference amplifier 1C150.
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Figure 2. Power Supply Circuit

. A temperature compensated zener diode, D154, establishes

: a fixed reference voltage at the inverting input to IC150.

‘ Resistor R156 provides a bias current for D154, which

| establishes its operating point. Capacitor C153 is a high fre-

. quency filter. Operating voltage for 1C150 is derived from
a voltage divider consisting of R152 and R1563. Compo-
nents R155 and C151 set the voltage gain of Q152.

© An increase in output voltage will result in an increase of
. voltage at the base of Q152 via the non-inverting input of

IC150. The change in base voltage will turn Q152 on
' harder, reducing its collector voltage. This reduces the
. forward bias to Q151, which results in less emitter current
' for Q150. With Q150 conducting less, the output voltage

i will be lowered.

i Components C154 and R160 isolate the power supply com-
. mon return from chassis (earth) ground. They are only re-
quired, however, when the signal input is accompanied by

S6 P6 LI00
+70VIN —<4 €&
4.7uH
PEAKING
+70V _«P_'f_o ) =
ouT . 68.2
Q101
ASF
VIDEO
SIGNAL S8 P6 OUTPUT
GROUND —<3¢ 56
P1-8 Q100
VIDEO .
~ ¢ A2J
INPUT <€ Voo
| DRIVER
cloo] 47 grio2
+70V 1207] 382
TO VERT/ PF
HORIZ nn
CIRCUITS

AC hum. If AC hum is not present, jumper JU150 is
used to bypass C154 and R160. Dual-section capacitor
C150 provides filtering.

VIDEO AMPLIFIER
(Refer to Figure 3.)

The linear video amplifier consists of two stages, Q100 and
Q101, which are connected in a cascode configuration.
This common emitter-common base arrangement greatly re-
duces the effect of Miller capacity (when compared to a
conventional single transistor video amplifier/output stage).

A TTL compatible non-composite video signal, approxi-
mately 4.0 volts P-P, is DC coupled to the base of Q100 via
R100. Resistor R112 provides proper termination for the
high frequency input video signal. Capacitor C100 provides
high frequency compensation to maintain a flat response
when Q100 and Q101 conduct.

veL R113 470 1/2W

WV
IN CRT LEADS

WHT ° | SPARK GAP,

| ALL PINS OF
————— ' CRT SOCKET

-

Figure 3. Video Ampilifier Circuit




ADuring no-signal conditions, Q100 is off. Transistor Q101,
however, is forward biased by the 6.2 volts on its base,
which is established by zener diode D100. When a video

‘ signal is applied to the base of Q100, it conducts, which
causes forward biased Q101 to conduct. The resultant out-
put is developed across R104 at the collector of Q101; then
DC coupled to the cathode of V1 (CRT) via peaking coil
L100 and R113. Resistor R113 isolates Q101 from tran-
sients that may occur as a result of CRT arcing. Capacitor
C101 shunts to ground high frequency video that may
appear on the base of Q101. Peaking coil L100 boosts the
high frequencies of the video signal. Capacitor C103 pro-
vides additional filtering of the +70V, while C102 is a high
frequency AC bypass capacitor.

HORIZONTAL SYNC AMPLIFIER
(Refer to Figure 4.)

The horizontal sync amplifier consists of one stage, Q50,
which operates as a switch. During a no-signal condition,
Q50 is off. When a positive-going horizontal sync signal,
approximately 4.0 volts P-P, is applied (DC coupled) to the
base of Q50, it goes into saturation. The amplified output
is developed across load resistor R51, approximately 35V,
which forms a voltage divider with R77. The negative-
going horizontal sync pulses are AC coupled to the phase
detector circuit via the R-C network consisting of R52 and
C68, a high frequency pass filter.

+70V
+12.0V
939 R51
M7 7R79 L™~ TopTional 1| GHORZ 18K
| 8.2K |
c73
155 A6J f 2 g2
,geo&gmc. [pF 2 R77
P1-6 1 D58 R30 ‘3260:’ os7| | 18K
Sone | An [-;gsﬁ__-' i::"’s 10k 3 Aﬂr:
56K
JU!L: i wez 1t |
A4 10K mn i
[t S LA - C68 peo
‘ 330),,,: 2.2K
TO
PHASE
DETECTOR

Figure 4. Horizontal Sync Amplifier and Optional
Horizontal Sync Delay Circuits

OPTIONAL HORIZONTAL SYNC DELAY CIRCUIT
(Refer to Figure 4.)

This circuit is required when the input TTL level horizontal

- sync pulse does not have a front porch, which may occur in
some systems. (For reference, Figure BA illustrates a stan-
dard horizontal sync pulse with a front porch.) The circuit
operates in conjunction with the horizontal sync amplifier,
Q50. However, jumpers JU1 and JU2 must be inserted, and
resistor R50 removed.

During no-signal conditions, Q55 is off. When a horizontal
sync pulse (Figure 5B) is applied to the base of Q55, how-
ever, it turns on to saturation. The inverted output (Figure
5C) is developed across load resistor R79 and capacitor C73
charges through R80. When the horizontal sync pulse has
completed its period, Q55 turns off causing its collector
voltage to rise. The base voltage of the horizontal sync
amplifier, Q50, also rises turning that device on. Tran-
sistor Q50 stays on for the duration of the charge on C73,
which discharges through R80 and the base-emitter junc-
tion of Q50.

The time delay between the turn-on of Q55 and turn-on of
Q50 is approximately 2.0 to 5.0 uS, or the time duration
(width) of one horizontal sync pulse without a front porch
(Figure 5D). Resistor R82 is for current limiting to the
base of Q55. Diode D57 protects Q50 from reverse break-
down.
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Figure 5. Horizontal Sync Delay Circuit Waveforms

PHASE DETECTOR
(Refer to Figure 6.)

The phase detector consists of two diodes (D50 and D51)
in a keyed clamp circuit. Two inputs are required to gener-
ate the required output, one from the horizontal sync

Q5!

A6Y
FROM HORIZ 22550 TO HORIZ.
HORIZ. SYNC RS9 6.8K :%;SE SHAPER,
AMPL ., Q50 *— — MW
LT LS
Rs3 | Rsa I cs3 A REFERENCE
100K | 100K 47K 10 Lrs7 | 033 HORIZ.
b3 SYNC
— < 100K
-o—je RS8 | 1%
050 D5 | 4.7k LS50y 0 0SC ON FREQ
Al AL c50| [ rR56 HORIZ B \/ NO CORRECTION
3 150K SET * VOLTAGE DEVELOPED
mn c69 10 I [ 1/2W
:t st FROM +70V C ‘7 - < - 0SC SLOW,POS
0027 L +} 77— SOURCE Vi 0 CORRECTION VOLTAGE
L_C72 R76,3.3K
m 005
/”]’;4.7 Do 0SC FAST,NEG
FROM HORIZ. 7/ - /- - CORRECTION VOLTAGE
OUTPUT, Q54

Figure 6. Phase Detector and Horizontal Oscillator Circuits

amplifier, Q50, and one from the horizontal output circuit,
Q54. The required output must be of the proper polarity
iand amplitude to correct phase differences between the
| input horizontal sync pulses and the horizontal time base.
i The horizontal output (Q54) collector pulse is integrated
into a sawtooth by R56 and C69. During horizontal sync
! time, diodes D50 and D51 conduct, which shorts C69 to
i ground. This effectively clamps the sawtooth on C69 to
\l ground at sync time. If the horizontal time base is in phase
’ with the sync (waveform A), the sync pulse will occur when
ithe sawtooth is passing through its AC axis and the net
; charge on C69 will be zero (waveform B). If the harizontal
| time base is lagging the sync, the sawtooth on C69 will be
! clamped to ground at a point negative from the AC axis.
; This will result in a positive DC charge on C69 (waveform
'C). This is the correct polarity to cause the horizontal
! oscillator to speed up to correct the phase lag. Likewise, if
! the horizontal time base is leading the sync, the sawtooth
ron C69 will be clamped at a point positive from its AC
; axis. This results in a net negative charge on C69, which is
" the required polarity to slow the horizontal oscillator
| (waveform D). Components R55, C52, R58 and C53 com-
} prise the phase detector filter. The bandpass of this filter is

| chosen to provide correction of horizontal oscillator phase

which along with C54 are the frequency determining com-
ponents. Capacitor C55 and resistor R60 are feedback
components for the oscillator circuit.

HORIZONTAL PULSE SHAPER & DRIVER
(Refer to Figure 7.)

Transistor Q52 is a buffer stage between the horizontal
oscillator and horizontal driver. It provides isolation for
the horizontal oscillator as well as a low impedance drive
for the horizontal driver. Components R62 and C56 form a
time constant that shapes the oscillator output to the re-
quired duty cycle, approximately 50%, to drive the hori-
zontal output circuitry. The horizontal driver stage, Q53,
operates as a switch to drive the horizontal output transis-
tor (O54) through T50. Because of the low impedance
drive and fast switching times furnished by Q52, very little
power is dissipated in Q53. Components R66 and C57 pro-
vide damping to suppress ringing in the primary of T50
when Q53 goes into cutoff. (Reference Figure 8 — Resistor
R68 provides current limiting for Q53 while C58 is an AC
bypass capacitor.)

Q52
without ringing or hunting. Capacitor C50 times the phase HOR 2 BULSE e
| detector for correct centering of the picture on the raster. FROM R61 SHAPER y MORDRIVER TO PRIMARY
i 222},’65.“"‘.':9"‘] HORIZ. DRIVER
1 TRANSFORMER
‘ HORIZONTAL OSCILLATOR c56 [
| (Refer to Figure 6.) o T3

% The horizontal oscillator consists of Q51, which is em-
“ployed as a modified type of Hartley oscillator. The
| operating frequency of this oscillator is sensitive to its base
. input voltage. This permits control by the output of the
' phase detector. Resistor R57 provides DC bias to turn on
; Q51 and start the oscillator. The free-running horizontal

ifrequency is adjusted with the HORIZ. SET coil, L50,

+
33K SOURCE
172w

Figure 7. Horizontal Pulse Shaper and
Driver Circuits
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{Refer to Figure 8.)

The secondary of T50 provides the required low drive im-
pedance for Q54. Components R67 and C59 form a time
constant for fast turn-off of the base of Q54. Once during
each horizontal period, Q54 operates as a switch that con-
nects the supply voltage across the parallel combination of
the horizontal deflection yoke and the primary of the high
voltage transformer. The required sawtooth deflection
current (through the horizontal yoke) is formed by the L-R
time constant of the yoke and primary winding of the H.V.
transformer, T51. The horizontal retrace pulse charges C62
through D54 to provide operating voltage for G2 of the
CRT. Momentary transients at the collector of Q54, should
they occur, are limited to the voltage on C62 since D54
will conduct if the collector voltage exceeds this value.

The damper diode, D53, conducts during the period be-
tween retrace and turn on of Qb4. Capacitor C65 is the
retrace tuning capacitor, while C61 blocks DC from the
deflection yoke. Coil L51 is a magnetically biased linearity
coil that shapes the deflection current for optimum trace
linearity. Coil L53 is a series horiz. width control. Com-
ponents R72 and C70, C64 and R75 are damping network
components for the horizontal linearity (L51) and width
(L53) controls. Capacitor C71 couples horizontal sync
pulses from pin 7 of T51 to diode clamp D55, which main-
tains the —70V reference voltage.

(Refer to Figure 9.)

Due to the geometry of a CRT, the electron beam travels a
greater distance when deflected to a corner as compared to
the distance traveled at the center of the CRT screen. As a
result of these various distances traveled, optimum focus
can be obtained at only one point. For general applica-
tions, an adequate adjustment can be realized by setting the
focus while viewing some point mid-way between the cen-
ter of the CRT screen and a corner, thus optimizing the
overall screen focus. When an application requires a tighter
specification, one of the simplest methods for improvement
is to modulate the focus voltage at a horizontal sweep rate.
Now optimum focus voltage is made variable on the hori-
zontal axis of the CRT, which compensates for the beam
travel along this axis.

The AC component focus voltage is developed by a series
resonant circuit consisting of L52 and C63. This voltage
is an 80V P-P horizontal rate pulse coupled from a tap on
the horizontal output transformer, T51, via C67. The nor-
mal DC component of the G4 focus voltage is set by adjust-
ing the FOCUS control, R70. When the DYNAMIC
FOCUS coil, L82, is optimized for best edge focus, a sinu-
soidal voltage of approximately 200V P-P is developed
across C63. This mixed AC and DC voltage results in a
waveform of proper phase and amplitude, which is coupled
through isolating resistor R108 to the CRT focus anode.

! Figure 9. Simplified Dynamic Focus Circuit Diagram

] VERTICAL SYNC AMPLIFIER
:, (Refer to Figure 10.)
:‘ The vertical sync amplifier consists of one stage, Q1, which
| operates as a switch. During no-signal conditions, Q1 is off.
| When a positive-going vertical sync signal, approximately
; 4.0 volts P-P, is applied (direct coupled) to the base, Q1
| goes into saturation. The amplified output is developed
across load resistor R3 to approximately 11 volts. Jumpers
1 JU3, JU4, and JUS5 are inserted depending on the polarity
. of the input vertical sync pulse; TTL NEG for negative-
| going and TTL POS for positive-going.

‘ SYNC SHAPER
" (Refer to Figure 10.)

f The negative-going vertical sync pulses (from Q1) are direct
. coupled to the non-inverting input of the sync shaper stage,
“1C1. The combined action of an integrating network, con-
i sisting of C1, C2, C3, R5, R6, and R7, removes high fre-
| quency noise from the vertical sync pulses. Capacitor C3
‘ performs the actual integrating, while resistors R6—R7 pro-
 vide biasing for IC1. Capacitors C1 and C2 provide a
3’ bypass function.

VERTICAL OSCILLATOR
(Refer to Figure 11.)

The negative-going vertical sync pulses are AC coupled (C4)
to the gate of a programmable unijunction transistor de-
vice, D1. This device turns on with each negative-going -
sync pulse applied to its gate. This action permits C6 and
C7 to discharge very rapidly; then recharge slowly during
the period that a sync pulse is not applied to the gate. The
recharge path for C6 and C7 is through R12 and R13. As
soon as the next sync pulse is applied to the gate of D1, C6
and C7 discharge very rapidly again. This sequence of
events produces a positive-going ramp or sawtooth wave-
form at the anode of D1.

When no vertical sync pulses are connected to the monitor,
vertical oscillator D1 is kept free-running to maintain a
raster on the CRT. This is accomplished by biasing the gate
of D1 in conjunction with the charge and discharge action
of C6 and C7. Resistors R9 and R8 provide the proper bias
for D1, which also determines the repetition rate for the
charge and discharge action of C6 and C7.

In addition, during no-signal conditions, components R22
and D2 (in conjunction with D1), provide a small incre-
mental voltage above ground to compensate for the base-
emitter voltage drop of the vertical driver, Q3. This is
necessary to keep the vertical output stage, Q4, from being
driven into cutoff, which could result in distorted vertical
linearity.

VERTICAL DRIVER
(Refer to Figure 11.)

The positive-going sawtooth waveform, from the anode of
D1, is direct coupled to ‘the base of vertical driver Q3,
which operates as an emitter follower. The sharp fall time
of the sawtooth is a result of the rapid discharge of C6 and
C7 through D1. The amplitude of the sawtooth is varied
with the HEIGHT control, R12.
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Figure 10. Vertical Sync Amplifier and Sync Shaper Circuits
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SAWTOOTH WITHOUT STEPSCAN

The output sawtooth from the emitter of Q3 is direct
coupled to the base of vertical output stage, Q4. Part of
this sawtooth waveform, however, is also coupled back to
the junction of C6 and C7 via R18 and VERT. LIN. control
R17 for proper shaping. Since this path is resistive, the
waveform will be integrated into a parabola waveform by
C7 (waveform A). This results in a predistortion of the
drive sawtooth (waveform C). (Waveform B illustrates the

. drive sawtooth without parabola shaping.) Parabola shap-
ing is necessary to compensate for the non-linear charging

- of C6 and C7. An additional path for phase compensation
is provided through C12 and R19.

VERTICAL OUTPUT
(Refer to Figure 12.)

The positive-going sawtooth waveform from the emitter of
Q3 is applied to the base of vertical output stage, Q4,
-which conducts only during the ramp, or rise time, of the
sawtooth waveform. The inverted ramp output (collector
current) is the vertical trace period, which is AC coupled

(via C14) to the vertical deflection yoke winding. The
same collector current output is also applied to 1.1, which
builds up a large electromagnetic field. This field will
collapse very rapidly when Q4 turns off during the retrace
time of the waveform applied to the base of Q4. The back
EMF is in the form of a high voltage positive pulse, whose
duration represents the vertical retrace period. To limit this
pulse to a safe value, a varistor is connected across L1, with
R26 providing damping.

Except for the vertical output stage, Q4, the vertical cir-
cuitry operates from a +12 volt source, which is derived
from the +70 volt source. Resistor R27 drops the +70 volt
source to the required +12V. Zener diode D3 holds the
+12V constant while C11 provides additional filtering.

OPTIONAL VERTICAL BLANKING AMPLIFIER CIR-
CuUIT
(Refer to Figure 12.)

The vertical blanking amplifier circuit is for systems that
desire to blank the beam during the vertical retrace period.

Transistor Q9 turns on only when a high voltage positive
pulse is applied to its base. (This positive pulse is generated
for the retrace period each time the vertical output stage,
Q4, turns off.) Components R35, C17 and R36 form avolt-
age divider to protect the base input of Q9. The inverted
collector output is developed across R37, which forms a
voltage divider with R38. The amplitude of the negative
blanking pulse is approximately 30 volts P-P, which is AC
coupled by C104 to G1 of the CRT. Capacitor C105 is a
high frequency bypass for G1.
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Figure 12. Vertical Output and Optional Vertical Blanking Amplifier Circuits

| STEPSCAN FUNCTION

I With existing logic, the number of characters that can be
displayed is limited by logic speed. Anything that increases
the speed at which the logic must work, will allow an in-
crease in the number of characters displayed.

When a video monitor is used as a data display, the system
bandwidth required (and logic speed) increases in direct
proportion to the number of scan lines displayed. Since no
data is written in the blank spaces between character rows,
!'a method is required to speed up vertical deflection in the
iblank spaces to decrease bandwidth requirements. This
. makes the blank space height less dependent on scan time,
| allowing time to display more characters. This is accom-
plished by ‘’stepping’’ the reference sawtooth between char-
acter rows so that a row to row space of from 3 to 5
horizontal lines equivalent height can be displayed in the
time it takes to deflect one horizontal line. This is illus-
“trated in Figure 13.

HORIZONTAL

OPTIONAL STEPSCAN CIRCUIT (Refer to Figure 11.)

This circuit requires an external (approximately 4.0 volts
P-P) TTL positive-going pulse. These pulses are applied to
the emitter of the StepScan Amplifier, Q2, which is turned
on when the emitter voltage “éxceeds the base voltage.
The +12 volts stored on C5 is applied through Q2, R11 and
R14, to the sawtooth forming capacitors C6 and C7. This
momentarily increases the charge rate of C6 and C7, and
the resultant action produces the stepping sawtooth shown
as waveform D. The rate at which the vertical oscillator
steps is determined by the repetition rate of the incoming
StepScan pulses. The slope (charge rate) of the stepped
portion of the sawtooth is adjustable with the STEP ADJ.
control, R11, which varies the spacing from 3 to 5 horizon-
tal scan lines. With the vertical sawtooth thus modified, the
collector current of Q14 and, therefore, the yoke vertical
deflection current will be “stepped’” during the line be-
tween character rows chosen.
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| Figure 13. Displaying Characters on a Monitor with StepScan
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REPLACEMENT PARTS LIST

C59 23510255881

REF. PART REF. PART I

NO. NUMBER DESCRIPTION NO. NUMBER DESCRIPTION
VERTICAL/VIDEO CIRCUIT CARD (COMPLETE): c61 85S10571A23 0.56 10%, 250V; Polyprop
HORIZONTAL CIRCUIT CARD (COMPLETE): (M3000-100,200,300,400)
POWER SUPPLY CIRCUIT CARD (COMPLETE): ce1 8510299827 0.82 10%, 400V; Mtiz Poly Carb
Order by Model No. and Description (M4000-100, 200)

: Cc62 8810212A11 1.0 10%, 630V; Mtlz Mylar
: C63 8S10571A06 .01 5%, 1200V; Polyprop
CAPACITORS: . c64 215180851 .001 10%, 25F, 500V; Cer. Disc
(ALL VALUES ARE IN MICROFARADS UNLESS OTHERWISE ces 8S10571A04 .0068 5%, 1200V; Polyprop
NOTED.) (M3000-100, 200, 300, 400)
C65 8S10571A05 .008 10%, 1200V; Polyprop

c1 215180887 220 pF 10%,X5F,500V;Cer. Disc (M4000—100, 200)

c2 21S180E60 .01 +80-20%,25V,50V;Cer. Disc § C66 8510212853 0.47 10%, 630V ; Mtlz Mylar

c3 215180C50 100 pF 5%, NP0, 500V; Cer. Disc § c67 8510212820 0.47 10%, 400V; Mtiz Poly

ca 8510212D52 0.1 10%, 100V ; Mtlz Poly Cc68 215131625 330 pF 10%, X5F, 500V; Cer. Disc
c5 8510191891 .047 10%, 250V ; Polyester C69 215180C41 0027 10%, Z5F, 500V; Cer. Disc
ce,7 8510191867 0.22 10%, 250V; Polyester Cc70 215180872 470 pF 10%, Z5F, 500V; Cer. Disc
cn 23510255A69 4.7, 100V; lytic Cc71 8510191807 047 10%, 400V; Polyester

Cc12 8510212C08 0.22 10%, 100V; Polyester Cc72 23510255828 4.7, 100V; Iytic

c14 23510255A60 100, 63V; lytic Cc73 21S180F02 180 pF 10%, Z5F, 500V; Cer. Disc
c17 8510191891 .047 10%, 250V ; Polyester c74 21S180B55 22 pF 10%, NP0, 500V ; Cer. Disc
C50 2151806C02 10 pF, NPQ, 500V; Cer. Disc C100 21S180E50 120 pF 5%, NPOQ; Cer. Disc

C51 215180D34 .005 20%, Z5F, 1 kV; Cer. Disc C101,102 21S180E60 .01 +80-20%, 25V, 50V; Cer. Disc
c52 23510229A32 1.0 +40—-20%, 16V lytic C103 23510255A69 4.7, 100V; lytic

C53 8510191890 .033 10%, 250V ; Polyester Cc104 8510191C02 0.1 10%, 250V; Polyester

c54 8S10299A32 .01 10%, 400V ; Poly Carb C105 21S180A62 .005 20%, 25V, 500V; Cer. Disc
C55 8S10299A33 .0082 10%, 100V; Poly Carb Cc106 23510255826 4.7, 63V; Iytic

C56 8510191898 .01 10%, 250V ; Polyester C150A/B 23510255871 400/125V, 600/100V; lytic

c57 215180851 .001 10%, X5F, 500V ; Cer. Disc Cc151 21S180E60 .01 +80-20%,25V,50V; Cer. Disc
C58 21S180E60 .01 +80-20%,25F ,50V; Cer. Disc f§ C153 215180B51 001 10%, X5F, 500V; Cer. Disc

150, 10V; Iytic C154 215180002 0.1 +80 10%, 100V; Cer. Disc

REPLACEMENT PARTS LIST (Cont'd)

REF. PART REF. PART
NO. NUMBER | DESCRIPTION NO. l NUMBER DESCRIPTION
DIODES: R70 18C25218A14 Control, Focus 2 Meg.
R104 175647132 1.2k 10%, 5W
D1 485137638 Programmable UJT, MPU—-6027; R106 18D25245A22 Control, Master Brightness 250k
Vert. Osc. R111 18D25212A39 Control, Brightness 200k
D2 48S191A05 Rectifier, Silicon; A05 R158 18D25245A21 Control, 70V Adjust 2.5k
D3 48D10641B12 Diode, Zener
D4,50,51 48D67120A11 Diode, Low Power; A11 TRANSFORMERS:
D53 485134921 Diode, D1D; Damper
D54 485134978 Diode, D1K; Pulse Lim. T50 25D25221A05 Transformer, Horiz, Driver
D55 485134921 Diode, D1D T51 24D25240B11 Transformer, High Voltage
D56 485137622 Diode, Silicon, D9N; H.V. Rect. (M3000-100,200,300,400)
D57-59 48D67120A11 Diode, Low Power; A11 T51 24D25240B13 Transformer, High Voltage
D100 48510813A01 Diode, Zener 6.2V 5% (1N5234B) {M4000~—100,200)
D150—-153 48S191A05 Rectifier, Silicon; 91A05 T150 25D68164A33 Transformer, Power
D154 48510813A02 Diode, Zener 5.1V
MISC. ELECTRICAL PARTS:
FUSES: '
Vi 96S233A01 12" CRT; Type ST5449A
F150 655139424 Fuse, Slow Blow 1.0 Amp. (M3000-100,200,300,400)
Vi 965219A01 16" CRT; Type ST4730C
INTEGRATED CIRCUITS: (M4000—-100, 200)
iIC1 51810732A01 Integrated circuit, T3F; Sync MECHANICAL PARTS:
Shaper
1C150 51810732A01 Integrated circuit, T3F; Ref. Ampl. 42B25158C01 Clamp, Deflection Yoke
42510240A07 Clamp (Mt. C150A/B)
COILS/CHOKES: 42510122A12 Clip, Fuse
42D25298A03 Connector, Anode
L1 25D25221A13 Choke, Vert. P3 28510586A20 Connector, 2—Contact
L2 24D25261B01 Yoke, Deflection (M3000—100, P4,5 28S10586A25 Connector, 3—Contact
200, 300, 400) P6 28S10586A 14 Connector, 3—Contact
L2 ' 24D25261A08 Yoke, Deflection (M4000—100, P7 28S10586A21 Connector, 4+-Contact
200) P8 28S10586A 14 Connector, 3—Contact
L50 24D68822A01 Coil, Horiz. Set 14S10550A02 Cover, Transistor (Q54)
L51 24D25248A12 Coil, Horiz. Lin, S2 15S10183A77 Housing, Receptacle; 6—Contact
L52 24D25248A01 Coil, Dynamic Focus (Less Contacts)
L63 24D25248B11 Coil, Horiz. Width 39S10184A64 Contact, Receptacle
L100 24D25248A13 Coil, Peaking 4.7 uH 10% (4 Req’d for S2)
S3 156S10183A94 Housing, Receptacle; 2—Contact
TRANSISTORS: (Less Contacts)
39510184A72 Contact, Receptacle (2 Req'd
Q1 485137172 Vert. Sync Ampl; A6J for S3)
Q2 48S137127 Step Ampl; P2S S4 156S10183A87 Housing, Receptacle; 3—Contact
Q3 485137639 Vert. Driver; MPS—A13 (Less Contacts)
Q4 485137596 Vert. Output; B2V 39510184A72 Contact, Receptacle (3 Req'd
Q9 485137172 Vert. Blank Ampl; A6J . for S4)
Q50 488137172 Horiz. Sync Ampl; A6J §5,6 16810183A87 Housing, Receptacle 3—Contact
Q51 485137172 Horiz. Osc.; A6J (Less Contacts)
Q52 485137127 Horiz. Pulse Shaper; P28 39510184A72 Contact, Receptacle (2 ea.
Q53 488137093 Horiz. Driver; ASF Req’d for S5 & S6)
Q54 485137570 Horiz. Output; B2L S§7 15510183A88 Housing, Receptacle; 4—Contact
Q55 4858137172 Horiz. Sync Delay; A6J (Less Contacts)
Q100 485134952 Video Driver; A2J 39S10184A72 Contact, Receptacle (4 Req’d
Q101 485137093 Video Output; ASF for S§7)
Q150 485137368 Regulator; AW S8 15S10183A87 Housing, Receptacle; 3—Contact
Q151 485134952 Reg. Driver; A2J (Less Contacts)
Q152 485137636 Ref. Ampl; 7636 39S10184A72 Contact, Receptacle (3 Req'd
for S8)
14A25393A01 Insulator, Hi—Voltage Standoff +
RESISTORS/CONTROLS: 14A562353 Insulator, Transistor (Q150,054,Q4
2510054A25 Nut, Spring
NOTE: Only power or special resistors are listed. Use the 35136050 Screw, 6—20 x 1/2"’ Clutch Head
description when ordering standard values of fixed (Mt. Q150, Q54, Q4)
carbon resistors up to 2 watts. 26825137801 Shield, Coil (L50)
26B25348A01 Shield (Mt. w/L1)
R11 18D25245A17 Control, Step Adjust 25k 9D25470A02 Socket, CRT (Incl. leads and
R12 18D25245A22 Control, Height 250k resistors R113—R110 & R81)
R17 18D25245A22 Control, Vert. Lin. 250k 9C63825A03 Socket, Transistor (Q150,054,Q4)
R25 6S10201A04 Varistor, VDR 1 mA 41D65987A01 Spring, Special; CRT Aquadag Gnd
R68 17510130807 1.5k 10%, 3W 66C68497A03 Tool, Adjust
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OPERATION AND SERVICE MANUAL

ELECTROHOME V17 DATA DISPLAY MONITOR

Issue: September 1978




PERFORMANCE DATA AND SPECIFICATIONS

Input Impedance

Video: 220 ohms shunted by 40pf max.
Monitor Description

Vertical sync: 4Kohm min. shunted by 40pf max.

The V17 Series Data Display Monitors provide alpha-numeric Horizontal sync: 4Kohm min. shunted by 40 pf max.

displays in 12" and 15" formats for application with non-composite

TTL signal drive. Video Amplifier

Band width: 22 mhz at -3dB

Controls

With the exception of the Width Coil, all controls are located ‘ Resolution

on the single printed circuit board and are identified as: Center 1000 lines
Vertical hold Corners 800 lines

Vertical size

Vertical linearity Deflection

Vertical linearity amplitude Horizontal retrace time 8.5 psec. max.
Focus Vertical retrace time 800 ‘pusec. max.
Master brightness EHT ' ‘ 17KV

Horizontal centering

High voltage adjust Geometry Distortion:

The outline of a full screen of characters shall approach an

Performance Specifications ideal rectangle within 1.5% of the height of the rectangle.
Input Signal Levels

Video: 4Vpp positive level referenced : Power Requirements:

to 0 Tolerance: Input power: 60 VA max.
* Vertical sync: 4Vpp negative level 0 state OV + .4V Input voltage: 100 to 130 V.A.C. 50/60 Hz
referenced to O -0.0V switchable to
Horizontal sync: 4Vpp positive level 1 state 4V +1.5V 200 to 260 V.A.C. 50/60 Hz
referenced to 0O The input circuit comprises a split-primary transformer.

* NOTE: The Vl7 Chassis will operate with positive level

vertical sync without modification. Environmental:
Operating ambient temperature: +5°C to +55°C
Humidity: 5% to 80% non-condensing
Altitude: to 10,000 feet

Storage: -40°C to +60°C




Operating and Service Information

MEASUREMENT, X-RAY, HIGH VOLTAGE AND CRT WARNINGS

1.

X-RADIATION

All cathode ray pix tubes emit some x-rays. This chassis has
been designed for minimal x-radiation. However, to avoid

possible exposure to soft x-radiation, ensure that EHT value is

correctly set in accordance with procedures.

HIGH VOLTAGE

This data monitor chassis contains HIGH VOLTAGES derived from
power supplies capable of delivering LETHAL quantities of energy.
To avoid DANGER TO LIFE, do not attempt to service the chassis
until all precautions necessary for working on HIGH VOLTAGE
equipment have been observed. 1In order to prevent damage to
solid state devices, do not arc pix tube anode lead to chassis or

earth ground.

CAUTION: This chassis employs a high EHT (17KV) pix tube.

CRT HANDLING

The picture tube encloses a high vacuum and due to the large .
surface area is subject to extreme force. Care must be taken
not to>bump or scratch the picture tube as this may cause the
tube to implode resulting in personal injury and property damage.
Shatter—-proof goggles must always be worn by individuals

while handling the CRT. Do not handle the CRT by the neck.

PRODUCT SAFETY SERVICING GUIDELINES

CAUTION

No modification of any circuit should be attempted. Service
work should be performed only after you are thoroughly familiar
with the following safety checks and servicing guidelines. To

do otherwise increases the risk of potential hazards and injury.

SAFETY CHECKS
Subject: Fire and Shock Hazard

‘l. Do not install, remove, or handle the picture tube in any
manner unless shatterproof goggles are worn. People not so
equipped should be kept away while picture tubes are
handled. Keep the picture tube away from the body while
handling.

2. When service is required, observe the original lead dress.
Extra precaution should be given to assure correct lead
dress in the high voltage circuitry area. Where a short
circuit has occurred, replace these components that indicate
evidence of overheating. Always use the manufacturer's

replacement component.

3. Always check high voltage for proper value and at all times
use an accurate high voltage meter. The calibration of this

meter should be checked periodically.

4. After servicing of the monitor, perform an A.C. leakage test
on the exposed metallic cabinet to be sure the set is safe
to operate without danger of electrical shock. Do not use a
line isolation transformer during the test. Use an A.C.
voltmeter.having'IOOO ohms per volt or more sensitivity in the
following manner: — Connect a 1500 ohm 10 watt resistor,

paralleled by a.l5 mfd, AC-type capacitor between a known good




earth ground (water pipe, conduit, etc.) and the exposed
metallic frame. Measure the A.C. voltage across the
combination 1500 ohm resistor and .15 uf capacitor. Reverse
the AC connection to the set and repeat AC voltage measure-
ments for exposed metallic frame. Voltage measured must not
exceed .3 volts RMS. This corresponds to 0.5 milliamp AC.
Any value exceeding this limit constitutes a potential shock

hazard and must be corrected immediately.

5. Check for frayed insulation on wires including AC wiring.

Drive Signals

Apply TTL drive signals (see performance specifications) to the
10 pin edge connection on the printed circuit board P-100. The

attached schematic details pin functions.

Power Connection

Connect power plug P40l to 115VAC line. Ensure that the line

selection switch, SW401l, is in the correct position.

Vertical hold

The vertical hold control, R205, normally needs adjustment only
when the vertical scan frequency is altered (say 60 to 50Hz field
rate). However, should vertical instability occur, the vertical

hold control should be centered in its hold-in range.

Scan size

Vertical size is adjusted by control R226 and width is ad-

justed by width coil L 3 (located to the rear of the left

30
side panel).

Centering

The raster is centered vertically and horizontally on the CRT
by rotating the two concentric centering magnets which are part
of the yoke assembly. This is a factory adjustment and should

normally need set up only for a yoke or CRT replacement.

The video or data information is centered horizontally by cen-

tering control R304.

Linearity and geometry

Vertical linearity phase control, R227 is adjusted for
b

equal character height at the top and bottom of the screen while
vertical linearity amplitude control, R,,. is adjusted for

b
equal character height between the center and the top and bot-

tom extremes of scan.

Horizontal linearity is fixed by polarized linearity coil

L302 and "S" shaping capacitor 0312‘

Other linearities and geometries are part of the static yoke

compensation.

Brightness
On models wired for a 200K external brightness control, the

control is advanced fully clockwise and the Master brightness

control, R323 is adjusted for the desired level of
b

maximum brightness or visibility of raster.

Focus

Focus control, R is adjusted for optimum focus between

320,

the center and corners of a full format of displayed characters

for nominal brightness conditions.




High voltage adjust

is preset to +70V  at the factory. This
Control RAll P be

setting in conjunction with the width coil setting establishes the

EHT at 16.4KV ¥ 800V. The +70V setting also ensures operation

of the monitor at line voltages as low as'IOOVAC

CIRCUIT DESCRIPTION

POWER SUPPLY

Basic topology of the transformer operated power supply pro-

vides for regulated +70V c for horizontal deflection and
D
video, unregulated +45VDC for the vertical deflection, and

6.1v _ for the CRT filament. It's important that the regu-
AC

lated supply be set to +70V rather than for +75VDC Where

operation down to 100V, line is required.

; e toD ) and
Full wave bridge rectifiers (D401 404

. : ; provide a nominal +93V
capacitor input filter C405A DC

to a series pass regulator circuit. Q401 is the series pass

element while Q403 is its current driver. Q404 is the

voltage error amplifier that monitors changes in the regulated

output (via the divider chain of R and

R
410, 411,
R’l7> versus the 10 volt reference zener voltage of ZD403.
4

and its biasing arrangement of R R
Q403 asing & 402, 403,

R’O’ and zener ZD402 form a constant current pre-regulator
404,

to minimize ripple in the regulated output voltage.

Nominal current demand on the regulatdr supply varies between
280 ma. and 350 ma. The configuration of Q405 and
R’dS provides for current limiting at a supply current

4

threshold of 650 ma. The additions of resistors R406

and R modify the current limiting into
R407, 413 TGy the cu &

current foldback for overloads beyond 650 ma. The current

foldback is non-latching in nature so that B+ is restored with
the removal of the overload fault without the necessity of

interrupting primary power.

Unregulated +45 volts for vertical deflection is available at

D401 204

D402 effect full wave rectification for this supply while

4058
zontal drive delay circuit is obtained with the decoupling

network of R.401 and C403.

the center tap of the secondary winding.

provides filtering. A +7 volt supply for the hori-

A separate secondary winding on the power transformer provides
6.1VAC for the CRT filament.

The dual winding primary of T40l1 can be switched by SW401 to
parallel-connected windings for 117 volt line operation typical
in North America or to a series-connected configuration for 230

volt operation typical in Europe.

VIDEO DRIVE

Positive going video drive at pin 8 of the input PCB edge con-
nector is applied to the base of Qo1 Q and

101
Q 02 are connected in cascode with the collector signal of-
l 1
QlOl driving the emitter of Q The base of

0 o
Q102 is DC biased via the 6.2 volt supply of ZD201.

Negative going video at the collector of Q102 drives the

Cathode of the CRT. With full TTL video input, the QlOZ

collector output is typically 25Vpp with black level at
. + . C and
the supply potential of +70V. L .\~ )

R102 provide high frequency compensation.




VERTICAL DEFLECTION

The vertical deflection system consists of an inverter stage

Q for the TTL vertical sync drive; a reference sawtooth
20l
Q and Q and a
voltage generator of Q202, 203, 204

b
current feedback output amplifier of Q205 through

Q0.

Normally negative going TTL vertical sync (as in figure 1) is

inverted by QZOI to provide a 6 volt positive going sync

signal at its collector. The short time constant network of

R and C differentiates the sync waveform and
203 201 v

applies the resulting pulse to the base of Q202 The positive
going portion of this waveform that cofresponds to the negative
going edge of the input vertical sync pulse initiates the ver-—

tical scan retrace from the bottom of the CRT screen.

NOTE: Positive going vertical sync input may be used. The po-
sitive going portion of the differentiated waveform is then

simply displaced from the sync leading edge by the width of the

incoming vertical sync pulse (typically 3 horizontal line periods

or 190 psec);

and Q are normally off during scan with the

o2 203

collector of Q202 and the base of on at the supply

3
level of 6.6 volts. The positive portion of the differentiated

QZOl Collectgr sync signal drives Q202 (NPN) into

conduction so that its collector voltage drops. (PNP)

%03

is thus driven into saturation as the base emitter junction of
c th i +5.

Q203 lamps e Q202 collector excursion to +5.9

volts. Saturation of Q203 brings its collector voltage up

close to the emitter B+ level. The positive going pulse that

occurs at the collector of Q203 (when it is turned on) is

transferred to the base of on4 through the network of

and C with C appearing as an
Ra10 203, g03 “PPEATInNg
instantaneous short to the leading edge of the pulse. on4
(NPN) is driven into saturation and its collector voltage drops
to near zero. Since the emitter circuit of Q202 is

via R it is also

connected to the collector of Q204 208,
pulled down turning Qy, On even harder. This initial

sequence is then seen to be regenerative.

Once the positive pulse at the collector of Q203 has oc-

curred, C begins to charge toward the 6.6 volt supply.

203
All three transistors stay in saturation until C203 has

charged to approximately 6 volts through the low impedances of

R and the B-E junction of This
%03, 210, J Yos.
charge time is shorter than the nominal 190 usec duration of

the vertical sync pulse.

Once 0203 has charged, Q204 begins to come out of

saturation, its collector voltage rising momentarily to 6.2
volts. This positive going polarity on the emitter of Q202
biases this stage off followed by Q203' Thus far, the short
duration pulse generated at point "A" (figure 1) corresponds to

the retrace period in the sequence of vertical scan.

Base and collector currents of Q204 now interact with the
discharge of €503 to produce a linearly decreasing voltage
ramp for vertical scan. The topology is typically that of a
Miller "run-down" ramp generator - the constant collectbr current
of on4 results in a linearly decreasing voltage across

0203. Having Q202 and Q203 off during scan reduces

the possibility of horizontal contamination on the sync line from

affecting interlace.
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Stages Q205 and Q form a differential amplifier

206
where current feedback moderates the linear voltage ramp for

linearity correction and stabilization. The inverted signal at

the collector of Q205 is applied to the base of Q207
(PNP).

Q207 through QZIO form a conventional quasi-complemen-—

tary class B amplifier not unlike that found in an audio appli-
cation. The load however, is the paralleled vertical yoke wind-
ings of 25MH inductance and 10 chms resistance. A sawtooth of

current from the amplifier produces a trapezoidal or near square

wave of voltage across this inductive/resistive load.

The 110° deflection CRT locates the yoke (center of magnetic
deflection) far in front of the center of curvature of the
relatively flat faceplate. A linear sawtooth of vertical
ccflection current, then, would cause scan velocity differences
between top/bettom and the center, appearing zs linearity
distortion. Linearity correction calls for the sawtooth of
deflecting current being modified into an "3" shape. Capacitor

C206 placed in series with the yoke provides a parabola of

voltage. The network of R225 C?O? and double
3 e

integrator of R227 phase
b

C R C
208, 229, 209
shift the parabola to place the "S" correction in the proper

time relationship. Control R225 varies amplitude of

correction while control R,y ad justs phase.

Also in series with the yoke is current sense resistor

R223 The voltage across this resistor fed back to

earlier stages serves tc stabilize deflection. nd

a
R226
R224 in controlling the amount of feedback, provide

b

i i ad j . ' and R
vertical size adjustment The network of R230 n 278

provide for adding the "S" correction voltage and current sense

resistor voltage for feedback to the base of Q206 In the
differential amplifier the feedback moderates the Miller ramp

voltage for the desired end result.

HCRIZONTAL DLEFLECTION

The V17 uses a direct drive horizontal deflection system

to process horizontal drive signals. This approach is less
susceptible to timing errors due to beam current variations as
compared to conventional phase—locked-loop systems. It can
also accept a wide variety of data signals without sacrificing
performance. When horizontal drive is not present the entire

horizontal system becomes inoperative.

1€301, a dual 555 timer circuit, has both sections connected as
monostable muitivibrators or "one-shcts” which produce a fixed
delay or timing when triggered by a pulse. The first one-shot
accounts mostly for the delay of the horizcntal drive by a full
horizontai line period. Timing adjustment is determined by
R304 which is used to position the displayed data
informatiorn o the center of the raster. The delay
accommodates various circuit delays (QBOZ, Q303) as

well as variations in signal format.

The second one-shot is used to generate a near symmetrical
square wave which is necessary for proper switching of the
horizontal deflection transistor Q303

Q301 accepts a positive-going horizontal drive pulse from

pin 6 of the PCB connector and inverts it. The negative going

edge appearing at Q301 collector triggers the first one-

shot at pin 6. Overall timing of the first one-shot is deter-

: R and C The output at
mined by Ryp,  “4p5, 302. ~

pin 5 consists of a pulse whose negative going edge corresponds




to the delayed-horizontal drive. This edge toggles the second
one-shot at pin 8.

The second one-shot, whose timing is fixed by R nd

a
307
C306 produces a pulse at output pin 9 of near symmetrical
b

. saturates when this pulse is positive
duty cycle Q302 >
and cuts off when it is near zero. T301 amplifies the
collector current of Q301 to provide the necessary high

base current (1.3A) for the horizontal deflection transistor

03,

Horizontal deflection is accomplished in a standard shunt effi-

ciency flyback circuit.

Flyback T302 and D303

second anode. D3 ) rectifies the primary retrace pulse to

produce 17KV c for the CRT
D

supply +500VDC to the brightness, focus, and G2
circuits. D304 rectifies a negative flyback pulse to
provide a—BOVDC supply for the brightness control

circuit.

When power is switched off the negative supply is maintained by

C313 As the +500 volt supply falls, ZD30l drops out of its

zener mode and isolates the brightness circuit from discharging
C313 rapidly. The full —80VDC potential appears at

G, ensuring that the picture tube is cut off until the

1
filament and cathode cool sufficiently to eliminate any emission

and possible phosphor burn.

Circuitry is protected from CRT arcing by spark gaps integral in

the cathode and grid leads of the CRT socket. Arc energy is thus
returned to the aquadag. Current limit resistors are also

located in all grid and the cathode leads.

X-RADIATION HOLD DOWN CIRCUIT

An increase in B+ could lead to an increase in high voltage and
X-ray emission. An x-ray protection circuit, consisting of
ZD101, prevents triggering of the first "one-shot” in IC30l in
the event of an increase in B+ to 82 volts *2% by pulling

pin 6 positive beyond its trigger threshold. Once ZDIOl is
biasedﬂinto its zener mode the entire horizontal system stops
and no further high voltage is produced until the B+ fault is

corrected.




TRANSI STOR BASES —
b 2 AN.
A
< 8¢ € SBE |- CATHICATH.
A 5 e b V17 SCHEMATIC
ELEC JEDEC, ELEC JE DECer]
sym | FUNCTION  [BiRT no. lHOUSE Nol'YPe | SYM | FUNCTION  |papt 'No. HOUSE Nol'YPe]
Q101 {VIDEO PREAMP 14-800-32|MPS6514 | A 1IC301 [HORIZ DELAY - 14-2029-04MC 3456
4 25vpp HORZ white
Q102 |VIDEO OUTPUT 14-904-12{MPS U10 | F
D 201 VERT BIAS 14-514- 14[IN914 /_J
Q201 |VERTICAL PREAMP [14-802-12T1598 | A D301 [FOCUS RECTIFIER |14-514-23|BY184 1. HORIZ GROUND
0202 |VERT & TRIGGER [14'802-12[Tis98 | A |D302 |FLYBACK DAMPER |26-22-25[DG 1 2. BRIGHTNESS HI
2203 ILLER INTEGRATOR|[14-808-12{Ti1S 101 A J0303 [EHT RECTIFIER 28- 42-01|H1802 3. BRIGHTNESS LOW R110
5204 MILLER INTEGRATOR|14-822-12|T1S97 | A D304 |B- FOCUS SUPPLY [28-22-27|IN5061 (222D 4. BRIGHTNESS ARM 05w _valiow
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SERVICE REPLACEMENT PARTS LIST

CHASSTIS ASSEMBLY (02-210233-03)=*

e T i i wi B — Bl Y o R o Y o RN o)

* Not a replacement or stock item

MONITOR PCB ASSEMBLY

SYMBOL ~ DESCRIPTION PART NUMBER SYMBOL DESCRITPION PART NUMBER
D 201 Signal Diode, IN91l4 14-514-14
209 Vertical Output Transistor, SJ5461 14-601-23 D 301 Signal Diode, 1800 Piv, BY 184 14-514-23
210 Vertical Output Transistor, SJ5461 14-601-23 D 304, 401,
303 Horizontal Output Transistor, 2SCl413 14-601-36 402, 403,
401 Regulator Power Transistor 2N5840 select. 14-601-26 404 Rectifier 1A 600v, IN5061 28-22-27
302 Damper Diode, DGl 28-22-25 zZD 101 82v 2% Zener Diode, 0.5M82ZS2 14-515-64
303 HV Rectifier 30KV, H1802 28-42-01 zZb 201 6.2v Zener Diode, IN5234B 14-515-66
401 .75A 125V Fuse 27-5-28 ZD 301 25v 5% Zener Diode, 1N5869B 14-515-36
101 10 MH Coil 21-1400-06 ZD 402 5.1v 5% Zener Diode, IN751A 14-515-44
302 Linearity Coil 21-1428-01 ZD 403 10v 5% Zener Diode, IN4740A 14-515-45
303 Width Coil 21-1427-01 qQ 101 Small Signal Tranmsistor, MPS 6514  14-800-32
304 Deflection Yoke 21-244-01 Q 201, 202
302 Flyback Transformer 21-243-01 206, 301
401 Power Transformer 24-10197-03 405 Small Signal Transistor, TLS 98 14-802-12
SW 401  Line Switch 26-230-01 Q 203 Small Signal Transistor, T1S101 14-808-12
Heat-shrinkable Sleeving, .187 ID 20-300013-04 Q 205 Small Signal Transistor, SPS5449  14-811-32
Heat-shrinkable Sleeving, .750 ID 20-300013-08 Q 204 Small Signal Transistor, T1597 14-822-12
Ca?le Tie 33-523-01 Q 402 Small Signal Transistor, 2N5400 14-823-32
Clip - PCB Support 33-629-01 Q 207, 208 Small Signal Transistor, S24615 14-861-12
Fuse Holder 34-198-01
Q 102, 302
CRT Socket 34-213-11 403, 404  Plastic Power Transistor, MPSUL0  14-904-12
TS1, 2  Terminal Strip, Fire Retardent 34-491-03 Ic 301 Double one-shot IC, MC3456 14-2029-01
Transistor Socget 34—5}5_03 T 301 Horizontal Buffer Transformer 24-170001-04
e i e s
R 226 Carbon Trim Pot 200R 41-299-16
P 301 Connector Housing 34-549-07 R 205, 225
imode. comentor with sprin —oTs01 ! Carbon Trin Poc 2K o
- s -678-
P 401 Power connector housinz : 34-677-06 R 227 Carbon Trim Pot 20K H1m29oml
orn Terinct Vamb76-21 R 320, 323 Carbon Trim Pot 2M5 | 41-299-07
. R 408 Critical Safety Resistor, 3R3 5% 2W 42-63-54
Transistor Cover J9-1151-01 R 312 ISR 4W 10% Resistor 42-111501-03
C 405 Electrolytic 470, 470 uF/150, 75v 44-202-37 R 310 1K 4W 10% Resistor 42-111021-03
C 314 10 NF 400v capacitor 48-121034-01 R 104 IK2 4W 10% Resistor 42-111221-03
C 312 820 NF 200v capacitor 49-19-26 c 307 luF 100v Electrolytic 44-310508-01
C 310  4N7 1600v Safety Cap 49-24-06 C 205, 211 10 uF 10v Electrolytic 44-310002-01
c 313 : 22 uF 150v Electrolytic 44-322009-05




SYMBOL

OO0 O00O0000 000000

OO0 o0

408
403
207
210
202
206
212
102
204
406
401,
320,
309
308
200,
304,
103,
104,
208
203,
311
302

402
321

303,
201
306
105

209

DESCRIPTION

47 uF 100v Electrolytic

100 uF 25v Electrolytic

100 uF 16v Electrolytic

100 uF 100v Electrolytic

470 uF 10V Electrolytic

1000 uF 25v Electrolytic

100 pF 25p 10%Z 50v Capacitor
120 pF 5% Mica Capacitor
1ONF 10% Polypropelene Capacitor
68'pF 10% 500v Capacitor

INF 10% 25P 500v Capacitor
INF 20% Z5V 1500v Capacitor
10NF lkv Capacitor

1.5NF 100v Mylar Capacitor

10NF 10% 200v Mylar Capacitor
22NF 10%Z 200v Mylar Capacitor
100NF 10% 200v Mylar Capacitor
220NF 10% 200v Mylar Capacitor
470NF 10% 200v Mylar Capacitor
2.2, uF 20% 200v Mylar Capacitor
10NF 5% Polypropelene Capacitor
Monitor P.C.B. (less components)

PART NUMBER

44-347008-08
44-310104-04
44-310103-12
44-310108-06
44-347102-04
44-310204-10

- 46-310113-51

47-41215-05

48-131031-11
46-368013-02
46-310213-06
46-510228-74
46-510311-37
48-171521-22

48-171032-22
48-172232-22
48-171042-22
48-172242-22
48-174742-22
48-172252-51
48-181032-04
50-1568-01

e e

SAFETY COMPONENTS

For continued reliability and safety, the following components
should be replaced with Electrohome parts:

VvV 101 Picture tube, 15"
R 104 1k2 4W Wirewound Resistor
+ZD 101 82v 2% Zener Diode
231 330R .5W 5% Carbon Comp. Res.
310 1K 4W Wirewound Resistor
312 15R 4W Wirewound Resistor
310 4N7 1600v Critical Safety Cap.
302 Flyback Transformer
304 Deflection Yoke
401 .75A 125v slow-blow Fuse
401 Power Transformer

SW 401 Line Switch

R 401 1k8 2W 5% Resistor
R 408 3R3 2W 5% Resistor

All safety components are marked with 2 on the schematic.

17-6152-03 or -04

42-111221-03
14-515-64
40-223315-13
42-111021-03
42-111501-03
49-24-06
21-243-01
21-244-01
27-5-28
24-10197-03
26-230-01

-40-621825-01

42-63-54
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1.0 SCOPE AND ORGANIZATION OF THIS. MANUAL

This manua]ﬂprovides information for installation, operation, and maintenance of the
Qume Sprint Micro 3 Series Printers. Complete procedures for repair are included with
schematic diagrams and an illustrated parts 1ist to aid the maintenance technician.

This chapter provides a brief description of the printer and lists its capabilities.
In Chapter II you will find descriptions for unpacking and initial installation. Cha-
pter III describes the theory of operation in sufficient detail to allow troubleshoot-
ing and repair of the printer.

A consolidated 1ist of support equipment is found in Chapter IV. Listed in this chap-
ter are the special tools, test equipment, spare parts, and miscellaneous items re-
quired in routine servicing of the printer.

Chapter V outlines routine maintenance and sets forth a recommended schedule of clean-
ing, lubrication, and adjustment.

Troubleshooting is covered in Chapter VI. This section describes procedures for loc-
ating faults within the mechanical and electrical portions of the printer. Procedures
are given to enable the service technician to isolate faults to the board level.

Repair techniques are discussed in Chapter VII. Procedures for removal and replace-
ment of defective components are described, as well as detailed mechanical alignment.

Chapter VIII contains an illustrated parts 1ist, showing the mechanical portion of the
printer. This serves to identify parts for ordering purposes and also serves as an as-
sembly guide during servicing of the printer.

Comp]ete'wiring and schematic diagrams are provided in Chapter IX as well as assembly
drawings for the printed circuit boards.

1.1 DESCRIPTION OF THE PRINTER

The Sprint Micro 3 Series Printer is a high-performance, low-cost printer intended for
use in automatic data systems. Its 1ight weight and compactness, its ease of opera-
tion and dependability are important features in any application calling for a printer
with intermediate output capacity. Such applications include small business systems
in which printers constitute the principle output device, as well as larger data sys-
tems calling for a flexible terminal printer with high-quality print. The printwheel
provides a full 96-character set, with a variety of optional type styles. Upper and
lower case alphabetic characters are provided together with numeric and special char-
acters.

On typical sequential text, the printer attains print speeds as high as 55 characters
per second. The usefulness of the printer is not restricted to the line-sequential
output, however. Both the vertical and horizontal placement of each character are

under program control, with four degrees of freedom {rignt and left carriage move-
ment; forward and reverse paper movement). A unique method of optical control per-
mits accurate character placement. These features make the Sprint Micro 3 Series
Printer suitable for X-Y plotting, and for applications where it is more convenient
to have random output rather than conventional left-to-right or top-to-bottom opera-
tion. Character placement is done is increments of 1/120th inch horizontally and
1/48th inch vertically. Horizontal displacements up to 13.1 inches and vertical dis-
placements up to 21.3 inches may be programmed.

‘Control and data interface are fully TTL-compatible. The printer uses a 13-bit
'weighted data bus and three unweighted strobe lines to enter the data into the prin-
ter input buffer. The strobe lines distinguish the operation to be performed and
'initiate the appropriate action on the part of the printer.

'Miscellaneous input functions include Printer Select, Ribbon Lift, and Restore (a
“reset" function following a "check" condition such as a carriage or printwheel
travel malfunction or power supply failure). Status outputs are also included,
allowing the external data source to monitor printer functional status.

Perhaps the most significant feature of the printer is its mechanical simplicity.
Mechanical functions have been replaced by electrical functions wherever possible,
and the mass and inertia of the mechanism has been minimized through the use of
lightweight components. Electrical reliability is enhanced through the us of LSI

, (large-scale integration) components in the input and control circuits. By mini-
'mizing the number of electrical and mechanical components, Qume has produced an ex-
ceptionally fast, quiet, and reliable serial printer. Plug-in serviceability per-
mits on-site repair and minimum downtime.

|
1.2 SPECIFICATIONS

TABLE 1-1

PRINT SPEED: Qume printer speed varies according to the sequence
of characters being printed and whether the various
capabilities of the printer (high speed electronic
tab, printing right to left, etc.) are used properly.
Speeds shown below are for average English text on
one line, with electronic tab over spaces between

words, and are shown in characters per second (cps).

Sprint Micro 3/35: 35 cps
Sprint Micro 3/45: 45 cps
Sprint Micro 3/55: 55 cps
Sprint Micro 3/X30: 30 cps (metallized wheel)
Sprint Micro 3/X40: 40 cps (metallized wheel)

Sprint Micro 3/WideTrack: 40 cps




1.

2

SPECIFICATIONS (continued)

PRINT:

FORMS:

FONT:

FORMAT:

PLOTTING:
PAPER FEED:
RIBBON:

PRINTWHEEL:

OPERATOR CONTROLS:

TEMPERATURE:

HUMIDITY:

PHYSICAL:

TABLE 1-1°
(continued)

Full character of electric typewriter quality, printed ser-
jally: variable intensity ballistic hammer automatically
adjusts to one of six intensities according to character
size.

Single sheets.and continuous forms, with or without sproc-
ket holes. The Sprint Micro 3 printers maximum forms width
is 15 inches (38.1 cm). WideTrack maximum forms width: 28
inches (71.1 cm).

96 CHARACTER POSITIONS ON "daisy" printwheel: Wide variety
of standard font styles in 10 and 12 pitch and proportional
spacing.

Horizontal: Sprint Micro 3: 132 columns at 10 characters
per inch; 158 columns at 12 characters per inch; left or
right. Electronic tabbing and carriage return up to 13.1
inches (33.3 cm).

Vertical:
slew rate at 5 inches (12.7 cm) per second.
rate: 5 inches (10.2 cm) per second.

WideTrack slew

Resolution of 5760 points per square inch.
Pressure Platen:

Easy to handle cartridge with multi-strike carbon, single
strike carbon or fabric ribbon.

Easily operator changeable.

Horizontal forms positioning; vertical forms positioning;
forms thickness; ribbon advance.

Operating 50 to 105 degrees F (10 to 40 degrees C).
Storage -40 to 170 degrees F (-40 to 76 degrees C).

Operating 10% to 90% RH (no condensation).
Storage 2% to 98% RH (no condensation).

Sprint Micro 3

Weight: 28 pounds (12.7 kg)
Width:  23.63 inches (60 cm)
Height: 7.11 inches (18 cm)

Depth:  13.5 inches (34.3 cm)

1.2

SPECIFICATIONS (continued)

Spacing in increments of 1/48th inch, up or down:

pin feed platens, forms tractor, optional.

PHYSICAL:

DATA INPUT:
POWER REQUIREMENTS:

INTERFACE CONNECTORS:

OPTIONS:

ACCESSORIES:

TABLE 1-1
(continued)
WideTrack
Weight: 37.2 pounds (16.9 kg)
Width:  36.5 inches (92.8 cm)
Height: 7.11 inches (18 cm)
Depth: 13.5 inches (34.3 cm)

13-bit bara]]e] TTL levels plus control lines.
(For all Sprint Micro 3 Models.)

+5VDC + 3% 3.5 amps DC
+15 VDC + 10% 4.5 amps average (14 amps peak 20 ms max.)
-15 VDC + 10% 4.5 amps average (14 amps peak 20 ms max.)

Power:

Molex #09-01-1121
Data and control: '

3M #3415-0000
Dual 25-pin PC edge connector

End of ribbon detector
Out of paper detector
Top of form

Bottom feed slot

Friction platen

Pin feed platen

Forms tractor

Receive-only printer cover
Keyboard printer cover
Power supply




CHAPTER 11 ;2.1 RECEIVING (continued)
|

(12) Retain all packing materials for possible reshipment.

RECEIVING
Inspect the printer for scratches, dents, loose or damaged parts or other signs of
~damage. Note any evidence of such damage on the invoice, and file a claim with the
2.0 INTRODUCTION carrier immediately, if the condition of the unit so warrants.
This chapter describes installation of the Sprint Micro 3 Series Printers, including Remove the middle cover of the printer, and inspect the interior of the entire unit.
receiving, quality assurance inspection, and electrical interface. Look for loose or broken parts, evidence of electrical damage, or other signs of da-
mage. Be sure that all printed circuit boards are seated securely in their sockets
by pressing down on each one of the boards.
2.1 RECEIVING
‘ If damage that might impair printer operation is detected, do not attempt to operate
Each printer is shipped in an individual carton. The following items are included: the printer. Contact Qume for advice and instructions.
Printer Assembly Install a ribbon cartridge and printwheel on the Carriage Assembly (refer to Opera-
Power Connector (Part number 80033) tor's Manual). The unit is now ready for electrical inspection and testing.

Hole Plugs (Printer with covers only)
Interface Connector Hood (Part number 80034)
2.2 INSTALLATION

Remove the printer from its shipping carton:
The following paragraphs outline procedures for installing the printer.
(1) Inspect the container for external signs of damage. If any damage is ob-
served, have the delivery agent note the damage on the shipping document.
: 2.2.1 POWER CONNECTIONS

(2) Open the outer container and remove the inner carton.
The printer requires three power supply voltages, as listed in Table 2-1. Qume

(3) Open the inner carton from the top and remove the cardboard spacer. The offers two power supplies (Model 530 and Model 531) that are designed to run our
printer, bolted to its shipping pallet and wrapped in plastic, may now be printers. Seperate modular power supplies having the required characteristics may
withdrawn. : be used.

(4) Remove the plastic bag surrounding the printer.

TABLE 2-1
(5) Using a wrench, remove the four screws securing the printer to its ship-
ping pallet. POWER REQUIRED
(6) Install hole plugs in the printer cover (if ordered) in holes vacated by SUPPLY /TOLERANCE CURRENT REQUIRED
pallet screws.
+15 VDC + 10% 4.5 amps avg/14 amp peaks - 20 msec max.
(7) Remove any paper wrapped around the platen. -15 vDC + 10% 4.5 amps avg/14 amp peaks - 20 msec max.
+5VDC + 3% 3.5 amps
(8) Remove the top front cover.
(9) Using diagonal cutting pliers, cut and remove the two plastic ties used tc A11 voltages must reach 90% of their final values in no less than 4 msecs and no
secure the paper bail during shipping. more than 100 msecs. The absolute values of the +15 and -15 volt input must not
differ by more than 2.0 volts during their rise or fall. The +5 volt input must
(10) Cut and remove the plastic tie used to secure the carriage assembly to the reach 90% of its final value within 50 msecs of the +15 and -15 volt input.

printer chassis.
A11 power connections are made through a single connector (Molex #09-01-1121-1),

(11) Examine the packing material closely to ensure that any small items ordere which attaches to a corresponding connector (see Figure 2-1) on the left side of
have been recovered (e.g. Power Connector Assembly #80033 or Logic Connec- the printer, viewed from the rear. Pin allocations on the power connector are
tor Hood Assembly #80034). given in Table 2-2. Note that seperate lines for high and low current supply dis-

tributions must be provided for all three supplies to prevent noise from being




2.2.1 POWER CONNECTIONS (continued) 2.2.2 DATA AND CONTROL CONNECTIONS

coupled from the carriage and printwheel motor drive circuits into the signal proces- Input control and data signals are connected to the printer through J1 (right side

sing circuits. It is suggested that the recommended wire sizes (see Table 2-2) be of chassis viewed from the rear). The connector consists of a dual 25-pin edge card
used for installation. For proper noise isolation, the +5 V logic supply return path connector (0.1 inch contact centers). Recommended connector is 3M #3415-0000. Re-
must be isolated from the +15 V and -15 V supply ground return paths in the power sup- commended interconnecting cable is 3M #3365, 50-conductor ribbon. Pin assignments

ply and the power cable. on the control connector are given in Table 2-3 and shown in Figure 2-2.

TABLE 2-2
POWER CONNECTOR PIN #2 PIN #50
POWER PIN WIRE SIZE TOP —7,
+15V High Current 3,4 2x18 AWG >/
~——— UNDERSIDE ——=
+15V Low Current 6 1x18 AWG
-15V High Current 1,2 2x18 AWG - PIN #1 PIN #49
-15V Low Current 5 1x18 AWG . i
) As Viewed From Rear Of Printer
+ 5V Logic Current 7,8 2x18 AWG
+ 5V Power Current 12 1x18 AWG
Ground 9, 10, 11 3x18 AWG (or 7/32" tinned FIGURE 2-2
copper braid) ' -
CONTROL CONNECTOR (J1) ORIENTATION
PIN #12 PIN #1
INTERFACE DRIVERS AND RECEIVERS +5v
V7,
As Viewed From Rear Of Printer 7416 180 DM8837N
FIGURE 2-1 | _——}__ }
POWER CONNECTOR (J2) ORIENTATION TRANSMITTER L = RECEIVER

A11 input/output signals are active low.
Logic: < 0.4V Logic: > 2.4V

Data 1/2 thru 2048 have 1K pulT-up
resistors and are received by 74412's.




TABLE 2-3
INTERFACE SIGNALS AND PIN ASSIGNMENTS

Connector: 3M #3415-0000

PIN SIGNAL NAME PIN SIGNAL NAME
1 GND 26 TOP OF FORM (OPT)
2 DATA 1/2 27 GND
3 DATA 1 28 RIBBON LIFT COMMAND
4 DATA 2 29 GND
5 DATA 4 30 RIBBON OUT (OPT)

6 DATA 8 31 GND
7 DATA 16 32 PRINTER SELECT
8 DATA 32 33 GND
9 DATA 64 34 COVER INTERLOCK (OPT)
10 DATA 128 35 GND
11 DATA 256 36 GND
12 DATA 512 37 CHECK
13 DATA 1024 38 GND
14 DATA 2048 (OPT) 39 INPUT BUFFER READY
15 GND 40 GND
16 RESTORE 41 INPUT BUFFER READY
17 GND 42 GND .
18 CHARACTER STROBE 43 INPUT BUFFER READY
19 GND 44 GND
20 CARRIAGE STROBE 45 (Not Used)
21 GND 46 GND
22 PAPER FEED MAIN STROBE 47 PRINTER READY
23 GND 48 GND
24 PAPER FEED AUXILIARY STROBE (OPT) 49 PAPER OUT (OPT)
25 GND 50 GND
NOTE

Pin 39 was previously named CHARACTER READY.
Pin 41 was previously named CARRIAGE READY.
Pin 43 was previously named PAPER FEED RIGHT READY.

These three signals have been consolated (but gate isolated) and occur simultan-
eously. Only one of these INPUT BUFFER READY lines needs to be tested prior to
each CHARACTER, CARRTAGE or PAPER FEED STROBE.

A1l input/output signals are active low. Logic 1: < 0.4Volts Logic 0: > 2.4Volts

2.2.3  BASIC SIGNAL INPUTS

PRINTER SELECT LINE (Pin 32)

- This signal is used to select the printer for operation, and enables the input and

output lines in the interface. A1l interface lines are disabled until the select
line is low.

RESTORE (Pin 16)

This signal initiates a restore sequence, normally following a printer malfunction
or power failure which causes a "check" condition (see Basic Signal Outputs). The
restore sequence consists of positioning the carriage at the leftmost position, syn-
chronizing the printwheel, and resetting the carriage, printwheel, and interface 1o-
gic. The internal "check" circuits are also reset.

DATA LINES (Pins 2 - 14)

These thirteen lines contain binary-coded information representing an ASCII charac-
ter, a carriage movement command, or a paper feed command.

When representing an ASCII character, only the low-order seven lines (D1-D64) are
used; the remaining lines are ignored. Refer to Table 2-5 for a cross-reference be-

' tween printwheel addresses and ASCII inputs.

When representing a carriage movement command, the eleven low-order bits designate
the distance the carriage is to be moved in multiples of 1/60th of an inch. The
D-1/2 bit indicates 1/2 times 1/60th, or 1/120th of an inch. A value of six is re-
quired for one character at 10 character/inch. The high-order bit (1024) determines
the direction of carriage travel. If this bit is a logic "0" the carriage travels
to the right; if a logic "1" the carriage travels to the left. D2048 bit is used

in the WideTrack model to represent 1024 steps.

When representing a paper feed command, the ten low-order bits designate the number
of vertical position increments to be moved, in multiples of 1/48th of an inch. The
high-order bit (1024) determines the direction of paper movement; a logic "0" moves

" the paper upward, and logic "1" moves the paper downward.

CHARACTER STROBE (Pin 18)

When this signal is pulled low with valid character data on the data lines, the char-
acter data will be transferred into the input buffer register. Timing is shown in
Figure 2-3.

" CARRIAGE STROBE (Pin 20)

This signal enters carriage movement data into the input buffer when pulled low.




- 2.2.3 BASIC SIGNAL INPUTS (continued)

 RIBBON LIFT COMMAND (Pin 28)

This signal raises and lowers the ribbon. If the lTevel on this line is high (false),
the ribbon will drop to the lTower position; if the level is Tow (true), the ribbon
will be raised to the printing position.

PAPER FEED MAIN STROBE (Pin 22)

when pulled low this signal enters paper movement data into the input buffer in oper-
ations where a single platen is used, or enters righthand platen movement data when
the split platen option is installed.

PAPER FEED AUXILARY STROBE (Pin 24)

When pulled low this signal enters left platen paper movement data when the split
platen option is installed.

TOP OF FORM COMMAND (Pin 26) (ROM Version Only)

This signal advances the paper to its starting point at the Top Of Form. There is
sixteen programmable lengths of form feed available. The length of form to be used
should be programmed prior to applying the TOF strobe by initiating a character strobe
. co-incidental with the ASCII FF code with data bits D128, D256, D512 and D1024 deter-
ming the length of feed. See Table 2-4. If FF code is not used, the Top Of Form in-
crement will automatically be set at eleven inches.

Character Strobe Dl
ASCII FF Code D2

o

w

N
OCOTPOOO—HHOO

TOP-OF ~FORM
DATA BITS OF FF COMMAND FORM LENGTH
(INCHES)
D1024 D512 D256 D128
0 0. 0 0 11 Note 2
0 0 0 1 3
0 0 1 0 3.5
0 0 1 1 4
0 1 0 0 5
0 1 0 1 5.5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8
1 0 0 1 8.5
1 0 1 0 9
1 0 1 1 10
1 1 0 0 11-2/3 (70 lines)
1 1 0 1 12
1 1 1 0 14
1 1 1 1 17

Notes:

‘1. Other data bits in command are (D64 to D1): 0001100.

2. Eleven inches is the default value after a Restore command.




TABLE 2-5

ASCIl CODE (continued)

TABLE 2-5

ASCIlI CODE
ASClI ASCH DECIMAL RELATIVE
CHAR- BINARY HEX PRINTWHEEL HAMMER RIBBON
ACTER CODE CODE ADDRESS FORCE ADVANCE

A 1000001 4 022 5 4
B 1000010 42 016 5 4
C 1000011 43 020 4 3
D 1000100 44 044 5 4
E 1000101 45 030 4 3
F 1000110 46 018 4 3
G 1000111 47 048 5 4
H 1001000 48 034 5 4
| 1001001 49 040 4 3
J 1001010 4A 058 5 3
K 1001011 4B 056 5 4
L 1001100 4C 042 4 3
M 1001101 4D 012 6 4
N 1001110 4E 038 5 4
0 1001111 4F 036 5 4
P 1010000 50 052 4 3
Q 1010001 51 054 5 4
R 1010010 52 026 5 4
S 1010011 53 028 4 3
T 1010100 54 032 4 4
U 1010101 55 046 5 4
Vv 1010110 56 060 4 4
W 1010111 57 008 6 4
X 1011000 58 064 5 3
Y 1011001 59 050 4 4
z 1011010 5A 014 4 4
a 1100001 61 168 4 4
b 1100010 62 156 4 3
c 1100011 63 158 4 3
d 1100100 64 152 4 3
e 1100101 65 166 3 3
f 1100110 66 178 3 3
g 1100111 67 148 4 3
h 1101000 68 174 4 3
i 1101001 69 170 3 3
j 1101010 6A 144 3 3
k 1101011 68 186 4 3
I 1101100 6C 154 3 3
m 1101101 6D 142 6 4
n 1101110 6E 164 4 3
0 101111 6F 160 4 3
p 1110000 70 180 4 4
q 1110001 7 184 4 4
r 1110010 72 162 4 3
S 1110011 73 176 4 3
t 1110100 74 172 4 3
u 1110101 75 182 4 3
v 1110110 76 146 3 4

ASCII ASCII DECIMAL RELATIVE
CHAR- BINARY HEX PRINTWHEEL HAMMER RIBBON
ACTER CODE CODE ADDRESS FORCE ADVANCE
w 1110111 77 000 5 4
X 1111000 78 150 4 3
y 1111001 79 188 4 4
z 1111010 7A 190 4 3
0 0110000 30 074 4 3
1 0110001 31 066 3 3
2 0110010 32 068 4 3
3 0110011 33 070 4 3
4 0110100 34 072 4 3
5 0110101 35 076 4 3
6 0110110 36 078 4 3
7 0110111 37 080 4 3
8 0111000 38 082 4 3
9 0111001 39 084 4 3
¢ 0100000 20 004 4 3
! 0100001 21 136 3 2
! 0100010 22 140 .2 3
# 0100011 23 092 4 3
$ 0100100 24 088 5 3
% 0100101 25 094 6 4
& 0100110 26 138 5 4
' 0100111 27 108 2 2
( 0101000 28 120 4 2
) 0101001 29 116 4 2
* 0101010 2A 122 3 3
+ 0101011 2B 090 3 3
0101100 2C 006 1 2
0101101 2D 086 2 3
. 0101110 2E 010 1 2
/ 0101111 2F 132 4 3
: 0111010 3A 024 1 2
; 0111011 3B 062 1 2
< 0111100 3C 114 3 3
= 0111101 3D 096 3 3
> 0111110 3E 100 3 3
? 0111111 3F 130 3 3
@ 1000000 40 124 6 4
[ 1011011 5B 106 4 2
\ 1011100 5C 126 4 4
| 1011101 50 102 4 2
~ 1011110 SE 128 2 3
— 1011111 5F 110 1 5
1100000 60 12 2 2
{ 1111011 78 098 4 3
1 1111100 7C 18 4 2
¥ 1111101 70 134 4 3
~ 111110 7E 104 3 3
- LARRARR 7F 002 2 3




NOTE: The character set shown in the preceding pages is that of
the Prestige Elite 12 character set. The character faces
will change with different fonts; however, the ASCII code
relationship to the printwheel address location will always
remain constant.

TABLE 2-6
HAMMER INTENSITY

HAMMER HAMMER
INTENSITY "ON" TIME (ms)
1 1.60

2 1.70
3 1.85
4
5
6

2.00
2.25
2.50

TABLE 2-7
PROPORTIONAL RIBBON ADVANCE

(RIBBON MOTOR STEPS)

LAST CHARACTER WIDTH

CURRENT CHARACTER WIDTH (Ribbon Motor Steps)
(Ribbon Motor Steps) 5 4 3
5 5 4 4
4 4 4 3
3 4 3 3
2 3 3 3

2.2.4 BASIC SIGNAL OUTPUTS

These signals indicate the status of internal printer functions, and can be used bj
the external processor as flags for initiating data and control inputs.

PRINTER READY (Pin 47)

This signal indicates that the printer is ready to accept data and control inputs.

INPUT BUFFER READY (Pin 39) Previously called CHARACTER READY.
INPUT BUFFER READY (Pin 41) Previously called CARRIAGE READY.
INPUT BUFFER READY (Pin 43) Previously called PAPER FEED RIGHT READY.

These signals indicate that the printer is ready to accept an input command. These
three signals have been consolidated (but gate isolated) and occur simultaneously.
The INPUT BUFFER READY line must be tested before every character, carriage, and
paper feed command. The input commands are stored in a single command hardware
buffer and transferred to a 15 command, software controlled, first in/first out
buffer.

(Pin 45) (Not Used)

CHECK (Pin 37)
This signal indicates that one or more printer malfunctions has occurred:

1. the carriage has been commanded to move, but no
movement has been detected; or

2. the printwheel has been commanded to move, but, no
movement has been detected; or

3. the power supplies have failed.
Under these circumstances, the CHECK signal will be true and no input commands will
be accepted until the check condition has been cleared by clearing the malfunction
and initiating a "restore" sequence.

PAPER OUT (Pin 49)

This signal indicates that the printer is out of paper. In printers not equipped
with the paper out option, this line will always indicate a "paper available" condi-

~tion.




2.2.4 BASIC SIGNAL OUTPUTS (continued)

RTBBON OUT (Pin 30)

This signal indicates that the printer is out of ribbon. This signal does not dis-
able the printer. The RIBBON OUT line provides a status signal to the interface. 1In
printers not equ1pped with the RIBBON OUT option, this line will always indicate a
"ribbon available" condition.

COVER INTERLOCK (Pin 34)

This signal indicates that the printers top cover is in place. In prlnters not equip-
ped with the COVER INTERLOCK, this 1ine will always indicate the cover is in place.

2.2.5 TIMING CONSIDERATIONS

The timing diagram shown in Figure 2-3 illustrates the relationships between the data
1ines, the strobe input, and the internal ready line. The illustration shown is for
a character input, but, the carriage and paper feed command timing is the same.

TYPICAL CHARACTER COMMAND SEQUENCE

The commands that are sent to the printer will be executed in order of receipt. A
“carriage motion and paper feed may be executed simultaneously. The character command
inhibits any paper or carriage motion during the second portion of its execution cy-

cyl. The print cycle is divided into two parts:

(1) Motion of the printwheel.

(2) Firing the printhammer.

Hammer firing will be executed only when the printwheel, carriage, and paper feed are
all at rest. During the hammer firing cycle, and execution of the printwheel rota-
tion, carriage movement and paper feed is deferred until completion of the hammer fir-
ing cycle. There is no restriction on overlapping printwheel motion, carriage move-
ment and paper feed.

A carriage strobe followed by a character strobe will cause both the carriage and
printwheel to move. Printing will occur when both the carriage and the printwheel
are stopped. This is termed a space before print sequence.

TIMING

PRINTER _—]
SELECT
_ e
DATA BUS
S —
T1
—~{ Tl "] I“_
stRoe¢e | [ o]
. T2 o
_-T3 fo— T f—
*
READY —I
]
FIGURE 2-3
CONTROL TIMING
TO> 0ns
T1 > 200 ns
T2 > 750 ns *Any STROBE arriving dur1ng the time that the
250 ns < T3 < 950 ns INPUT BUFFER READY line is false (> 2.4 Volts)
T4 > 20 usec will be ignored.
T5 > 000 ns

The INPUT BUFFER_READY lines will go false for 20 to 800 usec upon receipt of any
strobe. If the input buffer is full, INPUT BUFFER READY lines will reamin false

intil completion of the command being executed. Commands are executed in order of
receipt.

The Sprint Micro 3 Series Printers have a sixteen command input buffer. The char-
acter, carriage and paper feed commands are stored in a single-command hardware buf-
fer and transferred to a 15 command software-controlled first in/first out buffer.




2.3 INITIAL PERFORMANCE CHECK

The ideal performance check is to install the printer in the system with which it
will be used, and execute a suitable exercise routine.

An alternate performance test using the Qume Printer Exerciser (either bench or
portable model) is described below:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Connect the printer to the Power Supply. Turn power on and verify
that supply voltages are within specification. On S3 printers check
+5 V supply at test point indicated on P.C.B. #2; check +15 V supply
at the emitters of carriage drive transistors Q2 and Q1 {Q2 and Q1
are mounted on the heat sink at the right rear of the printer frame).

+ 5VDC + 3%
+ 15 VDC * 10%
- 15 VDC ¥ 10%

Turn power off.
Install any covers that have been removed.

Connect printer to Printer Exerciser/Tester. Apply power and verify
that the carriage "restores" to the extreme left 1imit at a moderate
velocity.

Press the ribbon advance switch on the printer and verify that the rib-
bon both 1ifts and advances correctly.

Insert a piece of paper into the platen. Pull the feed roller release
lever forward and verify that this allows the paper to be aligned.
Push feed roller release lever to the rear.

On printers ordered with cover assemblies and cover interlock switch,
verify that removal of the top cover disables the printer (printer
exerciser CHAR RDY, CARR RDY, PF RT RDY, and PF LFT RDY LED's will be
OFF, only the PTR RDY LED will be ON). Replace top cover.

If Top Of Form option has been ordered, verify that it works correctly.
This function can be operated from the printer exerciser or, if ordered,
from the "TOF" switch on the printer cover.

Install a known good printwheel on the printwheel hub, making certain
that the printwheel is fully seated. Secure the printwheel motor latch.

Install a Qume MULTI-STRIKE carbon ribbon cartridge (Qume #80029-01) on
the carriage assembly. Remove any slack in the ribbon by operating the
printer's ribbon advance switch.

Print one line of Test 5-1 from the exerciser. Verify that the charac-
ters are printed approximately as dark on their top and bottom, and on
their right and left.

2.3 INITIAL PERFORMANCE CHECK (continued)

(10) Complete a 15 minute warm-up using printer exerciser Test 5-1 with
vertical line spacing of six lines to the inch. Verify that print
is equally dark through-out the printout (verifies proper ribbon
advance).

In the Sprint Micro 3 Series printers the end of ribbon option does not disable the
printer. The End of Ribbon option is only a status condition which provides a sta-
tus signal to the interface. The Qume exerciser does not monitor this line.

‘An alternate check may be performed by grounding pin 2 of the 40 pin test point

strip on P.C.B. #2. The printer should be powered down when securing a jumper be-
tween ground and pin 2. In this test the printer relies on a diagnostic test
stored in its own micro processor memory. This test may be monitored and control-
led by the Sprint Micro 3 ActivityMonitor (part #80740). For further explanation
of this test and ActivityMonitor refer to chapter VI.
The diagnostic test performs the following:

(1) ROM test.

(2) 1/0 lines.

(3) Executes a restore.

(4) Carriage moves 114 times back and forth in diminishing movements.

(5) Printwheel moves 96 times clockwise and counter clockwise.

(6) Executes various combinations of forward and reverse paper feeds.

(7) Concludes test with "Self Test" printed vertically. Ribbon 1ift,

hammer actuation and ribbon advance are exercised during this print
cycle.

2.4 - WARRANTY

Qume products are warranted free from defects in material and workmanship for a per-
jod of 90 days after delivery. Qume's obligation under this warranty is limited to
replacing or repairing, at its option, at its factory, any of the products (except
expendable parts thereof) that within the warranty period are returned to Qume and
that are found to be defective in proper usage. Printers within warranty will be
repaired at no charge. Buyer shall prepay transportation charges to the Qume fac-
tory.

Before returning materials to Qume, the customer must request a Material Return Au-
thorization Number. Qume will only accept authorized Replacement Assemblies (see
Service Policy) or complete printers for replacement or repair. Individual compo-
nents will not be authorized for replacement or repair if removed from assemblies.

Qume will ship repaired or replaced assemblies to customers within 30 days from re-
ceipt of assemblies.




2.5 SERVICE POLICY

Qume will accept the assemblies listed below for repair at the charges shown. Any
other parts and/or subassemblies will be accepted for repair at Qume's discretion.

FIXED FEE ITEMS:

Description Charge
Printed circuit board (other than catastrophic
failure) $ 50.
Carriage motor encoder:
In printer $150.
Seperate assembly $100.
Printwheel motor encoder:
In carriage and in printer $200.
In carriage only $150.
Seperate assembly $100.

A11 other items will be repajred on a time and materials basis,
with time calculated at $35/hour and materials at 1ist price.

The above prices are subject to change without notice.
TIME AND MATERIAL CHARGES:

Unless the customer advises to the contrary, Qume will request a
purchase order for all estimated time and material charges before
beginning any work.

SCHEDULES:

Qume will return repaired or replaced parts to customers within
30 days from receipt of parts. If the customer desires parts re-
turned within three working days, a $50 expediting fee will be
charged. i

SHIPPING CHARGES:

Shipping charges will be prepaid by customer when parts are re-
turned to Qume. Qume will return parts C.0.D.

LOCATION:

A11 repair work will be done at Qume's factory in Hayward, Calif-
ornia, unless otherwise designated by Qume.

RETURN AUTHORIZATION:

Before returning materials to Qume, the customer must first re-
quest a Material Return Authorization number. The MRA number
must be affixed to materials returned, as well as the shipping
container.

2.6 TECHNICAL TRAINING POLICY

Training classes in the repair and maintenance of Qume printers are conducted on a
regularly scheduled basis at Qume headquarters in Hayward, California.

Each scheduled class takes three days. The cost of this class is $210 per student,
and covers all necessary course materials. Transportation, motel, and similar ex-
penses are the responsibility of the student or his company.

To support its customers, Qume provides a number of free student/enrollments (one
student for one three-day class) in these scheduled classes, according to the number
of printers ordered:

Printers Ordered Student/Enrollments
0 - 9 0
10 - 99 1
100 - 249 2
250 - 499 3
500 - 999 4
1000 - 1999 5

Note that these free student/classes apply only to regularly scheduled classes at
Qume; they do not apply to special classes at Qume or at the customer's site.

In order to reserve an appropriate number of places in the class of their choice,
customers should enroll at least three weeks in advance by contacting the Customer
Training Department at Qume/Hayward. Schedules of classes are available from our
local Qume salesman.

In some cases, it may be more convenient or lower in cost for the customer to sche-
dule a special class at his location or at Qume. The following applies:

(1) Such classes will be scheduled according to the availability
of a Qume instructor.

(2) Class size is limited to 12 students.

(3) Customer provides necessary training materials -- manuals,
notebooks, etc., and a conference or classroom. Customer
can buy our manuals or copy them for this purpose.

(4) Qume fee is $280/instructor day (class is usually 3 days)
plus actual travel and living expenses (motel, car rental,
meals, etc.), if any.




CHAPTER TII
THEORY OF OPERATION

3.0 INTRODUCTION

This chapter describes both mechanical and electrical operating
principles of the printer. The information contained in this
chapter is intended to help the service technician understand
the printer and thus facilitate maintenance and repair.

The description begins with the mechanisms involved in the var-
jous printer functions: paper feed, carriage motion, character
selection, ribbon motion, and ribbon 1ift. Following this dis-
cussion is an introduction to the printer's overall operating
principles and then a discussion of the electronic interface and
microprocessor control section, the printwheel and carriage ser-
vosystems, and the paper and ribbon electronics. Also included
is a discussion of miscellaneous functions such as the "check"
circuit. ‘

3.1 MECHANICAL OPERATION OF THE PRINTER

Mechanical operation of the printer can be compared to_the op-
eration of an office typewriter such as the Selectric™ typewriter
manufactured by IBM Corporation. In both the Qume printer and the
Selectric™~ typewriter, there is a means of moving the carriage,
selecting the character to be printed by rotating the type font,

a way of striking the ribbon with the font, and a way of moving
the paper, In the Qume printer, the means consists of rotating

a "daisy" printwheel so that the correct die is alligned in the
printing position, striking the die against a carbon or ink-im-
pregnated ribbon, and creating an impression of the die on the
paper. As a part of this cycle, the paper is also moved vertically
as each Tine is printed.

(:>Se1ectric is a registered trademark of IBM Corporation.

A typewriter-style platen roller feeds paper and positions the
paper vertically in front of the printing die. In the standard
version of the printer, paper is held in place by pressure from
spring-loaded pinch rollers mounted beneath the p]ateh itself.
The rubber surfaces of the platen and pinch rollers restrain the
paper in a mechanism termed friction feed.

Pin feed and tractor feed are available optionally, as more pos-
itive methods of controlling paper movement. In the pin feed
arrangement, sprocket wheels on either side of the platen engage
pre-punched holes in the margins of the forms to be printed. 1In
tractor feed printers a flexible driven belt engages the perfor-
ations in the margin of the form, replacing the platen as the
driving mechanism.

Rotation of the platen moves the paper vertically, as shown in
Figure 3-1. This is done manually during initial loading of paper
into the printer paper feed mechanism, using the knobs provided

on either side of the platen roller. Once the paper has been load-
ed, however, paper feed is automatic. A stepping motor and gear
train mounted on the‘right side of the chassis engage the teeth

of a drive gear attached to the platen's axial shaft. External
commands, operating through the printer's electronics, control

the stepping motor to move the paper in multiples of the basic
1/48th. inch increment. Each command may feed the paper up or
down, a maximum of 21.3 inches in either direction.
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FIGURE 3-1
PAPER FEED DETAIL

PLATEN

An optional version of the printer provides independent left and
right paper feed mechanisms. This version contains two half-width
platens mounted on a common shaft, so that each may be rotated
without affecting the other. The right-hand platen is driven by
the standard paper feed mechanism, while the left-hand platen is
driven by a similar mechanism installed on the left side of the
printer chassis.

The dies used to print characters are molded into a light-weight
plastic disk, called the printwheel. Ninety-six (optionally 94)
spokes radiate from the center hub, and the tip of each spoke
carries a relief image of one alphanumeric character. The print-
wheel rotates in a vertical plane that is parallel to the axis

of the platen. The printwheel is positioned so that the character
on the uppermost spoke is in the proper position to strike the
ribbon, platen, and paper squarely (see Figure 3-2). Printing a
character is accomplished by activating a solenoid-operated print-
hammer mounted directly behind the uppermost printwheel position.
A current pulse applied to the solenoid causes the printhammer to
strike the uppermost spoke, and the flexible nature of the plastic
printwheel permits the die to contact the ribbon and transfer the
image to the paper.

Character selection is determined by the angular position of the
printwheel at the time the printhammer is activated. A servo-
system, controlled by the printer electronics, positions the print-
wheel according to the character input command.

The printwheel motor, printwheel, and printhammer are mounted on a
mechanical assembly known as the "carriage". Also mounted on this
assembly is the ribbon cartridge, the ribbon drive motor, a ribbon
lift solenoid, and an end of ribbon sensor.
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FIGURE 3-2
PRINTWHEEL DETAIL

The carriage assembly travels the width of the chassis on two
rails which parallel the axis of the platen roller. A flexible
cable attached to the carriage carries all drive and control
signals between the carriage and the printers electronics. Rub-
ber stops on both ends of the rail limit carriage travel, and an
6pt1ca1 sensing unit next to the left deceleration stop indicates
the left electrical limit during initialization.

The Tocation of the carriage assembly on its guide rails determines
the horizontal position of the printed character. A DC servomotor
on the printer's chassis positions the carriage by means of a cable,
pulley, and a tensioner arrangement, as shown in Figure 3-3. Con-
trol signals position the servomotor in response to external com-
mands, permitting programmed bi-directional movement of the car-
riage up to 13.1 inches (26.2 inches in the Wide Track model). An
optical encoder enables the controlling device to position the
carriage in 1/120th. inch increments.

Ribbon feed and ribbon 1ift are controlled by individual sub-systems,
although the stepper motor which controls the ribbon advance and the
solenoid which 1ifts the ribbon into position are both located phy-
sically on the carriage assembly. The solenoid is used to 1ift the
ribbon into printing position, between the uppermost spoke of the
printwheel and the paper surface, under external program control. A
drive dog on the shaft of the stepper motor engages internal splines
on the hub of the drop-in ribbon cartridge, so that rotation of the
stepper motor advances the ribbon incrementally, just prior to the

. firing of the printhammer.
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3.2 ELECTRICAL OPERATION OF THE PRINTER

An overall block diagram of the printer is shown in Figure 3-4.

The printer's electronic and electromechanical circuits can be
broken down into subsystems for purposes of discussion. This
section will describe the electromechanical portion of the printer,
giving the reader a better foundation for the discussion of con-
trol electronics that follows.

3.2.1 SPLIT-PHASE STEPPER MOTORS

Split-phase stepber motors are used in the paper feed and ribbon
drive mechanisms. These motors are conventional in design and may
be similar to motors that the reader has encountered already in
servicing of other equipment.

The motor consists essentially of two field windings and an arm-
ature. The windings are oriented so that the magnetic field pro-
duced by each winding intersects the other's field at an angle

of approximately 90 degrees. The field in the interpole cavity is
thus the resultant of two fields as shown in Figure 3-5.

The armature in this kind of motor is magnetized by a current
derived from the field voltages. This current is passed through
a full-wave rectifier, before being applied to the field coils.
As a result, the field produced in the armature is constant in
jts relationship to the armature's physical core. Given this
observation, it will be convenient to visualize the armature
simply as a strong permanent magnet.

The natural tendency of the magnetized armature is to align it-

self with the resultant magnetic field produced by the two field
coils. Directional rotation will occur, if the current applied

to the individual field coils vary in phase relationship. This

rotation is shown in Figure 3-5.
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The driving signals vary in quadrature, and may be thought of as
being 90 degrees out of phase electrically. Under these circum-
stances, the motor bears resemblance to the splitphase AC induc-
tion motor. Note, however, that armature slippage in a stepper
motor is abnormal, and that this kind of motor therefore never
develops the large armature current and the high torque that is
characteristic of induction motors.

Nevertheless, the motor's performance is quite satisfactory under
1ight load conditions. Its chief advantage is that it lends it-
self to the precise positioning of 1ight mechanisms, in fixed in-
crements that bear a relationship to the 90 degree increment of ro-
tation. This kind of motor is ideally suited to mechanisms such as
ribbon and paper feed. In the former case, the load is extremely
Tight. In the latter, the motions are relatively infrequent, so
that the motor's slow response is not a serious disadvantage.

3.2.2 OPTICALLY POSITIONED DC SERVOMOTORS

When it comes to the printwheel and carriage positioning mechanisms,
however, the weaknesses inherent in stepper motors cannot be over-
looked. Both the carriage and the printwheel are in motion almost
continuously during normal printing. Frequent acceleration and de-

celeration makes severe demands on the motor, and the rapid position-

ing of these relatively massive assemblies calls for a motor with a
high torque.

The foregoing considerations dictate the choice of a DC motor.
At the same time, however, we can sacrifice nothing in the pre-
cision of motor positioning. Actually the two mechanisms we are
presently considering are even more sensitive to positioning
errors than are the ribbon and paper feed mechanisms. Given the
DC motor assumption, this further dictates a servomechanism of
some kind, in which a position-dependent feed-back is used to
control the rotation of the motor. Unfortunately, the methods
available for doing this, up until now, have been both 1limited
and cumbersome.

It was in this context that the optical positioning mechanism
used in the Sprint 3 Series printers was developed. This tech-
nique relies on optoelectronic devices to generate both the rate
and the position information on which the servo feed-back loops
are based. The method is described briefly in the following par-
agraphs.

The basic DC servomotor consists of a reversible DC motor. At-
tached to the motor's frame is the photohead assembly which con-
tains three photo-voltaic cells and a light emitting diode. In
this simple configuration, all three cells are illuminated cont-
inuously by the 1light from the LED, producing output voltages
which are proportional both to the light intensity and to the
illuminated area of the cell.

The LED's sensitivity to temperature makes it an inherently un-
stable light source. And since the reliable function of the servo
will depend on the stability of the output from the photohead, ex-
ternal means are used to ensure a stable output. Once cell (CLEAR)
monitors the output from the LED. The output of this cell drives
an inverting amplifier, which in turn supplies the drive current
for the diode. Negative feed-back damps fluctation in the output
of the LED, producing a stable reference illumination and hence

a relatively stable peak voltage output from all three cells.




" Attached to one end of the motor's armature shaft is an external rotating
disc. Changes in the shaft's angular position are thus coupled directly
to the disc. The edge of the disc extends into a slot in the side of the
photohead, as shown in Figure 3-6, masking the diode, and casting a shadow
on two of the three photovoltaic cells (the CLEAR cell is not affected).

This would naturally preclude any output whatsoever from the A and B
photocells were it not for the fact that the opaque circumference of the
disc is constructed with openings of uniform size. Rotation of the disc
thus casts a varying shadow on the A and B photocells, whose output is
directly proporational to the area illuminated, other factors being equal.

Dimensions of the assembly are controlled carefully, so that the electri-
cal fluctuations produced in the output of the photocells closely approx-
imate a sine wave. The A and B cells are placed geometrically so that

the outputs produced are 90 degrees out of phase with respect to one
another. These signals furnish the basis for controlling both the an-
gular position and the speed of the servomotors. Before they can be used,
however, an intermediate set of signals must be generated. This process is
described below. ‘

Raw A and B outputs from the encoder are first amplified, and translated
to levels roughly symmetrical about ground, with a nominal peak-to-peak
amplitude of 12 volts. Preconditioning assures the reliable operation of
the subsequent circuitry.
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As indicated, the A and B signals are applied to the inputs of three
Schmitt squaring circuits. These are adjusted to trigger at specific
points on the input waveforms, hence the importance of accurate signal
preconditioning. The idealized outputs obtained are shown in Figure
3-7. They are labeled X, Y, and Z.

By splitting the X, Y, and Z signals and combining selected functions
in suitable gates, we obtain the entire range of outputs depicted in
Figure 3-7. These include the Carriage Clock signals, and the @1 -
0 4 sampling signals. Together, these derived outputs permit control
“of the motor's speed and position.

To visualize the positioning mechanism, consider the waveforms shown

in Figure 3-7. Stable positions of the armature are established at
zero crossings of the encoder's A output. In the position mode, neg-
ative feedback derived directly from the A waveform causes the motor

to settle in the nearest available "trough"; that is, the nearest neg-
~ative-going null. Because these stable positions suggest a mechanical
.analogy, they are referred to as '"detents". There are 192 such detents
“in each revolution of the printwheel, and 400 per turn of the carriage
drive motor. Motors left to their own devices in the position mode will
always react by seeking the closest detent.

"Re-positioning of the motor requires a temporary interruption in the
continuity of the positioning loop. During the time that feedback is
suspended, the motor may be re-positioned accurately, by counting the
intervening number of encoder impulses. When the count establishes
that the motor is in the vicinity of the desired new position, the feed-
back Toop is restored, and the motor promptly settles in the proximate
detent.
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When it is necessary to re-position the motor, the first action taken
is to suspend the position mode. We then begin by moving the servo
toward its new position, counting Carriage Clock pulses as we go. Once
the count indicates that the desired position has been reached, we sim-
ply re-establish the position mode. Completion of this sequence will
find the motor settled in the desired angular detent.

While the positioning loop is suspended, the servomotor operated as

a rate servo. In the rate mode, the servomotor's speed and direction
of rotation are controlled by an external reference which is related
to the gross magnitude of the position error. Negative feedback pro-
portional to the motor's speed is combined in a summing network with
the reference level input. When the two exactly cancel, the net rate
error applied to the servo is zero, and the stable speed of the motor
is established accordingly.

The frequency of the encoder's output is a direct indication of motor
velocity. Unfortunately, simple counting would not produce a velocity
indication fast enough to permit precise control of the servomotor.

Other means must be used, to monitor the motor's rotational velocity.

You will observe that the change in the encoder waveform is roughly
linear in the immediate vicinity of the null points. This is true
over the interval which extends from about 45 degrees preceding the
detent, to about 45 degrees past. Moreover, the slope of this wave-
form is directly proportional to the motor's angular velocity. By
differentiating this portion of the encoder's output, we can obtain
a voltage Tevel which directly indicates the speed of the servomo