(1

A DEDICARTED hICRoPROCESSOR CONTROLLER FOR A B

AD-A144 523 OUND 172 .
DOCUMENT SCANNER U ARNY N BRV PERSONNEL CENTER
ALEXANDRIA YR E C SHRFFER JUN

UNCLASSIFIED F/G 14/3

-




e R I T R T S I DAL W pAr L A . o R SRR i - o I v

SR RIINA R T AP A ey S A WAL AT, S AL SrA

N
ﬁm
"o
(S

32
= :: 22

E

FPEFEERE

e—
—
—————
————
——
.
—
rr
r
fe

MICROCOM CHART




AD-A141 525

A Dedicated Microprocessor Controller for a Bound Document Scanner

I CPT Edward C. Shaffer

3 HQDA, MILPERCEN (DAPC-OPA-E)
200 Stovall Street
Alexandria, VA 22332

- . Final Report - February 1984

Approved for public release; distribution unlimited

-
-

¢

A thesis submitted to Massachusetts Institute of Technology,
Cambridge, Massachusetts in partial fulfillment of the
requirements for the degree of Master of Science in Electrical
Engineering.

ST

- ® " .
s N, e s
PPV RIS W W,




A DEDICATED MICROPROCESSOR CONTROLLER FOR A BOUND DOCUMENT SCANNER

by

EDWARD CHARLES SHAFFER
Captain, United States Army
B.S., United States Military Academy (1975)
Submitted to the
DEPARTMENT OF ELECTRICAL ENGINEERING AND COMPUTER SCIENCE

in partial fulfillment of the requirements

FOR THE DEGREE OF

MASTER OF SCIENCE

at the
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
June, 1984
(©) Edvard Charles Shaffer, 1984

The author hereby grants to MIT permission to reproduce and tc
distribute copies of this thesis document in whole or in part.

Signature of Author (f:%szk};?/i/szQf;é;;%fl4

2 Department of EECS, February 1984

<. 22 .
Certified by QZ<7f' [N tize

éZ.F. Reintjes, Thesis Supervisor

Accepted by

Chairman, Departmental Committee on Graduate Students




_‘
-

.
'
.
.
:

5

LI
.,'

m " ) '. .l

Lo CLAS 5/ EL
SECURITY CLASSIFICATION OF THIS PAGE(When Dats Entered)

Ly
o

5

A

- e
t. ]
L

o
.
[»

Vg

Ay

ABSTRACT

S % %
,.f.'-’ .

o/,

Research was carried out on an electro-optical bound document scanner
which used a general purpose F-8 microcomputer as the scanner
controller. The goal was to replace the F-8 with a dedicated
controller by replicating essential features of the system which
provided the scanner/controller interface. A microprocessor-based
configuration was considered to be the most promising approach, A
detailed analysis of the existing hardware and software interface
between the F-8 and the scanner was conducted to establish the
feasibility of using a microprocessor and to develop controller design
criteria, Features of a number of microprocessors were examined and
compared against one another to determine the best architecture for
this application.

A microprocessor-based controller was designed using the MOSTEK
MK38P70 microprocessor. Integral to the design were two Intel 8255A
Programmable Peripheral Interface (PPI) chips which allowed the four
8-bit I/0 ports of the MK38P70 to perform all the functions previously
handled by nine F-8 1/0 ports, A 2Kx8-bit EPROM holds the control
program MEOSC, MEOSC 18 a modified version of the F-8 controller
program, EOPS2, The F-8 was able to be used as a versatile system .
development and debug tool for the dedicated controller since the e

MK38P70 uses F-8 assembly language. A threshold monitor and adjust e
circuit was developed in conjunction with the controller in order to A
provide the operator a means to control the black-to-white transitions e

of CCD pixel data derived from the scanner. i

System performance using the controller has been excellent., Printer

and CRT copies of scanned documents obtained from the system using the :izf
MK38P70 controller are indistinguishable from those obtained using the ;{::
F-8 controller under similar conditions. All control functions have T

been consolidated onto the scanner front panel., A significant
reduction of system space requirements has been achieved, and the F-8
has been released for more general purpose work.
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ABSTRACT

" Research was carried out on an electro-optical bound document scanner
which used a general purpose F-8 microcomputer as the scanner
* controller, The goal was to replace the F=-8 with a dedicated
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controller by replicating essential features of the system which
provided the scanner/controller interface. A microprocessor-based
configuration was considered to be the most promising approach. A
detailed analysis of the existing hardware and software interface
between the F-8 and the scanner was conducted to establish the
feasibility of using a microprocessor and to develop controller design
criteria., Features of a number of microprocessors were examined and
compared against one another to determine the best architecture for
this application.

Ty

A microprocessor-based controller was designed using the MOSTEK
MK38P70 microprocessor. Integral to the design were two Intel 8255A
Programmable Peripheral Interface (PPI) chips which allowed the four
8-bit I/0 ports of the MK38P70 to perform all the functions previously
handled by nine F-8 1/0 ports. A 2Kx8-bit EPROM holds the control
program MEOSC, MEOSC is a modified version of the F=8 controller
program, EOPS2, The F-~8 was able to be used as a versatile system
development and debug tool for the dedicated controller since the
MK38P70 uses F-8 assembly language. A threshold monitor and adjust
circuit was developed in conjunction with the controller in order to
provide the operator a means to control the black-to-white transitions
of CCD pixel data derived from the scanner.

System performance using the controller has been excellent. Printer
and CRT copies of scanned documents obtained from the system using the
MK38P70 controller are indistinguishable from those obtained using the
F-8 controller under similar conditions, All control functions have
been consolidated onto the scanner front panel. A significant
reduction of system space requirements has been achieved, and the F-8
has been released for more general purpose work.
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CHAPTER 1

INTRODUCTION

A. PROBLEM STATEMENT

The bound document scanner project currently underway within
the Laboratory for Information and Decision Systems uses a Fairchild
F-8 Formulator Mark III programmable microcomputer as the controller
for the scanner/printer system. The goal of this research is to
develop an achievable architecture for a dedicated stand-alone
controller and to evaluate system performance using this controller.
The approach that was taken in pursuing this goal was to replicate
essential features of the F-8 controller, including the hardware
interface and control software, in a dedicated real-time controller
consisting of a microprocessor and auxiliary circuitry.
B. SUMMARY OF THE RESEARCH GOAL

The scope of the research was constrained so that the general

architecture of the existing scanner system could be retained. The

!
|
)
’-
't
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control element of the system only was to be redesigned, using as

simple an implementation as possible while conforming with system ;:5'713*
parameters. The system was to be transparent to the new controller in

that the scanner had to continue to produce the same quality copy as

obtained with the F-8 controller. A microprocessor based configuration F*‘

was considered as the most promising approach toward realizing a

dedicated controller. Design criteria for a microprocessor controller

were drawn up after reviewing functional requirements. Essential

features were delineated to ensure that the controller would at least
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(1) properly interface to the scanner system, (2) be able to be

removed from and replaced into the system in a modular manner to
support further scanner research, (3) handle all control processes at
least as quickly as the F=8 controller, (4) be able to use an EPROM
memory to hold the control program, and (5) respond to operator
control, Some additional features which were considered desirable, but
not essential, included: (1) low component count and low cost, (2)
provision for more than minimum operator control of scanning, and (3)
an architecture compatible with ongoing efforts to 1incorporate data
compression into the scanner system. Initially, the abilty of a
microprocessor to meet these requirements was uncertain. Hence, a
detailed analysis of the role of the existing controller and a
comparative analysis of available microprocessors was necessary.
C. BACKGROUND

The bound document scanner ©project seeks to improve
interlibrary resource sharing through use of a solid state, near
real-time, facsimile facility. Requests for materials not available at
one library but on hand at another are currently £filled by
lending-borrowing arrangements involving physical movement of
documents or photocoples from one library to the other, An electronic
delivery system would decrease handling times for material transfer
from days or weeks to the order of hours or less; but to be viable,
the gystem must be economically attractive. Current digital facsimile
systems cannot copy pages from bound volumes or are prohibitively
costly for libraries. The bound document scanner under development
attempts to meet the requirements for a relatively economic, document

friendly, electronic delivery system. Figure 1.1 outlines the basic
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elements of the scanner system, The controller consists of the F-8
Formulator with floppy disk and video console. The controller

interfaces with the scanner hardware via eight I/0 ports. Images from

e = O

the scanned page are focused onto the CCD which converts the image

into 2048 pixels. After the pixel data are processed by the scanner

hardware, they are sent to the display logic and coverted into an

image on the CRT or printer,

The salient features of the scanner have been documented in

several theses (see bibliography). The key component that is relevant

to this research is the F-8 microcomputer. It is now being used as the

system controller and has also been used as a development tool for the

bound document scanner system. The F-8 Mark III Formulator consisting

of a CPU Board, Console with Console Control and Console Memory

Boards, a 4K PSU (F-8 ROM) Board, four 4K RAM Boards, a Parallel

Interface Becard, and a Quad I1/0 Board (Figure l.2b) was expanded into

a versatile software development station by Medley (6). By adding more

1/0 ports and communications interface to the F-8, he enabled addition

of a Zenith-19 video terminal, modem access, and utilization of dual 8

Tr e e 8y
V) [

" a

inch floppy disk drives and a teletype terminal (Figure 1.2a). This

IR

configuration allows for rapid writing and execution of F-8 programs,

such as the scanner control program, "EOPS2" (Electro-Optical Scanner

Version 2), Flexible program analysis is possible using the debug

capability of the F-8, Once program modules are written and debugged,

they can be assembled and linked into executable programs, Programs

can then be stored on disk and loaded into RAM for execution. The Disk

Operating System, Version 4 (DOS4) is bootstrapped into the F-8 before

commands or programs can be loaded and executed.




W N T U T R A

Scratch
™ ISAR Pad
‘T Front
Video Improv. I Panel
Console
Comm Bd 3850
CPu Parall, Floppy
Intfc. Disk
3851 16K DC
PSU RAM Memory
L
Fig 1.2a F-8 Formulator Functional Configuration
4[ [ 4—————Improved Communictions Board A
1 16K RAM NEASACS
[ | o

Quad 1/0 Board

Parallel I/0 Board

ri Program Storage (PSU) Board
CPU Board

Console Control

'
\\

\

[ — Console ROM
[ﬁi Front Panel
] ..0.. QO0aD
rrErEEYs n D n
poon0 000000
PR
‘:-".-. ':\":‘-‘ :-
Fig 1.2b F-8 Formulator Physical Configuration }Q}:at¢:¢
SRS
RN
11 b’ B

) s Lt

. e -
.....




o

.. l..‘. \-.

+

N~ e O T I e e A . A
Sl LA PR IARCN. ARSI L..:-'JJL:- Laila l‘?‘- APV

Following 1is a brief description of how the scanner system

operates, To initiate scanning, EOPS2 is loaded after DOS4 1s running,
Scanning begins by pushing a start button. EOPS2 automatically starts
the scanner motor, flourescent lights, and printer pumps or CRT screen
erase. EOPS2 then starts the scanner moving horizontally across the
page, sets the CCD pixel data threshold voltage level, and sends the
CCD pixel signals to the printer or CRT for local copy. After a page
scan EOPS2 reinitializes all devices,

D. RESEARCH PLAN

Thesis research comprising development of the dedicated
controller included the following tasks:

l. A thorough anlaysis of the interface between the scanner
hardware and EOPS2 software was conducted to identify the existing
control sequence,

2. The general requirements for controller design were
identified and reviewed with respect to the general capabilities of
microprocessors.

3. A number of microprocessors were examined to compare
features relevant to the controller application.

4. The most consuming task consisted of the design and
implementation of the controller circuit, This included necessary
hardware modifications and interface specifications for the scanner;
software modifications to EOPS2; phased testing of the interface
hardware and software; and test and evaluation of the final
controller,

The important aspects of control interface, controller design,

softvare modifications, and operating instructions are documented in
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this report.
E. SUMMARY OF RESULTS

A microprocessor based controller was designed and implemented
using the MOSTEK MK38P70 microprocessor. The controller meets all
design criteria and has an architecture superior to other possible
configurations for this application in that it has a simple memory
interface, low chip count, and uses F-8 assembly language. Two support
chips, Intel 8255A Progammble Peripheral Interfaces (PPIs), provide a
simple yet effective interface between the MK38P70 and the scanner, A
2Kkx8 bit Erasable Programmable Read-Only-Memory (EPROM) holds the
controller program MEOSC (Microprocessor Electro-Optical Scanner
Control) which is a modified version of EOPS2, The controller circuit
was incorporated into existing scanner hardware along with a threshold
monitor and adjust circuit which permits precise control of CCD pixel
data thresholding.

System performance using the MK38P70 controller has been
excellent. The scanner continues to provide quality hard (printer) and
soft (CRT) copy with the new controller., The scanner system is much
more streamlined with the dedicated controller in place, and the F-8
Formulator has been released for more general purpose work,

F. OVERVIEW OF FOLLOWING CHAPTERS

Chapter 2 presents the F-8/scanner control interface analysis.
This 1information is needed for implementation of the control function
and is used to develop controller requirements and the scanner
interface. Chapter 3 discusses the relative merits of the
microprocessors considered for the controller and the basis for a

final choice among them. A practical design is presented in Chapter 43
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Results, conclusions and recoummendations for

it 1includes necessary hardware, software, and scanner modifications.
Chapter 5 is devoted to a discussion of the testing and evaluation of

further research are included in Chapter 6.

controller performance.




CHAPTER 2

SCANNER/F-8 INTERFACE ANALYSIS

A, INTRODUCTION

The primary goal of the research is to replicate the functions
of the current F-8 controller in a stand-alone dedicated
microprocessor; it is not the intention of the project to overhaul the
software and over-all system design. As a means of understanding the
requirements for the dedicated microprocessor controller, there 1is
presented in this chapter a detailed analysis of the hardware and
software features incorporated into the current F-8/scanner/display
system,

The bound document scanner is controlled by the interfacgs
between 1logic hardware that is part of the scanner and display
circuitry, and F-8 program instructions, EOPS2. Eight F-8 input/output
(1/0) ports and one front panel port (internal to the F-8) provide the
logical and physical connections between the F-8 Central Processing
Unit (CPU) and the scanner and display hardware. The analysis to
follow focuses on the interplay between hardware and software as they
relate to scanner control rather than on a detailed explanation of
each logic component or program instruction. Included is a functional
description of the control scheme for the F-8/scanner/display system.

A number of conventions will be used in the descriptions of
circuit and software operation. A signal which is active when driven
to a low voltage level (-0.3 to 0.8 volts d.c.), that is, "LO", will

be designated in capital letters with an overbar across the top of the

15




designation, For example, SEND is a low going pulse generated by the
F-8 which enables data transmission between the scanner and the
display logic. A signal which 1s normally active when at a high
voltage level (2.4 to 5.8 volts d.c.), that is, "HI", will simply be
designated in capital letters. Occasionally, program subroutines will
also be referred to in mnemonic form, also in capital letters; for
example FSTLN is an EOPS2 subroutine which returns after detecting the
first 1line of wvalid CCD data. The F-8 uses inverted logic, that is,
logic O is HI and logic 1 is LO. For convenience, reference 1is often
made to data in hexadecimal notation, or HEX. The first character in
the HEX notation corresponds to the four most significant bits of an
8-bit data word (bits 7,6,5, and 4); the second character corresponds
to the four least significant bits (bits 3,2,1, and 0).
B. SOFTWARE DESCRIPTION

As previously explained, the F-8 scanner control program is
named EOPS2 (Electro-Optical Scanner Program, Version 2). EOPS2 uses
three F-8 I/0 ports as input ports (Ports 4, 10, and 11), five F-8 1/0
ports as output ports (Ports 5, 8, 9, 12, and 13), and one port
normally internal to the F-8 (Port 0). EOPS2 has two main functions:
(1) Finding and setting an optimum threshold level for digitizing CCD
pixel data, and (2) generating commands for control of the local
printer and CRT and ensuring proper transmittal of commands and CCD
data over the coaxial cable connecting the scanner to the display
logic., Detailed flow charts of the EOPS2 functions are contained in
Appendix A and a complete program listing can be found in Stanton's
thesis (10). This chapter focuses on the salient features of EOPS2; a

summary flowchart is included for reference (Figure 2.1). The general
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sequence of events is as follows:

1, Once EOPS2 has been 1loaded into memory by the user,
program execution begins. All logic on the scanner and display logic
circuitry is then initialized or reset. The program next goes imto a
"wait loop" until the operator positions a document on the scanner and

pushes the start button on the scanner control panel., A corresponding

START signal is detected wvia input Port 4, which then allows the

program to leave the wait loop.

2. EOPS2 polls two sense switches located on the front panel
of the F~8 which are tied to Port 0., The "Return to DO0S4 {Disk
Operating System)/Normal" switch, tied to bit 4 of Port 0O, must be
down (logic 0) for EOPS2 to continue; otherwise, EOPS2 execution is
aborted. The "Hard/Soft Copy" switch, tied to bit 7, selects the
printer or CRT as the destination of scanner copy. The chosen display
is then initialized by the XMITS subroutine.

3. A start-up delay loop allows the scanner flourescent
lights to preheat, and the phase-~lock-loop-controlled motor's speed
to stabilize, CCD pixel data is ignored wuntil the subroutine FSTLN
returns a signal called fiiﬁfffﬁg, which indicates the detection of
images from the scanned document.The presence of Eiiﬁiifﬁi is detected
by input Port 4,

4, The "Automatic/Freeze Threshold” switch on the front panel
of the F-8 (bit 6 of Port 0) is polled, and an automatic thresholding
algorithm, subroutine QSET2, is either executed or skipped. QSET2
samples a calibration pattern superimposed over the left margin of the
document page. This calibration pattern allows QSET2 to establish the

maximum black-to-white pixel transition count observed during the
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first 28 scan lines, This maximum transition count sets an optimum

level for digitizing CCD pixels into either zeroes or ones,

A

corresponding to white or black. In general, the maximum count is
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obtained by comparing the transition count for the current line to

A
o

that of the preceding 1l1line; the larger count is retained for

comparison with the count obtained on the next scan. The transition
count is detected by counters on the Video Thresholding Circuit (VTC)
board and passed to the F-8 by Ports 10 and 11, The final maximum
count is converted to a voltage 1level corresponding to a voltage
threshold setting on the VIC board. QSET2 concludes after this level
has been found by the F~8 and the setting has been passed to the VTC
board by Ports 12 and 13. Ten signal lines are needed, eight from Port
12 and two from Port 13, to send the voltage threshold setting from
the F-8 to the VIC board; the state of these lines (HI or LO)
corresponds to three HEX characters. During this time, the HEX
notation 1s converted to AASCI code for transmission to the Zenith
console. The console displays a message denoting the curremnt threshold
level, While QSET2 is executing, no data are sent to the displays.

5. Once the optimum threshold has been locked in, either as a
result of QSET2 or the previous threshold value (FREEZE), line
counters are initialized to begin counting down 1700 1lines of CCD
data. This count corresponds to a page width of 8.5 inches (200 lines
per inch). The printer or CRT displays each scan line of digitized CCD
data 1in real time after the data on each of the 2048 pixel elements

has been transferred out of the device. Display-control commands and

digitized CCD data are transmitted over coaxial cable by I/0 Board &

to the display logic. Output Port 5 is connected to I/0 Board 4 and
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controls the switching of CCD data and commands over the coaxial
cable. Display-control commands are presented to 1/0 Board 5 by Output
Ports 8 and 9 which are activated by the subroutine XMITS. Display
commands consist of a device address and command (such as Hard Left
Margin Justify) which are converted into a serial format by 1/0 Board
5 for transmission. Appropriate commands enable and increment the
displays after each line of CCD data is received by the display logic.
The subroutine ENDLN senses the end of a CCD line via Input Port 4 in
order to initiate command generation.

6. After the 1700 lines comprising a page have been counted
down and printed, EOPS2 checks the "Normal/Infinite Lines" switch (bit
5 of Port 0). If normal operation is selected, the printer is shut off
and the F-8 software resets to await another push of the start button,
The scanner carriage mechanically returns to its starting position at
the left side of the document. The choice of infinite lines allows a
constant stream of CCD data and increment display commands to be sent
to the displays while the scanner carriage is held stationary in order
to make tests and adjustments.

There are several timing critical features of EOPS2 which
merit highlighting:

1. Delay 1loops are needed for start-up of the scanner
flourescent lights and motor and for printer/CRT start up. The
approximately 1.5 seconds allocated is adequate to initialize all
devices.

2. The subroutine QSET2 must read the black-to-white
transition count in a CCD line and write a current threshold level to

the VIC Board within a 900-microsecond idle time between CCD 1lines.
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Figure 2.2 shows that during a clockout period, the CCD pixels produce
an analog waveform which takes up only about 2.6 milliseconds of the
3.5 millisecond period. QSET2 currently uses about 300 microseconds to
perform thresholding between each of the first 28 scan lines.

3. Display commands must also be generated, transmitted, and
received by the display logic during the 900~microsecond idle time
between CCD 1lines. An 18-microsecond delay has been allocated as a
buffer after transmittal of commands in order to give the display
logic, printer and CRT time to process and respond to the command,
Approximately 400 microseconds are used between lines for soft copy
(CRT) and approximately 600 microseconds are wused for hard copy
(printer) in processing commands.

4, Analog CCD data is valid for approximately 2.6
milliseconds, as shown in Figure 2.2. The signal PRINTLINE is detected
by subroutines FSTLN and ENDLN to correspond to the period when CCD
pixel data are present. Proper timing of the PRINTLINE signal 1is
crucial since it 1is this signal which is gensed by Port 4 which, in
turn, triggers alternation of CCD and command data over the
transmission line.

The point to be emphasized about timing is that any program
modifications must be executable during the 900-microsecond idle time
between CCD lines, Modifications must allow for equipment delays where
appropriate and they must fit into the page scan time of approximately
6 seconds,

C. HARDWARE DESCRIPTION
The hardware interface between the scanner and the F-8 |is

contained on three circuit boards located on the scanner. These are
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Fig. 2.2 Analog Representation of CCD Output
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named 1/0 Board 4, 1/0 Board 5, and the VIC (Video Thresholding
Circuit) Board. Block diagrams of these boards are shown in Figures
2.3, 2.4, and 2,5, respectively. This section briefly describes the
functions of these boards as they relate to scanner control.

1. I/O Board 4 is the transmission 1line driver and CCD
interface board. Its function 1s to send CCD line data and display

commands over the coaxial cable to the display logic, and to sense the

signals START and PRINTLINE. At any given time, the board will perform
only one of three functions; these functions are initiated by the F=8
over Port 5 (Output). The three most significant bits of Port 5 are
connected to a 3-to-8 decoder on the board. A HEX value sent by the
F-8 pulls one or more of the three lines LO (logic 1) in order to
select one of the output lines of the decoder for enabling the chosen
function. Only 3 of the 8 output lines of the 3-to-8 decoder are
required by the current scanner; the remainder of the 8 1lines were
used in a previous application. The HEX values sent by the F-8 are:

a. H'00': Enable Command Transmit (ENCMD). This value

opens the transmission line to display commands. Display commands are
generated by I/0 Board 5. They are coupled to the coaxial cable by
line drivers on 1/0 Board 4.

b. H'20': Enable CCD Transmit (ENCCD). This value

closes the transmission line to display commands and allows the
digitized CCD line data to be transmitted,

c. H'40': Enable Port 4 Sensing (ENSENS). This wvalue

allows F-8 Port 4 to poll I/0 Board 4 for the presence of START and
PRINTLINE. The four least significant bits of Port 4 are connected to

NAND gates on 1/0 Board 4 which are enabled while ENSENS is active.
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Only two of the four input lines to these gates are used in the
scanner application. PRINTLINE is tied to the gate connected to bit 0

of Port 4; START is tied to the gate connected to bit 1 of Port 4.

Note that I1I/0 Board 4 is relatively simple; it contains only the
3~to-8 decoder, line driver, AND gates and inverters as its major
components., A number of additional gates and inverters are contained
on the board but they are not required for the present scanner
configuration.

2. 1/0 Board 5 is the synchronization/display address/display
command generation board. Its sole purpose is to generate control
characters in the proper sequence for display control. The
synchronization pulse, display address, and display command are
combined into a serial bit stream. Port 8 (Output) first places the
display address from the F-8 onto input pins of the address latches,
Port 9 sends a "Load Address” signal (LDADDR = H'08'), which is tied
to the address 1latches, in order to 1load the address into the
latches. Port 8 next presents an appropriate display command to the
inputs of the command shift register. (A latch is not used since Port
8 will maintain the display command levels at the shift register
until another output operation occurs at Port 8,) Port 9 then loads
the command shift register with the "Load Command" signal (LDCMD =
H'10'). Finally the signal SEND (H'02') is given by Port 9 to generate
a 2,4 microsecond synchronization pulse, SEND also activates the
shift clock and transmit clock which clock out the display address and
command serially from the address and command shift registers. A RESET

signal (H'Ol') sent by Port 9 resets all logic on the board to await
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the next command initiation. The zero bits are physically separated
from the one bits by several gates and an inverter when they leave 1/0
Board 5 so that they can be combined by the I/0 Board 4 line driver. A
summary of the logic signals sent to I/O Board 5 is shown below:

Port 8:

(1) Display Addresses:

H'01' ADHARD Printer
H'08' ADSOFT CRT

(2) Display Commands:

(a) Printer:
H'08' HARDLMJ Start printer
H'00' HARDFIL Fill line with blanks
H'03' HARDADV Advance paper one line
H'OF' HARDCUT Cut paper
H'37' HARDOFF Clear/shut-off printer
(b) CRT:
H'06' SOFTEN Enable CRT
H'03' SOFTDSB Disable CRT
H'01' SOFTERS Erase CRT
H'02' SOFTRSY Reset Y axis counter
H'04' SOFTINY Increment Y axis

b. Port 9:
H'01' RESET Resets logic on board
H'02' SEND Generates synch. and bit stream
H'10' IDCMD  Loads display command
H'08' LDADDR Loads display address

27

______ O e e e e e Ve w e T

Rad o b ad o bl a

...... . .
ISy Aad

""""""""""
- e S




XY
.
.

-:\\.;_x'_',
- ‘. Y
"

-

.
»

L]
-

Bl e o d Y Ve Sl A AG Aty aio-ale a0 ok o ha-gha ity gl
.

A Aot aah 0y

.

ey

o/
" <= "

r) F 7 VP VX

aided AMWI% .M §4557mL
'Y
<G| 17 8n D

A 4

-s_

o/
M— ¥

o/

S

) y 2 200 Y~

45qy MLL

A
£

E4ESMHL
bn

A\

[

£

arsmL|T

oFn

HhoSThi

°(01) uojuwis woaj paidepy

¥

LG ST 100y ~HVIV

[ o “ _ o .M

FILpnOeI 0P PiN

(paeog D1A)

IFNDIT) wﬁﬂ—v.ﬂop—mﬂha—.ﬁ pue UOoFIVIIQ O0PFA G°Z om._"..m

VELIINNGD W -4 -0
EE€ssLay

Zh

2z Y,

:

Fo>—

\“«-\\.‘aisvm\

<—

Oy
1190

678075

Sie

4%oy

28

L Y]
Liﬂ

“ e
)
.,
Lol

$eler

O

e

W e
'Y

I

»

Aadaiada'zaz

B . « w
-

>N
- N

S

B

.

'y
L
LA SA

oy

o .

T4

A ‘.\-LLA

)
.
al

.-t
.
E.}

LA

WAHOM

L
R

-

.
-n L)
2 %y

e
a ke

g
ala

Fow w3

A
3aldal.




L AR S gl aAd gl R i S gl sl A €L AR R IR

(DSOS

Proper generation of the serial bit stream requires a precise timing Pl
sequence, which is controlled by the clocks on this board. A detailed P e
\
X

discussion of this timing can be found in Keverian's thesis (4).
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3. The VTIC Board selects and sets the optimum voltage Leadl
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threshold level for digitizing CCD pixel content into either black or
white. QSET2 passes an initial 1level via Ports 12 and 13 to a
digital-to-analog converter. The converter, in conjunction with three
OPAMPS, converts the level to a scaled value in the range of 5.14 to
6.16 volts in increments of 1 millivolt per digital step. Two
comparators convert the CCD pixel content to logic 1 or 0 (black or
white) depending on the threshold voltage applied to the comparators.
The number of black-to-white transitions in a CCD line at the current
threshold level are counted by two digital counters. This count is
sent to the F-8 by Ports 10 and 11. QSET2 compares this transition
count to the current maximum, After 28 CCD scan lines are checked, the
threshold 1level is fixed and the function of the board is complete.
The transition counters are reset by bit 7 of Port 13 while the
correct threshold 1level is maintained for the remainder of a scanned
page by all eight bits of Port 12 and bits 0 and 1 of Port 13,
D. PORT UTILIZATION

The scanner application requires the use of eight F-8 1/0
Ports (and one internal F-8 Port). This requirement calls for careful
consideration in wmoving from an F-8 controlled system to a
microprocessor controlled system, since most microprocessors cannot

provide this capability without a number of support chips. The purpose

N
AN S

of this section 1is to delineate the current port utilization scheme

and to discuss options for combining the functions of these ports as a




Table 2.1 - Summary of I/O Port Control Transactions Between F-8 and Scanner

SEQUENCE OF PORT OPERATIONS IN SCANNER CONTROL

ACTION

Reset display oommand generator logic on
I/0 Board 5

Enable transmission of display commands through
1/0 Board 4

Enable Port 4 to sense logic on I/0 Board 4
Look for push of start button

Check "Normal/DOS4" switch for normal operation
Check for release of start button

Check "Hard/Soft" switch for selecting display
Put display address on I/0 Board 5

Load address into latches and shift register on
1/0 Board 5

Put display command on command shift register on
1/0 Board 5

Load display command into shift register on 1/0
Board 5

Generate SEND to transmit synchronization pulse,
display address, and display command serially

Look for beginning, then end, of a CCD line
via 1/0 Board 4

Check "Automatic/Freeze Threshold"” switch and start
subroutine QSET2

Clear black-to-white transition counters on
VIC Board

Put current threshold level on VIC Board

30

PORT

9 (Out)

5 (Out)

5 (Out)
4 (In)
0 (Int)
4 (In)
0 (Int)
8 (Out)

9 (Out)

8 (Out)

9 (Out)

9 (Out)

4 (In)

o

(Int)

13 (Out)

12 and
13 (Out)
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Table 2.1 - Summary of 1/0 Port Control Tramnsactions Between F-8 and
Scanner (Cont.)

Input transition count from CCD line and compare 10 and
against current maximum 11 (In)
Set final threshold level on VIC Board 12 and
13 (Out)
Open transmission line to display commands via 5 (Out)
1/0 Board 4
Start printer or CRT using XMITS subroutine 8 and
9 (Out)
Open transmission line to CCD line data via 5 (Out)
1/0 Board 4
Enable Port 4 to sense logic on I/0 Board 4 5 (Out)
Look for end of CCD line (PRINTLINE) in order to 4 (In)

stop printing

Close transmission line to CCD data and open it to 5 (Out)
display command

Advance display by one line using XMITS subroutine 8 and

9 (Out)
Check "Infinite/Normal Lines" switch for normal 0 (Int)
operation
Shut off printer/CRT after 1700 CCD lines using 8 and
XMITS subroutine; program then resets 9 (Out)
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basis for a more efficient controller architecture. Table 2.1 provides
a summary of the logic functions performed by the F-8 ports for
scanner operation as discussed in the previous sections.

The F-8 Ports are connected to the scanner hardware on a
bit-by-bit basis. F-8 port lines are non-tri-state, bidirectional in
nature which makes it impractical to tie both output and input lines
to the same bit directly. This lack of buffering of input from output
is part of the reason why so many ports are used in the scanner
application. As mentioned previously, some of the ports are not used
to their capacity; for example I/0 Board 4 uses only three out of
eight bits from Port 5 and only two out of eight bits from Port 4. A
more efficient allocation would be to break the port into two 4-bit
ports; however, this cannot be accomplished without additional
external components since an input or output instruction affects all
eight bits of the port, Table 2.2 breaks out the F-8 ports used by the
scanner, As it stands, this table indicates that an arrangement
consisting of five 4-bit ports and four 8-bit ports would be more

efficient in terms of bits used compared to bits allocated.

Table 2.2 - F-8 Port Allocation for Scanner Application

PORT AND NUMBER OF CONNECTED
USE BITS USED 10
0 (Input) 4 F-8 Front Panel (Internal)
4 (Input) 2 1/0 Board 4
5 (Output) 3 1/0 Board 4
32
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8 (Output) 8 I/0 Board 5
9 (Output) 4 I/0 Board 5
10 (Input) 8 VIC Board
11 (Input) 8 VIC Board
12 (Output) 8 VIC Board
13 (Output) 3 VIC Board
TOTAL PORTS TOTAL OUTPUT INPUT
USED BITS USED BITS BITS
9 48 26 22

A number of options are available for a more efficient port
scheme, Before any particular microprocessor was considered for use in
the dedicated controller, some port reduction possibilities were
studied that were compatible with the F-=-8 architecture., Each
alternative was evaluated in terms of the hardware and software
complexity 4it would add to the scanner system. The results are
presented below.

1. Use of a Programmable Interface. A programmable interface

device can be wused to combine ports. A number of programmable
interface devices are available from different manufacturers; some can
only be used with a computer of similar architecture, while others are
universal in application. A programmable interface normally has some
type of a data bus and control signals as interface to the computer
and several ports which can be used as inputs or outputs or both. For

example, if such a device were used with the F-8, one F-8 8-bit port
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would provide data transfer by connecting it to the device data bus,
while several pins of another F-8 port would provide control. In this
manner, three or four ports (depending on the device) are achievable
by using only two ports, This is illustrated in Figure 2.6. Here three
ports are used, one for control and two for data transfer, to obtain
six ports. Some programmable interfaces also have 4-bit port optioms.
In using a peripheral interface additional software must be used, as
compared to a direct port interface, in order to tell the device which

interface port to write data to or read data from.

2. Expanding Outputs. One method of expanding output ports is

shown in Figure 2.7. Dual 4~bit latches are tied to the bits of a data
transfer port. Another port is used to select and enable the
appropriate 1latch. As shown, up to 28 output lines can be realized by
using two ports; more output 1lines can be realized by additional
hardware, As with the previous scheme, additional instructions are
needed by the control port, and output port instructions must be
wodified into latch instructions. All required output bits (26) needed
for the scanner can be obtained in this manner; i.e., the functions of
F-8 Ports 5, 8, 9, 12, and 13 could be combined into two ports,
Additionally, the latches can be used as either 4-bit or 8-bit output
ports.

3. Combining Inputs. All input lines of the scanner can be

combined into two ports in a manner complementary to expanding
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alternative uses tri-state buffers for input/output. As before, a data
transfer and control port are needed to select appropriate buffers and
control direction of data flow. Although it uses less hardware than

options 2 or 3, software modifications required are more complex.

0f the above four port combination alternatives investigated,
the use of a programmable interface appeared most promising. Only two
chips are needed to combine all F-8 ports into a four F-8 port
arrangement for the scanmer application. The hardware interfacing and
addition of control instructions can be straightforward with the
proper device, Additionally, this number of ports (4) is on the order
of those available with microprocessors. The following chapters pursue

the implications of scanner interfacing in greater detail.
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CHAPTER 3

MICROPROCESSOR ANALYSIS

A. GENERAL

The concept of substituting a dedicated controller in lieu of
the F-8 in the scanner application required an investigation of
. options. A microprocessor-based configuration was quickly chosen over
a strict hardware (transistor-transistor logic) configuration,
! primarily because a microprocessor has programming flexibility, lower

- chip count, and simpler connections. Choice of an appropriate

microprocessor required a further investigation of features available
in light of the dedicated controller requirements. Trade-offs among
various microprocessors were also considered. This analysis was made
before a detailed design was attempted. At the outset, the scope of
possible choices was narrowed to 8-bit devices since the F-8 is an
8-bit machine and it was clear that an 8-bit chip was capable of doing

the job. Also the characteristics and applications of 8-bit devices

are well documented, and support chips are widely available. The
microprocessors evaluated here were considered either because of .ﬁa%?*;;,
their compatibility with, or similarity to, the F-8 architecture, or ;:iQ;Efi
their popularity and availability. Although ultimately, any of the }xﬂfii;i}

microprocessors discussed here probably could be used, the final

U
)
A

D'. .l.‘

A

choice resulted in an architecture which allowed a straightforward

A, &
»

B i

transition from the F-8 to the dedicated controller.
B. CONTROLLER CRITERIA

Some of the salient considerations in the controller design
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were outlined in Chapter 1. To reiterate, the main goal was to find a

simple design, that 18, an ability to transfer the essence of the
P-8/scanner interface into a dedicated controller with minimum system
reconfiguration. This goal, when considered along with the results of
the F-8/scanner interface analysis (Chapter 2), led to the following
list of essential and desirable features which served as criteria
against which microprocessors could be judged.

l. Essential Features:

a. The microprocessor amnd supporting chips must
combine the functions of the nine ports (eight I/0 and one internal)
used by the F-8 into a lesser number of ports consistent with the port
capacity of the given microprocessor.

b. A clear-cut method had to be devised for switching
back and forth between the dedicated controller and F=8 in order to
support further research with the scanner. This represented a special
constraint associated with the laboratory environment.

C. The microprocesor had to be capable of executing
instructions within time constraints, as outlined in Chapter 2, In
particular, automatic thresholding and the sequence of display
commands had to execute within the 900-microsecond idle time between
clockout of CCD lines,

d. An EPROM (Erasable Programmable Read-Only Memory)
based memory for the controller was considered to be an essential
feature in order to accommodate future program improvements in the
laboratory setting. EOPS2 requires about 800x8-bits of memory; hence,

a standard 2Kx8-bit EPROM was considered to be more than adequate for

holding the dedicated controller program,
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e. As a minimum, an interface between the controller
and operator was needed with the capability to start and stop the
control program, to choose between automatic or frozen thresholding of
the CCD line data, and to choose between hard or soft display.

2, Desirable Features:

a. A need for a relatively low chip count derived
from a desire for a relatively simple port interface and simple
circuit connections.

b. Low cost was considered desirable, but not the
most important criterion. The goal was to keep the total cost of the
microprocessor, support chips, and additional hardware needed for the
controller and scanner modifications on the order of several hundred
dollars.

C. A requirement existed for consideration of data
compression schemes. Two proposed schemes are being studied for
implementation at a later date. This requirement translated into an
expansion capability as well as some flexibility for incorporating
compression into the dedicated controller/scanner system in the
future,

d. Additional operator interface features were
needed., Involved here are a capability for threshold monitoring,
manual threshold loading, and choice of normal page or infinite CCD
lines (for scanner adjustment).

These criteria provided a suitable point of departure for
comparing and judging the microprocessors analyzed below.
C. DESCRIPTION OF MICROPROCESSORS

The following microprocessor series were candidates for use in
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the controller: the Fairchild F-8 series; the MOSTEK 3870 series; the
Intel 8085 series and 8048 series; and Zilog 280 series. The Fairchild
and MOSTEK series were candidates because of their instruction

compatability with the F=8. The Intel 8048 series was considered since

it has an architecture similar to the F-8 series, The Intel 8085 and
Zilog series were attractive because of their versatility and the wide

availability of support chips. The subsequent discussion focuses on
_ the distinguishing features of each, with emphasis on those items

which are relevant to the controller application.

l. The Fairchild F-8 Series. An appropriate microprocessor

series to start with is the Fairchild F-8 series. Previously, the F-8
Mark I1I Formulator microcomputer used in the 1laboratory has been
referred to simply as "the F-8", Theoretically, it is possible to pull
apart the F-8 Formulator and reconfigure the components to yield a

compact, dedicated F-8 controller. In practice, it would be necessary

to replicate only those features necessary for scanner control.

The heart of the F-8 series is the 3850 Central Processing
Unit (CPU). The 3850 includes an arithmetic and logic unit (ALU),
control wunit and instruction register, bus interface logic, and
accumulator registers. The F-8 logic 1s not functionally distributed
among CPU and support chips, but rather, various functions are
integrated within each chip to minimize support chip count. Any memory
addressing logic must be performed by the memory or a memory interface
chip rather than in the CPU, This eliminates the need for address
lines on the 3850 CPU and instead allows for two 8-bit 1/0 ports. The
arrangement also permits a 64-byte read/write memory (RAM) rather than

requiring that addressing 1logic be contained on the chip. However,




this scheme also prevents connection of the 3850 CPU directly to a

standard memory device; hence, a 3853 Static Memory Interface (SMI)
device is needed between the 3850 and a standard read-only memory
(ROM) or EPROM, whereas a 3852 Dynamic Memory Interface (DMI) is
needed between the 3850 and any off-chip standard read/write memory
(RAM) .

Instead of a standard ROM or EPROM, the 3850 CPU is normally

AN NS

used with the 3851 Program Storage Unit (PSU). The 3851 PSU provides a

ala
.
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1Kx8-bit read-only memory, two 8-bit I/0 ports, a timer, and interrupt

logic. It has its own memory addressing and processing logic which can
interrupt five control lines called ROMC states which are generated by
the 3850. The 3851 PSUs are factory mask programmable only; if several
are used, or 1if one is used with other F-8 peripheral devices, each
must have a specific memory addressing mask to avoid possible memory
contention problems,

Of the remaining support devices, another that is relevant to
a controller application is the 3861 Parallel I/0 device (PIO). The
3861 has the two 8-bit I/0 ports, programmable timer, and interrupt

logic of the 3851 PSU. However, unlike the 3851, the 3861 has no

masked memory.

Some additional features of the 3850 are outlined in Table
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3.1. Section D compares the F-8 series against other devices in a

controller application.
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2, The MOSTEK 3870 Series. The MOSTEK 3870 series is derived
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from the Fairchild F-8 series. Essentially, the MK3870 microprocessor
is an enhanced version of the Fairchild 3850 CPU and 3851 PSU,

combined on a single chip. It uses the F-8 instruction set.
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Table 3.1 Microprocessor Comparison Chart

Fairchild MOSTEK Intel Intel
F-8 (3850) 3870 8048 8085
Technology N Channel N Channel N Channel N Channnel
Isoplanar Ion Si1 Gate Sil Gate
MOS MOS MOS
Clock 1000-2000 500-1000 500 nsec. 320 nsec.
nsec. nsec.
Instruction 2-13 usec. 1-6.5 usec. 2.5 usec. 1.3 usec.
Execution cycle cycle
RAM 64 bytes 64 bytes 64 bytes N/A
Parallel Two 8-bit Four 8- Three 8- 16 Bits
1/0 Ports bit Ports bit Ports Addr.&
Data Bus
Type 1/0 Non~buffer. True Bi- True Bi-~ Tri-State
Bidirect. direction. direction.
Expandable Yes Limited Limited Yes
Assembly F-8 F-8 Intel Intel
Language 8048 8080A
8080A
EPROM No Yes Yes No
Version 38P70 8749
Power +5 Vv +5 Vv +5 V +5 Vv
Cost $10.00 $44.00 $6.00 $5.75

Zilog
280

N Channel
Sil Gate
Depl Load

166-500
nsec.

1 usec,
or less

N/A

24 Bits
Addr.&
Data Bus

Tri-State

Yes

Z80 &

Intel

No

+5 Vv

$3.75

e
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Memory-addressing logic is included on the chip. Pertinent features of
the 3870 are shown in Table 3.1. A serial port version of the MK3870
is available, the MK3873, EPROM versions of both the MK3870 and MK3873
are also available; they are the MK38P70 an MK38P73, respectively, and
can accommodate up to 4Kx8-bit standard EPROMs. The MK3870 and MK38P70
have four truly bidirectional 8-bit parallel 1I/0 ports; the MK3873 and
MK38P73 have three 8-bit parallel 1/0 ports, one 5-bit parallel 1I/0
port, and a serial port. A 64~byte scratchpad RAM 18 included on each.
The 3870 series does not include support devices; however it is
possible to use some support devices from other microprocessors,

3. The Intel 8048 Series. The Intel 8048 series is Intel's

approach to providing an F-8 series~like, expandable, low end, low
cost, limited application microprocessor series. The series has its
own specific support chips and a different assembly language from the
other microprocessors discussed. The 8048 series is intended for wuse
in low chip count applications; a 2Kx8-bit version, the 8749, is
available. The 8048 has a 64-~byte on chip RAM and three parallel 8-bit
1/0 ports, one of which (called the bus port) is truly bidirectional.
A support device worth mentioning is the 8243 Input/Output Expander,
which can expand the low~order 4 bits (least significant) of the bus
port into four individually addressable 4-bit I/0 ports. The 8048 can
operate in several modes: Internal Execution Mode - the microprocessor
cannot access external memory - this is the normal mode for operating
in a self contained configuration; Debug Mode ~ allows single stepping
through programs; and Programming and Verify Modes - used for
programming EPROMs in EPROM versions of the chip and for verifying

memory content. Some additional characteristics of the series are
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shown in Table 3.1,

4, The Intel 8085 Series. The Intel 8085 series represents

Intel's enhancement of the Intel 8080A series; the 8080A is probably
the most widely known 8-bit microprocessor. More support devices are
available for the Intel 8080A/8085 series than for any other
microprocessor series. The 8085 incorporates clock logic and bus
interface logic onto the chip and has a single +5 volt d.c., power
supply. All input, output, read, and write functions are performed
using data bus/address bus 1lines and control signals comnected to
peripheral devices. The 8085 series uses the B8080A instruction set
with minor exceptions.

Some useful peripheral chips exist in the 8080A/8085 series
for the controller application. The 8255A Programmable Peripheral
Interface (PPI) gives a capability for achieving three 8-bit 1/0
ports, or two 8-bit I/0 ports and two 4-bit 1/0 ports, from an 8~bit
data port and some control lines from a microprocessor. The 8755A
2Kx8-bit EPROM with two 8-bit 1/0 ports combines an EPROM and port
expansion capability into a single chip. Also, a device with two 8~bit
1/0 ports and one 6-bit I/0 port and timer along with 256 bytes of

static read/vrite memory (RAM) is available, the 8155.

5. The Zilog 280 Series. The Zilog 280 microprocessor
represents Zilog's enhancement of the Intel 8080A, In some respects,
it is similar to the Intel 8085. It includes all 8080A instructions as
a subset of its wmore powerful instruction set. The Z80 can use the
same support devices as the Intel 8080A and 8085 series; 1like the

8085, the Z80 has bus and clock logic incorporated into one chip.
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Versions of the 280 can operate at speeds much higher than most other
microprocesors. Like the 8080A, all I/0 and read/write functions are

executed using 16 address 1lines, 8 data-bus lines, and control

@ e e & a' ¥

signals. The 280 series has a few support chips, including the
Z80A-PIO0 Parallel I/0 device, which can be used to interface the Z80
with devices not having the 8080A/8085/Z80 architecture; and the
Z80A-DMA direct memory access controller, which can be used to convert
serial data to parallel data and vice versa. Other characteristics of
the Z80 are shown in Table 3.1,

D. COMPARATIVE ARCHITECTURES

Theoretically, it is feasible to physically implement the

dedicated controller using any of the five microprocessors listed in
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the previous section. This section proposes one possible controller
architecture for each microprocessor type. Although other potential
configurations can be found, those described here reflect an attempt
to meet the general system requirements for memory and port interface.
Configur;tions which use the F-8 series, MK3870 series, Intel 8048
- series, Intel 8085 series, and Z80 series microprocessors in the
- scanner application are shown in Figures 3.1 through 3.5,

respectively, and will be described below. These figures only show

N general functional interfaces between the microprocessors and the
.
- scanner, but mnot specific connections, The figures do not show
specific port wutilizations but rather attempt to show how an
i acceptable port capacity can be attained (in terms of scanner control
- requirements) with available support chips. A brief discussion and
- some comparative advantages/disadvantages of each scheme follows.
: 1. The F-8 Series Based Configuration (Fig. 3.1). This
¥ 45
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scheme uses the 3850 CPU to achieve two 8-bit I/0 ports and three 3861
PI0s to obtain six additional 8-bit I/0 ports. Memory consists of a
standard 2716 2Kx8-bit EPROM and a 64-byte RAM on the 3850, A 3853 SMI
is needed to interface the EPROM to the CPU. Additional port capacity
can be achieved by adding more 386ls or other peripheral devices., The
primary advantages offered by this scheme over the other
microprocessor configurations are:

a. The EOPS2 control program can be transferred
essentially intact into the EPROM for implementation., Only minor
program changes are required in going from the F~8 Formulator hardware
to the dedicated controller.

b. The 3850 architecture can support additional
functions readily. Functional expansion capability is invaluable for
any significant changes or additions to the scanner system,

Some disavantages of this scheme, compared to the four others,
include:

a. It i1s the only configuration requiring an
additional chip (3853 SMI) for interfacing the EPROM to the CPU,

b. The 3850 CPU 1is slower than the other
microprocessors, which limits its use in expanded applications,

2. The MOSTEK 3870 Series Configuration (Fig. 3.2). An

MK38P70 1is used together with two Intel 8255A PPIs to achieve five
8-bit I/0 ports and four 4~bit I/0 ports; two 8-bit ports of the 38P70
are used for data transfer to the PPIs and one 8-bit port of the 38P70
is used to control 1/0 transfers between the 38P70 and the PPlIs,
Memory consists of a standard 2Kx8-bit 2716 EPROM mounted directly on

the 38P70 and a 64~byte on chip RAM. This concept has the following
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advantages over the other schemes:

a. Again, the EOPS2 program can be used essentially
intact. The 38P70 uses F-8 assembly language; however, use of the PPIs
requires additional instructions as compared to the F-8 configuration
above.

b. Use of the PPIs gives a more efficient matching to
the scanner port interface requirements than some of the other schemes
because of the 4-bit port capability of the PPIs.

c. A lower chip count is achieved as compared to the
F-8 and Z80 configurations.

d. The EPROM is conveniently mounted on the MK38P70,
which reduces circuit connections,

e. A serial port capability can be realized by
substituting a MK38P73 for the MK38P70.
A few disadvantages are:

a. Expansion capability, as compared to the F-8,
8085, and 280 series, is limited,

b. Only 64 bytes of RAM are avilable, with no
possibility for expansion,

c. The cost of the MK38P70 is much higher than that
of the other microprocessors.

3. The Intel 8048 Series (Fig 3.3). An 8749 (2Kx8-bit EPROM

version of the 8048) microprocessor is used with an 8255A PPI and 8243
1/0 Expander to achieve four 8-bit 1/0 ports and four 4-bit I/0 ports
(one less than required). Memory consists of a 2716 2Kx8-bit EPROM
mounted on the 8749 and a 64-byte on~chip RAM, This configuration is

very similar to the MK38P70 one disussed above. Some advantages of
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this scheme include:

a. The multiple operating modes of the 8749 give
greater flexibility in programming and testing the controller as
compared to any of the other schemes.

b. Complex addressing is not required, and on~-chip
RAM 18 available, so chip count is low, as with the MK38P70 and F-8
schemes, This is the main advantage over the 8085 and ZB0 series.

Some disadvantages include:

a. The non-standard instruction set requires special
consideration. Software development would require acquisition of
programming tools not presently available in the laboratory.

b. As shown, the port interface requirement is not
met. Three 8255As are needed to meet the port requirements fnlieu of
the 8243 and 8255A shown. Otherwise, a hardware modification to the
scanner is needed in order to use the 8243,

4, The Intel 8085 Configuration (Fig 3.4). This configuration

uses the 8085 CPU with some peripherals capable of providing both
memory and I/0 capability. The 8755A 2Kx8~bit EPROM with I/O0 and two
8155 Static RAM with 1/0 give six 8-bit I/0 ports and two 6-bit I/0
ports and provide for all memory requirements, Separate data and
address buses are required. Advantages of using this architecture over
the other four are:

a. The 8755A is a self contained device. This results
in lower chip count since a separate EPROM is not needed. Also, use of
a separate EPROM programmng circuit is not required.

b. All devices have tri-state I1/0 1lines which

eliminates the need to buffer input and output connections to ports.
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This suggests that inputs and outputs might be combined on the same
bit, thus further reducing the chip count shown to yield the lowest
chip count of any configuration.

c. The configuration is readily expandable.

The disadvantages of using this chip as opposed to the others include:

a. A pon-F-8 assembly language is used, which
requires attention to timing considerations when writing the control
program,

b. Separate data and address 1lines are |used,
requiring more connections and a different programming approach as
compared to the F-8-like architectures.

c. There is no significant RAM residing on the CPU.

5. The Zilog 280 Configuration (Fig 3.6). The Z80 also

requires separate address and data lines. Three 8255A PPIs are needed
to achieve six 8-bit I/0 ports and six 4-bit I/0 ports. A standard
2716 2Kx8 bit EPROM provides program memory; however, a separate chip
is needed for RAM, Advantages of wusing this 280 configuration as
opposed to the others are:

a. The 280 has the most powerful and versatile
instruction set. More programming flexibility is available compared to
the other microprocessors, which would be significant if additional
functions are ever incorporated into the controller.

b. Instruction execution using the Z80 is faster than
that of the other microprocessors.

c. The ZBO configuration is readily expandable.

Among the disadvantages, compared to the other schemes, are:

a. A separate RAM chip is needed.
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b. A higher chip count is required than some of the
other configurations,

c. Separate address and data lines are used, as in the
8085 scheme,
E., FINAL SELECTION

The preceding sections outlined some of the features and

O e e

: capabilities of five microprocessor types and suggested possible
controller architectures using each type. The architectures provided a
basis for comparing the types against one another for use in the
controller application., After the advantages and disadvantages of each
configuration were weighed against each other and against the

3 requirements for the controller, one configuration, the MK38P70, was

chosen as the basis for final design. The MK38P70 was selected over

the others for the following reasons:

1. Available 1laboratory facilities made possible the
immediate development, testing, and implementation of the coatroller,
The F-8 assembly language used by the 38P70 suggested that the F-8
Formulator would be a useful means to emulate and test the controller

configuration. This would also be true for the F-8 (3850)

configuration; however, some additional advantages of the MK38P70 over

the F-8, to reiterate, are:
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a. A memory interface chip is not needed. f"?f’ﬁ“xf
b. The convenience of an on-chip EPROM socket and

capability to interface with a readily available support chip (8255A

»
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PP1) provide a "better f£fit" than the 3850 for the controller ??5

architecture.
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3850, and a serial port can be obtained by substituting an MK38P73 for
the MK38P70., These options may prove more useful in accommodating
future system modifications than would be possible with the 3850
architecture.

2. The configuration offered an optimal port interface in
terms of numbers of 8-bit and 4-bit ports while leaving a very limited
expansion capability.

3. The control program could be written in the F-8 assembly
language.

4, Separate data and address lines were not needed, which
simplified connections.

At the outset of this research, it was recognized that wusing
any microprocessor with an EPROM memory required a language
compatible programming capability. A programming circuit was not
available for F-8 assembly language as required by the MK38P70.
Fortunately, Lin (5) devised an EPROM programmer that works directly
from the #-8 Formulator. In addition, he wrote an 8080A/8085/280
asgembler program that allowed 8080A/8085/Z80 assembly program

instructions to be written using the F-8 Formulator and converted into

correct source code. These developments permitted program writing and
EPROM programming for all series of devices analyzed above, with the
exception of the Intel 8048 series.

In summary, the MOSTEK 38P70 microprocessor was judged to be
the most attractive for meeting the system criteria and was the one
selected for the design. The next chapter describes the detailed

design of the MK38P70-based controller.
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CHAPTER 4

CONTROLLER DESIGN

A, GENERAL

This chapter describes the details of the circuitry and
~oftware used in the implementation of the dedicated microprocessor
controller, A general description of the controller and its interfaces
to the rest of the scanner system is given first as an overview,
followed by a detailed discussion of the port interface used., The
threshold monitor and adjust circuit is discussed separately, since
that circuit is modular, that is, 1t can be added or removed without
affecting basic scanner functions. A brief discussion of some required
scanner modifications is followed by an inquiry into data compression
requirements as a basis for future research, A detailed listing of
the microprocessor software (MEOSC - Microprocessor Electro-Optical
Scanner Control Program) is given in Appendix B, and Manufacturer's
Data for hardware is contained in Appendix C,
B, CONTROLLER DESCRIPTION

Figure 4.1 shows the MK38P70 based scanner system, In a
comparison of this system with the F-8 Formulator based system (Fig.
1.1), several differences are obvious. The peripherals associated with
the F-8 (video console and floppy disk) are not used. However, a
threshold monitor and adjust circuit board has been 1inserted in the
MK38P70 version as a separate package from the controller circuit
board. A new port numbering scheme is used with the MK38P70 system

because of the nature of the port interface. From the Figures 1.1 and
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4,1 it is apparent that the essential structure of the scanner system
has been ©preserved in implementing microprocessor control,
Nevertheless, a subtle difference, not shown explicitly, exists., In
the F-8 system, operator controls and threshold wmonitoring are
distributed among the video console, Formulator front panel, and
scanner control panel. In the MK38P70 based system all operator
functions are consolidated onto the scanner control panel,

A block diagram of the MK38P70 controller board is shown in
Figure 4.2. 7The scanner control program resides on the 2716 2Kx8-bit
EPROM (IC #4), which is mounted directly on the MK38P70 (IC #1). A 2.0
MHz crystal provides a 1,0 MHz internal clock for the CPU after a
divide-by-two operation. The MK38P70 has four 8-bit 1I/0 ports which
have been numbered by the manufacturer as Ports 0, 1, 4, and 5. Port 4
is used to control the 1/0 data transfers between the MK38P70 and the
8255A Programmable Peripheral Interface (PPI) devices (ICs #2 and #3).
Ports 0 and 5 of the MK38P70 are used to transfer data both to and
from the 8255As, Basically, Port 4 selects a PPI and a port on the PPI
and tells the PPI whether an input or output operation 1is to take
place. During input, data are read in from the selected PPI port pins,
through the PPI, through the MK38P70 Port O or 5 pins, and into the
microprocessor. During output, data are written from the MK38P70,
through the data port (0 or 5) and PPI, to the selected PPI port. The
8255A PPIs have been configured such that each provides two 8-bit
ports, Ports A and B, and two 4-bit ports, Port C Lower (CL) and C
Upper (CU). The PPl is programmed for Mode 0, which means that each
PP1 port can only be used as an input or an output port, not both.

It 1s possible to rearrange MK38P70 and PPI ports to derive a
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Fig, 4.2 MK38P70 Controller Block Diagram
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different interface arrangement. Although this implies that the
connections are arbitrary, in reality, several factors were involved
in arriving at the arrangement depicted in Figure 4.2:

1. Use of 4-bit PPI ports was sufficient to replace Ports &4,
5, and 13 of the F-8 controller, as well as the internal F-8 port
(Port 0 - F-8 panel sense switches).

2, Interchangeablity was sought between the F-8 and the
MK38P70 controllers. This meant only that similar ports were
substituted, i.e., 8~bit ports for 8-bit ports and &4-bit ports for
smaller ports, The port connections were arranged so that the two
44-pin connectors that interfaced the scanner to the F~8 could be used
to 1interface the scanner to the microprocessor controller. Some
rearrangement of port bits was required; this factor had no
significant effect on the port arrangement but required some minor
gsoftware modifications.

3. During testing, it was found that using a PPI port in
lieu of F-8 Port 9 did not meet the timing requirements. The reason is
that I/0 operations using the PPI ports require additional program
instructions. Therefore, the MK38P70‘Port 1 (upper four bits) had to
be used to replace F-8 Port 9.

4. Future modifications or additions to the controller may
require a serial port capability. If so, a serial port capability
could be achieved by substituting an MK38P73 for the MK38P70. The
only difference between the two devices is that the serial port of the
MK38P73 uses three pins which are in the three least sigificant bit
positions of the MK38P70 Port 1. Therefore, the lower four bits of the

MK38P70 are not used but are reserved in order to enhance substitution
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of the microprocessors. Appendix C shows the pin assignments for both

microprocessors.

Photographs of the MK38P70 based scanner system and the
MK38P70 controller circuit board are shown in Figures 4.3 and 4.4,
respectively. These pictures indicate the physical arrangement of the
components discussed above. The F-8 and the video console, which are
not required in the MK38P70 configuration, are visible at the
right-hand side of Figure 4.3. The MK38P70 controller was placed on
two circuit boards in order to facilitate interchangeability with the
F-8 by means of the 44-pin connectors. The controller circuit and
threshold monitor and adjust circuit are both mounted in the circuit
board rack behind the scanner control panel.
C. CONTROLLER SOFIWARE CONSIDERATIONS AND THE 8255A PPI

Crucial to a workable interface between the MK38P70 and the
scanner was the need to devise a scheme to control the flow of 1/0
operations through the two 8255A PPIs, This section includes a
functional description of the 8255A and the scheme that was used to
translate 8255A commands into the additional program instructions
needed to transform the F=-8 EOPS2 control program into the MK38P70
control program (MEOSC).

The 8255A PPI is a general purpose 1/0 device that provides 24
1/0 pins, The 1/0 pins may be configured to operate in several modes;
mode O was chosen since this is the only mode in which Port C can be
used as two distinct 4-bit ports. Mode 0, then, provides for two 8-bit
ports (A and B) and two 4-bit ports (CL and CU). Figure 4.5 shows the
decode logic of the PPI and Figure 4.6 shows the signals and pin

assignments. The decode logic diagram shows that the device select
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TS| A1 ] AD Selected
0 0 0 1/0 Port A
0 0 1 1/Q Port B
0 1 0 1/0 Port C
0 1 1 A Control. write-only buffer
1 X X 8255 not selected

Fig. 4.5 8255A PP1 Decode Logic

PA} wfeipd 1 40 feutp—ii- PAS
PA? catpe—ppd 2 39 Lesp—t~ PAS
PAl oty 3 38 festemi= PAG
PAQ ] 4 37 ety PA7 .
AD ] 5 36 WR
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AD 9 32 Leag—tn= D2
] :: 10 8255 3 fg—a D3
PCE eap—ed '} PP 0 Jetifmgpe- D4
[ o1 P - 12 29 g 05
PCY i I 28 L D6
PCO o] 14 27 Lett—ge- D7
PCH pea—— 15 6 e VCC
PC gl 16 25 | g PB7
PC3 17 2 | g P86
PBO 19 23 lestg- PBS
PBY o] 19 22 |t PB4
PE2 4 20 F3] L‘—» P83
PIN NAME DESCRIPTION TYPE
DO - D? Bidirectional Data Bus Bidirections!
PAO - PA7 Eight 1/O pins. designated as Port A Bichrections!
P8O - PB? Eight 1/0 pins, designated as Port B Bidirectional
PCO - PC? Eight 1/0 pins. designated as Port C  Bickrectional
upper and Pt C lower
w0 Read from device control Input
Wh Wite to device control Input
RESET Systemn reset Input
¢S Device select input
AQ.A1Y 1/0 port select Input
Vee.GNO Power and Ground

Fig. 4.6 8255A PPl Signals and Pin Assignments
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line of the PPI, E§, must be a logic 0 (LO) in order for the device to

., v,

operate; the logic states of pins Al and A0 determine which port is to

i
2

be selected (A, B, CL, or CU); or, in the case where Al and A0 are

. ,.

-,
't-
¥

both logic 1 (HI), that a program control word is to be passed to the

Y W V.V PR Y. % e e S wmmme » -~

PPI1, Figure 4.6 shows pins DO through D7, the bidirectional data bus;

these 1lines are connected to Port 0 (8255A #1) and Port 5 (8255A #2)

Y,

of the MK38P70. The PPI port pins (PAO - PA7, PBO - PB7, PCO -~ PC7)

are connected to the scanner hardware by means of the two 44-pin

Chianin ¢

connectors (refer to Figure 4,2), The remaining pins (except Vec and
GND) are tied to control signals. Putting RESET HI resets the 8255A;
pulling RD LO inputs data from the selected PPI port to the data bus;
pulling EE LO outputs data from the data bus to the selected port.

Before any I/0 operations can occur, the mode and port scheme (for

example, Port A = Output, Port B = Input, Port CL = Input, Port CU =

LA

e v

MY »‘ .

Output) must be programmed into the PPI, A PPI port will remain either N -

P4 f"v

)

as an 1input or an output port (not both) until the PPI is RESET and

I

reprogrammed. ;;:'
The Eg, A0, Al, EB, ﬁﬁ, and RESET lines of both PPIs are ;i'

connected to Port 4 (control port) of the MK38P70. The bit assignments e
are: '
MK38P70 Port 4 Bit #: 7 6 5 _4 3 2 1 0
PPI Control Signal: N/A RESET CS#2 CS#1 RD WR Al A0
In order to RESET the PPIs, the MK38P70 outputs H'00' over its Port
4; since the MK38P70 uses inverted logic (1 = LO, O = HI), this pulls

all pins HI, Next, it is necessary to tell each PPI which ports are to

be used for input or output. PPI "control" must be written to, not a

port. Control addresses are generated over Port 4 as follows:
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t MK38P70 Port 4 Bit#: 7 6 5 4 3 2 1 0 e
PPI Control Signal:  N/A RESET CS#2 CS#1 RD WR Al A0

¥
.

8255A #1 Control=H'50': HI LO HI LO HI HI HI HI

8255A #2 Control=H'60': HI LO LO HI HI HI HI HI

W B T, W "

5 In order to perform an output operation, WR must be LO while the data
desired 1is present on the data bus (Port O or 5). In the case of
initialization, the data consists of an 8-~bit word wl.ich contains the
mode and port designation. The control word used for 8255A #1 is
H'7C', and for 8255A #2, H'6E'. (More detail concerning control words
can be found in the Manufacturer's Data, Appendix C.) These control
words are output on MK38P70 Ports 0 and 5, respectively. The WR must
be pulled HI again to complete the output operation. After the control
word is written, further I/0 operations may be performed. In summary,
the sequence of commands to 1initialize the PPIg, in F-8 assembly

language, is:

F-8 Assemby
Language Remarks
LI H'00' RESET both 8255As
OUTS 4
LI H'S4' Initialize 8255A #1
OUTS 4 (WR pin LO)
LI H'7C' (I/0 Program word)
- oUTS 0 (Data bus #1)
5 LI H'so'
oUTS 4 (WR pin pulled HI)
: L1 H'64' Initialize 8255A #2
OUTS 4 (WR pin LO)
LI H'6R’ (1/0 Program word)
: OUTS 5 (Data bus #2)
- LI H'60'
3 OUTS 4 (WR pin pulled HI)

Instructions are given for other 1/0 operations in a manner

0
% % e,

similar to that outlined above., The following two examples 1illustrate
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the input and output operations:

l. An input operation using Port B of 8255A #1:

LI H'SA' Bitd: 7 6 5 4 3 2 1 0
OUTS 4 Signal NA RS CS2 CS1 RD WR Al A0
INS 0 H'SA'= HI LO HI LO LO HI LO HI

Data will be read into the MK38P70 Port O as long as 8255A #1 Port B

remains selected and the RD pin is held LO,

2. An output operation uasing Port B of 8255A #2:

LI H'66' Bitf: 7 6 5 & 3 2 1 O
ouTs 4 Signal:NA RS CS2 CS1 RD WR Al A0
LI H'42' H'66'= HI LO LO HI HI LO LO HI
oUTs 5

LI H'62' H'62'= HI LO LO HI HI HI LO HI

OouTs

4 )

The above features illustrate the additional instructions

required for 1/0 operations using the PPI, An output operation

compared to two if the operation were

requires six instructions,

executed directly from an MK38P70 port. Also, only two additional

instructions are required for an input operation; however, to maintain

the integrity of the input data, the data bus is cleared of previous

data before an input operation, which represents another instruction,

for a total of three additional instructions. With the exception of

output operations made directly from MK38P70 Port 1, all controller

..........

......

circuit I/0 operations require these additional instructions. A PPI

output operation can take up to 39 microseconds to execute, whereas a

Port 1 output operation only needs 9 microseconds. However, a PPI

input operation takes up to 23 microseconds, whereas an input directly

from an MK38P70 port consumes up to 18 microseconds.
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The most significant difference between EOPS2 and the scanner
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control program for the MK38P70 controller is the inclusion of these

additional PPI instructions. Also, portions of EOPS2 specific to the
peripherals of the F-8 Formulator, such as a jump to DOS4 and console
display of the threshold level, were omitted. A detailed listing of
the MK38P70 scanner control program (MEOSC) is contained in Appendix
B.
D. THE MK38P70 CONTROLLER CIRCUIT

The major components of the MK38P70 controller circuit are the
MK38P70 microprocessor, the two 8255A PPIs, and the 2716 EPROM. The
function of the PPIs has been detailed in Section C above. This
section focuses on the role of the microprocessor and EPROM and the
physical connections used in the circuit.

The salient features of the MK38P70 were presented in Chapter
3. A functional block diagram of the MK38P70 is shown in Figure 4.7
and the pin and signal assignments are shown in PFigure 4.8,
Connections XTL1 and XTL2 are used for an external time base. The
microprocessor can operate with an external clock in the range of 2 to
4 MHz which results in an internal clock operating at half that speed
(1 to 2 MHz). In order to obtain replication of the F-8 Formulator
controlle: imstruction execution times, the same external time base of
2,0 MHz was used for the MK38P70 controller. Replication of
instruction execution times was desirable in order for the MK38P70
controller operation to parallel as closely as possible the F-8
controller operation, and it also allowed use of the F-8 Formulator as
an emulator of the MK38P70 in order to test and debug program
instructions using the PPI interface (discussed further in Chapter 5).

The port connections are labeled P0O~0 through P0-7 (Port 0), Pl-0

66

.........................

............................
......................

S S O e S N e T PR L AR T L N R CR FO
LA AP PE PR PCIS. FUAE AOPLPOREPOPAE PR S (P PE GUNAL P T T L AN A ST




MK38P70 BLOCK DIAGRAM
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Fig. 4.7 MK38P70 Functional Block Diagram
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through P1-7 (Port 1), P4-0 through P4-7 (Port 4), and P5-0 through
P5-7 (Port 5). These ports are normally in a HI state (F-8 1logic 0).
. Port 0 is connected to the data bus of 8255A {1, Port 1 (upper four
bits) is conected to 1/0 Board 5, Port 4 is the control port for the
PPIs, and Port 5 is connected to the data bus of 8255A #2. STROBE is a

ready strobe associated with Port 4 which provides a LO pulse when

Pl )

data are written onto Port 4; it is not used in this application,

RESET is used as an external reset for the microprocessor; when pulled

LO the microprocessor resets; when allowed to return HI program

a8 e A &

execution begins at location H'000'. The MK38P70 also resets to H'000°'
. following power up by means of an internal power-on-reset circuit. An
R~C network recommended by MOSTEK was used for RESET (see Figure
4.11), EXT INT (External Interrupt) allows for external (hardware) or
internal (software) program interrupt and can be used with the timer
N for pulse width measurement and event counting. TEST is only used for
- testing the operation of the MK38P70 and is normally grounded. EXT INT
and TEST are not used in the controller application.

The EPROM connections are located on top of the MK38P70 and
are shown in Figure 4.8, Comparing these connections to those shown in

Figure 4.9, EPROM pin assignment and block diagram, it can be seen

bttt

that Pin 1 of the 2716 corresponds to Pin 3 of the MK38P70 EPROM

AN

. gsocket. The 2716 is an ultra-violet-~light-erasable-programmable
read-only-memory. A program can be written into the EPROM using an
EPROM programming circuit which provides required voltage 1levels and

N timing parameters. As previously stated, Lin (5) designed and

. implemented such a circuit which programs EPROMs using the F-8. A ten
- minute exposure to ultra-violet light erases the program for reuse of
68
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the EPROM. Eleven address pins (A0 - AlQ0) and eight data pins (00-07)
access each of 16384 bits (2Kx8 bits); each bit is programmed with a
logic 0 or 1 and will remain in that state until the current program
residing on the chip is erased. Pin OE (Vss on the MK38P70) is a chip
select and is normally LO when the 2716 is in operation. Vecec is the +5
volt d.c. supply, whereas Vpp requires +25 volts d.c. only while the
program is being burned into the EPROM. CE/PGM performs the dual
functions of power down control and program pulse input used during
programming. Figure 4.10 shows that 2716 EPROM mounted on the MK38P70
will occupy up to the first 2048 bytes of memory (0000 - 2047 or
H'000' -~ H'7FF'), while the RAM on the MK38P70 occupies higher memory
locations.

The components are integrated into the MK38P70 controller as
indicated in the circuit diagram, Figure 4.11. Two 22-pin card
connectors are used for dinterchangeability with the F-8; these
connectors are designated as CN1 and CN2, A 6-pin mylar connector 1is
also used (CN3). CN1 provides all connections to 1/0 Boards 4 and 5.
CN2 provides all connections to the VIC Board, and CN3 provides power
(+5 wvolts d.c.), GND, RESET and three sense switch connections. The
RESET button and sense switches are located on the scanmer control
panel. Rl, Dl, and C2 comprise the R-C reset circuit. C3 is a high
frequency decoupling capacitor which suppresses noise on the Vcec line;
Cl is an additional filter capacitor. IC5 is a 7805 +5 volt d.c.
regulator. Notice that the total number of components for the circuit
is very small. Circuit board layout is shown in Figure 4,12 (note that
one vector board is wused only for i1its 22-pin connector). The

controller has been rack mounted and currently uses a +8 volt d.c.
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external power supply.
E. THRESHOLD MONITOR AND ADJUST CIRCUIT

The scanner system with F-8 c¢ontroller had a means of
monitoring the HEX value cocresponding to the voltage threshold level.
This level determined whether a given CCD pixel would be designated
' black or white. A sequence of program instructions called SHOW in
EOPS2 passed the HEX threshold value to the Zenith console for
display.

An alternative display method was mneeded for the MK38P70
" controller. Besides merely displaying the threshold level, it was
desirable to be able to manually load the threshold 1level. Previous
experiments showed that a manual threshold adjust would in some
instances result in a more aesthetically pleasing hard copy of the
scanned document. This section describes the circuit that was devised
to accomplish both threshold display and threshold adjust.
N The circuit is essentially "in line" with Ports B2 and CU2

from the controller (Figure 4.1)., During an automatic or frozen

g
LA

thresholding scan, thresholding is under software control, and the ten

‘.

lines of Ports B2 and CU2 (corresponding to three HEX characters) feed

k2, e

HI or LO levels from the controller through this circuit unaltered.
i Choosing manual thresholding, however, cuts off the levels from the
controller and instead inserts manually selected levels into the ten
1lines down to the VIC board. Figure 4.13 is the threshold monitor and
. adjust circuit diagram. S1 is a DPDT switch which selects manual or
software thresholding. For software thresholding, AND gates 1, 2, and
3 are enabled and the levels from the controller rass through these

gates and through OR gates 6, 7, and 8. During manual thresholding,

.
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the AND gates are disabled and the levels are fed through the OR gates
by means of hexadecimal switches S2, S$3, and S4. Inverters 4 and 5 are
needed to invert the HEX switch logic (0 = 10, 1 = HI) to F-8
(inverted) logic (0 = HI, 1 = LO), In either case, the levels output
by the OR gates are displayed by means of the hexadecimal displays D1,
D2, and D3. Again inverters (9 and 10) are needed to change 1inverted
logic into the non~inverted logic used by the displays. These displays
have been configured so that they will always follow whatever levels

are on line by grounding the latch strobe inputs (LSI) and blanking

inputs (BI) (see Appendix C). The +5 volt d.c. 7805 regulator (ll),

filter capacitor Cl, switches S1, S2, S$3, and S4, and displays D1, D2,
and D3, are located on the scanner control panel, All other components
are mounted on the circuit board (Figure 4.14).

F. SCANNER MODIFICATIONS

Several minor modifications were made to the scanner to
accommodate the MK38P70 controller:

1. Resistors were placed on I/0 Board 4 between the inputs to
inverters (connected between Port CUl and the 3-to-8 decoder) and
ground. These were required since open collector type inverters had
been used which could not be properly driven by the 8255A PPI,

2., The scanner motor speed required adjustment., Speed had to
be reduced from approximately 425 RPM to 410 RPM, A slower speed was
necessary since an interval slightly greater than 900 microseconds
between CCD lines was needed in order to process added program
instructions. (This point will be further discussed in Chapter 5.)

3. The cable containing Port B2 and CU2 lines was cut for

insertion of the threshold monitor and adjust circuit. Connectors were

R
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Fig. 4.14 Threshold Monitor and Adjust Circuit Board Layout

A
..'."':".' TR A A S
I SR A N "‘_LL\_;‘:A_} ok Al




MM PSSR Brth 2t ‘aid

.

; added such that the cable can be reconnected to bypass the circuit,
This arrangement permits complete reversion to the original F-8

J controller system.

'R Additional components were added to the scanner control

panel, All operator controls are now located here, including three of

the four sense switches originally located on the F-8 Formulator front

panel.

Thus far, all changes made to implement the controller have

been straightforward. Hardware differences between the MK38P70 and F-8

controllers amounted to elimination of the F-8 Formulator and its

peripherals, incorporation of two additional circuit boards into

scanner hardware, additions to the control panel, and the other minor

modifications listed immediately above. Software changes consisted of

elimination of F-8 peripheral peculiar portions of EOPS2 and addition

of I/0 instructions needed for the PPIs, Everything to this point has

been fully implemented; testing and evaluation of this implementation

is the subject of Chapter 5. The following section of this chapter,

however, outlines some considerations for future implementation of

data compression schemes,

G. DATA COMPRESSION CONSIDERATIONS

The scanner system is a local operation, set wup for

experimental purposes in the laboratory. A coaxial cable connects the

scanner to the display interface logic; the data handling capacity of

this line permits near real time operation of the scanner/printer

system, The CCD data bits comprising a scanned line are clocked out

serially at 800 kilobits per second over the coaxial cable. Previous

research has indicated that a practical and cost effective

...................
...............
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transmission system should utilize a 56 kilobit per second leased
telephone 1line (references 2 and 11). Preserving a reasonable

throughput rate in the system wusing such a line requires a data

compression~decompression scheme.
Of interest here is the impact, if any, that inclusion of data

compression would have on the microprocessor controller design. Thus

e o

far, two compression-decompression schemes have been proposed by other

members of the research group, one by Dishop (2), and another by Lin

(5). Dishop's method uses hardware logic to achieve compression using
the B-1 data compression code. CCD data, as well as display commands, %jﬁ“ff?fsf
are compressed and decompressed using this scheme. Lin, on the other
hand, uses a software based scheme capable of using several data
compression codes, but he does not encode display commands. Further
research may indicate additional schemes or modifications to the two
already proposed. In any event, a final compression-decompression
scheme for use with the scanner has not been settled upon. This
precludes a detailed analysis for inclusion of data compression into
the controller. However, Appendix E pursues the influence of the two
proposed schemes on controller design, in the event one or the other
scheme is chosen for final compressor-decompressor design.

The main question in considering the controller along with
data compression is whether the MK38P70 controller would have to be
scrapped. The primary functions now handled by the controller include
automatic thresholding and generation of the display control commands.
1f the compression-decompression scheme chosen allows for a
functionally distributed acanner architecture, all or parts of these

functions can continue to reside on one or more MK38P70s using
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appropriate interfaces. In this case, the MK38P70 would not have to be
removed but additional hardware might be necessary in order to perform
functions associated with compression and decompression. Data
compression functions cannot be directly superimposed onto the
controller; this is because the MK38P70 cannot read in data at a rate

of 800 kilobits per second for prccessing.
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CHAPTER 5

TESTS AND EVALUATION

T RS P T TP e v v v —

A. GENERAL

Implementation of the controller designed 1in Chapter 4

v v s v -

required an ongoing evaluation of the ability of the ecircuit to
perform at least as well as the F-8 controller. Several types of tests
were performed during the course of the research., They were: (1) tests
needed to establish the ability of certain elements to meet

specifications, (2) tests to verify the software programs, and (3)

NS AR ARy s

performance tests of the dedicated microprocessor-based system itself.
The role of these tests in microprocessor design is the subject of
this chapter.
B. PORT INTERFACE TESTING

Prior to an attempt to use the MK38P70 as the scanner control
element, it was necessary to establish the practicality of wusing the
8255A8 for the port interface. One way to test the PPIs was to
configure the F-8 Formulator as an emulator of the MK38P70., The PPI
port interface was constructed on a wirewrap circuit board and
connected to the F-8 Quad 1/0 board in a piggyback fashion. As shown
in Figure 5.1, the four F-8 ports of the Quad I/0 board were used to
simuiate the four 8-bit ports of the MK38P70. The PPI port. were
connecte! to the scanner hardware. The EOPS2 program was rewritten to
include the additional instructions required for PPI 1/0 operationms.

There were several reasons for using this test:

l. The ability of the PPIs to effect a reduction of F-8 ports
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Fig. 5.1 F-8 Formulator Used as MK38P70 Emulator
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could be evaluated.

2, Assuming the interface performed adequately, the modified

EOPS2 program could be tried and scanner performance could be

1 ) 1
evaluated using the interface. £heletel

P SN
-.'\,‘,f.‘;-"_ oo b

N 3. If the modified scanner program worked using the
interface, the modified program could be transferred essentially
intact to the MK38P70. The only major change would be a renumbering
from the F-8 Quad 1/0 port numbers to the MK38P70 port numbers.

4., The F-8 Formulator had a debug program which could be used
to stop and check the control program at any program step. The debug
L feature would permit the logic states of the scanner hardware to be
checked at each stage of program execution.

Initially, a slightly different interface was used from that
. shown in Figure 5.1. Port CU2 was tied to the four pins of I/0 Board 5
i which control assembly and transmission of display commands. Debugging
revealed all logic transactions were occurring in proper sequence but
that CCD 1line data and display commands were not being transmitted
E correctly over the coaxial cable to the display logic. Eventually it
was discovered that additional PPI dinstructions in the XMITS
subroutine resulted in an improperly timed SEND pulse. (The SEND pulse
controls transmission of display commands.) To correct the problem

the four pins of I/0 Board 5 were connected directly to F-8 Port 5.

The original timing for the SEND pulse was restored, and after some

I
»

’, RN o

;3 additional debugging, the configuration of Figure 5.1 performed all ;? ':&

j scanner control functions as well as the original F-8 configurationm. Ei‘23‘~:%j
Correct functioning of the port interface represented a ﬁéi;;«;fiéi

i significan: milestone in development of the controller. The following 3E§§§aé33f
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baseline was then established for further work:

1. The functions of nine P-8 ports were successfully combined
into four 8-bit I/0 ports. This proved that a microprocessor based
configuration was feasible.

2. Both soft and hard display copy using the interface were
qualitatively equivalent to that obtained in absence of the interface.

3. The port dinterface was completely transparent to the
scanner operator. EOPS2 was loaded and scanner controls functioned in
the same manner as in the original system,

C. TESTS SUPPORTING SOFIWARE DEVELOPMENT

o The MEOSC program eventually derived for the MK38P70 evolved
. from successive program changes to EOPS2, Once the modified EOPS2
program functioned correctly using the F-8 emulating the MK38P70,
there remained the tasks of renumbering ports, burning the program

into an EPROM, and debugging and evaluating program performance in the

- =~y

. A A

. P AL
controller circuit, :-:&§b AN

The four F=~8 Quad 1/0 ports are slightly different £from the
four MK38P70 ports. Two of the MK38P70 ports, Ports 0 and 1, are
F "fast" ports, that is, input and output imstructions execute in half

the time required by the other MK38P70 ports as well as the F-8 Quad

EN N
AR

1/0 ports (4, 5, 8, and 9). Ports 0 and 1 of the MK38P70 were used to

()
e

't

replace the F-8 emulator Ports 8 and 5, respectively, whereas MK38P70
Ports 4 and 5 were used to replace emulator Ports 4 and 9,
‘. respectively. Some initial program testing again showed that the only
, critical problem with the new scheme was proper generation of the SEND
. pulse. Since MK38P70 Port 1 was used, the SEND pulse was only being

. generated for half of its required duration. The problem was corrected

.
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by using some duplicate program instructions in the XMITS subroutine.

Initially, there was no way to stop program execution in the
microprocessor for testing purposes. This dilemma was resolved by
creation of a software debug tool consisting of a wait loop. The wait
loop instructions were inserted into a desired location in the
control program and the program was then burned into an EPROM. (The
P-8 Formulator was used to write the microprocessor control program
and, together with the EPROM programming circuit, burn the program
into the EPROM,) Successive application of the wait loop in different
program locations burned into different EPROMs enabled verification of
the status of interface 1logic and identification and correction of
hardware and software faults,

Some additional remarks regarding testing are relevant here.
During this testing stage, the microprocessor was mounted on the same
wirewrap circuit board that had been used for port interface testing.
This arrangement facilitated making required corrections. Once the
wait loop had been used to verify all logic and correct the SEND
pulse, display copy was scrutinized. At first, severely distorted
images were obtained which no amount of program debugging could
resolve. A timing analysis suggested the possibility that control
sequences were exceeding the 900 microsecond limit between CCD lines.
This possibility was eventually validated by retarding the motor
speed, which in turn slightly slowed the clockout rate of CCD lines
and lengthened the processing interval for control sequences, It {is
theorized that machine dependent characteristics of the MK38P70
resulted in program execution cycles exceeding the 900 microsecond

interval, resulting 1in CCD pixels corresponding to some lines being
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printed, while those corresponding to other lines were not. It should
also be possible to obtain good copy by slightly increasing the
external time base speed of the MK38P70 instead of slowing the motor.

Once the ©prototype controller circuit and program had
demonstrated consistent and repeatable performance in terms of
acceptable hard and soft copy, the controller circuit was constructed
on a printed circuit board as described in Chapter &4, The final
product of the testing described here is the MEOSC program (Appendix
B). Section D below compares the performance of the MK38P70 controller
to that of the F-8 controller.

D, SYSTEM TESTING

System testing of the MK38P70 controller was deferred until
the threshold monitor and adjust circuit was operational. This circuit
was tested on a breadboard and then permanently constructed on a
wirewrap board, as described in Chapter 4. The only testing of this
circuit that was conducted was verification of all gate logic and
proper functioning of the HEX displays. The circuit was then placed in
the circuit rack along with the MK38P70 controller circuit to obtain
the final system configuration.

The final testing of the MK38P70 basically boiled down to a
GO/NO=GO performance criterion: does the MK38P70 controlled system
produce both hard and soft display copy comparable to that obtained
with the F-8 controlled system? Several approaches were taken in this
test. Hard and soft copies were taken of an IEEE standard facsimile
test chart under various thresholding and 1lighting conditions using
both controllers. Next, a number of documents with different print

characteristics were scanned under similar thresholding conditions.
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Some copies of printer samples from these tests are contained in
Appendix D,

No significant visible differences were found in comparisons
of MK38P70 controlled scanner copy to F-8 controlled scanner copy.
This was true for both hard and soft copy under various threshold
conditions using the standard facsimile chart as well as different
documents. The MK38P70 controller performance was therefore rated as a

Go.




CHAPTER 6

CONCLUSION

> ~£

AW '-,,";3’

G
A, SUMMARY OF RESULTS
The goal of implementing a real-time, dedicated microprocessor
controller for the scanner system was attained through use of the
MK38P70~based controller. This implementation proved the technical
feasibility of employing a dedicated microprocessor as the control
element of the essentially closed-loop scanner system used in the
¥ laboratory. The performance of the controller was highly satisfactory.
It fulfilled its required function, namely, it produced satisfactory
reproducibility of scanned documents on a consistent basis.

The MK38P70 microprocessor, the Lkey component of the

Pt LN

controller, proved acceptable for meeting design criteria. It was

chosen over more versatile microprocessors primarily for the following

reasons:

% 1. The instruction set was F-8 compatible. Compatibility
greatly enhanced implementation, since the F=8 Formulator
microcomputer being replaced was able to be used as an invaluable
system development tool in the laboratory setting. Debugging and
testing were accomplished rapidly because of this capability.

P 2. The port capacity of the MK38P70 was sufficient to meet

system requirements. The architecture gave the possibility of

substituting an MK38P73 4in order to accommodate future add-ons.

[ 3. The 2716 EPROM chosen for this application proved to be
N adequate, The MK38P70 had relatively simple physical and logical EPROM
N
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interface features,
It can be concluded that these factors made the MK38P70 the best
device for this application, considering the scope of control
functions it had to perform and the given laboratory constraints.
Devising a good port interface was a crucial point in system
development. The final choice for the interface consisted of utilizing
two 8255A PPI devices. The PPIs were used in lieu of other options
because they: (1) were general purpose, machine independent,
programmable chips which were readily adaptable to the application;
(2) provided the proper number of required 4-bit and 8-bit port
combinations in order to obtain an interface with few chips; and (3)
were inexpensive and readily available., Other options considered but
rejected included expanding outputs, combining inputs, simultaneously
expanding outputs and combining inputs, and using other peripheral
interfacing devices.

During debugging and testing, several observations were made -
about the MK38P70 based system. Timing was critical in the logic
transactions between the controller and the portion of I1/0 Board 5
which generated display commands. Proper generation of the SEND pulse
in the XMITS subroutine necessitated using MK38P70 Port 1 to interface
with I/0 Board 5 instead of using a PPI port. No other interfaces
proved to be as time critical, and PPI ports were used successfully,
However, the final controller circuit operated slightly more slowly
than expected, which necessitated a slight downward adjustment of the

scanner motor speed.

Implementation of the MK38P70 controller resulted in some

improvements in the over-all scanner system, Elimination of the F-8
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Formulator and its peripherals resulted in a dramatic decrease in
space requirements and eventual cost of the system. All control
functions were consolidated onto the scanner control panel, A
threshold monitor and adjust capability was added so that the current
) threshold level can be shown without need for the video console. This
feature provides a capability to precisely control the voltage
threshold level used to digitize CCD pixels.
B. AREAS FOR FURTHER RESEARCH

1. Data Compression. Data compression was considered as a

Tt

. ,
a 8% a8 «
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2 nd Pl e S
n

peripheral issue in controller design. Appendix E outlines

o v -
1 r
R B

possibilities for implementing two potential compression schemes,
Fj These schemes do not negate using the MK38P70 controller; however,
additional considerations may enter once a scheme has been chosen for
implementation. Therefore, more research may be warranted regarding

interfacing the chosen data compressor-decompressor to the scanner

SIS

system and the role of the MK38P70 in such a system,

2. Controller speed. Replacing the 2.0 MHz crystal with a

slightly faster time base for the MK38P70 should be considered.
" Experimenting with a faster time base should allow the motor to be
5 readjusted back to its original speed. Also, adjusting the time base
:E may provide additional i1insight into machine-dependent operating
> characteristics of the MK38P70 as compared to the F-8.

3. Serial Port. A serial port capability can be achieved by
substituting an MK38P73 for the MK38P70. The serial port permits an

& interface capability with some add-on devices which cannot be achieved

%« DB

with the existing controller configuration. If additional features are
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to be added to the scanner system, use of a serial port should be %ﬁ
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considered. Use of the serial port will require a study of programming

requirements peculiar to the MK38P73,
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APPENDIX A

EOPS2 FLOWCHARTS

EOPS2 is the bound document scanner control software for the
F-8 Formulator. This appendix contains flowcharts outlining the
functions performed by EOPS2, A complete program listing of EOPS2 can
be found in Stanton's thesis (10). The flowcharts are also useful for
understanding MEOSC, the MK38P70 controller software, which is a
modified version of EOPS2,

The flowcharts are arranged as follows (refer to EOPS2 program
to find the subroutines and portions of the main calling program
listed below):

Fig. A.l1 - Begin MAIN4; scanner initialization.

Fig. A.2 = Subroutine QSET2 (automatic thresholding).

Fig. A.3 - MAIN4 segments SHOW (display threshold level)

and FREEZE (frozen thresholding).
Fig. A.4 - MAIN4 segments BJA (display CCD data) and ENDCHK
(end of page check)

Fig. A.5 - MAIN4 segment NORMCNT (finalization - normal

page); subroutine ENDLN (end of CCD line)

Fig. A.6 - Subroutines FSTLN (beginning of CCD data) and

XMITS (transmit display commands)
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APPENDIX B

MEOSC: MK38P70 CONTROLLER SOFTWARE

This appendix contains the program 1listing of MEOSC
(Microprocessor Electro-Optical Scanner Control)., MEOSC consists of a
main calling program and several relocatable modules which have been
assembled, linked, and loaded into a 2716 EPROM 1located on the
MK38P70. A complete copy of this program is stored on floppy disk; the
disk HELP file describing the software package has been included to
serve as an overview,
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THIS 1S THE MAIN DESCRIPTOR FILE FOR THIS DISK.
IT DESCRIBES THE PROGRAMS ON IT AND HOW TO USE THEM.

P R L T L L L L R T e . L U g g g g Y

] PROGRAMS MODIFIELC ANL DEBUGGED
BY
) CPT ED SHAFFER, JULY 83.

XX RE USER INFORMATION x 0k ok

THE MK38P70 CONTROLLER PROVIDLS THRESHOLD AND PRINTER
CONTROL FOR THE BOUND DOCUMENT SCANNER. SOFTWARE 1§
IN A VARIETY OF FORMS DESIGNATED BY THE FILE ATTRIBUTE:

ron: 1¢ A TEXT FILL SU'Ch AS THIS ONL OF ONE COMTAINING
UNASSEMODLED SOURCE COLE.

'10° 1S AN OBJECT CODE FILE THAT CAN BE LOADLD
AND/OR LIKED, DEPENDING ON THEL SOFTWARE.

" *'30° IS A CORE IMAGE FILE THAT (WHEN LOCATED ON DISK
DRIVE 0) IS LOADED AND EXECUTED AS A SYSTEM-LEVEL
COMMAND WHEN THL FILENAME IS ENTLRED.

. ‘40" IS AN EXECUTIVE FILE FOR FACILITATING VARIQUS
.. FILE OPERATIONS.

THE FILE MEQ0SC,30:1 (MICROPROCESSOR ELECTRO-OFTICAL
SCANNER CONTROL) IS A COMPLETE SOFTWARE PACKAGE. IT
CURRENTLY USES THRESHOLD SAMPLING ALGORITHM AQSET2 BUT
CAN BE ALTEREL TO USE THE @SET! SAMPLING ALGCORITHM.
Q@SET! HAS AN INITIAL STEP SIZE (S1) OF 128 ANL SAMPLES
THE ENTIRE RANGE OF N (0 TO 1024). QSET2 HAS AN INITIAL
g STEP SIZE OF 64 AND SAMPLES THE RANGE OF N (128 TO 640).
: THE PROGRAM MEQSC RESIDES ON THE 2716 EPROM MOUNTED
ON THE MK38P70. TO INITIATE SCANNING, ALL THAT 1S REAQUIR&D
IS APPLICATION OF POWER TO THE CONTROLLER CIRCUIT. IF AT
ANY TIME PROGRAM EXECUTION 1S IN RRROR, MEOSC CAN BE
REINITIALIZED BY PUSHING THE RESET BUTTON ON THE SCANNER
CONTROL PANEL.
ONCE THE SOFTWARE IS LOADED ANDL RUNNING, USER CONTROL
IS PROVIDED THROUGH THE °'SENSE' SWITCHES ON THE SCANNER
CONTROL PANEL. THE SWITCH FUNCTIONS ARE, FROM RIGHT TO LEFT:

SENSE ¢ DOWN up

L T L cecmcecccccccccann= cesecccccccas mmecacee~Xk
. . = | NORMAL PAGE INFINITE LINES *
: = 2 AUTOMATIC THRESHOLD THRESHOLDU FRLE?E =
. = 3 SOFT COPY HARD COPY *

e mccncnrcronacoan g g g cemcceaa [P, P

SENSE 1 IS USED FOR CALIBRATION AWD CAUSES THE LINL COUNTZR
TO BE LISABLED SO THAT, WITH THE SCANNER IN 'FREL7E
MODE® THE SOFTWARE VWILL CONTINUE TO ACCEPT AN

MO O |
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INFINITE STREAM OF LINLS WITHOUT ENDING THEZ PAGE.
WHEN SENSE 1 IS RETURNED TO THE DOWN POSITION THEL
SOFTWARE IMMEDIATELY EXLCUTES THE EIND OF PACEL
SEQUENCE AND RESETS.

SENSE 2 1S USED FOR CONTROL OF THE AUTOMATIC THRESHOLLU
FEATURE. IN AUTOMATIC THRESHOLD MOLE, 28 LINES OF
THE LEADING MARGIN CONTAINING THE TEST PATTLRN ARL
SAMPLED TO OBTAIN THE THRESHOLLD FOR EXISTINC
CONCITIONS. THE VYALUL OF THb SELECTED THRESHOLD
15 DISPLAYED ON THE PANEL IN HEX. IN THRESHOLL
FREEZE MODES, THE LAST THRESHOLL SLT BY THL
SOFTWARL IS nReT-100L ¢l DISPLAYRL ON The FAbcL.
NOTE: IF Thi THRESHOLD IS ALTLKEL BY USING THE
MANVAL ADJUST, THE MANUALLY LOADED VALUE WILL
APPEAR ON THE PANEL LISPLAYS.

SENSE 3 SELECTS PRINTER OR CFT DLUCUMENT LCISPLAY.

MEOSC IS IN TURN COMPOSLED OF SMALLER LINKABLE SOFTWARL
PACKAGES. THESE MOLULELS ARE DESCRIBED BELOW:

MAINgG -<c==~-- MAIN CALLING PROGRAM, VERSION 4

THIS MODULE CONTAINS THE MAINLINE ROUTINES OF Mi0SC ANU
THEREFORE MUST 3E AT THL BEGINNING LINK. IT CONTAINS ALL
INITIALI7TATIONS, SENSE SWITCH CONTROLS, LINE COUNTERS.
COMMAND TRANSMISSIONS, CRT SCREEN PROMFTS, AND ATC CALLS.
IT ALSO INITIALIZES THL SAMPLING ALGORITH4, @SET, THEREBY
CONTROLLING SAMPLING RANGE AND INITIAL STEP SIZE (S1).

FSTLN ===-- FIRST LINE

THIS SUBROUTINE POLLS THL SIGNAL CALLED °*PRINTLINWL'
WHICH 1S PRESENT ON INPUT PORT CL1 IN THL LLEAST
SIGNIFICANT BIT POSITION. THE PROGRAM IS DESIGNEL
TO DETECT A RISING TRANSITION OF THE INPUT SIGUAL.
THIS 15 ACCOMPLISHEL BY LOOPING UNTIL THL SIGNAL IS
FALSE AND THEN LOOPING UNTIL IT IS TRUL. WHEN ThIS
PEOGRAM RETURNS, THE TRANSITION WILL HAVE JUST
OCCURRED. THE SOFTWAREL IS DESIGNED TO TAHE INTO
ACCOUNT THE INVERSION THAT TAKES PLACE THROUGH THe
1/0 FORT. THRREFORE THIS MOLULEZ ACTUALLY SENSLS A
DOWVNWARL TRANSITION OF THE SIGNAL *FRINTLINL' Ik TIL
SCANNER . THL Coaml IS T CoTull TolS DOWNWARL Thel 02171
WHIUH SIGNALS THE ENL OF A LINLE JF CCL LATA.

ENDLN =--=--=- END OF LIKE

THIS SUBROUTINE IS A SLIGHTLY MORE COMPLEX VELRSION OF
FSTLN. IT ALSO CETECTS A FALLING TRANSITION OF 'FRINTLINE®
HOWEYER, IT 1S DESIGLEL TO WAIT FUR TIIS TRANSISTICN Funr
10 MS. THIS FEATURL WAS INCLULEL TO PREVENT THi SOFTWAFL
FROM GETTING HUNC UP ANL OUT OF SYWC IF THk SCANNER SHOULL
EITHER STUP IN MILPnGk OR ¥ROLULL # FmlLSE START. I THE
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RVENT THAT THI1S SUBROUTINL MUST WAlT MOR. Thal 10 MS, IT
SETS THE LIME COUNTER TO THE LAST LINE SO THAT WHEN THLE
RETURN TO THE MAIN PROGRAM OCCI'RS, THE LAST LINE CONDITION
WILL BE INUVOKel AND TKEc SOFTWARE WILL 3E RESET. SHOULD IT
BE NECLSSARY TO HAVE THE SCANNEF FROZEN IN MIDPAGE ANL
STILL HAVE THE SOFTWARE OFERATING SYNCRONOUSLY WITH ThE
SCANNER (FOR ALIGNMENT ETC.), SENSE SWITCK 1 SHOULD BE USEL.

XMITS ====- TRANSMIT COMMAND

THIS IS THE SIMPLEST OF ALL THE SUBROUTINZS. IT IS THE ONE
WHICH ACTUALLY SENDS Tht COMMANDS TO THE PRINTLER OR CRT
DISPLAY. IT EXPECTS THE COMMANL CHANNEL 1IN 1/0 BOARD 4

TO HAVE ALREALY BEEN OPENED ANL THE COXMMANLC FOR TRANSMISSION
TO BE STORED IN REGISTER 9.

O@SET <=-=--- QUICK THRESHOLD SAMPLING ALGORITHM

THIS MODULE SAMFLES THE RANGE OF THRESHOLL VALUES BY USING
PROGRESSIVELY SMALLER ANL SMALLER STEP SIZES. EACH TIME QSET
IS CALLED, THE EXISTING STEP SI7E WILL BE USED FOR SEVEN
SAMPLES ANL WILL THEN BE DIVIDED BY FOUR BEZFOR:z CONTROL 1S
RETURNED TO THL “MAIN CeLLING PROGRAM. WITi LACH VaLUL OF 1,
VTC 1S COMPaREL TO THE PRLVICUS HAYITHTD UTC (MTL)Y. THE VUALUL
CF N PRODUCINC THE QVERALL MAXIMUM VALUL OF YTC IS STORED FOFR
EITHER THE NEXT INVOCATION OF QSET OR FOR THE MAIN CALLING
PROGRAM TO LOAD INTO FORTS B2 AND CU2 AS THE OPTIMUHN
THRESHOLD VALUE FOR THE PAGL TO BE SCANNED.

3k o ok ok ok ok ok ok K K ok X kK EXAMPLES 3 2k 3 ok ok oK 3 ok koK oK K oK o ek ok ok ok ok ok

SHOULD IT BE NECLSSARY TO REASSEMELE, RELINK, ANL RELOAL THL
MEOSC PACKACE, THE FOLLOWING SEGUENCE OF COMMANDS WILL PROLULE
THIS RESULT:

ASM MAINM,00:1 TO MAIN4,10:1 NOLIST ERRS
ASM FSTLM,00:1 TO FSTLN,10:1 NOLIST ERRS
ASM ENDLM,O0O:1 TO ENDLN,10:1 NOLIST ENRS
ASM XMITM,00:1 TO XMITS,10:1 NOLIST ERRS
ASM QSETM,00:t TO QSET ,10:1 NOLIST ERRS

LINK 1 CLEAR ORG O MAIN4,10:1
LINK } FSTLN,10:]
LINK 1 ENDLN.,1O:1
LINK 1 XMITS,10:1
LINK I QSET ,10:1

THE SOFTWARE IS NOVW LOADED IN RAM. THE FILE MUST NEXT BE
PLACED INTO A SINGLE FILE FOR LOALING INTO THE EPROM:

ASS DO WLISK FILENAME,1C:1
DUMP 0000-02SS
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THIS PACKAGE WILL BE STORED ON DISK, ANL CAN BLE LOADELD INTO
RAM AT ANY TIME FOR EPROM PROGRAMMING BY THE COMMAND:

LOAD FILENAME,10:1
ONCE MEOSC HAS BEEN ASSEMBLED INTO A SINGLE FILE, IT IS
READY TO BE BURNED INTO AN EFROM. THr LPROM PROGLRAMIING
CIRCULIT ™“UST SLE “MOUNTED ON TLE F-& CPL 8UARD ANS CONNLECTEL
TO A +25 VOLT D.C. SUPPLY FER INSTRUCTIONS FOR THE EPROM
PROGRAMMER. THE COMMANL 'EPROM' IS ENTERREL ON THE F-8 ANL
THE EPROM 1S CHECKEL TO ENSURE IT HAS BEEN INITIALIZEL
BY ENTERING OPTION °*D°*. THE 2716 CAN THEN BL PROGRAMMEL
AS FOLLOWS:

ENTER OPTION '®' WITHIN THE 'EPROM' PROGRAM

ENTER COMMAND 'LOAD FILENAME,10:1' ON THKE F-8

ENTER COMMAND 'LUMP 0000-025%' ON THE F-8

ENTER COMMAND °*EPROM®' ON THE F-8

ENTER OPTION °*P*' WITHIN THE PROGRAM 'EPROM'

FOLLOW INSTUCTIONS IN 'EPROM' FOR CHANGING VOLTAGLS

THIS LAST COMMAND PLACES A COPY OF THE MEQSC SOURCL COLE
ON THE EPROM STARTING AT LOCATION 0000, WHICH 15 WHERE PROGRAM
EXECUTION BEGINS USING THE MK38P70. THE 2716 EPROM CAN THEN

BE PLACED ON THE MK38P70, AND IF THE PROGRAM 1S CORRECT, THE
CONTROLLER VWILL OPERATE.

IT MUST BE NOTED THAT THESE COMMANDS TO CREATE NEW COPIES

OF THE OPERATING PROGRAMS MUST BE EXECUTED IMMEDIATELY
FOLLOWING THE LINKING OPERATION SINCE SOME OF THE OTHER FDOS
PROGRAMS (LIKE THE ASSEMBLER AND THE EDITOR) OBSCURE THE LOVER
ADDRESSES OF THE MEMORY WHERE THE SCANNER PROGRAMS ARL LOADED.

ON THIS DISK ARE FILES DESIGNATEL FILENAME,3C:1 WHICH ARE
AUTOMATIC LOADL-ANLC-EXECUTE FILES WHICH CAN BE COPIEL TO A DISK
IN DRIVE O FOR IMMEDIATE USE. A PREASSEMSLED MEOSC,10:1 FILE IS
ALSO PRESENT WHICH CAN BE LOALED DIRECTLY INTO AN EPROM.

FOR FURTHER INFORMATION CONCERNING THE OPLRATION OF THE FE8 AND

ITS OPERATING SYSTEM FLOS, CONSULT ThE USERS MaNUALS SUPPLIEL
WITH THE SYSTEM.
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MAIN4 RORG 4]
*
TITLE °*MAIN CALLING PROGRAM-VERSN 4°'

REVISED FOR THE MK38%P70 CONTROLLLR PROGRAM
MEOSC BY CPT ED SHAFFER., JULY 1983.
WRITTEN ANL EDITEL BY CPT B.J. STANTON.
THIS IS THE MAIN CALLING PROGRAM FOR THE
ELECTRO-OPTICAL PAGE SCANNER. IT MUST BE
LINKED FIRST WHEN BUILDING THE SOFTWARE
PACKAGE 'MEOSC’. X

THE USE OF THE SCANNER CONTROL PANEL SENSE
SWITCHES, FROM RIGHT TO LEFT:

PSSR I K S TR R R R B R

* } NORMAL FPAGE INFINITE LINES
* 2 AUTOMATIC THRESHOLD THRESHOLD FREEZE
* 3 SOFT COPY HARL COPY

B T Y R emcoameene-- e eewe-
=
®
LINEU EQU 6 LINE CNTR HIGH BYTE

LINEL EQU 164 LINE CNTR LOW BYTE
*

*= CODES FOR THE 3-TO-8 LECOLER ON I/0 BOARD 4:
*

ENCMD EQU H'00' CODE FOR CMD CHANNWLEL
ENCCD EQU H'20' CCL CHANNEL CMS
ENSENS EQU H'40"' CONN INP SW TO PRT4

: DISPLAY ADDRESSES FOR 1/0 BOARD 5:

:DHARD EQU H'C1® ADLRESS OF PRINTER
ALSOFT Enu H'08&' Aiu® OF Trie LISPL
: D1SPLAY CONTRCOL FOR I/0 BOARD 5:

:DADDR EQU H'&0' ADDR LOAD COCL

: D1SPLAY COMMANDS SENT THRU 1/0 BOARD 5:

*

HARDLMJ EQU H'0B' . LEFT MARG JUSTIFY
HARDFIL ERU H*'00"' FILL,PRT LINL BUFF
HARDADV EQU H*03" ADVANCE ONZ LINE
HARDCUT EQU H*'OF' CUT PAPER
HARDOFF EQU H*'37' SHUT OFF ®TR (PUMPS)
B SOFTEN EQU H'06' ENBLE SOFTCOPY DISPL
SOFTDLSB ERU H'03' DSBL SOFTCOPY DISPL
SOFTERS EQU H*'O0})' ERASE SOFTCOPY DISPL
SOFTRSY EQU H'02' RESET Y COUNTER
SOFTINY EQU H'0a' INCREMENT Y COUNTER

*
»

= LINKING INFO
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EXTRN ENLCLN,FSTLNL,XMITS,QSET

Dl DISABLE INTZRRUPTS
L1
OUTS
.. ouUTsS
ouTs
- L1
oUTs
L1
- oUTS
L1
OUTS
L1
= ouUTS
LI
ouUTS
LI
. oUTS
LI
ouTSsS
L1
QUTS
LI
oUTS
LI
= oUTS
LI
OUTS
L1
QUTS
Ll
QUTS
L1
ouUTS

-
(=]
o

INITIALIZE PORTS

wn
&

SET 8255 #1

~
(¢]

w
o

[+ 3
&

SET 8255 #2

[+ )
m

o
o

(9
Y

SET OUTPUT PORTS HI
PORT & (1aA)

] o
w o

wn
v

PORT 5 (1C UP)

wn
o
-

o
o))

PORT 12 (23)

.CO'

PO R e

[e )
\V]

o
wn

: PORT 13 (20)
. QUTS

PO XL TONLILOIDILTLOND IO IOIDIS IO VOLX
o

oUTS
L1 H'10°* RESET INTERFACE
DUTS 1
CLR
ouTs 1
OVER LI ENCHML SET FOR CML ¥MIT
ouTs ¢
LI H*55"
OUTS 4
. L1 E*S51°
S QUTS 4

T LR L PR ---DATA CHANNEL CLOSEL

BEGIN L1 ENSENS ENABLE SCANNER INPUT
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oUTsS ¢
LI H*S5S"*
ouTs 4
L1 H'S1?
QUTS 4
CLn
QUTS ¢
L1 H'50" LOOF TILL
QUTS 4 INIT = O
INS C
NI H'02" INIT = BIT 2
BNZ BEGIN
*
SKIPM CLR LOOP TILL
ours © INIT = |
Ll H*59"°
ouUTsS 4
INS 0
NI H'D2"? INIT = BIT 2
87 SKIPM
*
«xxx*DELAY LOOP*x*x*x
*
CLR WAIT 2.3 MS
DLI INC
BN2Z? DLI
»x
xxxxxEND DELAY*%%x%xxx*
E 4
CLR
QUTS O
Ll H*S9' CHECK START AGAIN
QUTS 4
INS G
N1 H'02'
BZ SKIPM
*
CLR GET F8& SENSE 7
ouUTS 5 FOR HARD/SOFT OUTPUT
L1 H'69"°
OUTS 4
INS S
SL 4
NI H'&0°
LR 8,6A ;
*
LR A,8 USE REG& FOR HWR/SFT
C1l H'0O0'
) B?7 SOFT
*
HARD Ll ADHARD SETUP FOR PRINTER
QUTS O
L1 H'57"
oUTS 4
L1 H*'53"'
QUTS 4
106
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EN M 2N

SOFT

3
xxxxxDEL
*®

SKIPI

LOOPO

LOOPI

*

xxxx*xEND
*

*

» CHECK
*x

L

Ak kR

* BEGIN
e 332 T

L1 Hrag® STC™. FF1.T<® ALLR
QuUTS !

CLR

QUTS 1

LI HARDLMJ START PUMPS IN PRTE
LR 9,A

Pl XMITS

BR SKIP!

LI ADSOFT SETUP FOR TEK-LCISPL
QUTS O

L! H*'ST®

oUTS 4

LI H'€3!

QUTS 4

Ll LLADLPR STORE TEr ADLPR

ouUTS 1

CLR

OUTS 1

LI SOHOFTRSY INITIALIZE TEK-LISPL
Lk 9,n

Pl XMITS

LI SOFTEFKS ERASE SCRELN

LR 9,A

Pl XMITS
AY LUOOPSx=xmkxn xmkkk &k xk k&k$ kx

LI p*r2s5a® CELAY FOK PUMPS Ok
LR 2,A SCREEN ERASL

Ll p*2co’

LR 3,A

DS 3

BNZ LOOPI

DS 2

BN7 LOOPO

DELAVEX sk ks k kR KX E X%

Pl FSTLN WAIT FOR FIRST LINE
FOR AUTO THRESHOLL DISABLE==~-=-==-=--
CLR

QUTS 5

LI H'69'

OUTS 4

INS S

SL 4

NI H'40'

BNZ FRZ

AUTOMATIC THRLS!HOLD SETTING SEGUENCE

CLR MANY LCIGITAL VIULERD
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LR 5,4 (TS INITIALITLL
LR 7,A TO ZERUL

INITIALIZE FOR THRESHOLD SAMFLING---=ce=v--
KX XXX N XN NOTE! !! thodesovevnerdiy

AS IT STANDS NOW, QSET IS INITIALIZELD TO
SAMPLE THE RANGE 128 TO 640 WITH AN
INITIAL STEP S1ZE OF 64 AS DOCUMENTEL FOR
THE SOFTWARE PACXAGE, ‘EOPS2°'.

TO SAMPLE THE ENTIRE RANGLE OF N (0 TO 1024).,
SCRATCH REGISTER S MUST BE LOALEL WITH ZERO.
AND SCRATCH REGISTER 3 MUST BE LOALEDL WITH
128.

LK B R B B B NN BE NE B K IR B K

I I R R N A R R N N R N N N N N N A N A N N R N N R N N NN Y
*
*

LR 4,A THKRESHOLD SET TO
) LI 128 START AT 128
LR S,A
) L1 64 STEP SIZE INITIALIZED
LR 3,A TO 64
x
: * TAKE FOUR PASSES (AT 7 LINES PER PAS§S)-======
- *
PI QSET
PI QSET
Pl NSET
PI QSET
*x
* LOAD OPTIMUM THRESHOLD-=-=m-ecccecccccccaaanan--
! *
LR a,Qu
SL 4
- OUTS S
A L1 H'65"'
- OUTS 4
" Ll H'61"
OUTS 4 Toleer TS
LR A.QL I
OUTS 5 R
LI H'66° o
3 OUTS 4 o
LI H'62"'
OUTS 4
.. *
N FRZ LI LINEU INITIALIZE LINE CTR
- LR 0,A SO 1S HIGH BYTE
: L1 LINEL
™ LR 1,A S1 IS LOW BYTL
E
: L1 ENCMD OPEN UP CMo CHANNEL SUSIAORURGY
- OUTS © SRR
i e
; Rl
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L1 H*5S5"
ouTs 4
L1 H*'S1’
OUTS &
NEWLN LR A,8
CI H'0O0"
*
Bz NLSOFT
*
NLHARD L1 HARDLMJ
LR 9,A
Pl XM1ITS
*
*xkxuxDELAY *® ® 2% xx%
*®
LI 254
DLI INC
BNZ DL!
*

*%%xx%xxEND DELAY*®**x%xxx

SEND LMJ

WAIT 18 US

L1 ENCCD OPEN DATA CHAN
K- ercceccccc e -=-DATA CHANNEL OPEN
OUTS O
L1 H'SS5"*
OUTS 4
L1 H'S1°
outTs 4
L 3
Pl ENDLN WAIT FOR END OF LINE
]
L1 ENCMD OPEN CMD CHANNEL
#-=-=+DATA CHANNEL CLOSED --cccccercccecrncccncaccaa
OUTS O
L1l H*55"
QUTS 4
L1 H'S1?
OUTS 4
*
LI HARLFIL SEND FILL CMD
LR 9,A
Pl XMITS
x
sxxxkDELAY ®*xkk k%%
*x
L1 240 WAIT 144 US
bL2 INC
BNZ DL2
|

*xx%%END DELAY*%x%xxx
*

L1 HARDADV
LR 9.A
P1 XMITS

*xexxxDELAY*xnxx2

e

ADVANCE PAPER
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L1 254 WAIT 18 vSs
INC
BNZ DL3

*x

xxxxx2xEND DELAY*%x%x%xx%

*

JMP ENDCHK CHECK FOR LAST LINE

»

*

*

NLSOFT LI SOFTEN ENABLE TLEK DISPLAY
LR 9,A

Pl XMITS
*

*xkk 2L LAY *®x%x%x k%
»x
LI 254 WAIT 18 US
DL4 INC
BNZ LL4g
»
wsxxxwxrND DELAY*#x%x%xxx

OPEN DATA CHAN
CHANNEL OPEN

WAIT FOR EOL S1C
*
ENCMD OPEN CML CHANNLL
Rerccrnacan ~CATA CIANNEL CLOSED
OUTS
L1 H's5s!
QuUTS 4
LI E*SY!
OuUTS 4

Ll SOFTLS3 DISABLE TEK-LISPLAY
LR 9,A
Pl XMITS

Ll SOFTINY SEND INCREMENT Y CML
LR 9,A
Pl XMITS
*®
wxxxsxDELAY* *s kk*
*
L1 254 VAIT 18 US
DLS INC
BN7Z DLS
*
wxxxksEND DELAY®%%xx%
*
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JMP ENDCHK

D NN
T I T I T I I, NSNS
ENDCHK  CLR IF F8 SENSE S et
OUTS S =] THEN LOOP
Ll H'69"'
oUTS 4
INS S UNTIL F8 SENSE
SL 4
N1 H*'20" =C
Cl H'0O0'
B?7 NORMCNT
Ll H'O!®
LR 1,A
LI H'0O0*
LR 0.A
NORMCNT LR A,
Al (o] CHECK FOR LAST LINE
BNZ OK
LR A,0
Al (4]
r-¥4 DONE
DS 0
OK LS 1
JMP NEWLN
DONE LR A,8
Cl H'CO"*
B7 SKIDPSOF
»
*PRINTER FINAL SECTIQN--==ecescoccccoacom-
3
L1 HARKLCUT SctNL CUT C:iL
L= Fe
I MUITS
x
axkxxxxxLLAY
*
Ll 246
CDL INC WAIT FOR CuT/
BN?Z CCL
»
*»*xxx%xxx%xEND DELAY
*x
LI HARCOFF SEND PRINTLR UFF CMD
LR 9,A
Pl XMITS
™
*
3
SKIPSOF JMF QVLR R PROCKRAM ARCA4IN
*
3
*
EldbL
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FSTLN RORG O
TITLE °*FSTLN®

¥*
* VRITTEN BY RALPH L. VINCIGUERRA 12/80
» REVISED BY CPT EL SHAFFER 7/82 FOR
* USE IN MK38P70 CONTROLLER
b 3
* THIS IS A SUBR WHICH WAITS FOR THEL
2 * SIGNAL CALLELC PRINTLINE TO MAKE A
; * RISING TRANSITION SIGNALLING THE
« ENU OF A SCAN LINE, ANU TIME TO
* SEND COMMANDS.
. * DUE TO AN INVERSION IN THE
: * INTERFACE THE ACTUAL LINE IN THE
* SCANNER MAKES A FALLINE TRANSITION.
»
3
ENSENS EQU  H'40°
° =
»*
LI ENSENS ENABLE SENSL INPUTS
OUTS ©
L1 H*'S5*
OUTS &
LI H*'S1°®
OUTS 4
) *
. LP1 CLR LOOP UNTIL FALSE
OUTS ©
LI H'S9"
) oUTS 4
INS ©
SL 4
SR 4
NI H'Gl"*
BNZ  LPI
! LP2 CLR LOOP UNTIL TRUE
y OUTS ©
: LI H'S9"*
. OUTS 4
. INS ©
- SL 4
“ 3 SR 4
: NI H'O1°*
. B2 LP2
\ POP
' =L
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ENDLN RORG O
TITLE °*ENDLN®

WRITTEN BY RALPH L. VINCIGUERRA 12/80
REVISED BY CPT ED SHAFFER 7/83
FOR USE IN MK3BF70 CONTROLLER

THIS IS A SUBR WHICH WAITS FOR THL
SIGNAL CALLELD PRINTLINL TO MAKE A
RISING TRANSITION SIGNALLING THE
END OF A SCAN LINE, ANL TIME TO
SEND COMHMANLS.

DUE TO AN INVERSION IN THE
INTERFACE THL ACTUAL LINE IN THE
SCANNER MAKLS A FALLING TRANSITION.

THIS SUBR ALSO WILL ONLY WAIT

ABOUT 10MS FGR THE

TRANSITION TO OCCUR. IF THE TRANSITION
TAKES MORE THE LINE COUNTER IS SET

THE THE END OF THE PaAGE ANL THE

MAIN PROGRAM CONCLUDLS.

NSENS EQU H*40°

% T % X % # R K% BB REEEREERE SRR RS

» LI ENSENS ENABLEL SENSE INPUTS
’ OUTS ©
" LI H'55"*
N ouUTsS 4
LI K'S)°’
" oUTS 4
. *
X L1 p*2s5s"
g LR 9,A INITIALIZE CNT REG
*®
LP1 CLR LOOP UNTIL FALSE
oUTS ©
L1 H*'S59"
OUTS 4
R INS 0
- SL 4
SR 4
" N1 H'O1"
- - B? RLY
. Ds 9
B? LU%POUT
ol L)
»
RLVY LI L'255"
:' LR 9,A
Lp2 cLR LOOP UNTIL TRUE
N QUTS ©
) LI H*'59"
OUTS 4
INS o] 113
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SL 4

SR 4

NI H'O1"®

BN7? GO

LS 3

BN? LF2

DUMPOUT LI L*oc’

LR 0,A

LR l,A
GO : POP

END
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XIITS RORG O
*
TITLz °*XMITS'
x
* URITTEY 3Y RALPH L. VINUIGULRRA 12/%C
* REVISED BY CPT ED SHAFFER 7/82 FOR
« USE IN MK38P70 CONTROLLLR
*
» THIS SUBR 1S USELD TO SENL THE COMMANDS
* TO THE FRINTER OR THE TEK DISPLAY.
* IT EXPECTS THAT THE COMMAND CHANNEL
* HAS ALREALY bEEN OPENED ON BOAPRL 4
* ANL THAT THE COMMAND TO BE SENT IS
* WAITING IN REGISTER 9 TO BE SENT TO
» BOARL 5.
»
: LR A9 PUT CML ON EOARL 5
. ovTs ¢
. LI H*'S7®
’l oUTS 4
’ LI H*'S3'
»)' oUTS 4
! LI H'40"° LOALC CMD INTO LOGIC
. ouUTS 1 ON BOARL 5
: CLR
i OUTS 1 g
LI H'20° SEND SYNC PULSE P
0UTS 1 e
OUTS 1
: CLR
. oUTS 1
I OLTS 1
. *
POP POF RET ALLR
ENL

LR Y Tt

PRSI L PLPRRL ]| T S




“SET RORG ©
TITLE °*QUICK THRLRSHOLD SAMPLER,V6'

»
* THIS IS THE NEXT GLNERATION OF QSET
* MODIFIEC TO BEL A RELOCATASLE MOLULL.
*x
*» INTENL:L TO BE LINKED WITH TEZ MalNn
* CALLING PROCKRAM OF THk EL=CTRO-OPTICAL
* PAGE SCANNLR.
3
* INITIALIZING IS ACCOMPLISHED I Tn:
* MAIN CALLING PROGARA4. STARTINZ VALUL
* OF M AL STEP SIZE (S1) ARL LET:REXINEL
* AT THAT TIYE.
E 3
* YE_TT:N BY CAPT B..l. STANTON, 9 JUN 82
* DEBUGGEL FROM QSET3, 21 JUN &2
* ELCITED FROM QSETS, 21 JULY 82
Y
= REVISED BY CPT EL SAAFFER JUL R3
* FOR USE IN MK38P70 CONTROLLER
*
VCRSET  LEU  i'=Q° DIG VILEO CNT RESET
CNT EGL 2 SAMPLE PGM COUNTLP
STEF EOU 3 THRZSHOLL STLP SIZE
NU EOU 4 THRESHOLL HIGH BYTE
NL EQU 5 THRESHOLD LOW BYTE
MTCU EOU 6 MAX L1G VIDEO HI BYT
MTCL EOU 7 MAX DIG VILEOC LO BYT
MINU EOU 10 MINUEND HIGH BYTE
MINL EQU 11 MINUEND LOW 3YTE
ENSENS  EAU  H'4aC®
»
R ~-SUBROUTINE SAMPLE====--==cccea--
L 3
* THIS SUBROUTINE HAS PROVISIONS FOR A VAR~
* 1ABLE THRESHOLD STEP SIZE LOADEL IN R3
* (STEP). 1T EXPECTS THE STARTING THRESHOLD
* VALUEL TO BE LOADED IN R4,RS (NU, NL)
%®
Lis 7 INITIALIZE
LR CNT,A COUNTLR
*
RVC L1 HYF( NES T
oUTS S VIwkd
L1 H'64" COUNTERS
oUTS 4
LI H'60"°
OUTS 4
L1 H'F1°
oUTS 5
L1 H'64°
OUTS 4
LI H'60°
OUTS 4




*

*

LI
QuUTS
L1
ouTs
L1
OUTS

LR
AS
LR
OUTS
Ll
oUTS
LI
QuUTS
LR
LNK
LR
SL
OUTS
LI
0uUTs
Ll
ouTS

* TEST FOR END

L1
0uUTS
Ll
OouTS
LI
OUTS

} PLI CLR

YEER .-t

-

AW A A koA,

‘s’ e

IR I
bV, WY

OUTS
LI
ouTsS
INS
SL
SR
w1
BN7Z

PL2 CLR

ouUTs
LI
OUTS
INS
SL
SR
NI
Bz

CLR
OUTS

-

R ‘.-_‘..'..._
RIS W T

A,NL INCREMENT
STEP THRESHOLL N
NL., A VALUE ONE

A,NU STEP

H'61"
4

OF PRINTLINE-=-==c-c-c-eeece-ac-

ENSENS

0

H*'55"

4

H'S1®

4

LOOIP UNTIL FALSE

4]

H'S9"

LOOP UNTIL TRUL

T&ELbOBXO

]
-
N o

* STORE NEW VTC IN SUBTRAHEND (K)-~e-ecececce=-

5

s

55
0 el

’
o
o)

PYRS
2
G.I'



LI H'6B"

QUTS 4
INS 5
coM

LR KU, A
CLR

ouTs O

L1 H'5A"
OUTs 4
INS 0
cov

LR KL, A

LOAD MINULND WITH MAX VTC (MTC)==-<--occw--

*

LR A MTCU
LR MINU.,A
LR A,MTCL
LR MINL,A

»

SUBTRACT FOR SIGN OF RESULTeec-ccccc-ccccecc-

LR A, KL LOAD SUBLOW AND
CoM COMPLEMENT

AS MINL SUBLOW + MINLOW
LR MINL,A STORE IN MINLOW
LR ALMINU CARRY TO

LNK MINHI

LR MINU,A

LR A,MINL ALD 1 TO MAKL
INC 2°'S COMPLEMENT
LR A,MINU CARRY TO

LNK MINHI

LR MINU,A

LR A, KU LOAD SUbHI AND
coM CIMPLEMENT

AS MINU SUBHI + MINHI

*

END OF SUBTRACT FOR SICGN-r=ec-ceccvccccanccana

BC SKIP

LR A, KU REPLACL MTC

LR MTCU, A WITH NEW MAXIMUM
LR A,KL VTC

LR MTCL,A

LR A,NU STORE NEV
] LR OU, A THRESHOLD VALUE
LR ASNL N GIVING MTC
LR aL,A
*
SKIP DS CNT
BNZ  RVC
3
* END OF SUBROUTINE SAMPLE==--ece-eccec-w-- c---

[
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*« DETERMINE STARTING VALUE OF NEW RANGL OF
* N TO BE SAMPLED
*
* SUBROUTINE SUBTRACT-====-v-ac-- cmm---
* LOADS:
* MINUEND IN R10, RI1 (H)
*» SUBTRAHEND IN R12, R13 (K)
* RESULT IN RIC, Ell (K)
»
* FIRST LOAD VALULS==e=c-accecaccccnannn
3
LR A, QU LCAL
LR MINU, A S
LR A, QL 1
LR MINL,A MINUEND
x
LR A,STEP LOAD STEP
LR KL, A IN
CLR SU3TRAHENL
LR KU, A
Y
* THEN SUBTRACT-==ce-cecccmccccccaccanax
*
LR A, KL LOAD SUSLOW ANL
coM COMPLEMENT
AS 11 SUBLOW + MINLOW
LR 11,4 STORL IN MINLOW
BNC  SBI IF CARRY THEN
LR A,10 INCREMENT
INC MINHI
LR 10,A
*
SB1 LR A1t ALD 1 TO MAKE
INC 2'S COMPLEMENT
LR 11,A
BNC  SB82 IF CARRY THEN
LR Asl0 INCREMENT
INC MINHI
LR 10,A
»
SB2 LR A, KU LOAD SUBHI ANL
coM COMPLEMENT
AS 10 SUBHI + MINHI
LR 10,A STORE IN MINHI
*x
* FINALLY STURL NEV STARTING THRESHGLL--==-=-~-
E 3
} 3
LR ALMINU
LR NU, A
LR ALMINL
LR NL, A
*
* ALTER STEP SI7E--=eececcmccccccccmccnaceccnaa-

LR A,STEP CIVIDE STLP
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SR 1 S1ZL BY 4
SR 1

LR STLPLA
FOP

SUBRGUTINE SAMPLE==-=-ccccceonanno

% #* n
i
pd
©
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APPENDIX C

MANUFACTURER'S TECHNICAL DATA

This appendix contains technical data extracts of pertinent
items and components used to implement the MK38P70 controller circuit
and threshold adjust and display circuit. It is included for
convenience to clarify the main text of this report and does not
constitute a complete set of data, More detailed information is
available in the manufacturers' publicatioms.

-----
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3870 SINGLE CHIP MICRO FAMILY
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- MK3870 and MK38P70

T ST T e T Tt T T s T T e T T T e e —_—

)
l}'l:.'
i

X
&

MK 3870 FEATURES

9]

Available with 1K, 2K, 3K, or 4K byles of mask
programmabdle ROM memory

Z 64 byles scratchpad RAM Q; _ ,-‘L‘e
. '.._\;.‘h':r;;:'f~‘|’“

AN
A

[ e
-

= Avalable with 64 bytes executable RAM

»

C 32 bis {4 ports) TTL compatble 170

C Programmable binary timer
{rte-val tmer mode
Pulse width measurement mode
Event counter mode

EIRWN

Z External imerrupt input

1w

Crystal. LC, RC. or exterr.al time base optiors MK 3870 PIN CONNE_CT!_QN‘S B

(B}

Low power (275 mW typ.}

e 1N
37 - FT
» e—- P~

C Single +5 volt supply

MK38P70 FEATURES

MNX3870

= EPROM version of MK3870

Piggyback PROM (P-PROM)™ package

r

n

Accepts 24 pin or 28 pin EPROM memories

C Identica! pinout as MK3870

C In-Socket emulation of MK3870

GENERAL DESCRIPTION
] 3
The MK3870 is a complete 8-bit microcomputer on a single o LS e 37— X
MOS integrated circuit The MK3B70 can execute a set of g;’ - : . o : - :;
more than 70 instructions, and is completely software VDB e ? :’ S e ee BT
compatible with the rest of the devices in the 3870 family. ::0 -— :; 33— W
The MK3870 features 1-4K bytes of ROM and optional A= off ¥ m= B
. 53 = 10700 MK3BPT0 CL 20 e BT
additional executable RAM depending on the specific pan Ty e : :: 0 - Y
type designated by a slash number suffix The MK3870 also :‘: PO of 2 == =3
features 64 bytes of scratchpad RAM, a programmable e 20 ]® NS 2
binary timer, and 32 bits of 170 o ae w30 2 e ey
L RN 2% w= &Y
, . e 1] e - K
The prograimmable binary timer operates by itself in the e 33° el 7t — WY
interval timer mode or in conjunction with the external Ta = 197 E 2i - K%
interrupt Nput in the pulse width measurement and the Ghp —= 20, 7 e s
-
w77
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MK3870 BLOCK DIAGRAM

EXTINY

Figure 1 XTLY  XTi2 J-Qr R
—L INTERRUPY
LOGIC
ciock
—
MEAURY ADDRESS BUS
- - - !
‘ - - = -
- . T '
IR l 1S i
S J ol 6428 S § 1
- SCRAICHPAD] - : [ 3|
. "::cauume B o ] REGISTERS | | i !
t

"’RAM Q 1 ? |
i 2 |
| U : j {
MAIN N ! ;e |
CON1ROL ) 56 -
LOGIC i oy

us
ROM ¢ ; ‘;
=
U 4

__,___--..,_._J L] RESULT BUS

1

PORT O PORT?

PORT 4

RESET &
PORT S POWER ON
CLEAR

g U

TEST 1-0(8) 1.01(8)

gl !

| O®grrger OB RESET

event counter modes of operation Two sources of vectored,
prioritized interrupt are provided with the binary timer and
the external interrupt input. The user has the option of
specifying one of four clock sources far the MK3870 and
MK38P70 Crystal, LC, RC, or external clock. In addiion, the
user can specify either a +10% power supply tolerance or a
+5% power supply tolerance.

The MK38P70 microcomputer is the PROM based version
ofthe MK 3870 ltis calied the piggyback PROM (P-PROM)™™
because of ns packaging concept. This concept allows a
standard 24-pinor 28 pin EPROM 10 be mounted directly on
top of the microcomputer itself The EPROM can be
removed and reprogrammed as required with a sitandard
PROM programmer. The MK38P70 retains exactly the
same p-inoul and architectural features as other members
of the 3870 family. The MK38P70 is discussed in more
detail in a later section.

PIN NAME | DESCRIPTION TYPE

-0 -- PO- 170 Pont O Bidirectional
FT0--P7-7 | 1/0 Pont1 Bidirectional
PAD --P4-7 | 1/0Pon 4 Bidirectional
P50 -- P57 | 1/0 Pont 5 Bidirectional
STROBE Ready Strobe Output
EXT INT External Interrupt Input
RESET External Reset Input
TEST Test Line Input
XTL 1, XTL 2 | Time Base input
Vee. GND Power Supply Lines | Input

FUNCTIONAL PIN DESCRIPTldN

PO-0-- P07, P1-0--P1-7, PAD- P47, and P5-0--P5.7 are
32 lines which can be indwidually used as either TTL
compatible inputs or as latched outputs

STROBE is a ready strobe associated with 170 Port 4. This
pin, which is normally high, provides a single low pulse aher
valid data is present on the P4-0--P4.7 pins during an
output instruction.

RESET may be used 1o externally reset the MK3870. When
pulled low the MK3870 wilireset Whenthen allowedto go
tugh the MK3870 will begin program execution at program
location H ‘000’

EXT INT 1s the externa) interrupt input Its active state is
software programmable This nput is also used in
conjunction with the umer for pulse width measurement
and event counting.

XTL 1 and XTL 2 are the time base inputs to which a crystal,
LC network, RC network, ofr an external single- phase clock
may be connected The ume base network must be
specified when orderning @ mask ROM MK3870 The
MK 38P70 will operate with any o! the four configurations

TEST 15 an input. used only In lesting the MK3870 For
notmal circut functionalny this pin may be left

-~

m.78
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unconnNe

grounded
Vcc 1s 1t
MK 3870

The basic
Figure 1

MK3870
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unconrecied. but it 1s recommended that TEST be
grounded

Ve s the power supply input (single - 5v)
MK3870 ARCHITECTURE

The Lassc funcnonal elements of the MK3870 are shownin
Figure 1. A programming model is shown in Figure 2 The

architecture 1s common to all men.bers of the 3870 family
At 3870 devices are instryction set compatible and differ
only inamount and type of ROM, RAM, andi. 0. The unique
features of the MK3870 are discussed in the following
sections The user is telerred 10 the 3870 Family Techncal
Manual for a thorough discussion of the archiecture,
instruction set and other features which are cominonto alf
3870 family devices

MK3870 PROGRAMMABLE REGISTERS, PORTS,
AND MEMORY MAP
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MK3870 MAIN MEMORY MK38P70 GENERAL DESCRIPTION RAK38P7O
There are four addiess regesiers used 1o access man  The MK38P70 1s the EPROM version of the MK3870 It Figure 8
memory These are the Program Counter (PO), the Stack retains an identcal pinout with the MK3870. which s
Regsster (P, the Data Counter (DC). &nid the Auxiliary Data documented in the section of this data sheet entitled
Courter {DC1) The Program Counter 1s used 10 addiess  "FUNCTIONAL PIN DFSCRIPTION™ The MK38P70 1s
instructions of immec:ale operands The Stack Register s housed in the "R package which incorporates a 28 pin i
usedto Save the contents of the Program Counmer during an socket lucated disectly on 1op of the package A number of .
interrupt or subroutine call Thus, the Stack Register standard EPROMs may be plugged into this socket P .
contains the return address at which processing s 10 ‘-:.-
resume upon completson of the subroutine or interrupt The MK38P70 can act as an emulator for the purpose of ::.--‘
routine The Data Counter 1s used 10 sddress data tables exact venfication of user code prior 1o the ordering of mask
Ttus register as aute incrementing Of 1the two data ROM MK 3870 devices Thus, the MK38P70 eliminates the 12
counters only Data Counter (DC). can access the ROM need for emulator board products In addition, several
Hoveever, the XDC instruction allows the Data Counter and MK38F70s can be used in prototype Systems in order 10 test
Auxitiary Data Counter 10 be exchanged design concepts in lield service before commutting to high-
volume production with mask ROM MK3870s The
The grizph in Figure 3 shows the amounts of ROM and compact suze of the MK38P70 ' EPROM combination aflows
executable RAM for every availeble slash number in the the packaging of such prototype systems fo be tte same as
MK 3870 jur configuration that used in production Finally. in low-volume applications,
the MK38P70 can be used as the actual production device
EXECUTABLE RAM
Most of the material which has been presented for the
The upper bytes of the address space in some of the  MK3870 in this document apphes 10 the MK38P70 This -
MK3870 devices 1s PAM memory  As with the ROM inctudes the descriphon of the pin configuration,
memory. the RAM may be audressed by the PO and the DC architecture programiming mode! andl O ports Additional
adaress registers The executable RAM may be add-essed  informanon (s presented im the following sections
by all MK3870 instruchions which address Main Memory
Addimonally, the MK3870 may execute an anstruction MK38P70 MAIN MEMORY
sequence which resides in the executable RAM Note this
cannol be done with the scratchpad RAM memory. whichs As can be seen from the block diagram in Figure 5 the L
the reason the term “executable RAM™ s given 10 this  MK38P70 contains executable RAM i1n the main memory -
addiional memory map The MK38P70 contains no on-chip ROM instead. the The Mk 38F
memory address lines are brought out to the 28 pin socket because o
1/0 PORTS located directly on top of the 40 pin package. so the external mapped int
. EPROM memory 1s addressed as main ory. space The
Tne MK3870 provides four, 8 bit bidirectional input “Output locatons
ports These are ports 0, 1, 4. 5 In addion, the Interrupt  There is one memory version of the and 1 1S
Control Port 15 addressed as Port 6 and the binary imer 15 designated as the MK38P70/02 07002 Addressinc
addressed asPon 7. The programmingof Pons6and 7and  contains 64 bytes of on-chip exe The accomplist
the bidirectiunal | 'O pin are covered in the 3870 Family  nMK38P70 ‘02 can emulate the follow! Fiaure 6 1
Technical Manual The schematic of an 1’0 pin and regster si2
available output drive options are shown in Figure 4 j
MK3870/10 MK38P70
An output ready strobe 1s associated with Port4 This flag MKX3870 12
may be used 1 signal a peripheral device that the MK3870  MK3870 20 A28 pinEf
has yust completed an output of new data to Port 4 The  MK3870. 22 “R" packac " . k
strobe provides a single low pulse shortly atter the output  MK3870 '30 are shown . B
operation 1s completely fimished so either edge maybe used  MK3870.32 the28pins  ~ A ‘
to signa! the peripheral STROBE may also be used as an  MK3870/42 memory de
input strobe 10 Pori 4 atter completing the input operation memory sk
The 28 -pir
24.pin ar
differences
by providir
Inimialty 1
1s avadabl
28 pin me
-
1-82
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MK3B8P70 BLOCK DIAGRAM

Figure 5
e XTtr XTL2 EXTERNAL

,_,_,J (T PROM

cLock

MEMORY ADDRESS BUS B

==

]

R A

EXT INT

INTERRUPT
{ltMlR} A{ LOGIC
. — ——d

= U, -
— A i
c |
- — [ IR 1S - c |
U b :
i L — - y [T & -l
At MOURY 4x8 | | u 1
LoDRESS H Ylexpcuteanie]” : L
REGISTERST Ml am = ; | T
PO P ey o
ococtIt{ S —— l
‘ MAIN i3 8
CONTROL $6 -
10GIC -
1 vs I
$7 ]
£l
R
— e o o~ - |
ot I -
L ____,#__,__' R I B RESULT BUS

lYOE(;TC PORT O PORT 1 |

) 018 1 0(8)

TEST

10 20

RISETR
PORT & PORTS POWLR ON
] CLEAR
RESET

i 0‘8’5??0—5? t 08

The MK3B8P70 02 cannot exactly emulate the MK3870 40
because of the 64 bytes of executable RAM which are
mapped into the upper 64 bytes of addressable main memory
space The MK3870-40 contains ROM memory in these
locations

Addressing of main memory on the MK38P70 s
accomplished in the same way as 1t 1s for the MK3870 See
Figute 6 for main memory addresses and for address
register size in the MK38P70

MK38P70 EPROM SOCKET

A 28 pin EPROM socket 1s tocated on top of the MK38P70
“"R" package The socke! and compatible EPROM memories
are shown in Figure 7 When 24 pin memories are used in
the 28 pin socket, they should be inserted sothat pin 1 of the
memary devices plugged into pin 3 of the socket (the 24 pin
memory should be lower justified in the 28-pin socket)

The 28-pin socket has been provided to atiow use of both
24-pin and 28-pin memory devices Minor pin-out
diHerences in the memory devices must be accommodated
by providing diferent versions of the MK38P70

tnivally, the MK38P70 that 1s compauble with the MK2716
1s available The MK38P70 designed 1o accomodate the
28-pin memory devices wil! be available at a later date

MK38P701-0 PORTS

The MK38P70 1s offered with two types of output buffer
options on Ports 4 and 5. These are the open drain output
buffer and the standard output buffer which are pictured in
Figure 4. The open drain version of the MK38P70 1s
provided so that user-selected open drain port pins on the
MK3870 can be emulated prior to ordering those mask
ROM devices Figure 7 hists which version{s) of the
MK38P70 has open drain output buffers and which has
standard output buflers in parentheses following the
specihied MK38P70 part ordering numbet (MK97XXX).

MEMORY ACCESS TIMING

A tming diagram depicting the memory access uming of the
MK38P70 1s shown in the next 1able The ¢ clock signalis
derived internally in the MK38P70 by dividing the time base
frequency by two and is used to establish all nming
frequencies The WRITE signa! is another internal signaf to
the MK38P70 which corresponds to a machine cycle,
during which time a memory access may be performed
Each machine cycle 1s erther 4 ¢ clock periods or 6 ¢ clock
penods long These machine cycles are termed short cycles
and long cycles, respectively The worst case memory cycle
1 the short cycle. during which time an op code fetch 1§
performed This 1s the cycle which is pictured tn the uming

M-83 ~
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MK38P70 MAIN MEMORY MAP

Figure 6 HEX DEC
VT e T T Taess N\ BT
INTERNAL
RAM £CO 4032 >u;cuums
— — - = e = pam
FBF 4031
| }
| |
| {
| I 800
. ____ 2088
1 [ 7FF 2047
i i
| ExIERNAL |
LPROM
| |
| }
<1 000 0000
MK3BP70. 02
Scratchpad Address Register ROM Executable
Device RAM Size Size Size RAM
{Decimal) (PO. P, DC, DCY) (Decimal) Size
MK36P70-02 64 bytes 12 bits O bytes 64 bvies

diagram Atter a delay from the faliing edge of the WRITE
clock, the adoress lines become stable Data must be valid at
the data out hines of the PROM for a setup time prior 1o the
next talhing edge of the WRITE pulse The tota! access ime
available for the MK38P70 version 1s shown as 1,5 of the
tuime when address is stable untit data must be valid on the
data bus hnes The equanon for calculaung available
memory access time along with some calcu'lated access
times based on the listed Lime base frequencies 1s shown in

Figure 8

MK38P70 “R” PACKAGE SOCKET PINOUT
Figure 7

]
éo ' Vee "‘cczru:j
Cozvss ‘cc:,-:
o3 8 Vccose
[:o a by Ay 25-:
E' 5 Ay 49 2e :
o6 A Vec2ae
07 Ay Vsyzrel )
o8 Ay &y 2\.:
o9 Ay Ay 20
Cno Ap D7 e
011 Og D¢ tee
@12 Dy Dy 13,
o33 D D, m.]
14 Vsg Da ‘s.j
O ]

MKS7410 (Open Drain)
Compatible Memornies

MKS7400 (Standard Outputs)
Compsatibie Memones

2758 2758
MK2716 MK2716
2516 2516
2532 2532
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ELECTRICAL SPECIFICATIONS
MK3870. MK38P70

ABSOLUTE MAXIMUM RATINGS®

Tempetature Under Bias

Storage TEMPEraIUr®. ... i it i
Vo'tage or. any Pin With Respect to Ground

OPERATING VOLTAGES AND TEMPERATURES

Desh
Number
Suffix

-00
--05
—10
- 15

Operating
Voltage

Vce

8V 2 10%
-5V : 6%
5V =~ 10%
<5V + 5%

Operating
Temprature
Ta

0-C- 70°C
0-C - 70°C
-40°C - -85‘C
-40°C - -85C

See Ordering Information tor explanation of part numbers

-00, -08

-10.-15

-20°Cto -85C
-65°C 10 - 150°C

-50:C 10 -100°C
-65°C 10 -150°C

{Exceptopendrainpins and TEST) ... ... ...l .t -1.0Vito -7V Y OVio -7V
Voliaye on TEST with Respeci1o Ground . ... LLs. -10Vio -9V 10Vt -9V
Voltage on Open Diain Pins Wnth Respect to Ground ... ... ... -1.0Vio +135V -10Vio -135V
Fower Dissipalion ... i i i e e 15W 15W
Power Dissipation by anyone 170 pin ... i, 60mwW 60mwW
Power Dissipatonby alit/0pins ... ... ... ...l 600mW 600mwW
SGrrernes ATnE 1 Oont st Gager Ahaoiote Aarom 0n BALAGS My Cautt Jet Caafe ™ Gathaae T The dPnce TR 8 251 608 18106 0Nk aDG 1LACHIENAL L ANON 6f e Oevice &°
Toene Of 3Py DI 10003 0N AEEVE THONE NG AT 10 170 (e dhOfie SelDOns 14 10 81me0 210 18 AT impied £ a0, e 10 AT ate MAemL e 1a1ng (NANHONS 1o e1tenaed
Feer s Taay @Ye Oovicr TRhabty
AC CHARACTERISTICS
Ta Ve within specified operaung range
10 power dissipation < 100mW (Note 2)
—_— e —— T-- B e
r ] -00,-05 -10.-15 Wr ]
SIGNAL | SYM [PARAMETER MIN | MAX | MIN | MAX | UNITINOTES
—_—— e — - —
XTLd to Time Base Period, al clock modes | 250 500 | 250 500 ns | 4MHz 2MH2z
XTL2
tex(H) |External clock pulse width hugh 920 400 | 100 [ 390 ns
lexil) |External clock pulse width low 100 400 | 110 390 ns
; i Internal ¢ clock 21 21
WRITE |1,  |internal WRITE Clock period Qe P Shont Cycle
619 61¢ Long Cycle
—_— e —— et e o R
i70 ] tg1-0 |Output delay from internal 0 1000 0 1200 { ns | 500F plus
WRITE ciock one TTL load
— SN AN (R (N S SR
st -0 |Input setup time 1o internal 1000 1200 ns
WRITE clock
STROBE { Y4,p.g |Output vahd 10 STYROBE delay kild kild kit d 3t ns {10 load -
-1000 | -250 {-1200 { -300 50pF ~ 1 TTL load
T -4 ——
5L STROBE fow ume Bid | 12t¢ | B | 124 ns | STROBE load
-250 { -250 | -300 | -300 S0pfF + 3TTL ioads
P ECEET 1 T 614 614 T T
RESET QK REEE: Eold ume, fow -750_ ] l-1000| ] ns L ]
1rpoC | RESET hold tme, tow for power oo o
clear . v ms
e I R {_. 1T i
EXT INT 3Y] EXT INT hold time in active and 61 614 ns |Tomgger
inactive state -750 - 1000 interrupt
1 2.‘,21_'& L 4_“2“1 ns |Totrigger umer
.80

e ———————— ey

2% %
AC CHAR/ Mg P
{Signals bs¢ :‘.-:“.-‘" ANy
S -_.'. N RES
TA'VCC wit R :}'::.‘.-‘,
170 Power 3 o vV a, Py
N f‘-_’f‘-‘f-.‘ -
A S Y
SYMBOL NanTaINTgh
L XN
taas”

‘é(-e Tabic

CAPACIT
TA : 25C
Alf Part Nt

SYM




| T T T ] o0 08 ] .10, 15 _'T_"“__—
' SYNBOL | PARAMLETER MIN ! tAAX | MIN | MAX | UNIT CONDITION
v_;a;“” ALcess Lime from
Ad¥ers Ayy Ag' stable 1 €50 €50 ns (¢ 20MHz
untl data must be vaid at
i D7 5o
:éce Table in Figure 8
’ CAPACITANCE
TA - 25°C
,‘ Al Fart Numters
. SYM | PARAMETER MIN MAX ] UNIT NOTES ~ )
': }ClN “"f 1P Lt aliance 10 PF
. Unmi asured
: I . Pins Grounded
' LCXTL Input capecriance XTLY XTL2 238 295 pF
L
" DC CHARACTERISTICS
. Ta Voo within specified operating range
:‘ i 'O power d:csipation < 10OmW (Note 2)
L _ 1 B _ -
1 -00. 05 -10, -18
:f : SYMBOL ; PARAMETER MIN 1 MAX | MIN "f MAX | UNIT DEVICE
-: ' ——— e~ - . md _J —— o o R
'q; Ice Aversge Fower Supply 85 110 | mA |MK3870/10
: Currem Qutputs Open
! 94 125 mA |MK3870/12
. Outputs Open
- i
. i 85 10 mA | MK3870-/20
—~ ' Outputs Open
94 125 mA |MK3870/22
- Outputs Open
- 100 130 mA (MK3870/30
Outputs Open
- 100 130 | mA |MK3870/32
. Outputs Open
- 100 130 mA | MK3870. 40
Outputs Open
100 130 mA | MK3870/42
- Outputs Open
m.or ™
r‘-‘ e oa) Ml 08 i 2 e b et A sl b S o e bl i
129
,::P":- £ ’-_: "-'-‘:\

AC CHARACTERISTICS FOR MK38P70
{Sigrals brought out at sochet]

TA VCC withun speg.f 0 Gt ating range
170 Power Diss patiun < 100 mW (Nate 2)
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DC CHARACTERISTICS {cont.)

T ] -00. -05 -10, -15 ]
SR S
SYMBOL | PARAMETER MIN | MAX MIN | MAX | UNIT  DEVICE
o R B {- 4 B S —_
Icc Average Power Supply Current 125 150 mA |MK38P70-/02
No EFROM,
S SR SN SN U S ..jﬁﬁ‘j’:‘fBP“:ﬂ,;.v-_
Pp Power Dissipation 400 525 mW MK3870-10
J Outputs Open
440 575 mW |MK3870-/12
Outputs Open
e |
400 525 mW |MK3870 20
Outputs Open
— O
440 575 | mW {MK3870-22
Outputs Open
———
475 620 | mw ;MK3870.30
Outjuts Open
b= .
( 475 620 mw !MK3870 32
| [Outpms Open
475 620 mW {MK3870-40
Outputs Open
t 475 620 | mW |MK3870/42
Outputs Open
600 750 mW ' MK38P70-02
No EPROM.
| Outputs Open

o
adSa'y ot

el &

SYM
ViHE
Vie:
hHE>

i ex
Vg

Vinr

Ving




DC CHARACTERISTICS (cont.)
Ta- Ve within speecifued operating range, 1 O power dissipation

100mW (Note 2)

- T T T T T TTTY 0005 1 f10.-1s [
SYM PARAMETER MIN |MAX |MIN |MAX | UNIT|CONDITIONS
. p .- - 4 B - 4+ 4 - - -
VIHEX Enerral Clock mpu! hlgh Ievel 24 58 24 58 v
VILEX Exlevnal Clock mpul Iow Ievel -3 6 -3 G v
4 _ . ] ] o S -
LHEX [nemal Clock mpu\ lngh cunient 100 ] 130 #A Vinex Vee
WEX Ex.erna! Cluck mpu! low curren -100 1 -130 A Viex Vss
- - - . — - - — - RS P R R -+ - - fem - o —_———
ViHi O Input hgh jevel | O pins 20 58 20 58 V  {Standard null up
—— I S [N D
S 120 132 20 132 } V. |Opendrainil) j
ViHR lnpul tugh level, RESET 20 58 22 58 v S\andirﬁd_gull-up
20 132 22 132 V [ NoPull-up
_— o o e i B S e e B R
VIHE input hugh level, EXT INT 0 58 22 58 V  {Standard pull up
il d== A it Pul R
B 1 ~ - | 20 133_ 1 2.2 132 v | NoPull-up -,
Vi tnput fow level -3 8 -3
I‘L lnput low current. alt pins wsth -16
standard pull-up resistor
. doee s S - - - 4 - — 4 —
W Input leakage current, open dram <10
pms and mpu!s wnh no pull- up res:stor -5
lon Oulput hrgh current pins with -100 -89
standard pull-up resistor
-30 -25
"1oMDD Output high current, -100 -80
. direct drive pins -15 -13
! -85
R S — . e
IoHg STROBE Output High current -300 -270
. — R S UUUPUSU SIS VS S
"o Quiput fow current 18 165
[ SR S -
“los J\_ STROBE Ouiput Low current J 5 0“| 45 _1
131 m-s3
- I 4 r_' PN :‘?' :' :" » :
_ o
C
st L T

v ‘.‘. o

(4 \l’ \‘.\'

"".h;'.\' «'4‘
t_.,,_ ll")'j)‘ :

"
‘l'"l‘n“ .’t'
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8255A/8255A-5

PROGRAMMABLE PERIPHERAL INTERFACE

s MCS-85™ Compatible 8255A.-5 a Direct Bit Set/R_set Capability Easing
Control Application Interface

s 24 Programmable I/O Pins

s Completely TTL Compatible s 40-Pin Dual In-Line Package

s Fully Compatible with Intel®* Micro-
processor Families

s Reduces System Package Count

s Improved Timing Characteristics m Improved DC Driving Capability

The Intel* B255A is a general purpose programmabie /O device designed for use with Intel® microprocessors It has
24 10 pins which may be individually prtogrammed in 2 groups of 12 and used in 3 major modes of operation. In the first
mode (MODE 0}, each group of 12 1/0 pins may be prog:ammed in sets of 4 to be input or output. In MODE 1, the second
mode, each group may be programmed {o have 8 hines of input or oulput Of the remaining 4 pins. 3 are used for hang-
shaking and interrupt control signals The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8
Lnes for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking.

PIN CONFIGURATION 8255A BLOCK DIAGRAM
~d (R E-..
-] n Y.
~0 ul Y r _1
~(]- st romte el T o
] Mal) e — e —e 4: - ‘e
ag. »Her ] et [T T
-] »PBe
g i .
["a ) w)e — _’j
 Jre B255A B a Y — -
~ =D« — o ¢ ‘e
s [ »n C i E o
Ra: " ”:. DI tama G0's A - P
] b (S Ry B S —
- -p-~ i =
~d- ..g.., i K e K> e,
=] 2] -
~]w n D L 1
~{]e nl) -
~ e ”" :) - [ QUS|
. g ws Lol -
= e —_— PN ; 5
PIN NAMES o— ] f E‘jﬁ
9, -0, DATA SUS 18 DIRECTIONAL! - = T -
LT wEser ey | J
. TCweseciey T | — - - - .
.2 WD INPUT "t
K. [ waiti gt « ‘__"I . i
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8255A/8255A-5
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A FUNCTIONAL DESCRIPTION

2ral

J3255A is a programmable peripheral interface (PP1)
se designed for use in Intel®* mcrocomputer
“ms. {ts function is that of a genera) purpose /O
onent to interface peripheral equipment to the
omputer system bus. The tunctiona! configura.
of the B255A is programmed by the system software
.aat normally no external logic is necessary to inter-
peripheral devices or structures.

‘) Bus Butfer

3-state bidirectional 8-bit buffer is used to intertace
255A to the system data bus. Data s transmitted or
«ived by the buffer upon execution of input or output
ructions by the CPU. Control words and status infor-
.ion are also transferred through the data bus butfer,

(RD)

Read. A “low” on this input pin enabies N
send the data or status information 1o tne cpe; : »
data bus. In essence, it allows the CPY g - g
the 8255A.

(WR)
Write. A “low" on this input pin enables the CPy, 1 on
data or control words into the 8255A.

(Ao and Ay)

Port Select 0 and Port Select 1. These input 11g~a o
conjunction with the RD and WR inputs, cont~s ey
selection of one of the three ports or the contro e
registers. They are normally connected to the e
signiticant bits of the address bus (Agand A,)

8255A BASIC OPERATION

Ay | ag | AD | WR | CS | INPUT OPERATION iAtaz
.-d/Write and Control Logic g! o! © 1 0 | PORT A =0ATABLS
. . . . 0 1 ) 1 0 | PORTB = DATABUS
function of this block is to manage all of the internal 1 ° 0 1 0 | PORTC = DATA BUS
~ external transfers of both Data and Control or Status QUTPUT OPERATION
" ds. It accepts inputs from the CPU Address and Con- (WRITE)
", busses and in turn, issues commands to both of the g [} ! 0 | O ] DATABUS=PORT A
strol G . L V.1 0. O | DATABUS=~PORTS _
e e 1 0 [ 1] o] o[ batABus=FORTC
) 1 1 1 [ 0 | DATABUS ~ CONTAOL
|- DISABLE FUNCTION ___
) XX X x| v | DATABUS = 3-STATE_
.p Select. A “low” on this input pin enables the com- _’_JE_’A_ 0 __“JVAO' _lLLEGAL CONDITION
".niction between the 8255A and the CPU Xi x ' LS DATA BUS ~ 3-STATE
[ - 7 ,
b2 S waoe ;
- — A - AL
aner . - e ]IS i
R el CeEel Mt e i
|
| IS R H
l {
4
e H
o i {
g . i
L RECTRALN TR TSN ¥ ) oare ‘
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“igure 1. 8255A Biock Diagram Showing Data Bus Buffer and Read/Write Contro! Logic Functions
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8255A/8255A-8

B255A FUNCTIONAL DESCRIPTION

General

The 8255A is a programmabie petipheral inlerface (PPY)
device designed for use in Intel® microcomputer
systems. Its function is that of a general putpose VO
component to intertace peripheral equipment to the
microcomputer system bus. The functionat configura-
tion of the 8255A is programmed by 1he system software
so that normally no external logic is necessary to infer
tace peripheral devices or structures

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to intertace
the 8255A 10 the system data bus. Dala is transmitted or
received by the butfer upon execution of input or output
instructions by the CPU. Control words and statys infor-
mation are also transferred through the data bus bulfer.

Read/Wrife and Control Logic

The function of this block is 10 manage all of the internal

{RD)

Read. A “low" on this inpul pin enables the B255A 1o
send the dala or slatus information to the CPU on the
data bus. In essence, it allows the CPU 10 “‘read from”
the B255A.

(WR)
Write. A “'low" on this input pin enables the CPU 10 write
data or control words into the B255A,

(Ao and A,)

Port Select 0 and Port Select 1. These input signals, in
conjunction with the RD and WR inputs, control {he
selection of one of the three ports or the control wotg
registers. They are normally connected to the least
significant bits of the address bus (Ag and A,).

8255A BASIC OPERATION

Ay Ap | RB | WR | &5 | INpPUT OPERA‘HON mum
o |
1]
0

0
ol

1 PORT B = DATA BUS

1 o_L PORT C= DATABUS

|
and exiernal transfers of both Data and Control or Status T '! OUTPUT OFERATION
words. It accepts inputs from the CPU Address and Con- m_l oo A wmTE)
trol busses and in turn, issues commands to hoth of the ._°.+ 0 1 J,.g,__ oj DATA :U§,‘_‘."9R7 'y
0o vl 11 0 O DATABUS=PORTE _
Con1rol Groups. 11 o] 1] ® T 0_] DATABUS = PORT C
T 17T 17 T 0o | 0| DATABUS=CONTROL
_ DISABLE FUNCTION
(CS) X | "% | x| x| 1| DATABUS= 3-STATE _
Chip Select. A “low™ On this input pin enables the com. i o ! G | 'LLEGAL CONDITION
muniction between the 8255A and the CPU. X1 X 1 1 0 | DATABUS~3-STATE
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8255A/8255A-5

(RESET)

Reset. A “high on this input clears the control register
and all ports (A, C, C) are set to the inpul mode.

Group A and Group B Controls

The functional configuration of each port is program-
med by the systems software. In essence, the CPU “out-
puts” a control word to the 8255A. The control word con-
tains information such as "mode™, "'bit set”, "bit reset”,
etc., that initializes the functional configuration of the
5255.

£ ach of the Control blocks (Group A and Group B) accepts
~commands’ from the Read/Write Control Logic, receives
< control words’” from the internal data bus and issues the
proper commands 10 its associated ports.

Cantrol Group A — Port A ond Port C upper (C7-C4)
Control Group B ~ Port B and Port C lower {C3-CO}
The Control Word Register can Only be written into. No
Gead operation of the Control Word Registet 1s allowed.

Ports A, B, and C

The 8235A contains thiee B bit poris (A, B, and C). All
can be configured in a wide variety of functional charac-
teristics by the system software but each kas Its own
special features or "personality” to turther enb.ance the
power and flex'bility of the B255A.

Port A. One 8-bit cata output latch/buffer and one 8-bit
data input latch.

Port B. One B-bit cata input/output laichbuffer and one
B-bit data input buffer.

Port C. One B-bit data output latch/butfer and one 8-bit
data input buffer (no latch for input). This port can be
divided into two 4-bit ports under the mode control.
Each 4-bit port contains a 4-bit latch and it can be used
for the control signal oulputs and status signal inputs in
conjunction with ports A and B.

PIN CONFIGURATION
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8255A OPERATIONAL DESCRIPTION

Mode Selection
There ate three hasic modes of operation that can be select-

ed by the sysiem sofuware: j F]

Mode 8 - Basic Input’Output
Mode 1 - Strohed Input/Quiput

Mode 2 — Bi-Diectional Bus
When the reset input goes “"high™ all ports will be set to m

CONYROL WORD

0,0 by in, {010, 10,0

the input mode (i.e., ali 24 lines will be in the high im- PORY € 1l OMER]
pedance state) Atter the reset is temoved the 8255A can et A
remain in the input mode with no additional initialization R
required Duting the execution of the system program PORT B
any of the other modes may be selected using a single : o bUut
output instruction. This allows a single B255A 10 service ]
a variety of penpheral devices with a simple software wMODE SECHCTION
maintenance routine. - g BRI 3

i

The modes for Port A and Port B can be separately defined,
whife Port C is divided into twc portions as required by the

Port A and Port B definitions. All of the output registers, in- ! \ CHouP A
Cluding. the status flip-flops, will be te.se( whenever 1th L ORY € rgerm
mode is changed. Modes may be combined so that their R ;g«:;.l’\;"
tunctional definition can be “tailored” 10 almost any /0 ) e
structure. For instance; Group B can be programmed in | o ,o,,: ; hon >-'*.‘:’;-'u?.‘,,':i1
Made D to monitor simple switch closings or display compu- o outr ! (fi'
tarional results, Group A could be programmed in Mode 1 ! cale
10 monitor a keyboard or tape reader on an interrupt-driven PR —
basi 0% r MODE
Qs!s. 1X * MOOE 2
!
+
oot e
( ADDRE SS BUS N
‘:~ |8 CONTROL 95 — 3
. N L 44 8 a
" 4 DATA BUS T/
j 11 1: T _
L 45 Figure 4. Mode Definition Format
N RO WP B, Op ey .
3
02554
: oot o “I [} — A ]
. o @,0 fo Gl The mode definitions and possible mode combina:.ons
g s, K, v, vara, may seem confusing at fir-* Hut after a cursory review 4
| the complete device vu.. on a simple, logical VC &
' 1 c proach witf surface. The design of the 82554 has taasd
oot <' 7 N -~ in1o account things such as etficient PC boatc vyt
s{io I | ” ‘ I I @’0 control signal definition vs PC layou! and CO"&""
"%, CONTROL  CONTROL  Pa; PA, tunctiona! fiexibility to support almost any pen>'e?®
orro oR e device with no external iogic. Such desigr re; esS
c the maximyum use of the available pins.
wory -1 & ———t———0 AT
K T
A 1 I l i #[8: DimecTIONAL
;\{: [ X} l ! -
: WO ey P4, .
p———— * Single Bit Sel/Reset Feature

Any of the eight bits of Port C can be Set ot ke’ “";
-— « single OUTpur instruction. This ‘eature requces &%
Figure 3. Basic Mode Definitions and Bus Interface requirements in Control-based apptications
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4 8255A/8255A-5
- —— e o o —_—— v— —— ———— — e ——
b
) When Port C is being used as statug/control for Port A or B,
CONTHO! WORD these bits can be set or reset by using the Bit Set/Reset op-
eration just as if they were data outpu! ports,
o, o, toglo, |, |0, |0 |0
o e e e i T Interrupt Contiol Functions
. l T When the 8255A is programmed to operafe in mode 1or
N r e o] B SE mestT mode 2, control signals are provided that can be used as
3 - T 0- RisE interrupt request inputs 1o the CPU. The interrupt re-
- BNt quest signals, generated from port C, can be inhibited or
- enabled by setting or resetling the associated INTE flip-
BITSELECY H H
T8 fiop, using the bit set/reset function of port C.
— . -
T T TN 0 0 8 This function atlows the Programmer to disaliow or allow a
g | - specific 1/0 device to interrupt the CPU without atfecting
A any other device in the interrupt structure,
INTE flip-flop definition:
- BIT SET'RESET FLAG W
;] T === o =] peactive (BIT-SET) — INTE is SET — Interrupt enable
(BIT-RESET) — INTE is RESET — Interrupt disable
Note: All Mask flip-flops are automatically reset during
Figure 5. Bit Set/Reset Format mode selection and device Reset.
Operating Modes Mode O Basic Functionat Definitions:
® Two 8-bit ports and two 4-bit ports.
® Any port can be input or output.
MODE D (Basic Input/Output). This functional configura- ® Outputs sre latched.
- tion provides simple input and output operations for ® Inputs are not latched.
each 0! the three ports. No “handshaking" is required, ® 16 different Input/Output configurations are possible
. data is simply writlen to or read from a specified port. in this Mode.
“a
:' an l
—— Ao ) %
. \_

"—'"N —‘J f=— twn —*‘

- X X

._ tan——— fo—— taa ————*1
:: €S a1 a0 * :X

b,no-_.—._-—_-_—___.,-( 7

- L————'-n —"l o oy ————
MODE 0 (Basic Input)
“tions
. ewof e w
-0 ap- A ;L,
‘aken }L |
yout. —‘o» o twp -~
wplete X X
aheral Br0e '{
-sents po—— Ta e oo — e
: [- WXWY) * i
2 |
susing ? - —
“ttware -
: MODE 0 (Baslc Output)
y 137
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8255A/8255A-5
A.C. CHARACTERISTICS
Tp = 0°C1o70°C: V¢ = +5V 15%, GND = OV NOTE.
Bus Paramelers ;T.::,. ifﬂn;.s«..'ff:::.
Read: bt enenge T
LI B V- R I
SYMB30L PARAMETER MIN. | MaX. MIN. NAX. uNIT Figu
.‘A;g Add'ess Stable Before R EAD T 7—6'—-*’ -0 _—d———- ~~~~~~ 1 ﬁsh““ﬁ
T iRa Address Sable Ater READ | o 0 s T
T T Taam | READ Pulewigth ] T30 T T T 30 S B
tRD Data Valid From READ!"} o 250 10 | s
toF Data Fioat After RERD 10 150 10 100 ns
{;\7 Time Between READs and/or WRITEs 850 850 ns
write:
| 82s%A 825545 T
SYMBOL PARAMETER MIN. Max. MIN. MAX. UNIT
taw Addiess Stable Before WRITE 0 0 ns
twa Address Stable Atier WRITE 20 20 ns
tww WRITE Pulse Width B 400 300 ns
ow Data Valid 10 WRITE (T.E.} 100 100 ns |
WD Data Valid After WRITE 30 30 T ns
Other Timings:
. 8255A 8255A-5
' SYM80L PARAMETER MIN, MAX, MiN. MAX. UNIT
we WR = 1 10 Output! ) 350 350 ns
1R Peripheral Data Betore RD [} 0 - . ns
1R Peripheral Data Atter RD 0 0 n
' 1Ak ACK Pulse Width 300 300 L
157 STB Pulse Width 500 500 ns
tps Per. Data Before T.E. ot STB 0 0 ns
1Pp Per. Data Atter T.E. of STB 180 160 ny
tAD ACK = 010 Output!} 300 300 L
D ACK = 1 10 Output Float 20 250 20 250 m
twos WR =1 10 OBF = 0i" 650 650 Mmoo
taoe ACK = 010 OBF = 111l 350 250 ~
tsi8 ST8 = 010 IBF = 111 300 300 "
trig RD = 110 1BF = 0!} 300 300 ..
WRIT RD=0to INTR = 0/l 400 400 ~
tgrr STB =110 INTR = 1T 300 30 1 0™ .
tarr ACK = 110 INTR = 111l 350 350 ™
twit WR =010 INTR = Q! 850 g0 | ™ .

totes 1. Tes Conaiions B255A Cp = 100pF . BI55A.5 C = 150pF
2. Persod of Aeses pulse must be 3t leest S0us during or atier power on.
Subseauent Reset pulse can be 500 ns min.

;
!
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Figure 25. Input Wavefotms for A C. Tesis ‘
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Figute 26. MODE 0 (Basic Input)
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Figure 27. MODE 0 (Basic Output)
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lntel 2716
16K (2K x 8) UV ERASABLE PROM

w Fest Access Time w Pin Compatible 1o Intel' 2732 EPROM
— 350 ns Max. 2716-1
— 390 ns Max. 2716-2
— 450 ns Max. 2716

! — 490 ns Max. 2716-5

— 650 ns Max. 2716-6

w Simple Programming Requirements
— Single Location Programming
— Programs with One 50 ms Pulse

! = Single + 5V Power Supply s Inputs and Outputs TTL Compatible
during Read and Program

s Low Power Dissipation
— 525 mW Max. Active Power
— 132 nW Max. Standby Power a Completely Static

The Inte!® 2716 1s a 16 384 bt ultiaviolel eratable and electrically programmabie read-only memory (EPROMY The 2716

operates from 2 single Svolt power supply, has a statc stendby mode, end features ‘ast single address focation program:
mung. |1 makes dessigning w.th EPROMs taster, eaver and more economical

The 2716, with 1ts single S-volt supply and with an access time up 1o 350 ns, 1s idea’ for use with the newer tugh performance
| +5V mictoprucessors such as Intel’s BOBS and B0B6 A se'ecied 2716-5 and 2716-6 15 va'lable for siower sprd app'ications,
i The 2716 1s also the first EPROM with a static standby mode wh.eh redutes the power disaipation without inCreasing access
! time. The mdxiMum active power dissipation 1s 525 mW while the maximum standby power disspation s only 132 mW, a

1 4
»
75% savings. !
. The 2716 has the simplest and fastest method yet devsed to: progamming EPROMs - singie pulse TTL level programming .
No need for high voltage pulsing because all programming controls are handied by TTL signals. Program any location at any r.
| time —either individually, sequentially or at random, with the 2716's single address location programming Total programming .
’ time for 31t 16,384 bits 1s only 100 seconds. )
! PIN CONFIGURATION MODE SELECTION . .
t
, 2716 2732 T e el e T Kados '
| - vee (3 Tireom v ot Ves ' vgr  OUTRUTS H
e 34 Y ., e LAt SR
. . | oD ' ’ : H t 3
' s e S OU U .
: for PR v powe Dot es o bour ] ';
Ay H S}fjn:n . . _ s . Tos 1 Caee N % .5 — 2 '
! whbct r"""‘ e vy 10 Vi Vin IR ST O :
e b R R S ﬁ
N mewer el P -~ . - -
: wFe (oo T va D Ve Dem s T wwd T
' Le
BLOCK DIAGRAM
tRefer 10 2732 [WIPRTRITINN
YOO op v
data sheet for o —
; specifications .o Jﬂl 1 I
1
A _ ot OUTPLT iNAQLE [ ~
: PIN NAMES e g outeut surrems !
. R— t
i ac Ay | ADDRISSES H Coarm.
| T e, o TR o~
y = outruTia —
. o o ouTeUTs : AR Y 1
i ~ ) : Cruy maTaer {
! -~ ]
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2716
PROGRAMMING
The programming specifications are described in the Data Catalog PROMROM Programening Instructions Section, -
Absolute Maximum Ratings*® [ :
Termpetature Under Baas. .. ... -10°C 10 480°C CSCOMMENT. Stivsyes above thow hsted undet “Absolute Mag, gy b Ly
Storage Temperature .. ... -65 C10+4125°C mum Ratings” may Laust petma’ €71 Gaeage 10 the device This g g B » L2 RN
N siress tating only and funttiona o, tiation of the device 81 these or 1 %
An Inpul o Oumul Vo ages with 6V 0.3V any gther condgitions above thuy i ated n the uIt1ational seg. [’lo:- ’ e "
RespecttoGround . .. .. ........ .. to - tions ©f this specihication 1 not mpted  Fxposuie 10 sbso'ute - B > 'J‘%
Vip Supply Voltage with Resprect maxmum rating conditions 1or erteaded prrod: may atlect device tor 'J.',’\',.‘. \.”\rf
10 Ground During Program . . .. . . . +26.5V 10 -0.3V reliability % LRI A _r{'_\
e e ——— — e e e —— — N ;e O .\'_\:.-, A
. i . - R RN o
DC and AC Operating Conditions During Read r T SRS
2716 2716-1 1 2716-2 2716-6 ~
I Tempe-atore Range :l 0°C - 70°C o'c-70°C o‘c - 70°C o0°‘c-70°C 0°C - 70°C
e il I - . DA SR
Ve Fower Supply!12 | 6V 25% 5V 210% 5V 5% 5V 25% 5V +5%
Vap Powerr" wplyi2l B T ) ‘._ch Vee Vee ] Vee ) __YEE_

READ OPERATION
D.C. and Operating Characteristics

[ 1 ‘- j Limits ‘h»“‘~r““—w R ]

Symbol Parameter - TETE BT Uait Conditions
Min, Tye- Max,

L L e e i
) l 1rput Loasd Cuttent 10 uA Vin = 5.25V i
o Output Leakage Cutrent 10 HA Vout = 5 25V «-i
S L e —_—— —_——t e — o e o e
1ppr 1% | Vpp Current 5 mA | Vg~ 525V

Ll e ]
leey!? | Ve Curent 1S1andby) 10 25 mA | CE=vy, OE=V
1ec2'? | Vee Current (Acuve) 57 100 ma | OE=CE=v,

Vie Input Low Voltage -0.1 08 v

Vi tnput High Voltage 2.0 Veett v

Voo Output Low Volage 0.45 v loL = 2.1 mA

Vou Output High Votiage 24 v iow = -400 uA

NOTES ¥ Ve mus) be apphed simultaneousty of before Vpp and removed simultaneously ot after Vpp

2 Vpp may bre connected directty 1o Ve except during programming The supply current would then be the sum of ice and Ippy.
3 Tyocal vaiues are for Ta = 25°C and nominal supply voltages
4 Thay parameter s only sampled and 1S not 100% tested.

Typical Characteristics

icc CURRENT ACCESS TIME ACCESS TIME
i vs. v
TEMPERATURE CAPACITANCE TEMPERATURE
» S
— T : 700 . 0 . T
T T T T T T T
LN - + 00 f —t NN X L : ¢ T’
w L7 RCTIVE CORRTRT Ll e R A e e e oy e
| CFovy !
A00 B —, J

i«
; j
u
v o -
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+

b4
!

Tace i

! } veersv

- _T- ——— ——
:

N ‘ icCiSTANDBY CURRENT

|
|
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0 veeesv [ S —
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o ! i A ¢ —
° ® » » -« w K n [ ] [ 1L PO 3O AN SO0 6 Yor B t " 2 3 L o o n L]
~
TEMrERATUNE » <yt TEmPiRATURL t C
S s en e oS S A E W AP T PP PR YR . 5 ™ —mpr—

-:‘_ LS IR IR et e
EOANATL S R AR

PR Ly &'}“"-'.-. K .‘A.._-‘_.‘_




;C.Eh—aracteristics

Capacitance 14] Ta=25°C,{=1MHz A.C. Test Conditions:

Symbol l 7 Parameter ﬁT;p];s"; Output Load: 1 TTL gaie and Cy = 100 pF
»C oo & cacinance 141" s Input Rise and Fail Times: €20 ns
oJF) G
,_.1- --.‘__;N_________,s__u_ . {nput Pulse Levels: 0.8V 10 2.2V
Cout Output Capaciiance 8 l 12 Timing Mcasutement Reference Level:
: T T T Inputs 1V and 2V
Outputs 0.8V and 2V
A. C. Waveforms [1]
l . o &
! X
: ADDRESSES
; ADDRE SSES vaLID
i \ R _/
'
1]
‘ —
cE
* o % sa I—J
e ——e]
ot

_-..-..o...j
(3] 6]
to€ _“1 1DF

10H —

d n.o-n..o--—-—S
: HIGH Z ,;z;;;;
OUTPUT

VALID QUTPUT

; HIGH 2

(NS 1)

s
i NOTE 1. Vg must be applied simultaneousty or before Vpp and removed simultaneously or stter Vpp.
o 2. Vpp may be connected directly 10 VO except during brogramming. The supply Current would then be 1he sum of I and tppy.
\ } 3. Typice! vatues are for Ta = 25° C snd nominal supply vo'tages.
| WU W 4. This parameter is only sampted and is not 100% 1ested
L ' 6. QOE may be delaved up 10 1ACC - 1OE stter the falling edge of CE without impact on t1a0c.
J —_— 6. tpF is specified trom OE or CE, whichever occurs first.
1
L—-—-—J
("4 x ®
-
142 29
T IS R Ty R astiiatiit e e Sttt A aii i w

- \ . P -

f et et e e T Te e gt .
— T N AT A AT

1 (L] AI
26 [‘ 2716-% 2716-2 ‘l 2716-5 27766 Test
Symbol Parameter
—J Min,  Max,  Min. Max. { Min,  Max, ( Min. Noax, { Min,  Max, Fondmions
SR S, JRENSNS E o S, R, e
tacc | A00'rss 10 Duipuy Delay 450 350 390 450 450 |CE = OF = v,
SR VU S U S ST ST N - + - -
tee CE to Output Drisy 450 350 390 290 650 |OF = Vv, R
S, B UG YRS U SEEUNISISH S O A P - B =&
; tog Quwput Enable 10 Guiput Delsy 120 120 120 1 160 200 |CE = v s
0t s O Y (O G - - 4= s £
: oF Outnsr Enable Hghto Dutput Flost] O 100 | 0 100 ] © w00 | 0 100 | 0 100 |EE-v <
; T e d 4 4 LI o
i 1om J (_)%:pu! Ho'd 1voom Addresses, CEor | O 0 0 [ j 0 _J CT»GE~vy,
: OF Wrichever Occurred Furst
! L. L 2 e e, .. 1 JURNR S
!
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ERASURE CHARACTERISTICS

The erasure characteristics of the 2716 are such that erasure
begins to occur when exposed to light with wavelengths
shorter than approximately 4000 Angstroms (A}, It shoutd
be noted that sunhght and certain types of fluorescent
lamps have wavelengths n the 300040001 range. Data
show that constant exposure to room level fluorescent
lighting could erase the typical 2716 in approximately 3
years, while it would take approximatiey 1 week to cause
erasure when exposed to direct sunlight. If the 2716 is to
be exposed to these types of lighting conditions for ex-
tended periods of time, opaque labels are available from
Intel which should be placed over the 2716 window to
prevent uninteational erasure.

The recommended erasure procedure {see Data Catalog
PROM,ROM Programming Instruction Section) for the
2716 1s exposure to shortwave ultraviolet light whicn has
a wavelengtn of 2537 Angstroms (A). The integrated dose
{re.. UV intenaity X exposure time) for erasure should be
a mimimum of 15 W-sec'cm? The erasure time with this
dosage 1s approximately 15 to 20 minutes using an ultra-
violet lamp with 3 12000 uW cm? power rating. The 2716
should be placed within 1 inch of the lamp tubes during
erasure  Some lamps have a fitter on thewr tubes which
should be removed before erasure

DEVICE OPERATION

The five modesof operation of the 2716 are listed in Table
1. It should be noted that all inputs for the five modesare at
TTL tevels The power supphes required are a +5V Ve and
a Vpp The Vpp power supply must be at 25V during the
three programming modes, and must be at SV in the other
two modes

TABLE 1 MODE SELECTION

- - - - . - -

ouTeuTS

) »ins cepom Ot ' ve  vee

: N (31 il 1200 2 124 . 9 131N
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READ MODE

The 2716 has two contrul functions, both of which must be
logicatly satisfied 1n order to obtain data at the outputs
Chip Engble {CEY s the pownr control and should be used
for device selsction. Output Enable (QE) is the output
control and should be used to gate data to the output
pins, indeprndent of device selection. Assuming that
addreyses are stable, address access time {tacce) 1s equal to
the delay from CE to output {tcg) Dara s available at
the outputs 120 ns (tge) after the falling edge of OE,
assuming that CE has be- . low and address, have been
stable for atleast tace  toe

STAND8BY MODE

The 2716 hay a starudhy mod- which reduces the active
power dissipatine by 75%, from 525 m\W to 132 m\%. The
2716 s placed in the stunddl,y mod= by applying a TTL high
signal to the CE input Whenin standby mode, the gutputs
are 1n a high impedence state, indwpendent of the OF nput

2-10

OUTPUT OR-TIEING

Because 2716's are usually used in larger memory arrays,

Intel has provided a 2 line controi function that accomo-

dates this use of multiple memory connections. The two

line control function aliows for: ;

a) the lowest possible memory power dissipation, and

b) compiete assurarce that output bus cantention witl
not occur.

To most efficiently use these two control lines, it is recom-
mended that CE (pin 18) be decoded and used as the
primary device selecting function, while OE (pin 20) be
made a common connection to all devices in the array and
connected to the READ line from the system control bus.
This assures that all deselected memory devices are in their
low power standby mode and that the output pins are only
active when data is desired from a particular memory
device,

PROGRAMMING -

Inittally, and after each erasure, all bits of the 2716 are in
the 1" state. Data is introduced by selectively program-
ming “0’s” into the desired bit locations. Although only
“"0's" will be programmed, both “1's” and “0's’ can be
presented in the dara word. The only way to change a “0"
toa 1" is by ultraviolet light erasure.

The 2716 1s in the programming mode when the Vpp power
supply is at 25V and OE is at V4. The data to be pro-
grammed s applied 8 bits in parallel to the data output
pins. The levels required for the address and data inputs are
TTL.

When the address and data are stable, a 50 msec, active
high, TTL program puise is applied to the CE/PGM input.
A program pulse must be apphied at each address location
to be programmed. You can program dny location at any
ttme — either indivtdually, sequentally, or at random
The program pulse has 3 maximum width of 55 msec. The
2716 must not be programmed with a DC signal applied to
the CE/PGM input

Programming of multiple 27165 in paratiel with the same
data can be easily accomplished due to the simpiicity of
the programming regquirements. Like innuts of the paral-
leled 27165 may be connected togethe? .,hen they are pro
grammed with the same data. A high leve! TTL pulse
applied to the CE/PGM input programs the paraileled
2716s.

PROGRAM INHIBIT

Programming of multiple 2716y n parallel with different
data is also easily accomplished Except for CE/PGM, all
like inputs (including OF) of the parallsl 27165 may be
common. A TTL level program pulse appled to a 2716°s
CE/PGM input with Vpp at 25V will program that 2716
A low level CE/PGM input inhibits the other 2716 from
being programmed

PROGRAM VERIFY

A verify should be performed on the programimed bets to
determine that they were carrectly pragrainmed The venfy
may be performed wth Vpp at 25V Except duning pro
grammung and program verify, Vpp must be at SV,
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745-0007

Dﬁﬂﬂﬁl[ii:—iexadecimal Display

with Integral TTL MSI Circuit Chip
character height: .270"’

The display and TTL MSI chip are mounted on a lead-frame assembly which

is then cast within an electrically nonconductive, transparent epoxy. Multiple

displays may be mounted on 0.450 inch centers.

mechanical data
pp—-—— 0 400110 18} =——mmtinf
COF Pin Y
?,w fg——c 30017 62 07501 91
ASIDES
[LlaqL Al - H 1 ! B
H
[als} g» 2f
sorp o
o
o 12 3
?(1;0 olo u‘;&.f‘oo:?’ a B
o ?00"5) _—, e a
® (&) L} o 254 TR
H 0 < B 12 PLACES
'SEE NOTE A)
f
LOGIC Cr1w 1 /‘D
e A '8
Yy
0254;}8_ BOTTOM ViEw
it al
81-;1’1—“! LIJ ]
i seatng plane
01804 87 :MIN
00200 76 MiN
€ OVMO &)
—1%—0 010:10 28
PIN 1 LED SUPPLY VOLTAGE
NOTES: PIN 2 LATCH DATA INPUT B
A. The true posihon pin spaéing ts 0100 PIN 3 LATCH DATA INPUT A
between centerines Each pin center- PIN 4 LEFT DECIMAL POINT CATHMODE
lines 1s located within =0.010 of its true PIN 5 LATCH STROBE INPUT
longitudinal position relative to pins 1 PIN 6 OMITTED
and 14. PIN 7 COMMON GROUND
B. Lead dimensions are not controlled  PIN 8 BLANKING INPUT
above the seating plane. PIN 9 OMITTED
C. Dimensions associated with posttion of PIN 10 RIGHT DECIMAL POINT CATHODE
LED's are between centerlines and are PIN 11 OMITTED
nominal. PIN 12 LATCH DATA INPUT D
D. All dimensions are in (nches unless PIN 13 LATCH DATAINPUT C
otherw:se specified. PIN 14 LOGIC SUPPLY VOLTAGE. VCC

Solid-State Visible Hexadecimal Display
With Integral TTL Circuit To Accept,
Store, And Display 4-Bit Binary Data

e 0.270-Inch-High Character

e High Brightness

e Left-and-Right-Hand Decimals

e Separate LED and Logic Power
Supplies May Be Used

o Easy System Interface

e Single-Plane Wide-Angle Visibility

o internal TTL MSI Chip with Latch,
Decoder, and Driver

e Operates from 5-Volt or 6-Volt Supply

e Constant-Current Drive for
Hexadecimal Characters

{ ) Metric dimension in mm.
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11092
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! B9 12 M DiA
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THAY CAP

'

(=}
U
s
<
i)
N

3N
AN

L

For use with 745-0007 disp!ay.

Disalightreserves the right to make changes 8t 8nytime

in Orger 10 iMmprove design and 16 supply the best product pess.ble,
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description 74s-0007

This hexadecimal display contains a four-bit latch, de coder,driver,and4x7 light-emitting-diode (LED) character
with two externally-driven decimal points in a 14-pin pac kage. A description of the functions of the inputs of this

device follows.

PIN NO. DESCRIPTION
LATCH STROBE INPUT 5 When low, the datain the latches follow the dataonthe latch data inputs.
When high, the data in the latches will not change. If the display is
blanked and then restored while the enable input is high, the previous
character will again be displayed.

BLANKING INPUT 8 “When high, the display is blanked regardless of the levels of the
inputs. When low, a character is displayed as determined by the data in
the latches. The blanking input may be pulsed for intensity modulation.

LATCH DATA INPUTS ¥ 2 13,12 Data on these inputs are entered into the latches when the enable input
(A, 8,C, D) . islow. The binary weights of theseinputsareA=1,8=2,C =4,D = 8.
DECIMAL POINT 4,10 These LEDs are not connected to the logic chip. If a decimal poiot is

CATHODES used, an external resistor or other current-limiting mechanism must be
connected in series with it.

LED SUPPLY 1 This connection permits the user to save on regulated YCC cursent by
using a separate LED supply, or it may be externally connected to the
logic supply (VCC).

LOGIC SUPPLY (VCC) 14 Separate YCC connection for the logic chip.

COMMON GROUND 7 This is the negative terminal for all logic and LED currents except for

the decimal points.

The LED driver outputs are designed to maintain a refatively constant on-level current of approximately tive milli-
amperes through each of the LED's forming the hexadecimal character. This current is virtually independent of the
LED supply voltage within the recommended operating conditions. Drive current varies with changes in logic
supply voltage resulting in a change in luminous intensity as shown in Figure 2. The decimal point anodes
are connected to the LED supply; the cathodes are connected to external pins. Since there is no current
limiting built into the decimal point circuits, this must be provided externally if the decimal points are used.

The resultant displays for the values of the binary data in the latches are as shown below.

[ 1 a| sew see [ [ J11} »e asse [ 1) "e 1] 11 sse| sus [.Ill] ssms
s ®» . - e|le a]e . ¢le ma|lw ojle s|la els s eols .
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e o )]s . . sle = sle @ anje aju ale e = .
T o |e - . oje = sl|le = sle sln wmle e ® .
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LED SuPPLY
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description 74s5-0007

absolute maximum ratings over operating ambient-air temperature range (unfess otherwise noted)

Operating Ambient-Ar Temperature Range

rL.og-c Supply Voltage. VCC (See Note 1) .......... ... .. . . . T T 14
LED Supply Voltage {See Note 1) —% .................................... e 7;4
Input Voltzge (Pins 2, 3, 5, B, 12, 13. See Note V) e 5.5v
Decima! Point Current ——_“_ .................................. 20 mA

e N 0C to 70C |

Storage Temperature Range

~55C 10 100°C

recommended operating conditions

NOTE 3: Voltage values are with resnect 10 COMMon ground terming).

MIN NOM MAX UNIT

W T N T E N B v v e—— e~ ..

. Hold Time, thold (See Note 3)

Logc Supply Voltage, VCC .5 \oovoii T 45 5 65 V

LED Supply Volage, YLED ... ..00ooro T 4 5 71 V

Decimal Point Current, 'F(DP) 5 mA

. Latch Strobe Pulse Width, tw ns
. Setup Time, 'setup (See Note 2) ns
ns

NOTES: 2 Setup time s the interval immediately prececing the pas.tive gong transion of the faict. strobe nput during which interval the dats to
be d'splayed Must be mantained at the latch cata «Mputs to ensure 1ts recogntion
3 Hoid time is the interval immed.ately following the pesitive-going trars.tbon of the latch strobe nput Burng which interval the data to
be C'splayed mustbe maintained at the tatch data :nputs 1o ensure Ns c ontnued recognition

operaling characteristics at 25°C ambient-air temperature

PARAMETER TEST CONDITIONS MIN TYP M& UNIT
Aver P A1 = v =5V

ly Luminous intensity (See Note 4) C:;r:?:?er:reo SS:NO;VS HEP 35 100 ued

Each decima! | IF(DP) = 5 mA 35 100 scd

Ap Wavelength at Peak Emission vee =5V, VIED =5V 640 660 680 nm

B Spectral Bandwidth between Halt-Power Points 'F(DP) = 5 mA, See Note 6 20 nm

ViM High-Leve! Input Voltage 2 \J

L Low-Leve! input Vollage 08f V

v Input Clamp Voltage VCC = 4.75Vv. = —12mA -15] v

\ It Input Current at Maximum input Voltage VCC =55V, V)=58V 1] ma
. ™ High-Levef Input Current VCC =55V, Vi=2av 40| uA
- h Low-Level Input Current VCC =55V. Vi=04V -16| mA
- icC__ Logic Supply Current VCC =55V, VLED =55V, 80 90) mA
'LED LED Supply Current IF(DP) = 5 mA, Allinputs at OV 45 90| mA

-_=te

Humination) eye-response curve -
5 This paramerer s measured with
6 These parameiers are measured with E:

RELATIVE L UMINOUS INTENSITY
v

displayed, then sgamn with
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NO. ANDOVER, MA 01845
(617) CB854371

ALCOSINITCH

SHC SERIES « filIH] BI-DIRECTIONAL

SMC SERIESHASLARGER VISIBLE READOUT CHARACTERS
despite its srall size. Many of the advantages of miniaturization
found in the PICO Series are offered along with » greater number
of output code options. This popular family is used in measure-
ment and test instruments for range setting, data programming
and count controlling; and in communications equipment for
reliable bidirectional pushbutton
mechanism permits rapid changes to either higher or lower num-
Instrumentgrade performance and long service
lite are enhanced by the heavy gold clad wiping contacts. Large
readout characters are protected by dust-sealed window. Snap-

digital tuning. The simple,

erical settings.

together grouping and snap-in panel mounting minimize installa-

tion time and cost,

Contacts Gold Plating Thickness:

SPECIFICATIONS S TANDARD

Coatact Rating: 0.4 VA @ 20 VDC or Peak AC.
Contact Circuit Resistance: 0.12 ohms max.
Mechanical Life: More than 106 operations.
Operating Temperature: -10°C to +60°C.
Housing: Black, matte finish. Material: Noryl SE1
PC Board: Glass epoxy type, G10.

PC Terminals Spacing: SMC-11:

(Total internal ckt. res.)

.079”. SMC-141,.161:.100"
All Others  .200”

Character Height/Calor: 200" (except -301 & -SG-558. .140"";
.120°°). White on black background.

5G-557:

Wiping: .0004"" (10 microns)
Code Pattern: 00012” (3 muicrons)

?I

SMC

GOLD CONTACTS

‘% A
2 : ST M t ( i ’
z - N R '-
! = L l
=2 L4
s sMC- 111 AK SMC 111-AL EME 131-AW gmg -131-AL
3 MC-137-AK -137-AL
SMC-301-AK SMC-P/K
- Glaancne x = TERMNAL DETAIL T
-y i -
Ak erE AL ,*_,,‘;_#1’5& AL/D
: ' +  Tyoes oo, Types
Types L R Y
De T
Code inti One- 1% 20- 100-
Mogel Pa. 86 Description Characters 9 &’ 99 249
SMC-111-AK 111 Decimal Code, {1-0f-10) 0-9 6.10 4.88 5,49 4.88 a.58
SMC-111-AK/0) 113 Decimat Code, Repeating Readout 0&1 635 5,08 572 508 a,
SMC-111-AK/05 111 Decimal Code, Repeating Reacout 0&5 635 5,08 5.72 508 4.76
SMC111-AK/+ — 111 Decimal Code, Repeating Readout +&— 6.35 5,08 5,72 5.08 4.76
SMC-111-AL 111 Decimal Code, Extended PC Board 09 6.75 540 6.0B 540 5.06
SMC-111-AlL/+ — 111 Decimal Code, Extended PC Board +&— 7.00 5.60 630 560 5.25
SMC-131-AK 131 1-2-4-8 8CD Code o9 6.10 4.88 5.49 4.88 4.58 sm
SMC-131-AL/D 131 BCD, Extended PCB for diodes 09 6.75 S5.40 6.08 540 5.06 C131AK
SMC-137-AK 137 1-2-4-8 BCD Complement Code o9 6.10 4.88 5.49 4.88 4.58
SMC-137-AL/D 137 BCD, Complement, EXT, PCB for dioges o9 6.75 5.40 6.08 5.40 5.06
SMC 141-AK 141 8COD & BCD Compiement Codes 09 6.75 540 6,08 5.40 5.06
SMC-301-AK 301 Hexaoecimal (16 Positions 0-9&A-F 7.40 592 6.66 592 5.55
SMC.SG-557 301 Hexaoecimal (16 Posltions 15 7.40 5,92 6,66 5.92 5.55
SMC-5G-558 301 Binary Coded Octal (8 Positions) o7 7.40 5,92 6.66 5.92 5.55
SMC-524-AK 524 Complement of 9's Complement 09 890 7.12 801 7.12 6.68
SMC-400- AK 400 SPDT 2-Position Repeating +&— 5.90 4,72 5.31 4.72 a4a.43
+SMC-DS/09 -~ Dummy Switch o9 5.25 4.20 4.73 4.20 3.94
SMC.-wDS/1 w0D5/1 1-2-4-4 Resistance Decade o9 6.75 5,40 6.08 5.40 5.06
*SMC-P/K (Pr.) End Mgunting Plates, Molged Cilp 95 .76 .86 .76 .71
SMC BG .300" Spacer Section .95 .76 .86 76 71
SMC.A .100"" Spacer, with Mounting Clips .50 .40 .45 40 .38
SMC-A/DP .100'* Spacer, with Decimal Point .95 .76 .86 76 71
B9L Connector, 9 contacts, Solder Lugs 225 1.80 203 1.80 169
B9LS Connector, 9 contacts, PC Terminals 225 180 203 1.80 1.69
B1l1LS Connector, 11 contacts, PC Terminals 250 200 225 200 1.88

*Sold 1n pars only

tMechanically operable, no electrical function

each SMC-A used.

Panet Hote

+
ANANRLA\RNNN

ADDITIONAL RECOMMENDED DIMENSIONS

Oimenstons are given in inches. N=the num-
ber o* switch moaules. Panel opening wiath
myst be adiusted when using spacer; Add
.300*" tor each SMC.8G useg: adu .100" for

Recommenaded

MODULE ASSEMBLY METHOD

SMC bidirectional code switches may be easily assembled into
groups of any number. The tabs ar pins of one decade section
press fit into the holes in the adjacent section. Spacers and end
mounting plates may be included in the same manner, as desired.
Assembly requires no additional hardware, no tools This method
requires little time and minimizes the cost in installation.

Groups of SMC switches with end plates snap into panel holes ot
the recommended size and are retained by mertal clips. Again, tools
and additional hardware items are not required.

CUSTOM SWITCHES

Contact tactory for information concerning the feasibility, pricing
and dehlivery of specia' swuches, including non-standard codes,
limit stopping, spectal wheel markings, optional colors and PC
terminals.

' FACTORY ASSEMBLED GROUPS

Y ———— Scecial tvpe ndmbers will be assigned for customers requiring

r U LP i delivery of assembled groups o code switches. Ready-to-mount

i — assembiies are shipped individually packaged and dentified. Con-
L\ SYDE VIEW w tact factory tor deraris

——

Tt erzszecitications sub.ect 10 Crange withoul notice. 83
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APPENDIX D

SCANNER PRINTOUTS

The bound document scanner is capable of providing printouts
of documents up to 8 1/2" by 11" in size. This appendix shows some
sample printouts obtained using the MK38P70 as well as the F-8
controller. Note that both controllers provide comparable copy. The
copies were obtained under the following conditions:

Figures D.l through D.4: F=8 controller

Figures D.5 through D.8: MK38P70 controller

These figures show that there are no. discernible differences
between copies obtained with the MK38P70 and those obtained using the
F-8. The copies shown were made using manual thresholding in an attempt
to obtain the most pleasing reproduction of the subject document. This
involved making some choice between dark copy or high resolution; the
IEEE facsimile charts best illustrate the trade-off. The other documents
show the flexibility of the scanner in that it can give good reproduct-
ion of a variety of subjects. Note, however, that gray tones must be
translated into either black or white pixels.

The printouts were made with all conditions remaining the
same except different light bulbs were used for each controller, which
resulted in a small difference in light non-uniformity compensation.
Some ghosting and smearing is apparent on the copies; these problems
are attributable to the printer electronics and toner dispenser on the
printer, respectively.
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Department of Electrical Engineering and Cmptl:t Sci
t o ect er ence
Graduste Office - Room 38-444

_ APPLICATION FORM FOR ORAL QUALIFYING EXAMINATION

If you wish to continue for the Doctorate,’ you should submit the
attached form to the Graduate Office, Room 38-444, before the end of the
third week of the term in which you expect the major portion of your
Tesearch for your SM thesis to be completed. Normally, this will be the
third tema of graduate registraum (VI-A students should not cpunt -

plant terms). “Oral Qualifying Examination will be scheduled in the
1atter half of the term in.which this application is received.

_ The. examining committee will consist of three faculty members. Two
are selected by the Area Committee from the faculty in that
.third is selected by the Committee on Graduate Students from
ide the Area. In order that the third member will have interests in
common with you, you are asked to suggest three faculty members whose
research interests seem appropriate. Consult the list of ''Reserch
Interests of Faculty Members Who Supervise Theses' available from the
Graduate Office. If it is not possible to assign one of the three to

vour committee a faculty member with similar interests will be chosen.

The Department Committee on Graduate Students will consider the
results of the oral examination and all other evidence available in
deciding whether you are qualified for the doctoral program. You will
be informed of the Committee's decision before the end of the term in
which the examination was taken. If you are not considered qualified,
you mey apply to repeat the examination after consultation witiryour
Graduate Counselor. A student who has not taken the Oral gr%%gg_

a to

?3

Exanination by the end of the fourth regular term will be to
contipue In the doctoral | % only with the explicit permission Of
[ttee on Graduat: ts.

Submission of this form satisfies the requirement for filing a plan
of graduate study as explained in Memo 3800. Changes in plans following
submission of this fom should be reported to the Graduate Office through
the Craduate Counselor.

You should submit this form to the Graduate Office, Room 38-444,
and give a copy to your Graduate Counselor.

Ask for Memo 3800.
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Includes:
» MAINFRAME - QTC-MF + DD8 Desk Top or Rack Mourt Y
Mainframe (117 x 17"w x 20"d) "
» TERMINAL - Televideo 825C w/detachable keybd. S

* PRINTER - Your choios of Toshiba P-1350 (Letter - v
100 cpe) or OKI-DATA 844 (200 cps)
* MOTHERBOARD - 8 siot standard & 12 siof optional
- -m-smmmuw.m(m;
o . . g o MEMORY - 64K standard Expandable to 256K =
¥ QY Miixi-Syetemn Package o MLORPY DISK CONTROLLER - Supports St o 8" drived'
- « CSBICDRIVES - 2 megabytes on ine » Double side double

¢
3

b dunisity 8" drives

- m -vom-zs.n-l +- 1 paraliel port

(- » o MISCELLANEOUS FEATURES - Key lock swich ¢ 2 AC

. List $7995.00 Save $2600.00 outlets for printer + lerminal ¢ Filtered 1an e 15 ea DB25
- cutouts

o Cabies e Documentation

* SOFTWARE - CPM* Standard 8 siot motherbd. (12m
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includes:

» MAINFRAME - QTC-IMF + D06 Desk Top
Mainframe ( 11"h x 11"wx20"'d)

» TERMINAL - Televideo 925C w/detachable keybd. ;
o PRINTER - OKI-DATA 82A (200 cps)

* MOTHERBOARD - 8 siot standard & 12 siot optional

o CPU - Systemaster single bd. computer (4Mhz)

. o MEMORY - 64K RAM standard Expandable to 256K

i ‘ » FLOPPY DISK CONTROLLER - Supports 5vs or 8" drives
" ¢ DISK DRIVES - 2 magabytes on line @ Thinkne double side
.- double density 8" drives

QT Maxi-Mini mm :m&gﬁm-mmmozm

outiets for printer + terminal o Fikered fan e 15 ea DB25

' cutouts
wg5lm ¢ Cables ¢ Documentation )
- - + SOFTWARE - CPM" Standard ¢ 8 siot mothertid. (12 slots
optional)
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RS B e o S SO TR
CWO-2T. R. Armstrong Gerald F. Gaa
E. R. Ales LTC Thomas Gallagher
LTC Tommy H. Berggren Capt. G. Ray Gibson
Lt. Don Carmichael 1Lt. David Gruber
C. F. Chicarsili LTC Ronaid Hall
LTC G. L. Coady Capt. Scott A. Hammeli
Anderson Cox George B. Hanson
Jeft Ewell Maj. Mike Harris
Barbara A. Fischer Lt. Robert Kahlo

Col. W. S. Kromer

Capt. R. M. Fisher

Five Star dlub Winners

* *
* *
Marie Langford

Bud J. Longleliow

1Lt. Alan S. McCoy

2Lt. Michae! D. McDonaild
K. H. Metcaife

Kathieen A. Mihibauer
LTC Danny C. Miller

J. Murphy

G. T. Pothier

2Lt. Donald M. Roberts

Top Twenty Club

AFCEA members who have taken a three year Association membership
automatically quaity for the Top Merlub. Listed below are those who have
joined betwaen Aprit 1. 1983 and April 30, 1983, _ S

Donald P. Devriend

Col. Harold W. Sidebottom

Patrick G. Agnew Daniel J. Knauf
Robert R. Altenhof GYSgt. Eddis L, Dunn 1Lt. Frederic D. Knight Nicholas V. Slondsky
Ekkehard Antz LTC Denald A: Durant Robert H. Krumpe . Capt. Linds R. Smith
Capt. Bruce S. Barrett Hawy G. Eberharot, Jr. Msj. Wiltred J. Letresne Larry Spice
Alert E. Bennett 0. R. Frederiksen Domaid E. Lively F. States
2Lt Christopher P. Benoit Msj. Richard G. Galloway Dougtas Lockie Guy B. Stephenson. Jr
L. Berckmans Gersid N. Gaistan John R. Looney MHerbert J. Stoklaseh
Marry P. Bimirant Reiph E. Gt James W. Lougivan Heing G, Strosbe!
Ray J. Blisard LTC Atien J. Mamen, Jr. Capt. Donna G. Maithot LTC Geraid Swinarsky
Capt. Frank W. Bost Edwin W. Harmis Capt. James A. Mailhot Maj. Sidney L. Taylor
2LL. Leighton K, Boyd Eleanor S. Harris James Malone Capt. Ann M. Tests
LTC John |. Breaneche Eiwood W. Mertzog Eliott N. Meyer Maj. Kenneth L. Thomas
Ramon P, Britt . Waj. Ronaid Hinkie Hemy T. Morris George D. Thompson
Capt. Roneld T. Broderick Wiches! Honey Sgt. Kenneth G. Park CW2 John C. Ulllen
Roger Burton Ruseei! D. Housiey Richard L. Petiican Mark Vanderzwigp o
Thomas D. Clark LTC Jay O, Huttenhow Michael A, Pizzuti John G. Vishos B
MSg. Mertin Coliett, Jr Waj. Mon'd izaat Leonard Plotkin Capt. L. A, Wade J
Patrick J. Conley Col. Lanry €. Jarmen Clifford A. Purcsl! Willlam J. Watts -
Marvin 8. Crouch id D. Jones LYC Stephen R. Rose Col. Maryy M. York N
L. Denief Crowiey | P. Rays Joseph A. Shahoud Qapt. Vickie A. Young s
Col. Mifton Desouen J. Rirgow George Shimabuly . Cdr. Dormid K. Youngblood s
- ERAC
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY o8

Department of Electrical Engineering and Computer Science N
: : Graduate Office - Room 38-444 ~y
3

APPLICATION FORM FOR ORAL QUALIFYING EXAMINATION ”

. '.:-:

If you wish to continue for the Doctorate,” you should submit the g
attached form to the Graduate Office, Room 38-444, before the end of the o
third week of the term in which you expect the major portion of your Sl
research for your SM thesis to be completed. Normally, this will be the .
third term of graduate registration (VI-A students should not count Zas
plant terms). The Oral Qualifying Examination will be scheduled in the | 3

latter half of the term in which this application is received.

The examining committee will consist of three faculty members. Two
of these are selected by the Area Committee from the faculty in that o
Area. The third is selected by the Committee on Graduate Students from wel
outside the Ares. In order that the third member will have interests in
common with you, you are asked to suggest three faculty members whose
research interests seem appropriate. Consult the list of "Reserch
Interests of Faculty Members Who Supervise Theses'" available from the
Craduate Office.. If it is not possible to assign one of the three.to
vour committee a faculty member with similar interests will be chosen.

The Department Committee on Graduate Students will consider the
results of the oral examination and all other evidence available in

deciding whether you are qualified for the doctoral program. You will o
be informed of the Comnittee's decision before the end of the temm in ’ L
which the exsmination was taken. If you are not considered qualified, -
you may apply to repeat the examination after consultation with your r.
Graduate Counselor. A student who has not taken the Oral ifvin A
Examination by the end of the fourth regular term will be alﬁcla"w_ea to ’

contigue in the dogtoral pro only with the explicit permission Of.
the Comnittee on teES'EE . - <

Submission of this form satisfies the requirement for filing a plan
of graduate study as explained in Memo 3800. Changes in plans following
submission of this form should be reported to the Graduate Office through
the Graduate Counselor.

‘You should submit this form to the Graduate Office, Room 38-444, | X
and give a copy to your Graduate Counselor. -

Ask for Memo 3800.
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aTubu-smembacmge
$5395.00

List $7995.00 Save $2600.00

QT Maxi-Mini System Package
$3495.00

& Maxi in capacily (2, 4 MG)
© Mini in price and size (11"hx 11"wx20"d)
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S-100 MICRO-SYSTEMS

" Includes:.

* MAINFRAME - QTC-MF + D08 Desk Top or Rack Mount

Mainframe (11"h x 17w x 20'd)

¢ TERMINAL - Televideo 925C w/detachable keybd.

o PRINTER - Your choice of Toshiba P-1350 (Letter qua'~:
100 cps) or OKI-DATA 84A (200 cps)

¢ MOTHERBOARD - 8 siot stanciard & 12 siot optional

o CP\J ~Systemaster single bd. computer (4Mh2)

o MEMDRY - 64X FAM standard Expandgble to 258K

e FLOPPY DISK CONTROLLER : Supports 5 or 8" drives

o DISK DRIVES - 2 megabytes online ® Double side double
density 8" drives

¢ |70 PORTS - 2 Sera! + 1 paraliel port

o MISCELLANEOUS FEATURES - Key lock switch e 2 AC
Outlets for printer + terminal ¢ Filtered tan @ 15 ea DB2S
cutouts

o Cables ® Documentation

¢ SOFTWARE - CPM" Standard e 8 sict motherbd. (12 siots

- msea e T U, -

Includes:

s MAINFRAME - QTC-IMF + DD6 Desk Top

Mainframe ( 11"hx 11"w=x20"d)

o TERMINAL - Televideo 925C w/detachable keybd.

o PRINTER - OKI-DATA 82A (200 cps) -

* MOTHERBOARD - 8 siot standard & 12 siot optional

o CPU - Systemaster single bd. computer (dMhz)

o MEMORY - 64K RAM standard Expandable to 256K

o« FLOPPY DISK CONTROLLER - Supports Svs or 8" drives

< DISK DRIVES - 2 megabytes on line ® Thinline double side
double density 8" drives

* 1/0 PORTS - 2 Serial + 1 parailel port

» MISCELLANEOUS FEATURES - Key lock switch e 2 AC
outiets for printer + terminal e Fitered fan ¢ 15 ea DB25

culouts

e Cabies ® Documentation '

o SOFTWARE - CPM*™ Standard e 8 siot motherdd. (12 siots
optional)
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Star Club Winners

Mnmnmhbmnmdmmmm
marmbers of he Five Star Clud. mdmmmmnnm

Geraid F. Gaa

LYC Thomas Galiagher
Capt. G. Rey Gibson
1Lt. David Gruber

LTC Ronald Hall

Capt. Scott A. Hammell
George B. Hanson

Mej. Mike Marris

Lt. Robert Kahlo

Col. W. S. Kromer

Marie Langford

Bud J. Longfeliow

1Lt. Afen S. McCoy

2L, Michael D. McDonald
K. H. Metcaife

Kathlesn A. Mihibauer
LTC Danny C. Milter

J. Murphy

G. T. Pothier

2Lt. Donaid M. Roberts

LTC Tommy H. Berggren
Lt. Don Carmichael
C. F. Chicarelll

Barbara A. Fischer
Capt. R. M. Fisher

Top Twenty Club

AFCEA members who have taken a (hree year Association membership

sutomatically queky o he Top Twardy Cud. Litled below are hase wh have
rmay i gt g R Rt g

Donald P. Devriend Danie! J. Knaut Ool.. Harold w Sidebottam

2Lt Chnshphu P. Benoit
L. Serckmamm

Marvy P. Birnkrant

Ray J. Bhsard

Capt. Frank W. Bost

2Lt Leighton K, Boyd
LYC Jotn |. Brermeche
Rawon P. Britt

Ro'v Burton

Thomas D. Clark

MSgt. Martin Coletl, Jr
Patnch ) Conley
Maren B, Crouch

L Danel Crowiny

Col. Miifon Dorouen

GYSq\. Eddie L. Dunn
LTC Domsid A. Durant
Marry G. Eberharot, Jr.
0. R. Frederiksen

Maj. Richarg G. Galloway
Geraid N. Gaisten
Ralph E. Grant

LTC Align J. Hansen, Jr,
Edwin W. Harris

Eleanor S. Marris
Elwood W.

Msj. Ronald Hinkle
Michasl Honey

Russeit D. Housley

LYC Jay D. Hultenhow
Maj. Mon'd 122at

Col. Larty £, Jarman
Gerakd D. Jones

Paul P. Keys

Panl ) Kirzow

1Ht. Frederic D. Krught
Robert H. Krumpe

Maj. Wilfred J. Lefresne
Oonald €. Lively-

James W. Loughran
Capt. Donna G. Maithot
Capt. James A. Maithot
James Malone

Richard L. Pellican
WMichael A. Pizzuti
Leonard Plotkin
Ciiftord A. Purcell
LTC Slephen R Rose
Joseph A. Shahoud
George Shimabuku

Nicholas V. Slondsky

, Capt. Linda R. Smith

Lamry Spice

George F. States . -

Guy B. Stephenson. Jr.

Herbert J. Stoklasek

Heinz G. Stroebel

LTC Gerald Swinarsky

Maj. Sidney L. Taylor

Capt. Ann M. Testa

Msgj. Kenneth L. Thomas
D. Thompson

CW2 John C. Ullien

Mork Vanderzwgp

John G. Viahos

Capt. L. A. Wade

William J. Watls.

Col Harry M. York

Capi. Vickie A. Young

Cdt. Donald K. Yousghioud
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APPENDKX E

DATA COMPRESSION CONSIDERATIONS

As stated in Chapter 4, two data compression schemes have been
proposed thus far for incorporation into the bound document scanner.
Both schemes essentially seek to compress CCD image data clocked out
at 800 kilobits per second into a format that can be accommodated by
a 56 kilobit per second leased telephone line. Lin's scheme (5) uses a
280 microprocessor and support chips and implements data compression
encoding and decoding in software, whereas Dishop (2) uses a strict
hardware approach to encoding and decoding. Lin's scheme can utilize a
number of encoding algorithms; Dishop uses only the B-1 encoding
algorithm, Both compression and decompression have been implemented by
Lin whereas only the compressor part of Dishop's scheme has been
tested.

A point-to-point document transmission system (full duplex)
utilizing data compression 4is shown in the block diagram of Figure
E.l. A compressor, decompressor, and transmisgsion line interface are
the major components which need to be added to the existing scanner
system. Note that the system must accurately transmit digitized and
compressed CCD lines to the receiver and that display control command
data must either be transmitted between CCD lines or generated at the
receiving end. Dishop's scheme permits transmission of display control
commands whereas Lin's scheme requires the receiving controller to

generate display commands.
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3 Dishop's scheme essentially requires controller action only on -:' ’ 1}~

. ] f

) s "

the transmission side of the system. The controller must make three

lines available with the signals START, FSTLN, and LSTLN generated on

' these lines by the control software. (START is generated by software

sensing of the scanner START signal on 1/0 Board 4; FSTLN and LSTLN
are generated by software sensing of the scanner PRINTLINE signal on
; 1/0 Board 4.) Figure E.2a is a block diagram of Dishop's compressor

and Figure E.2b is a block diagram of Dishop's decompressor. The

compressor diagram shows START, FSTLN, and ENDLN, as well as DATA,
LINE, Fl* and EXTCLK which are extracted from the scanner hardware.
Assuming that the sequence of commands and CCD 1lines 1is properly
reconstructed by the decompressor at the receiving end, data can be
passed directly to the display circuitry without intervention by the
controller. The MK38P70 controller can therefore be used essentially
as is, with the exception of providing the three additional signal
lines. Port bits can be made avajilable for these lines by minor
modifications to the controller circuit.

Lin's scheme requires controller action at both the
transmitting and receiving sides of the system. For transmission, the
controller must, as a minimum, accomplish thresholding and send scan
data to the compressor in 1700 1line blocks (one page)., On the
receiving end, the controller must be able to detect the beginning and
end of each line and beginning and end of each page, generate required
display commands, and send commands and CCD data to the display logic.
Assuming correct decompression, the receiving controller can be a
scaled down version of the existing MK38P70 controller, with

interfaces only to the logic now contained on 1/0 Boards 4 and 5. Two

s % %0 T e el
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Fig., E.2a Dishop Compressor Block Diagram *

DECODER

RECEIVER

Fig E.2b Dishop Decompressor Block Diagram #

* Extracted from Dishop (2)
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controllers, then, would be needed at each end of a point-to-point
full duplex system if simultaneous transmission and reception are
desired. The separation of functions would yield a simpler scanmer
interface for each controller. Port capacity would also be freed up to
provide the Beginning of Page (BOP) and End of Page (EOP) control
signals needed for Lin's compressor. As suggested by Lin, a Z80-DMA
(Direct Memory Access) could be used to read in the 800 kilobit per
second CCD data. An MK38P73 (serial port version) controller could not
be used to perform this function since this device can only process
data up to a rate of 9.6 kilobits per second. The DMA, however, can
convert the 2048 serial bits corresponding to a scan line to the 256
8-bit bytes required by the compressor input queues. An inverse
arrangement could be used at the receiving end, with the DMA combining
parallel data (256x8 bytes) back into a serial bit stream. Figure E.3
shows a block diagram of Lin'’s scheme using two MK38P70 controllers
and DMAs. Note that the DMA is a physical and logical peripheral of
the 280 microprocessor and its use would require either modifications
to the Z80-based compressor-decompressor or a separate Z80 chip.

In summary, 1t appears that the MK38P70 controller can
continue to be used in a scanner system utilizing either of these
compression schemes, It 1s 1likely that the functions presently
performed by the controller will still exist in a transmission system,
and parts or all of these functions can be handled by one or more
MK38P708 in a functionally distributed system, It seems unlikely that
all control functions, compression, decompression, and any processing
on the CCD data needed could be accomplished with a saingle general

purpose microprocesor at this time,
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