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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
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
HK38P70 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 I/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 ,.
MK38P7O 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
MK38P7O 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.

Thesis Supervisor: Dr. J.F. Reintjes
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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
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this application.

A microprocessor-based controller was designed using the MOSTEK - ,
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CHAPTER I

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

control element of the system only was to be redesigned, using as

simple an implementation as possible while conforming with system

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
•,. -, -, p .

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

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

7
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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) C,:-

an architecture compatible with ongoing efforts to incorporate 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 photocopies 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 system 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/O ports. Images from

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 Hark 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 Board, and a Quad I/O Board (Figure 1.2b) was expanded into

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

I/O ports and communications interface to the F-8, he enabled addition

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

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

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-B. 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-B before

commands or programs can be loaded and executed.

.10 * -:*



Scratch
TYISAR Pad

Front

VdoIpo.Panel *

Prl.Floppy

Mode Qud Infc.Disk

77.

Fig 1.2a F-8 Formulator Functional Configuration

Improved Communict ions Board

16K RAM

Quad I/0 Board

,-----Parallel 1/0 Board

Program Storage (PSU) Board

CPU Board

Console Control

:: - Console ROM

: -"Front Panel

Fi 1.2 *- Fomlao Phsia Configuration

*~~~~~~A * WCH S5 ~**. .



Following is a brief description of how the scanner system 
.

operates. To initiate scanning, EOPS2 is loaded after DOS4 is 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:

1. 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,

software modifications, and operating instructions are documented in

12
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this report. '.

E. SUMMARY OF RESULTS b.~p

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 Proga mble Peripheral Interfaces (PPIs), provide a

simple yet effective interface between the MK38P70 and the scanner. A

2Kx8 bit Erasable Programmable Read-Only-Hemory (EPROM) holds the

controller program MEOSC (Microprocessor Electro-Optical Scanner

*Control) which is a modified version of EOPS2. The controller circuit%
S*. "A.

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 information is needed for implementation of the control function -..7.7..1

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 4;

13 'aW
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it includes necessary hardware, software, and scanner modifications.

Chapter 5 is devoted to a discussion of the testing and evaluation of

controller performance. Results, conclusions and recommendations for

further research are included in Chapter 6.

14~
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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 is

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 interfaces

between logic hardware that is part of the scanner and display

circuitry, and F-8 program instructions, EOPS2. Eight F-8 input/output
'4* -."'-

(I/O) 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. %.7

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
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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 is 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 line of valid CCD data. The F-8 uses inverted logic, that is,

logic 0 is HI and logic I is LO. For convenience, reference is often

made to data in hexadecimal notation, or REX. 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/O ports as input ports (Ports 4, 10, and 11), five F-8 I/O .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 comands 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

sumary flowchart is included for reference (Figure 2.1). The general

16
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sequence of events is as follows:

1. Once EOPS2 has been loaded 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 into 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 via 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 DOS4 (Disk

Operating System)/Normal" switch, tied to bit 4 of Port 0, 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 XHITS 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 until the subroutine FSTLN ..

returns a signal called PRINTLINE, which indicates the detection of

images from the scanned document.The presence of PRINTLINE 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 . J&.%

document page. This calibration pattern allows QSET2 to establish the rA

maximum black-to-white pixel transition count observed during the

18 " """
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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,

corresponding to white or black. In general, the maximum count is %

obtained by comparing the transition count for the current line to ,

that of the preceding line; 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 level corresponding to a voltage

threshold setting on the VTC 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 VTC board; the state of these lines (HI or LO)

corresponds to three HEX characters. During this time, the HEX

notation is converted to AASCI code for transmission to the Zenith

console. The console displays a message denoting the current 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 dovn 1700 lines 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

L data in 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/O Board 4

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 I/O Board 5 by Output
.F1.- _J. '

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 I/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" witch (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 b-.

merit highlighting:

1. Delay loops 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 VTC Board within a 900-microsecond idle time between CCD lines.
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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 lines. 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 used 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 is

crucial since it is this signal which is sensed 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 S.'

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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named I/O Board 4, I/O Board 5, and the VTC (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 line driver and CCD

interface board. Its function is 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 lines 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/O Board 5. They are coupled to the coaxial cable by

line drivers on I/O 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 value

allows F-8 Port 4 to poll I/O Board 4 for the presence of START and .

PRINTLINE. The four least significant bits of Port 4 are connected to

NAND gates on I/O Board 4 which are enabled while ENSENS is active.

23
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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 I/O 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. I/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 t

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 - WW08'), which is tied ." "

to the address latches, in order to load 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'1O'). 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'01') 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 1/O Board 4 line driver. AX

summary of the logic signals sent to 1/O Board 5 is shown below:

a. Port 8:

(1) Display Addresses:

H'01' ADHARD Printer

H'08' ADSOFT CRT

(2) Display Commands: .

(a) Printer:

11'08' LIADLMJ Start printer

H'00' HARDFIL Fill line with blanks

H'03' HARDADV Advance paper one line

H'OF' HARDCUT Cut paper

H'37' I{ARDOFF' Clear/shut-off printer

(b) CRT:

H'06' SOFTEN Enable CRT

Hi'031 SOFTDSB Disable CRT

HtO1' SOFTERS Erase CRT
_____Y.

H102' SOFTRSY Reset Y axis counter

H'04' SOPTINY Increment Y axis

b. Port 9: . x

H'O1' RESET Resets logic on board

H12 SENDB Generates synch. and bit stream

*H'1O' LDCND Loads display command

H108' LDADDR Loads display address 4
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Proper generation of the serial bit stream requires a precise timing

sequence, which is controlled by the clocks on this board. A detailed

discussion of this timing can be found in Keverian's thesis (4). '...

3. The VTC Board selects and sets the optimum voltage ' ,

threshold level for digitizing CCD pixel content into either black or

white. QSET2 passes an initial level 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 I or 0 (black or

white) depending on the threshold voltage applied to the comparators.

The number of black-to-vhite 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
1%

threshold level 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 level 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 I/O

Ports (and one internal F-8 Port). This requirement calls for careful

consideration in moving 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

of this section is to delineate the current port utilization scheme

and to discuss options for combining the functions of these ports as a
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Table 2.1 - Summary of I/O Port Control Transactions Between F-8 and Scanner

SEQUENCE OF PORT OPERATIONS IN SCANNER CONTROL

ACTION PORT

Reset display wmand generator logic on 9 (Out)
I/0 Board 5

Enable transmission of display commands through 5 (Out)

I/0 Board 4

Enable Port 4 to sense logic on I/O Board 4 5 (Out)

Look for push of start button 4 (In)

Check "Normal/DOS4" switch for normal operation 0 (Int) _7

Check for release of start button 4 (In) . ,-..

Check "Hard/Soft" switch for selecting display 0 (Int)

Put display address on I/0 Board 5 8 (Out)

Load address into latches and shift register on 9 (Out)
I/0 Board 5

Put display command on command shift register on 8 (Out)
I/O Board 5

Load display command into shift register on I/O 9 (Out)
Board 5

Generate SEND to transmit synchronization pulse, 9 (Out)
display address, and display command serially

Look for beginning, then end, of a CCD line 4 (In)
via 1/o Board 4

Check "Automatic/Freeze Threshold" switch and start 0 (Int)
subroutine QSET2

Clear black-to-white transition counters on 13 (Out)
VTC Board

Put current threshold level on VTC Board 12 and
13 (Out)
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Table 2.1 - Summary of I/O Port Control Transactions 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 VTC Board 12 and
13 (Out)

Open transmission line to display commands via 5 (Out)
I/0 Board 4

Start printer or CRT using XMITS subroutine 8 and
9 (out)

Open transmission line to CCD line data via 5 (Out)
I/O Board 4 -

Enable Port 4 to sense logic on I/O 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
XHITS subroutine; program then resets 9 (Out)

,:: • ? *..' I'.'- .
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basis for a more efficient controller architecture. Table 2.1 provides

a tmary 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 1..
application. As mentioned previously, some of the ports are not used

to their capacity; for example I/O 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 TO

0 (Input) 4 F-8 Front Panel (Internal) .. _..

4 (Input) 2 1/O Board 4

i ~~~~-. *..-.-.-.,5 (Output) 3 I/O Board 4
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8 (Output) 8 1/O Board 5I9 (Output) 4 1/O Board 5

10 (Input) 8 VTC Board

11 (Input) 8 VTC Board

12 (Output) 8 VTC Board

13 (Output) 3 VTC 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 it would add to the scanner system. The results are

presented below.

1. Use of a Programmable Interface. A programmable interface

device can be used 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, W.

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 options.

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 latch. As shown, up to 28 output lines can be realized by

using two ports; more output lines 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 ,..j..

modified 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

outputs. Again, only a control port and data transfer port are .

required. Instead of latches, input multiplexers are used. Eight -

16-input line multiplexers can provide eight 8-bit input ports.

4. Simultaneous Expansion/Combining of Outputs/Inputs. This "
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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 p

control direction of data flow. Although it uses less hardware than

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

Of 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 scanner 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,

*i 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

their compatibility with, or similarity to, the F-8 architecture, or

their popularity and availability. Although ultimately, any of the

microprocessors discussed here probably could be used, the final

choice resulted in an architecture which allowed a straightforward

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 is, an ability to transfer the essence of the

F-B/scanner interface into a dedicated controller with minimum system

reconfiguration. This goal, when considered along with the results of

the P-B/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.

1. Essential Features:

a. The microprocessor and supporting chips must

combine the functions of the nine ports (eight I/0 and one internal)

used by the F-B 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-B 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 2KxB-bit EPROM was considered to be more than adequate for

holding the dedicated controller program.

38
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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 Z80 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.

1. The Fairchild F-8 Series. An appropriate microprocessor .-. _

series to start with is the Fairchild F-8 series. Previously, the F-8

Mark III Formulator microcomputer used in the laboratory 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 unit and instruction register, bus interface logic, and

accumulator registers. The F-8 logic is 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 I/0 ports. The

arrangement also permits a 64-byte read/write memory (RAM) rather than

requiring that addressing logic be contained on the chip. However,
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this scheme also prevents connection of the 3850 CPU directly to a 2
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
( u ). ~.. .''-

(RAM).

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

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

lKx8-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 if one is used with other F-8 peripheral devices, each

must have a specific memory addressing mask to avoid possible memory "A

contention problems.

Of the remaining support devices, another that is relevant to

a controller application is the 3861 Parallel I/O 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

3.1. Section D compares the F-8 series against other devices in a

controller application.

2. The MOSTEK 3870 Series. The MOSTEK 3870 series is derived

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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Memory-addressing logic is included on the chip. Pertinent features of 9,

the 3870 are shown in Table 3.1. A serial port version of the MK3870

is available, the )K3873. EPROM versions of both the MK3870 and MK3873

are also available; they are the MK38P70 an MK38P73, respectively, and

can accommodate up to 4KxS-bit standard EPROMs. The MK3870 and MK38P70

have four truly bidirectional 8-bit parallel I/O ports; the MK3873 and

MK38P73 have three 8-bit parallel I/0 ports, one 5-bit parallel I/O

port, and a serial port. A 64-byte scratchpad RAM is 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 .1 j.

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 use

in low chip count applications; a 2KxS-bit version, the 8749, is .

available. The 8048 has a 64-byte on chip RAM and three parallel 8-bit "iW

I/O 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 -6 .

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 lines and control signals connected to

peripheral devices. The 8085 series uses the 8080A instruction set

with minor exceptions.

Some useful peripheral chips exist in the 8080A/8085 series

for the controller application. The 8255A Programable Peripheral
% *'.. -

Interface (PPI) gives a capability for achieving three 8-bit I/0

ports, or two 8-bit I/0 ports and two 4-bit I/0 ports, from an 8-bit

data port and some control lines from a microprocessor. The 8755A

2Kx8-bit EPROM with two 8-bit I/0 ports combines an EPROM and port

expansion capability into a single chip. Also, a device with two 8-bit

I/0 ports and one 6-bit I/0 port and timer along with 256 bytes of

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

5. The Zilog Z80 Series. The Zilog Z80 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 more powerful instruction set. The Z80 can use the ""'"*''*

sa"me support devices as the Intel 8080A and 8085 series; like the _

8085, the Z80 has bus and clock logic incorporated into one chip.
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Versions of the Z80 can operate at speeds much higher than most other

microprocesors. Like the 8080A, all I/O and read/write functions are

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

signals. The Z80 series has a few support chips, including the

Z80A-PIO Parallel 1/O device, which can be used to interface the Z80

with devices not having the 8080A/8085/Z80 architecture; and the <.. .

Z8OA-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. COM4PARATIVE ARCHITECTURES

Theoretically, it is feasible to physically implement the

dedicated controller using any of the five microprocessors listed in

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.

Configurations 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

general functional interfaces between the microprocessors and the

scanner, but not specific connections. The figures do not show .- ,.

specific port utilizations but rather attempt to show how an

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 1/0 ports and three 3861 "a.'

PIOs to obtain six additional 8-bit I/O ports. Memory consists of a m
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 6% f

can be achieved by adding more 3861s 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 is the only configuration requiring an

additional chip (3853 SMI) for interfacing the EPROM to the CPU.

b. The 3850 CPU is slower than the other

microprocessors, which limits its use in expanded applications.

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

MK38P70 is used together wiLh two Intel 8255A PPIs to achieve five

8-bit I/O ports and four 4-bit I/O 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 I/0 transfers between the 38P70 and the PPIs.

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 configuration4

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.

Co 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 MO(38P7O.

A few disadvantages are: *f.%

a. Expansion capability, as compared to the F-8,

8085, and Z80 series, is limited.

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

possibility for expansion.

c. The cost of the K38P70 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

I/0 Expander to achieve four 8-bit I/O ports and four 4-bit /O 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"i":--

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 P

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 is available, so chip count is low, as with the MK38P70 and F-8

schemes. This is the main advantage over the 8085 and Z8o 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 Inlieu 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/O capability. The 8755A 2Kx8-bit EPROM with I/O and two

8155 Static RAM with I/O give six 8-bit I/O ports and two 6-bit I/O

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 I/O lines 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 non-F-8 assembly language is used, which

requires attention to timing considerations when writing the control -.

program.

b. Separate data and address lines 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 Z80 Configuration (Fig 3.6). The Z80 also

requires separate address and data lines. Three 8255A PPIs are needed

to achieve six 8-bit I/O ports and six 4-bit I/O ports. A standard

2716 2Kx8 bit EPROM provides program memory; however, a separate chip

is needed for RAM. Advantages of using this Z80 configuration as

opposed to the others are:

a. The Z80 has the most powerful and versatile

instruction set. More programing 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 Z80 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

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

requirements for the controller, one configuration, the HK38P70, was ..

chosen as the basis for final design. The HK38P70 was selected over

the others for the following reasons:

I. Available laboratory facilities made possible the

immediate development, testing, and implementation of the controller.

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:

a. A memory interface chip is not needed.

b. The convenience of an on-chip EPROM socket and

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

PPI) provide a "better fit" than the 3850 for the controller

architecture.

c. The MK38P70 can be made to operate faster than the
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3850, and a serial port can be obtained by substituting an MK38P73 for

the NK38P70. 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 o.:-, "

expansion capability. .:'- *

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

language.

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

simplified connections.

%
At the outset of this research, it was recognized that using

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 F-8 Formulator. In addition, he wrote an 8080A/8085/Z80

assembler 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 samary, 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, it 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 inserted 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 monitoring 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 r

Figure 4.2. The 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 HHz internal clock for the CPU after a

*: divide-by-two operation. The MK38P70 has four 8-bit I/0 ports which

have been numbered by the manufacturer as Ports 0, 1, 4, and 5. Port 4

is used to control the I/0 data transfers between the HK38P70 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 is to take -..: .-..

place. During input, data are read in from the selected PPI port pins,

* through the PPI, through the IK38P70 Port 0 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 PPI is programmed for Mode 0, which means that each

PP port can only be used as an input or an output port, not both.

It is possible to rearrange MK38P70 and PPI ports to derive a
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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 JAW

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
V.- N --'I

44-pin connectors that interfaced the scanner to the F-8 could be used

to interface 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

software 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 I (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
11i

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 1K38P70 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 SOFTWARE 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 I/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 (NEOSC).

The 8255A PPI is a general purpose I/0 device that provides 24

I/0 pins. The I/O pins may be configured to operate in several modes;

mode 0 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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line of the PPI, CS, must be a logic 0 (LO) in order for the device to

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

be selected (A, B, CL, or CU); or, in the case where Al and AO are . .- .'.

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

PPI. Figure 4.6 shows pins DO through D7, the bidirectional data bus;'. ,.

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

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

connectors (refer to Figure 4.2). The remaining pins (except Vcc 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 WR LO outputs data from the data bus to the selected port.

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

example, Port A - Output, Port B - Input, Port CL - Input, Port CU .

Output) must be programmed into the PPI. A PPI port will remain either

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

reprogrammed.

The CS, AO, Al, RD, WR, and RESET lines of both PPIs are

connected to Port 4 (control port) of the HK38P70. The bit assignments

are:

MK38P7O Port 4 Bit 1: 7 6 5 4 3 2 1 0
PPI Control Signal: N/A RESET CS#2 CS#I ED HR Al AO

In order to RESET the PPIs, the MK38P70 outputs H0O' over its Port

4; since the MK38P70 uses inverted logic (1 - LO, 0 - 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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MK38P70 Port 4Bit#: 7 6 5. 4 3 2 1 0
PPI Control Signal: N/A RESET CSD2 CS#l RD W Al AO

8255A ~~~~ ~ ~ ~ ~ ~ -11CnrlH50:H9OH L IH IH

*8255A 12 Control-H'50': HI LO LI LI HI HI HI HI -' '

* In order to perform an output operation, WR must be LO while the data

desired is present on the data bus (Port 0 or 5). In the case of

initialization, the data consists of an 8-bit word which contains the-1J .

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 HK38P7O Ports 0 and 5, respectively. The WRmust

be pulled HI again to complete the output operation. After the control

word is written, further I/O operations may be performed. In summary,

* the sequence of coimmands to initialize the PPIs, in F-8 assembly

* language, is:

F-8 Assemby
Language Remarks

LI H'001 RESET both 8255As
OUTS 4
LI H154' Initialize 8255A #1
OUTS 4 (WAR pin LO)
LI H'7CI (I/O Program word)
OUTS 0 (Data bus #1)
LI H'5O1
OUTS 4 (W- pin pulled HI)
LI H1641 Initialize 8255A 12
OUTS 4 (WR pin LO)
LI H'6E' (I/O Program word)
OUTS 5 (Data bus #2)
LI H1601
OUTS 4 (W- pin pulled HI)

Instructions are given for other I/O operations in a manner

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

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

LI H'5A' Bitf: 7 6 5 4 3 2 1 0
OUTS 4 Signal NA RS CS2 CSl RD WR Al AO
INS 0 H'5A'- HI LO HI LO LO HI LO HI

Data will be read into the MK38P70 Port 0 as long as 8255A #1 Port B

remains selected and the RD pin is held LO.

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

LI H'66' Bit: 7 6 5 4 3 2 1 0
OUTS 4 Signal:NA RS CS2 CSI RD UR Al AO
LI H'42' H'66'- HI LO LO HI HI LO LO HI
OUTS 5
LI H'62' H'62'1- HI LO LO HI HI HI LO HI %. .
OUTS 4

The above features illustrate the additional instructions -

required for I/O operations using the PPI. An output operation

requires six instructions, compared to two if the operation were

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 HK38P70 Port 1, all controller " '

circuit I/O 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.

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 P

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 MK38P7O controller circuit are the

MK38P70 microprocessor, the two 8255A PPIs, and the 2716 EPROM. The .

function of the PP1s has been detailed in Section C above. This

section focuses on the role of the microprocessor and EPROM and the

physical connecti.ons 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 Figure 4.8.

Connections XTLI 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

controllei instruction 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 MK38P7O in order to test and debug program %

Instructions using the PPI interface (discussed further An Chapter 5).

The port connections are labeled PO-0 through PO-7 (Port 0), P1-0 -'
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through P13 (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 logic 0).

Port 0 is connected to the data bus of 8255A #1, Port 1 (upper four

bits) is conected to I/O 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 I
ready strobe associated with Port 4 which provides a LO pulse when

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

* execution begins at location H'0001. 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

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 MK38P7O 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

that Pin I of the 2716 corresponds to Pin 3 of the MK38P70 EPROM " * .

socket. 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 levels and

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 ..
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the EPROM. Eleven address pins (AO - A10) and eight data pins (00-07) .

access each of 16384 bits (2Kx8 bits); each bit is programmed with a

logic 0 or I 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. Vcc 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'7FFI), while the RAM on the HK38P70 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 interchangeability with the F-8; these

connectors are designated as CN1 and CN2. A 6-pin mylar connector is

also used (CN3). CNI provides all connections to I/0 Boards 4 and 5.

CN2 provides all connections to the VTC Board, and CN3 provides power

(+5 volts d.c.), GND, RESET and three sense switch connections. The

RESET button and sense switches are located on the scanner control

panel. 1, DI, and C2 comprise the R-C reset circuit. C3 is a high

• frequency decoupling capacitor which suppresses noise on the Vcc 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 used only for its 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 controller had a means of

monitoring the HEX value corresponding 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 needed for the MK38P70

controller. Besides merely displaying the threshold level, it was

desirable to be able to manually load the threshold level. 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.

The circuit is essentially "in line" with Ports B2 and CU2

from the controller (Figure 4.1). During an automatic or frozen
* -4°.." . .

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

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

HI or LO levels from the controller through this circuit unaltered.

Choosing manual thresholding, however, cuts off the levels from the .

controller and instead inserts manually selected levels into the ten

lines down to the VTC board. Figure 4.13 is the threshold monitor and

adjust circuit diagram. SI 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 -ass 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, S3, and S4. Inverters 4 and 5 are

needed to invert the HEX switch logic (0 - LO, I - HI) to F-8

(inverted) logic (0 - HI, I - LO). In either case, the levels output

by the OR gates are displayed by means of the hexadecimal displays Dl,

D2, and D3. Again inverters (9 and 10) are needed to change inverted

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 (11),

filter capacitor Cl, wsitches Si, S2, S3, 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/O Board 4 between the inputs to

inverters (connected between Port CUI 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
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added such that the cable can be reconnected to bypass the circuit.

This arrangement permits complete reversion to the original F-8

controller system.

4. 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 CONSIDERATIONS4

The scanner system is a local operation, set up 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 line (references 2 and II). Preserving a reasonable
.-.. %%%

throughput rate in the system using 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

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-i data compression code. CCD data, as well as display commands,

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.

If the compression-decompression scheme chosen allows for a

functionally distributed scanner architecture, all or parts of these

-" functions can continue to reside on one or more MK38P7Os using -
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appropriate interfaces. In this case, the HK38P70 would not have to be

remved 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 I

controller; this is because the 14K38P70 cannot read in data at a rate --

of 800 kilobits per second for processing. -
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CHAPTER 5

TESTS AND EVALUATION

A. GENERAL

Implementation of the controller designed in Chapter 4

required aa ongoing evaluation of the ability of the circuit 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)

performance tests of the dedicated microprocessor-based system itself.

The role of these tests in microprocessor design is the subject of

this chater.

B. PORT INTERFACE TESTING

Prior to an attempt to use the HK38P70 as the scanner control

element, it was necessary to establish the practicality of using the

8255As for the port interface. One way to test the PPIs was to

configure the F-3 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 I/O board in a piggyback fashion. As shown

in Figure 5.1, the four F-8 ports of the Quad I/O board were used to . -- *

simuiate the four 8-bit ports of the MK38P70. The PPI port. were

connectes to the scanner hardware. The EOPS2 program was rewritten to

include the additional instructions required for PPI I/0 operations.

There were several reasons for using this test:

1. The ability of the PPIs to effect a reduction of F-8 ports
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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

evaluated using the interface.

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 I/O port numbers to the M1K38P70 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

,. feature would permit the logic states of the scanner hardware to be

. checked at each stage of program execution.
. "'- ~. V'- A.

Initially, a slightly different interface was used from that '-

shown in Figure 5.1. Port CU2 was tied to the four pins of I/O Board 5

which control assembly and transmission of display commands. Debugging .. .

revealed all logic transactions were occurring in proper sequence but

that CCD line data and display commands were not being transmitted

correctly over the coaxial cable to the display logic. Eventually it

was discovered that additional PPI instructions 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/O Board 5 were connected directly to F-8 Port 5.

The ori ;inal timing for the SEND pulse was restored, and after some

additional debugging, the configuration of Figure 5.1 performed all
.-°o. - J.°%

scanner control functions as well as the original F-8 configuration.

Correct functioning of the port interface represented a .* . ,

significant; milestone in development of the controller. The following -

.
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baseline was then established for further work: ' .

1. The functions of nine F-8 ports were successfully combined • .' % . .M"

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 interface 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 SOFTWARE DEVELOPMENT

The 14EOSC 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

controller circuit.

The four F-8 Quad I/0 ports are slightly different from the

four MK38P70 ports. Two of the MK38P70 ports, Ports 0 and 1, are -

"fast" ports, that is, input and output instructions execute in half .

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

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

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 R

microprocessor for testing purposes. This dilemma was resolved by

creation of a software debug tool consisting of a wait loop. The wait N

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 logic 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 SE D

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 in 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 HEOSC 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

teat chart under various thresholding and lighting 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. '1

This was true for both hard and soft copy under various threshold

* conditions using the standard facsimile chart as well as different

documents. The MKl38P70 controller performance was therefore rated as a *-

GO.,.

e F -
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CHAPTER 6

CONCLUSION e .

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 key component of the -

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 L

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.

2. The port capacity of the MK38P7O was sufficient to meet

system requirements. The architecture gave the possibility of "'"

substituting an MK38P73 in order to accomodate future add-ons.

3. The 2716 EPROM chosen for this application proved to be

adequate. The MK38P7O had relatively simple physical and logical EPROM ;
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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 6-..'

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 V

about the MK38P70 based system. Timing was critical in the logic

transactions between the controller and the portion of I/O Board 5

which generated display commands. Proper generation of the SED pulse .. '..

in the XMITS subroutine necessitated using MK38P70 Port I to interface

with I/O 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 MK38P7O 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

peripheral issue in controller design. Appendix E outlines

possibilities for implementing two potential compression schemes.

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

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

readjusted back to its original speed. Also, adjusting the time base

may provide additional insight 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 ' "' .."

with the existing controller configuration. If additional features are -

to be added to the scanner system, use of a serial port should be

8.-
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considered. Use of the serial port will require a study of programming .d

requirements peculiar to the NK38P73.
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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.1 - 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 - HAIN segment NORMCNT (finalization - normal

page); subroutine ENDLN (end of CCD line)
Fig. A.6 - Subroutines FSTLN (beginning of CCD data) and

XHITS (transmit display commands)

L4
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Fig. A. 6%
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APPENDIX B 4

MEOSC: MK38P70 CONTROLLER SOFTWARE

This appendix contains the program listing 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 located 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.

AL -
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THIS IS THE MAIN DESCRIPTOR FILE FOR THIS DISK.
IT DESCRIBES THE PROGRAM.S ON IT AND HOW TO USE THEM.

*---------------------------------------------------------

PROGRAMS MODIFIED AND DEBUGGED

CPT BYSHFF~ JULY 83.

USER INFORMATION

* THE MK38P70 CONTROLLER PROVIDES THRESHOLD AND PRINTER ?k\

* CONTROL FOR THE BOUND DOCUMEVT SCANNER. SOFTWARE IS
* IN A VARIETY OF FORMS DESIGNATED BY THE FILE ATTRIBUTE:

IS A TEXT FILL ASE1 ' hIS ONL OPl ONE GONTAI'l INrL

UNASSE.MLLED SOURCE CODE.

10' IS AN OBJECT COLE FIL. THAT CAN BE LOADED
AND/OR LIKED, DEPENDING ON THE. SOFTWARE.

0 30' 15 A CORE IMAGE FILE THAT (WHEN LOCATED ON DISK
DRIVE 0) IS LOADED AND EXECUTLI) AS A SYSTEM-LEVEL
COMMAND WHEN THL FILENAME IS ENTERED.

* '0' IS AN EXLCUTIVE FILE FOR FACILITATINU VARIOUS
FILE OPERATIONS.

THE FILE MEOSC,30%1 (MICROPROCESSOR ELECTRO-OPTICAL
*SCANN4ER CONTROL) IS A COMPLETE SOFTWARE PACKAGE. IT

CURRENTLY USES THRESHOLD SAMPLING ALGOPITHM QSLT2 BUT
CAN BE ALTERED TO USE THE QSETI SAMPLING ALGORITHM.

* OQSETI HAS AN INITIAL STEP SI7E (SI) OF 129 AND SAMPLES
THE ENTIRE RANGE OF N (0 TO 1024). QSET2 HAS AN INITIAL

* STEP SIZE OF 64 AND SAMPLES THE RANGE OF N (128 TO 640).
THE PROGRAM MEOSC RESIDES ON THE 2716 EPROM MOUNTED

* ON THE MK38P7O. TO INITIATE SCANNINUA ALL THAT IS REQUIRXLO
IS APPLICATION OF POWER TO THE CONTROLLER CIRCUIT. IF AT
ANY TIME PROGRAM EXECUTION IS IN ERROR, MEOSC CAN BE
REINITIALIZED) BY PUSHING THE RESET BUTTON ON THE SCANNER
CONTROL PANEL.
ONCE THE SOFTWARE IS LOADED AND RUNNING, USER CONTROL j'
IS PROVIDED THROUGH THE 'SENSE' SWITCHES ON THE SCANNER

*CONTROL PANEL. THE SWITCH FUNCTIONS ARE, FROM RIGHT TO LEFT:

SENSE 0 DOWN tip
------------------------------------------------------------------------------

I NORMAL PAGE INFINITE LINES *

*2 AUTOMATIC THRESHOLD THRESHOLD FREE7E*
*3 SOFT COPY HARD COPY* A-..

*------------------------------------------------------------------------------*

SENSE I IS USED FOR CALIBRATION AND CAUSES THE LINE- COUNTit?
TO BE IDISAbLED SO THAT# WITH THE SCANNER IN 'JFRLL7E
MODE' THE SOFTWARE WILL CONTINUE TO ACCLPT AN
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INFINITE STREAM OF LINLS WITHOUT ENDING TH- PAGE.
WHEN SENSE I IS RETURNED TO THE DOWN POSITION THE
SOFTWARE IMMEDIATELY EXECUTES THE END OF PACE'
SEQUENCE AND RESETS.

SENSE 2 IS USED FOR CONTROL OF THE AUTOMATIC THRESHOLD
FEATURE. IN AUTOMATIC THRESHOLD MOLE, 28 LINES OF -. .-*
THE LEADING MARGIN CONTAINING THE TEST PATTERN ARE '..'
SAMPLED TO OBTAIN THE THRESHOLD FOR EXISTING ,:*,',-
CONDITIONS. THE vIALUE OF THE SELECTED THRESHOLD .- '

IS DISPLAVED ON THE PANEL IN HEX. IN THRESHOLD
FREE7E MODES, THE LAST THRESHOLU SET B3Y TiL mw
CIS i DIS.LAYED ON ThL FAi,,SL.NOTE: IF Th'_ TEiRLSHOLD IS ALTtEREDi B.Y UTSING THE .-. '.'"

MODUEAL ADJUSTC I THE MANUALLY LOADED ALE WILL
APPEAR ON THE PNEL NISPLAYS. "T'-'-'"- '"-L

• .~ . • .

SE1NSE 3 SELECTS PRINTER OR CFT UCUMENT DISPLAY. -- '-

-.-STL--------FIRST LINE- -- - -- - -- - -- - -- - -- -

HOSC IS IN TURN COMPOSED OF SMALLER LINKABLE SOFTW R".
PACKAG S THESE POLULES ARE ESCRIBED BELOW: "SI""

MAIN 4 -- - MAIN CALLING PROGRAM, VERSION 4

THIS MODULE CONTAINS THE MA11LINE ROUTINES OF MTEOSC At"'
THEREFORE UST 3E AT THI BEGINNING LIN L IT CONTAINS ALL
INITIALIATIONS SENSE SWITCH CONTROLS,, LINE COUNTERS,
COMMANI) TRANSMISSIONS, CRT SCREEN PROMPTSA ANI ATC CALLS- -

IT ALSO INITIALIZES THL SAMPLING ALGORITHA., QSET. THEREBY
CONTROLLING SAMPLING ANG AND INITIAL STEP S E (SI)•

FSTLN----- FIRST LINE

THIS SUBROUTINE POLLS THE SIGNAL CALLED 'PRINTLINE'WHICH IS PRESENT ON INPUT PORT CLI IN THE LLAST -

FTN IEET ALRS ETCT LLN TRANSITIONO H N SFIGNALINLI
HSIGNIRFIAT BI POSITO WTE PRGT-HIS DRANSISTIU'-'W'-- _F'"'""'"

THIS FA ACUOMPLISHEL 1AY LOOrINu UNTIL THL SIIJAL ISFALSE AND THLN LUOPI1NG UNTIL IT IS TRUE- WhEN ThIS :"" ]

PROGRAM RETURNSC THE TRANSITION SWILL HAVE JUST
OCCURRED THE SOFTWARE IS DESIGNED TO TAKE INTO
ACCOUNT THE INVERSI 10 THAT TAKES PLACE THROUGH T H
1/0 rORT. THEREFORE THIS 'l-1.,ULE ACTUALLY SENSES A -'''.-.".
DOV:NWARb TRANSITION OF THIE SIGNAL lPRIIt TLIN,- _ I!~ 7fll.11,..- .
.S-CANNEP. TEIL ,j .,iL 1 "  T-1 E "L: T,-IF 1U0VN W rL Tlt,.: .'", -" ". .'.;
W,,HICH} SIG.,L. c TjIE Ef'l OF .4 LINEL 01" CC!y LATA. "" ' "

ENLLN - -- END OF LINED""''"" "

THIS SUBROUTINE 1S A SLIGHTLY MORE COMPLEX VERSION OF ..-....

HOE'IER,, IT IS DLSIft'zL TO WA.IT FJR TiIIs TRANSISTILIN FuF,
10 VS- THIS FEATURE VAS INCLUbhL TO PRL' :-NT T.H . SO)FT,.!Aik v "

FROM GETTINL HU, C UP ANL OUT OF SYNiG IF THE S ;A!N.LP. S;IO91LL -i'.'
EITHER STUP IN MILPju' OR '" O LkL Fj-, LSir STA7-,T Il Tii;:....-''-
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EVENT THAT THIS SUBROUTINL MUST WAIT MOR2 Thi i. 10 MS,'S IT
SETS THE LIFE COUNTER TO THE LAST LINE SO THAT WHEN THE
RETURN TO THE MAIN PROGRAM OCCP'RS, THE LAST LINE CONDITION
WILL BE INVOKED AND THE SOFTWARE WILL 6E RESET. SHOULD IT \'*'"""

BE NECESSARY TO HAVE THE. SCANNEF FR07EN IN MIDPAGE AN14
STILL HAVE THE SOFTWARE OPERATING SvNGIRONOUSLY WITH ThE
SCANNER (FOR ALIGNMENT ETC.), SENSE SWITCH I SHOULD BE USEL.

XM1ITS------- TRANSMIT COMM:AND

THIS IS THE SIMPLEST OF ALL THE SUBROUTINES. IT IS THE ONEI WHICH ACTUALLY SENDS Thk COMMANDS TO THE PRINTEP OR CRT
DISPLAY. IT EXPECTS THE COMMANL CHANNEL IN I/O BOARD 4"

. TO HAVE ALREADY BEEN OPENED AND THE COMMAND FOR TRANSMISSION
TO BE STORED IN REGISTER. 9.,....* . ..

QSET QUICK THRESHOLD SAMPLING ALGORITHM ...-

THIS MODULE SAMPLES THE RANGE OF THRES1HOLD VALUES BY !SING
PROGRESSIVELY SMALLER AND SMALLER STEP SIZES. EACH TIME QSET
IS CALLED, THE EXISTING STEP SIZE WILL BE USED FOR SEVEN
SAMPLES AND WILL THEN BE DIVIDED BY FOUR BZFORc. CONTROL IS
RETIRNED TO THL :AIN CI-LLItG PFOGRAM. WITh Of UtVL'L r F :;,"%
VTC IS CO.P/4 L.. TI1) Tl P.LVAIUS, , YI ', TC (f' TL). THE VALI!L
OF N PRODUCINC THE OVERALL MAXIMUM VALUE OF VTC IS STORED FOR
EITHER THE NEXT INVOCATION OF OSET OR FOR THE MAIN CALLING
PROGRAM TO LOAD INTO FORTS B2 AND CU2 AS THE OPTIMUM
THRESHOLD VALUE FOR THE PAGE TO BE SCANNED.

EXAMPLES

SHOULD IT BE NECESSARY TO REASSEMBLE, RELINK, ANL RELOAD THL.

MEOSC PACKAGE, THE FOLLOWING SELjL;EtQCE OF COM'IANDS WILL PROUUCE '
THIS RESULT:

ASM MAINM,O0:1 TO MAlN4jO:! NOLIST ERRS
ASM FSTLM,O0:I TO FSTLNIO:' NOLIST ERRS

ASM ENDLM,O0:I TO ENDLNIO:I NOLIST ErRS
ASM XMITMPO:i TO XIITS,IO:1 NOLIST ERRS
ASM OSETM,0:1 TO QSET ,I0:l NOLIST ERRS

LINK I CLEAR ORG 0 MAIN4,10:!LINX I FSTLrj, I O: 1

LINK I ENDLNIO:I
LINK I XMITSIO:I
LINK I QSET ,10I

THE SOFTWARE IS NOW LOADED IN RAM. THE FILE MUST NEXT BE -"

PLACED INTO A SINGLE FILE FOR LOADING INTO THE EPROM:

ASS DO WLISK FILENAME,IC:'
DUMP 0000-0255

I 102b
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THIS PACKAGE WILL BE STORED ON DISK, AND CAN BE LOADED INTO .-. *'

RAM AT ANY TIME FOR EPROM PROGRAMMING BY THL COMMAND: *

LOAD FILENAME*10:1
ONCE MEOSC HAS BEEN ASSEMBLED INTO A SINUiLE FILE, IT IS__

* READY TO BE BURNED INTO A1N EFROM. ThL LPPO!1 PROuRAM.;j1Nli
*CIP.CtIT 'ST L.3E ")OU1,TEL ON TiLi F- < CT't. d~i!D CO:NJECT LD
rTO A +25 VOLT D.C. SUJPPLY PER INSTRUCTIONS FOR THE EPROM 1's %~ oil,

PROGRAMMIER. THE COMMAND *EPROM' IS ENTLREL ON THL F-8 AND-
THE EPROM IS CHECKED TO ENSURE IT HAS BEEN INITIALIZED
BY ENTERING OPTION *D'. THlE 2716 CAN THEN BL PROGRAMMIE&
AS FOLLOWS:

K~NE ONPTION S Q'WTIN TEPR PFO' CHANGNRVLTME

ON THE ENMTRTINGMAT 'LOCAIO 0 0005'O WH IFWH-1 POGA
EXECUTINTBEIN USIMNG TEROM 0 THE 276FPO-ANTE

ELACED TON TH*3P70 ANDIFI THE PROGRAM 'I COMRC, H

TIS MUST BECOTEAD PHACTESEA COMANDS TOECREATE SOERC COLES

FOWIN THE LIRM KARING OPEROATION SINCE SOME H OF TH Z OTHE R A DOS
EXROURAOS BELI'UIN THE SEMBERAN THE ED1TOR) OCAN THEN LOWE
ADESSLAES OF THE MEMORY0 WHEREF THESCN PROGRAMS ACORECT LOAE.

CON THISLE DI A ERILE.EiNTDFLfA~3: HC H

IN DRIV E 0NOTE ITEDATETHSE. CMANST CRASE'~EDT EWCOP ILE I
AO H PENAT WICH CRGA1 M BE LEX IECUTY INTO A i 4WR~
FORLOFURGTHE INKIGATAION CRINE THE OFTON OTHER FDOAN

ITDSSEATINGTSYSTEMFORY COESET TCANER USERMS SUPLAED-

ITH TETN SYSTEM FJ~ OSL h SESMNASSPLE

WITH~'t THpYTM
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MAIN4 RORG 0
* Jk

TITLE 'MAIN CALLING PRQGRAM-VERSN 4*

" REVISED FOR THE Mi{38P70 CONTROLLER PROGRAM

" MEOSC BY CPT ED SHAFFER, JULY 1983.
" WRITTEN AND 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 IMEOSCI.

* THE USE OF THE SCANNER CONTROL PANEL SENSE

" SWITCHES* FROM RIGHT TO LEFT:

*0 DOWN up
-----------------------------------------------------------

I NORMAL PAGE INFINITE LINES

*2 AUTOMATIC THRESHOLD THRESHOLD FRLLZE
*3 SOFT COPY HARD COPY
--------------------------------------------------

LINEU EQU 6 LINE CNTR HIGH BYTE

LINEL EQU 164 LINE CNTR LOW BYTE

*CODES FOR THE 3-TO-8 DECODER ON I/O BOARD 4:

ENCMD~ EQU H'IOO CODE FOR CMD CHAN~WLL

ENCCL) Eflu H'20' CCO CHANNEL CMS

ENS ENS EQU H 40 CONN INP SW TO PRTdJ

*DISPLAY ADDRESSES FOR I/O BOARD 5:

ADHARD E0TjU H10, ALLSS OF r-RINTIR

ALSOFT EU-I? H9089 h. 3 TLt. L.UPI'L

*DISPLAY CONTROL FOn I/O BOARD 5:

LD)ADLR ECU HISO, ADDR LOAD CODE

*DISPLAY COMMANDS SENT THRtI I/O BOARD 5:

HARDLMJ EQ U H'OB, LEFT MARG JUSTIFY

HARDFIL EQU H'00O FILLAPRT LINE BUFF

HARDADV EQU 111031 ADIIANCL ONE LINE
HARDCUT EQU H*OF CUT? PAP'ER

HARDOFF ECU H'37' SHUT OFF V)TR (PUMPS)
SOFTEN L 1)U H'06' ENSLE SOFTCOPY DISPL

SOFTDSB ErU H1031 LSBL SOFTCOPY DISPL ".1~

SOFTERS, EGLU H01' ERASE SOFTOOPY DISPL :'
SOFTRSV EQU H'02' RESET Y COUNTLR
SOFTINY ECU H#040 INCREMENT Y COUNTER

*LINKING INFO
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EXTRN ENDLrJFSTLN,XMITS.QSET

DI DISABLE INTERRUJPTS '

LI Hi oo W lo
OUTS 4 INITIALIZE PORTS
OUTS 0)*

-OUTS 5
LI H'54' SET 8255 01 ........

OUTS 4
LI H'7C*
OUTS 0
LI H950@
OUTS 4
LI H'64' SET 8255 #2
OUTS 4
LI H'6E*
OUTS 5
LI H@609
OUTS 4
LI H'57' SET OUTPUT PORTS HI
OUTS 4 PORT 8 (IA)
LI H1,00'
OUTS 0
LI H65 3'
OUTS 4
L I H'55' POPT 5 (IC UP)
OUTS 4
LI H5 1
OUTS 4
LI H'66' PORT 12 (23)
OU3TS 4

LI H'lco'
OUTS 5
L I H'62'
OUTS 4

LI H'65' PORT 13 (2C)
OUTS 4
LI H'61'
OUTS 4
LI H'10' RESET INTERFA~CE
OUTS I
C LR
OUTS I .

OVER LI EN C,,1L SET FOR CIL XMIT ~'.
OUTS C.
LI H'55'
OUTS4
LI Hi'51'
OUTS 4

----------------------------- D)ATA CHANEL CLOSLFL .,p. V

BEGIN LI EN4SEN S 1ENABLE SCANNER INPUT
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LI H,551-
OUTS 4
LI H'51
OUTS 4

OUTS c

L I ji'59 LOOF TILL .. p,.

OUTS 4 INIT - 0
INS C L'

N I H'02' INIT -BIT 2
brt z BEG IN

*SKIPM CLR LOOP TILL
OUTS 0 1IN IT I
LI H59
OUTS 4
INS 0 .
NI H'02' INIT =BIT 2
37 SXIPM t

****DIELAY LOOP*****

CLR WJAIT 2.3 VIS
DLI INC

BN? DLI

*****END DELAY******

C LP
OUTS 0
LI H'59' CH1ECK STA.RT AGAIN
OUTS 4

iris 0
NI H'02'
BZ SMIPM

CL?. GET FS SENSE 7

OUTS 5 FOR XAP.L/SOFT OUTPUT
LI H'69'
OUTS 4
INS 5
SL 4
NI
LP S.A

*LR A.,8 USE REGS FOR HiDR/SFT

B? SOFT

HARD) LI ADH-ARL SETUP FOR PRINTER

OUTS 0
LI H'57'
OUTS 4
LI H153,
OUTS 4
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L I N icrl r, :.-T F I.LR
OUTS I

OUTS I
LI HARDLM1J START PUMPS IN PP.TR
LR 9, A
Pi XMITS 

.

BR SKIPI

SOFT LI ADSOFT SETUP FOR TLK-LISPL
OUTS 0
LI 111'57'
OUTS4
LI H' 3'
OTITS 4
LI Ll.-ADU? STOTKL TU-: ADLP
0 11TSc I

UUTS I
LI SO FTP SV I "I T I LIi EI-AP
LF 9.i
PI )CM-ITS
LI SOFTEFS, ERASE SCREEN - *

LB 9.#A
Pi XMITS

* ~*****DF.LAYLOP***4N*****

SKIPI L I D250' 'VE.LtY FO1i PUMPS OR~ NEW."
LB 2,vA SCREEN ERASE

*LOOPO LI 1)200'
LB 3,PA .

LOOPI DS
3N~ LOOP! .I

DS 2
BN7 LOOPS

P1 FSTLN WAIT FOR FIRST LINL
At '.A

*CHECK FOR AUTO THRESHOLL DISA6LE-----------

C LB
OUTS 5
LI H 69 o
OUTS 4
INS s5ow
SL 4
NI H'40'

dBNZ 
FRZ

*BEGIN AUTOMATIC THRLSHOLD SETTING SEQUIENCE

CLR M~AX LIGITAL VILO
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LR 7, A TO ZL.RU

I NITIALIZE FOR THRESHOLD SAMFLING -----

NOTE!l! #ua.e.,a -w
10 *

*AS IT STANDS NOW1 QSET IS INITIALI7ED TO *-
*SAMPLE THE RANGE 128 TO 640 WITH AN
*INITIAL STEP SIZE OF 64 AS DOCUMENTLL FOR
*THE SOFTWARE PACKAGE, 'EOPS2'.

mo--*1r

*TO SAMPLE THE ENTIRE RAINGk OF N (0 TO 1024),
*SCRATCH REGISTER 5 MUST B3E LOALEL~ WITH ZERO,
*AND SCRATCH RLGISTER 3 MUST BE LOADED WITA

* * 12$.

LR 4.pA THRESHOLD SET TO
LI1 128 START AT 128
LR SA
LI 64 STEP SIZE INITIALIZED~
LR 3PA TO 64

*TAKE FOUR PASSES (AT 7 LIW1ES PER PASS)--------

Pi OSET ----

Pi OSET
Pi ( SET
Pi OSET

* tLOAD OPTIMUM THRESHOLD-----------------------

LR A.-Q U
SL 4
OUTS 5
LI H'65'
OUTS 4
LI H'61'~
OUTS 4
LR AQOL
OUTS 5
LI H'66'
OUTS 4
LI H'62'
OUTS 4 w

FR?. LI LINEU INITIALIZE LINE CTR
LR OA SO IS HIGH BYTE
LI LINEL

LI ENC G!" OPEN UP CMi CHANNEL

OUTS 0
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LI H55'
O UTS 4
LI H'51
OUTS 4

NEWLN LR A,8 .*b-

CI H'00~*-

B3Z NLSOFT

NLHAP.D LI HAF.DLMqJ SEND LM~J
LR 9,A

Pi XMITS w

* *****DELAY******

LI 254 WAIT 18 US
DLI INC

B NZ DLI

******END DELAY******

LI ENCCD OPEN DATA ChAN
*------------------------DATA CHANNEL OPEN

OUTS 0
LI H'55'
OUTS 4
LI H'51'
OUTS 4

P1 ENDLN WAIT FOR END OF LINE

*LI ENCMD OPEN CMD CHANEL

-- DATA CHANNEL CLOSED---------------------------
OUTS 0
LI H'55'
OUTS 4
LI H'51'
OUTS 4 *

LI HARLFIL SEND FILL CMD
LR 9aA
PI XMITS

LI 240 WAIT 144 US
DL2 INC

BN7 DL2

*****END DELAY*****

LI HARDADJ ADVANCE PAPER
LR 9,A
P1 XMITS

*****DELAY******
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*LI 254 WAIT IS US
DL3 INC *\

BNZ DL3

:****s*END DELAY*****

* Lmp ENDCHY CHECK{ FOR LAST LINE

NLSOFT LZ SOFTEN ENAbLE TEX DISPLAY
LP QPA
PI XMITS

LI1 254 WAIT 18 US
DL4 INC

8~J IN7 L4

*****E'JDLLLAY****suc

LI ENCCD OPEN DATA CHAN 6- ~
*------------------------- DATA CHANNEL OPEN

OUTS 0
LI H5''
OUTS 4
LI H'51' p 4

OUTS 4

PI EN DLN WAIT FOR LQL SIC

LI ENCMD OPEN CML CHANNEL C
--------------------------- DATA CHANNEL CLOSED

OUTS 0
LI S

LI F. 51
oUTS 4

LI SOFTLSa DISABLE TLK-LISPLAY
LR 9.#A
P I XMITS

LI SOFTINY SEND INCQEMENT Y CM'1L
LR 9jA
PI XMITS

LI1 254 WAIT 18 US
DL5 INC

BN7 DL5

******END DELAY******
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iJmp ENDCHK

ENDCHK CLR IF FS SENSL 5
OUTS 5 =1 THEN LOOP "
LI H,691
OUTS 4-
INS 5 UNTIL F8 SENSE

SL 4
NI H'20' M- :'""C.'. .

ci H 1o0
B7 NOR14CJ?

LI H'OI'
LR IA
LI H'O0'LR 0 •A'"'"" "-""

NO MCNT LR A, I
Al 0 CU .... FOR LAST LINE
13N'7 OK
LR A,O
Al 0
bz DONE-
DS 0 ." - ,

OK ES I
JM1P NEtVLN

DONE LR A,.
CI 119 0'"

57 SKIPSOF

,*PRINTER FINAL SECTION -",--'.'.-.-- -
.

LI iMA.LCUT SiNL CUT c:iL

rI 'ITS-" --

*****ELLAV- ."/,"-.

LI 2146
CDL INC WAIT FOR CUT/

BN_ CDL

********END DELAY

LI HARDOFF SEND PrR"TL' U C>!D " "..
LR 9..A
Pi I xTS '

SKIPSOF JMP OVP, R RIN PROGCA." i-cL&AIN
Eli ll

4. 111'° °'

b F@b
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FSTLN RORG 0
TITLE 'FSTLN'

* WRITTEN BY RALPH L. VINCIGUERRA 12/80
* REVISED BY CPT ED SHAFFER 7/82 FOR
* USE IN MK38P7O CONTROLLER

* THIS IS A SUBR WHICH WAITS FOP. THE *

* SIGNAL CALLED PRINTLINE TO M1AKE A *~,

* RISING TRANSITION SIGNALLING THE .. :K
* END OF A SCAN LINE, AND) TIMk. TO
* SEND COMIMANDS-

* ~* DUE TO AN INVERSION IN THEftt t

* INTERFACE THE ACTUAL LINE IN THEftt
*SCANN~ER MAKES A FALLING TRANSITION. ::::*.

ENSENS ECU H'40'

LI ENSENS L14ABLL SENSE. INPUTS
OUTS 0
LI H'55'
OUTS 4
LI H'51'.'f tf

OUTS 4a

LPI CLR LOOP UNTIL FALSL
OUTS 0 ~ t

L I H'59'
OUTS '4
I1NS 0
SL 4
SR '4ft:t%

NI j'o I
BNZ LPI

*LP2 CLR LOOP UNTIL TRUE
OUTS 0 f

LI H'59'
OUTS 4 >
INS 0
SL 4
SR 4
NI H'0OV

B7 LP2
P-OP
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ENDLN RORG 0
TITLE ELNLLN' ~-*.

* WRITTEN BY RALPH L. VINCIGUERRA 12/80
* REVISED BY CPT ED SHAFFER 7/83
* FOR USE IN MK3BP7O CONTRULLER

* THIS IS A SUBR WHICH W~AITS FOR THE
* * SIGNAL CALLED PRINTLIN. TO MAKE A

* RISING TRANSITION SIGNALLING THE
* END OF A SCAN LINE, ANL TIME TO

** SEND COMMANDS.
* DUE TO AN INVERSION In THE

* * INTERFACE THE ACTUAL LINE IN THE
* SCA1NER MAKES A FALLING TRANSITION.

* THIS SUBR ALSO WILL ONLY WAIT
* ABOUT 1014S FOR THE.o Rm

** TRANSITION TO OCCUR. IF THE TRANSITION
* TAKES MORE THE LINE COUNTER IS SET
* THE THE END OF THE PAiGE ANL THE
* MAIN PROGRAM CONCLUDES.

ENSENS LEt? H'40'-

LI ENS ENS ErJAaLL SENSE INPUTS
OUTS 0
LI H-U55'
OUTS 4
L I H'51
OUTS 4

LI 1)'255'
LR 9.pA INITIALI7E GNT RiG

LPI CLR LOOP UNTIL FALSE
OUTS 0
L I H'59'
OUTS 4
INS 0
SL 4 ' '

SR 4
NI H'01' .-

B7 RL'Y
DS 9 s..
i3 LU'lPOUT % %

LR 9,OA
*LP2 CLR LOOP UNTIL TRUE

OUTS 0
L I H'59'
OUTS 4
INS 013

*. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .



SL 4 T

LsS

Dt'MI'OVT LI 1.IOC,
LR 0O1A -

LP I.#
6O POP

END -
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XNITS RORG 0 .,. ,

T I TLE 'X.TS

* URITTE:, BY RALPH L. "71NCIGULRRA 12/?"

* REVISE, BY CPT ED SHAFFER 7/82 FOR

" USE IN MK38P70 CONTROLLER

" THIS SUBR IS USED TO SENL TEE COMMANDS

" TO ThE FRINTER OR T6E TELK DISPLAY.

* IT EXrECTS THAT THE. COMMAND CHANNEL

" HAS ALREAVY bEEN OrEED Ur BOAP:- 4
* AND THAT THE COM.MAND TO BE SENT IS

* WAITING IN Rk.GISTER 9 TO 8E SENT TO
" BOARD 5. .. ' .

LR A,9 PUT CML ON BOARL 5
OUTS c
LI H'57' * $

OUTS 4
LI H#53#

OUTS 4
LI H'40' LOAD CMD INTO LOGIC

OUTS I ON BOARD 5

CLR
OUTS I
LI H'20' SEND SYNC PULSE

OUTS I
OUTS I
C LR
OUTS I '

OUTS I --. 1,

POP POP RET ADDR

EN-

1 -,

........................................... .-.. :....-:.-
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S ET RORG 0

TITLE 'QUICK THRESHOLD SAM.PLER,V6' '

* THIS IS THE NEXT GENERATION OF QSET
* MODIFIED TO BE A RLLOCATAiLE MODUL m

*INTENL-L TO BE Lir4,,,D YITH THE MAIN~
* CALLING PROCRAM OF TljE LlRCTRu-OPTI LAL
* PAUL SCANNR•
*

I INI TI ALI1?I1JC IS ACCD:IFILISHED IN Tri*z
"¢AI!J CALLINJG PRO GA.- . STARTI;.-: VALL'"

* OF N3 ANL ST.P Sti:. ($1) ARL AT.F./.1.JEL
* AT TH-{T TIY,-.

* 'F.TT-.N BY CAPT B... STANTON, 9 JUN 82
DEBUGGED FFOM GSET3, 21 JUN 82

* EDITED FF,10M r SET5, 21 JULY 82
* ,...:) .-. '

* RLVISED BY CPT EL SiAtEE,. JUL !3
* FOR USE IN rHK38P7O CONTROLLE.R

VC.RSLT LQ U ji'~o' DIG VIDjEO GNT RrSET004
CNT EQU 2 SAMPLE PGM COUr.TLP
STEP EQU 3 ThRLSHOLD STLP SIZE
NU EQU 4 THRESHOLL HIGH BYTE
NL EQU 5 THRESHOLD LOW BYTE.
MTCU EPt 6 MAY DIG VIDEO HI BYT
MTCL EL U 7 MAX DIG VILEO LO BYT
MIN" EQGU 10 MINUYEND HIGH BYTE
MINL EQt' 11 MINUEND LOW BYTE
ENSENS EQU H'4C'

-- SUBROUTINE SAMPLE---------------

* THIS SUBROUTINE HAS PROVISIONS FOR A VAR-

* IABLE THRESHOLD STEP SIZE LOADED IN R3
* (STEP). IT EXPECTS THE STARTING THRESHOLD
* VALUE TO BE LOADED IN R4,R5 (NU, NL) _ -

LIS 7 INITIALI7E
LR CNT.,A COUNTLP

RVC LI H'F( 'L.S*.T
OUTS 5 VI ,L I
LI H'641 COUNTERS
OUTS 4
LI H'60' -"- '
OUTS 4
LI H'FI',
OUTS 5
LI H64'
OUTS 4
LI H'60'
OUTS 4
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LI H*FO'
OUTS 5
LI H164'
OUTS 4
L I H'60'
OUTS 4

LR A.,NL INCREMENT
AS STEP THRESHOLD N l,

LR NLvA VALUE. ONE.
OUTS 5 ~.
LI H'66'
OUTS 4
LI H'62'
OUTS 4

LR AjNU STE.P
LNK I

LR NIJA
SL 4
OUTS 5 ->.-

LI H'65' ~.
OUTS 4
LI H061
OUTS 4

*TLST FOR END OF PRINTLINE--------------------

L I ENSENS
OUTS 0 iA

L I H1 55,
OUTS 4 ~~
LI H'51' \M
OUTS 4

IPLI CLR LOOP UNTIL FALSE
OUTS 0
LI 11P59,
OUTS 4
INS 0
SL 4

PL2 CLR LOOP UNTIL TRUh.
OUTS 0
LI H'59'
OUTS 4
INS 0
SL 4
SR 4
NI HO01
B7 PL2 7

*STORE NEW VTC IN SUBTRAHEND (K)--------------

CLR
OUTS 5
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OUTS 4
INS 5
COM
LR KU.-A

* OUTS 0
*~~~ LI H*5A* ~~2Q~
* OUTS 4

INS 0
COM
LR KLA

**LOAD MINULND V~ITH MAX VTC (MTC) --------

LR A.,MTCU Am
LR tIINU,A
LR APMTCL
LR MINL,A

*SUBTRACT FOR SIGN OF RESULT------------------

LR A,#KL LOAD SUBLOW AND
C O.%lCOMPLEMENT

AS MINL. SUBLOW + MINLOW
LR MINL,A STORE IN MINLOW
LR A,MINU CARRY TO
LNK 10INHI

*LR MINU.PAIt M

LR A,#MINL ALL I TO MAKE
INC 2'S COMPLLMENT
LR A.PMINU CARRY TO
LNK M INH I
LR MINU,A
LR A&KU LOAD SUbHI AND
C04 CJMPLEMENT
AS MINU SUBHI + MINHI

* *END OF SUBTRACT FOR SIG-N---------------------

BC SKIP
LR A.-KU REPLACE MTC
LR MTCU,A WITH NEW MAXIMUJM
LR A*KL VTC
LR M T CL,A

*LR A,NU STORE NE#'

LR QU,A THRESkHOLD VALUE
LR A,NL N uI'JINGu MTC
LR QL,A '

SKIP D)s CNT
BN z RJC

* *END OF SUBROUTINE SAMPLE---------------------
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" DETER14INE STARTING VALUE OF NEW RANCL OF
" N TO BE SAMPLED

" SUBROUTINE SUBTRACT--------------------
" LOADS: ~*.
" MINUEND IN RIO, RI) (H)
" SUBTRAHEND IN R12A R13 (K)
" RESULT IN RIo F.1 (X)

*FIRST LOAD VALUES----------------------

LP As Q U Lf-hLt1

LR As , L IN
LR MINL,-A MINUEND ._

*LR As STEP LOAD STEP

LR ItLo A IN '-

CLR Stl3TRAh~i.Wb
LR KU,-A

*THEN SUBTRACT---------------------------

LR AoKL LOAD SUdLOlv AWL
COml COMPLEMENT
AS 11 SUBLOW + MINLOW
LR IIA STORE IN 'IINLOWA
BNC SBI IF CARRY THEN
LR As 10 INCREMIENT
INC MINHI

*SBI LR A,1) AUD I TO MAKE
INC 2'S COMPLEMENT

1$ 11 SE32 IF CARRY THEN
LR A.-lO INCPEM4NT
INC 14INI
L* 10 ,A

SB2 LR A, KU LOAD SUbHI ANL
COM COMPLEMENT
AS 10 SUI + MINHI
LR lOA STORE IN MIN-I

*FINALLY STORE NEW STARTING THRESHOLL........

L R A,MINU
LR NUjA
LA As 1-11NL
LR NLA m

* ALTER STLP S17E -- - - - -- - - - -- - - - -

LR A,STEP DIVIDE STEP
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SR 1SlZL BY 4
SR

LR STLPJA
POP .-

E NIL 01 SUBRUUTINL S M'IP----------

EN~ D

IWO
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APPENDIX C

MANUFACTURER' S TECHNICAL DATA 'V .~

This appendix contains technical data extracts of pertinent
* items and components used to implement the Z'K38P7O 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' publications.
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%*.h~.

__ 3870_SINGLE CHIP MICRO FAMILY.

K MK3370 and MK38P70
MK3870 FEATURES

C Ava.fable with 1K. 2K, 3K, or 4K bytes of mask
programmable ROM rremory,

Z64 bytries scr atchpad RAM %1 t~

z . Availible with 64 bytes eX(-CUlab1c. RAM .. f

* C 32 bits (4 pors) TTL compatible I/O

C Programmable biary timer L
*Inte-val timer mode L
*Putse width measurement mode

Event counter mode
____ __ [V

CExternal interrupt input

CCrystal, LC. RC, or eirler ral time base optiorns MK3B70 PIN CONNECTIONS

*Low power (275 mW typ.) 3 4iN ..-

-. r. Single -5 volt supply V7 T7

MK38P70 FEATURES .', . tQ
F. 7 -9 32- r

EEPROM version of MK3870 ~M37 '~~~I

E Piggyback PROM (P.PROM)TM pacag Pin-

C Accepts 24 pin or 28 pin EPROM memories - x--25

CIdentical pinout as MK3870 19. 2;
Gt -~2021 Its, P

C In Socket emulation of MK3870 MK38P70 PIN CONECTIONS

* GENERAL DESCRIPTION hI

IQ,-.. 2 as

The MK3870 is a complete 8-bit microcomputer on a single rr.0 *1 3 - -4

MOS integrated circuit The MK3B70 can execute a set of _ .

more than 70 instructions, and is completely software 9"ZTg, 113 6*-

compatible with the rest of the devices in the 3870 family. 33 Pin

The MK3870 features 1 -4K bytes of ROM and optional 3. * Kr)7 -3

* additional executable RAM depending on the specific part Pin'a ..

* type designated by a slash number suffix The MK3870 also I"9- 2S -

* features 64 bytes of scratchpad RAM. a programmable ,**2S Pin

* binary timer, and 32 bits of 1/O F" S: : It >

The programrmable binary timer operates by itself in the 0~ =t 4 Vtj .
- Pin7

interval timer mode or in conjunction with the external -I________
* interrupt input in the pulse width measurement and the -" ------

11177
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MK3870 BLOCK DIAGRAM 651 INY ufltoflrW Arm_
Figure 1 XTIL X712?- giounded

IiCPI - iE NER VC-C is it

LL
MEMORY ADORE SSBUS--

-~ Figure 1

S] 64 U AN M E7~VOLR IMORY 4.8SCRA7CHPAD MADM
ADDE I NORY L 648 RCOS~ERSFigure 2

4DUIRSS i XECUTABLEI
IN C " G'SfS RAM I

PO PI
DC OC

MAIN
CONITROL jI

ROM M

- RE suit BUS

- - ----- S------ -

OGC FPR R T 4 ORT5 POWI R ON
TLS, OT CI EAR

TESY 1 0(811 1 O~s) 1 0 ie1 -S1 1,0(81 RESET

event counter modes of operation TwDo urces ofvectored. FUNCTIONAL PIN DESCRIPTION
prioritized interrupt are provided with the binary timer and __ __

the external interrupt input The user has the option of PO-0-P0-7,P1 -0--Pi -7, P4-0- -P4-7, and P5-0- -P5-7 are J

*specifying one of four clock sources for the MK3870 and 32 lines, which can be individually used as either TTL .,
MK38P70 Crystal, LC, RC, or exiernal clock. In addition, the compatible inputs or as latched outputs %~
user canl specify either a = 10% power supply tolerance or a ____.

±5% power supply tolerance. STROBE is a ready strobe associated with 1/O Port 4. ThisMr r

pin, which is normally high, provides a single low pulse after
*The MK38P70 microcomputer is the PROM based version valid data is present on the P 4---P_4-7 pins during an

*of the N4K3870, It is called the piggyback PROM (P-PROM~lm output instruction.
because of its packaging concept This concept allows a ___

standard 24 -pin or 28 pin EPROM to be mounted dii ectly on RESET may be used to exte'nally reset the MK3B70 When
top of the microcomputer itself The EPROM can be pulled low the MK3870 will reset When then allowedto go
removed and reprogrammed as required with a standard high the MK3870 will begin program execution at program7

*PROM programmer. The MK3BP7O retaiins exactIV the location H '000'
same pinout arid architectural features as other members

*of the 3870 family. The MK38P70 is discussed in more EXT INT is the exrernal inltrupt, input Its active state is
*detail in a later section. software programmable This input is also used in

conjunction with the timer for pulse width measurement .- ,

PIN NAME DESCRIPTION TYPE and event counting.
~~ I/O Port 0 Bidirectional .

V1_7 1-PT /O Port 1 Bidirectional XTL 1 and XTL 2 are the time base inputs to which a crystal.%

-T I/O Port 4 Bidirectional LC network, RC network. or an exter nal single phase clock
P52j-- ~7 IO Pot 5 idiectinal may be connected The time base network must be ~

*STROBE Readty Strobe Output specified when ordering a mask ROM MK3870 The ~ :
EXT INT External Interrupt Input MK3BP70 will operate with anV ol the four configurations
RESET External Reset Input 5

*TEST Test Line Input
XTL 1. XTL 2 Time Base Input TEST is an input, used only in testing the MK3870 For
VCC, GND Power Supply Lines Input normal circuit funcinality this pin may be left
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unwunrected. but it is recurnmendled that TEST be architecture is common to all me.,heis of the 3870 family
grounded Ali 3870 devices are instruction set compatible and differ

only in arnount andtvpe of ROM, RAM, andi) OThe unique .. p

*VCC is tire power suipply input (single - 5v) features of the MK3870 are discussed in the following a

sections The user is referred to the 3870 Family Techrnical
MK3870 ARCHITECTURE Manual for a thorou)gh discussion of the architecture,

instrucin set and oiler it-aures which are commnonto all

The barsic functional eleremns of the MK3870 are shown in 3870 family devices

Figure 1. A programming model is shown in Figure 2 The

MK3870 PROGRAMMABLE REGISTERS. PORTS, ____---__---.5' '.-i

* AND MEMORY MAP
Figure 2

ACCUMLI- 0

17 0 A 72
1.011

1 #0 7 C. SiI

A A CA 1.-

C, -0 -iIS
O ASA 1l 1i 31 7

-re.
- AIS

ADA' C
*i rL.lt

1~a P 5
Akil. A

go~l

ien

Nn T~ltl Ar

al,~A 6,P.1

ne U A I W38747, 4
is 0-1 i A s -A IL

;or1 
A urt

111-79b Si.

PiPC Ho
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MK387O MAIN MEMORY MK38P70 GENERAL DESCRIPTION__ MK38P70 674V . .- &I

There are four addfuss registers used to access main The MK38P70 is the EPROM version of the MK3870 It
* memory These are the Piogram Counter (POI. the Stack retains an identical pinout with the MV.3870. which is *..\

RegrSttr (P). the Data Counter IDC). Prid the Auxiliary Data dlocumunted in Tie section of this data sheet entitled **%%

Counter (DC1) The Prigiam Counter is used to address 'FUNCTIONAL PIN DFSCRIPTION- The MK38P70 is
instructions or immed ate operands The Slack Regisrer is housed in the "R" package which incorporates a 28 pin
usedtosavc heconensofthe ProgrrnCountr during an socket liocaeddlieclly on lop of the pa~ckage A number of M

interrupt or sub'ourine call Thus, the Stack Rei-gster stirndard EPROMs ina be plugged into this socket
contains the return address at which processing is to
resume upon conmpletion Of the Subroutine or interrupt Tire NIK38P7O can act as an emulator for the purpose of

routine The Daia Counter is used to address data tables exact, verification of user code prior to the- ordering of mask (
This regvser is auto, icrenrenting Of the two data ROM MK3870 dvices Thus, thre MK38P7O elinminates the
counters oinly Data Counter (DC). can access the ROM riced for emulator board products In addition several
How~ever. the XDC rostr uctocn allows the Data Counter and MK38P7Os can be used in prototype sysltms in order to lest
Auxiliary Data Cointer to be exctianged design concepts in field service before commiting to high. r

volume production with mask ROM MK3870s Thre
Tire grrph in Figure 3 shiows the amnounts of ROM and compact sze ofthe MK38P7O' EPROM combination allows
txecirtle RAM for every available !lash number in the tfe packaging Of Such prototype systems to be tlre!rarre as
M0870 pin, configuraion that used in prcrduction Finally. in low-volume applications. I
EXECUTABLE RAM

Most of the material which has been presented for the
Tire upper bytes of the address space in some of the MK387O in this document applies to the MK38P70 This
MK387O dii,,ces is RAM memory As with the RCM includes the description of the pin configuration,
nernory. the RAM may hic audressed bV the PO and the DC architecture pilit4~amining model arid I 0ports Addliional
ddoress recrsters The executable RAM may tie add-essed information is orese-nted in The following sections

* b~i all MK3870 sistruct ions wvhich adidress MIan Memory
Additionally, the MK3870 may execute an instruction MK38P70 MAIN MEMORY

-quenctz which resides in the executable RAM Note this
cannot be done with The scratchpad RAM memory. wich is As can be seen from the block diagram in Figure 5 the
the re~aSOn the Term esctbeRAM" is given to this MK38P70 contains executable RAM in the main memory

* additional memory mat) The MK38P70 contains no on-chip ROM Instead the The MI.I 38F
memory address lines are brought out to the 28 pin socket because o

1/O PORTS located directly on top of the 40 pin package. so the exiernal mapped inI
EPROM memory is addressed as main ory. space The . .,~

Trie MK3870 provides four. 8 bit 'bidirectional Inpurt 'Output locations
ports These are ports 0. 1, 4, 5 In addition, the Interrupt There is one memory version of the and n is
Control Port is addressed as Port 6 and the binary timer is designated as the MK38P70/02 0170 '02 Addtessinc
addressedasPort7 The programming ofPorts 6and 7and contains 64 bytes of on-chip exe The accompl~s

*the bidrecticrial 1 '0 pin are covered in the 3870 Family MK38P70 02 can emulate the followil es Figure 61
Technical Manual The schematic of an I '0 pin and recister siz
available output drive options are shown in Figure 4

MK3870'10 MK38P70
* An output reacN strobe is associated with Port 4 This flag MK3870 12

may be used to signal a peripheral device that the MK3870 MK3870 20 A 28 pin EF
has lust completed an output of new data to Port 4 The MK3870 22 Rpackal
strobe provides a single low pulse shortly after the output MK3870 '30 are shown
operation is completely finished so either edge may be used MK3870,'32 the28pin
to signal the peripheral STROBE may also be used as an MK3870/42 memnoryde
input strobe to Port 4 after completing the input operation memory sl-

The 28 pir
24-pin ar
dliference
by providir -- -

isavailabl'

2E pin me

111-82
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MK38P70 BLOCK DIAGRAM EIM
Figure 5 12iStRNI 5 ~

PR~OM j
IN RRUPC

F 2 4.8 IL 1]r
AODIR IARV 4n .C9liIA u-.. .. .

-iiu A L REGISIE S 1 1,A

MAI N Tr VW
LOGIC -

ALL) s 7

atRT PORT1 P RAR

FS 0. GIi POT PORT ~ -- POL ON8

SLIE' 
]O

TheMK8P0 2 anci eaclyemlae he K37040 MKBPO /OPOTSi.* 'W
becaue ofthe ~ byes o exeutabe RA1whLhEar

.hFiure The openP? 0r2 version fclyeult theMK804 MK38P70 1s POsT

02pe Adrsingoteupr ye of adrsbl main memory onThe MK38P70 is provid ed soitha ue-ected oype drai potpuns ontther

spaFigure K8 4 focai e oytaddrss and me ory addrhess oton dnPices Figur hee r lits h ven rain ofutheut
regais buife ind the Mst7OM 38 a pndrai output buffetsn which hasicuedi

standaFig rd h oup bufrsain prenofthe follow ingtes-
-0 drsigo anmmr nteMK38P70 EPs OCEpecvifded Mso pa rtl orden anber pinsX on the

,- ne ~ 28oplse pin P h scke wat is loc h K87 e K80 a eeuated onio top ofern ths mask MMR ACS T~N

aigre ho in uemr drse When 24pnfeorie ares inROtMin diagra diighe meo actswhcessiing of the
rether i soet they M hulK e nere8statpn 0f h MK38P70 is sowen din te t bfer The hiclc sigas

memrydeiceisplggd itopi 3of hesoke (tet4ain derd intna bffr in thenhee Mfollobwdvi ing the tiebs

Th 28pinPO socket as enovded o low s of t the MK38P70 whichY correpond toTImchneNyle

24-phnin n 28-e7Wn 4pin memor ies Mino p sinu Aduring whgr ichitimeha memory access a', n be perore
difenes 2pin ethey emoyldevcs be acomodted Eac machin cyclefth M38 is enither 4ex tabcloc pherid or clockls
beyvdn deierlednt o erin of the ket7 pte2 i erioed lntes mchint e c y aridgte terme bhot asce

memory~~~~~~~~~~~n loudb oe utfe n h 8pnsce) feungcycles respectiel Ted worstcabs memor cycleg
lnitillythMK3SPOthattcomptibleiththMKequeisct e hrtce dRTin l iht an o p cdera fetchis

ise a8ailable cThe Mas8beendesigned to alo odue fbth paloh e d Thiithcl which ispns pture amcin e timngle,
28-pin memrn d eis w-i l bem N aviabes at no a late datewih ieammryacs a b efre

diffeence In*~ the me or deie i eacm oae Ec ahn yl sete 4 lc eid r64 lc

.- '- proiing differen vesin of th -K3P7 pe-io w*-.n Thes machine cyle are teme - r cy-cles

-. N.
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Figure 6 HEX -- -DEC 64 BYTES*~

RAM 09 INI EHNALA
PCO 4032 1 XfCUIAB[E

-FBF -4031

800 2048

I 1 - 7FF 2047 -

I EX7LRNAI.
EPROM

____________ 000 0000

AAK38P7O 02 .:. z>

Scralchpad Address Register ROM Executable V-
DeieRAM Size Size Size RAM

MI(38P70,02 64 bytes 12 bits 0 bytes 64 bytes

diagram After a delay from the falling edge of the WRITE iMK38P 70 "R PACKAGE SOCKET PINOUT-
Clock. the adoress lines become stable Data must be valid at Figure 7 -

the data out lines of the PROM for a setup time prior to the
next falling edge of the WRITE pulse The total access time
available for the MK38P70 version is shown as taas or the
time when address is stable until data must be valid on the
data bus lines The equation for calculating available
memory access time along with some calculated access

*r I "cc ri 2P4
times based on the itsted time base frequencies is shown in 2V %

* ss cc
Fioure 8 3 -7 %.CC 760

*4 6 he 2S.

7 A " SS 22

*q A, A,, 200

C*1o A0 07 IT-

en1 D, 0 ,*

.13 02 D,

r 0, -S 3 b

4-. ~MK97400 (Standard Output&) MK9741t0 ljtnen OrisinI .. **

* Compatibie Memories Compatible Memories:.--
27s8 2758

MK2716 MK2716 *.~..

2516 2516 -A

2532 2532 --
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ELECTRICAL SPECIFICATIONS O6PERAiNG VLTA S AND TEMPERATURES AC CHAR/r M

MK38 70. MK3BP7O 0s p-atn prtn (Signals br * ('/~;

Number Voltage Temprature TA% i
1, 0 Power%

Suffix VCC TA

-00 -5V -z10% O-C -70"c SYMBOL
-05 - 5V -5%o 01-C 701C l-' %p d.- 10 '5V -10% -40- C. - - 85
-1i *-5 -5% -40'C - 85-C

See Ordering Inforinaiion to, explanation of part numnbers -

ABSOLUTE M AXIMUM RATINGS* *Sre Tali"'
-00.,-05 -10.-15 CAPACIT

4Temperature Under Bias ................................... -20-C to -85'C 50'C to -1 0'C TA: 25'C ,

Storage Tempeature ............... ...................... -65'C to - 150'C -65'C to - 1 50C Alt Part N
*Vo!*age or. an Pin With Respect to Ground .

* Excep' open drain pins and TEST)..........................-1 0V to -7V -1 Ov to -7V-
Vohd,,e on TEST with ReSpeci io Ground ..................... 1 OV 10 - 9V -1 ov to -9V CIN
Votage on Open Drain Pins With Respectto Ground ............. 1 10t413 5V -1 OVto -13 5V .-.

Power Dissipation....................................... 15W 1 5W '

Power O~ssipaiton by any one I/O pin........................ 60mW 60mW C X L
*Power Dissipalion by all 1/O pins............................ 600mW 600mW law

AC CNARACTERfSTICSI0pw # *-

TA. VCC within specified operating range -*'X

1,0 power dlissipation ' 100mW (Note 21

SIGNA SYM PAAMTE - 1YB

XTLI t Time Base Period, all clock modes 250 500 250 500 ns 4MHz.2M1-z 'cc
XTL2 '6'..

tex(HI External clock pulse width high 90 400 100 390 nts
tex(L) External clock pulse width low 100 400 110 390 ns

t, Inter nat 4' clock 2to 210 i**

WRITE tw Inierna: WRITE Clock period 414' 404' Short Cycle
60,i 6t4) Long Cycle

1/0 tIdl O Output delay from internal 0 1000 0 1200 ns 50ciF plus

1st 0 Inu etptme 1o internal 1000 1200 ns
WRITE clock

STROBE It~ Output valid to STROE delay 3t0' 314, 3t4' 3t4) ns 1/0 load .

-1000 -250 -1200 -300 5OP - 1 TTL. load

tsL STROBE low time 814' 1204' 8t0, 12t4, ns STROBE load
-__ __-250 1-250 -300 -300 1 5pF -3TThloads. *-

RESET t RH RESE-T hold time. low 6tt - 64 - ns *
_______-750 -1000 *

'RPOC RESET hold time. low for power ,,. .~.I- %.*

clear . .' .ms

EH EXT INT hold time in active and 60,' 614, ns T7otrigper
EX tT EN inactive state -750-.--_ -1000 ntnerrupt

2t4' 1 20r n tr igger time?
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AC CHARACTERISTICS FOR MK3bP70
(S~gnis! bro~ugh" rufl at scociefl

1,,O Power D-s , X.un - I W~ rW (%.&~e 21
00. 05 1-10-15

SYMBOL PARAMETER MIN MAX MIN MAX UNIT CONDITION

Ad.t-SAj 1  Ao',7,able fSO fS0 ns ,2 0 MHz
until da~a rnnwsi be a;-d at I

* ~ ~ 0 Do I.
S-eTalle In F- 8f

CAPACITANCE

A(, Fart Njners
SVM PARAME7ER MIN MAX UNT OE

KIN 1~'~ L;.d~dne ]Unh T)rsuredI .j Pins Gioundiedj
CL Input ce.; ciawe XTLI X-TL2 235 295 p

DC CHARACTERISTICS F..

6 TA VCC within specfed 0Ct fal~ng funge

1 pow er :Fspation 1 0C inr" (%:me 2) ,.

SYMBOL] PARAMETER MIN M AX MX UNIT DEVICE

' cc Averagt- Poovei Supply 85 110 mA MK.3870/10
Current OtusOe

Outpuis Open ~

84 115 mA MK3870/120t
Outputs Open

94 1O mA MK3870/22

- Outputs Open

940 125 mA MK3870/22
Outputs Open

100 130 mA MK3870/32

Outputs Open

100 10 mA MK3870/320
13Outputs Open i %

130] mok MK3870/ 402

Outputs Open

111-91-
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-00. -9 10. 1

SYMBOL PARAMETER MIN FAAX MIN MAX~ UNIT DEVICE[ ______

'cc Avf<rage Pc .eir Supply. Curient 125 150 mA MK36P70/02 iHE

-~_ _-Outputs Open V E' - e' .4

Power Dissipation 400 525 mW MK3870-10 E 6

OuTputs Open -. ~
--- --Iii EX

440 575 mW NIK3870i12

Outputs Open

400525 mW MK3870'20 VH

Outputs Open

4-40 575 mW MK3870,22 VIHI
Outputs Open

4S620 mW !M37,0VIL

Ou-,puts Open 'IL

1 7 620 mW MK38704 3OH2
Outpuls Open '.

475 620 mW ;MK387O/40 IOH QjVV.

600 50mW MK38P70/02
Na EPROM. 

10

OuJ~tputs Open -

111- 92
130

140i:-

A.~~~~~f *,-. P . .



DC CHARACTERISTICS (cont.) R,
TA. VCC within sp~fcfd operaitinlg range, I 0 power dss,,,on - 10mlA'Note 2?

SY PRAETRMIN 1MAX MIN MAX UNIT CONDITIONS

VIHEX Extern-al Clock input high level 24 58 24 58 V - -

VILEX Cxter nal Clock input low level -3 6 -3 6 V

IHEX External Clock input high current 100 130 pA VIHEX VCC

',ILEX Exwrnal Clock input low current -10O -130 pA VILEX-VSS

VII0 Input h~gh le'vel 1 0 pins 2 0 5 8 2 0 58 V Standard pull-up

VIHR Input high level, RESET 20 58 2.2 58 V Standard pull-up

2,0 132 22 3.2 V No Pull-up

VIE nu ihlevel, -3T I2 58 -32 7. V Itndrl pllu

with 13 6 2 1 9 VA VN Pulu

IL Input leakagvel curet ope drai 71 V1 (1 3FN?

inHOuput hig currental pins with - 10- -89 9 A =0~ 24V
standard pull-up resistor

pis an inut vvt no_ poll____- -30essor- -2 8 ;pAJVWOV

1OHDD Output high current. -100 -80 pAA VOH 2 4 V
direct drive pins -15~ -1.3 mA VOH= 1 .5V

.n-8.5 -11 mA VOH=07V

-'2 o~s STROBE Output High current -300 -270 pAV 2 4V-;-
__ __ ___4V

OL Output low current 18 165 mA VOL=OV
'en -- -- ____ -I------- - ___ _____

1o _s STROBE Output Low current 50 45 mA 4V..>*..,

131- 111-93
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8255A/8255A-5
PROGRAMMABLE PERIPHERAL INTER FACE

n MCS-85T  Compatible 8255A-5 m Direct Bit Set/R. set Capability Easing
s 24ProrammbleI/O insControl Application Interface

a Completely TTL Compatible z 40.Pin Dual In-Line Package

-- -m Fully Compatible with Intel' Micro-
proessr Fmiles Reduces System Package Count

III Improved Timing Characteristics n Improved DC Driving Capability

The Intel' 8255A is a general purpose programrrnabie 110 device designed for use with Intel! microprocessors tt has 111111.

* 24 liO pins which may be individualty programmed in 2 groups ot 12 and used in 3 major modes of operation. In the first
mode (MODE 0), each group of 12 110 pins may be programmed in sets of 4 to be input or output. In MODE 1, the second

* mode, each group may be programmed to have 8 tines of input or output Of the remaining 4 pins. 3 are used for hand
* snaking 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 tines, borrowing one from the other group, for hanidshakring.

IWO -A=

PIN CONFIGURATION 8255A BLOCK DIAGRAM

C 8255A Dft -

- ,.-C..

PIN NAMES

D*_01A ~UT DI'.*

"A Pop,? e 00srrr

-A , l "7r A f*1j
1t7.ft

.C ~ 604T C 1117

WM7erc ev

0 7:7 isT-_---

132.
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825SA18255A-5 %

A FUNCTIONAL DESCRIPTION CRD

ral ~~~~~~~~~Read. A "low" on this input pin enapies* . ~ 1 .~n~isnu la
3255 is prorammble eriperalnte' ace(PP) send the data or status information to tme c' ,,;;,iA. ,at4sttot
-325A s aproramabl peiphralintrfae (~o data bus. In essence. it allows the CPU -.a or.,o .Q r e ot

ne designed for use in Intelir microcomputer the 8255A. - oto -t

Isms. Its function is that of a general purpose 10 - ,& A sM Group aCnrl

onent to interface peripheral equipment tote (W R) . V~ceIe olgua nO
omputer system bus. The functional configura- Writ. A "low" on this input pin enables the Cp e -W raems software. ine

..of the 8255A is programmed by the system software data or control words into the 8255A. .- 1cnrlwr ote85A
.Alat normally no external logic is necessary to inter- 3 ah asf~ wormtote"5

peripheral deie or structures. (A0 and A,) *& !ur taiizes the functional ..

Bus Butter Port Select 0 and Port Select 1. These input sg.
conjunction with the RD and WR inputs. con:',s * .awCitrlbok C u 4

3-state bidirectional 8-bit bufter is used to interface selection of one of the three ports or the conr'r' .,.'--vs from~ the Read/Write

255A to the system data bus. Data1 ?s transmitted or registers. They are normally connected to the wit, acids" from the internal 7-*
.ived by the buffer upon execution ot input or output significant bits of the address bus (A0 and A,) -c -c-"Wds To its associated p.
ructions by the CPU Control words and status infor. iriA-PrtAnPc.__

.!on are also transferred through tWe data bus butler. 8254AI PEAINQ o C Grop - Port B and Po

-~*%w :.,-irol Word Register can Or=A, AR cs INPUT OPERATION 11Rt

dlWrite and Control Logic a 0 1 IL[ 0 PORT A -DATA BUS A..d 3efation of the Control Wc
o u 0 PORT - DATA BS~i

function of this block is to manage all of the internal ]1Ii0i7I0i1i1F[ 0 jPORT C -DATA BUS 4- *.i

external transfers of both Data and Control or Status OUTPUT OPERATION
* ds. It accepts inputs from the CPU Address and Con- ( _ WRITE)

busses and in turn, issues commands to both of the 01 i 1  J 0 AABu 0PR
..trol Groups. 0 1 0 D__9_ATABUS-POR TS

1 0 1 0 0 DATA BUS -PORTC
1 1 0 0 DATA BUS - CONTPOCL

-2---- DISABLE FLINcTION_
X~ X X X iDATABUS 3-STATE a''

*Select. A "low" on this input pin enah~les the com 1 1 0 1 tL&EGA cODT
*iction be'ween the 8255A and the CPU X I ODATA Bus-~3-STAt

L: Figur 2.825.lckDa;y

L -0
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8255A/8255A. %,

8255A FUNCTIONAL DESCRIPTION (R D)

General Read. A "low" on this input pin enables the 8255A to .~ .
send the data or status information to the CPU on the .~

The 8251 A is a progianmabte peripheral interface (PPI) data bus. In essence, it allows the CPU to "read from,
device designed for use in Intel' microcomputer the 8255A.
systems. Its function is that of a general purpose 110
component 10 interface peripheral equipment to the (W R)

micrcomptersystm bu. Te fuctioal onfgra- Write. A "low" on this input pin enables the CPU to write
lion of the 8255A is programmed by the system software data or control words into the 8255A, -.

so that normally no external logic is necessary to inter-
face peripheral devices or structures (A0 and A,) ~~-

Data Bus Buffer Port Select 0 and Pon- Select 1. These input signals, inV
conjunction with the RD and WA inputs, control the

This 3-stale bidirectional 8-bit buffer is used to interface selection of one of the three ports or the control word
the 6255A to the system data bus- Data is transmitted or registers. They are normally connected to the least
received by the buffer upon execution of input or output significant bits of the address bus (Aci and A,).
instructions by the CPU, Control words and status infor-
mation are also transferred through the data bus buffer. 85ABSCOEAIN-

A1  At RD WR CS I INPUT OPERATION (READ)
o 0 LiTo - AABus

Read!Write and Control Logic 1 o o T O-R-DATA _-6

The function of this block is to nmanage aft of the internal ~ 1PORT C - DATA B3US
and external transfers of both Data and Control or Status IOUTPUT OPERATION - --

words. It accepts inputt from the CPU Add'ess and Con - TE-- -)---

tiol busses and in turn, issues commanrds to both of the 0 1 1 0 DATA BUS - ORT A
Control Groups. 0 0 -AABUS - PORTr 0

I1 6- DAiA BUS -cPORoL

DISABLE FUNCTION - .

(Cs) X DAT BUS- 3-STATE

Chip Select. A "low" on this input pin enables the corn- i~GkCNIi
muniction between the 8255A and the CPU. XDATA Bus -TT

IT.

-r .- '~*-%

if -_

Figure 1. 8255A Block Diagram Showing Data Bus Buffer and ReadrWrile Control Logic Functilon

rr-



8255AJ8255A-5

*(RESET) Ports A. 8,and C
Reset. A 'high on this input clears the control register The 8255A contains three 8 bit ports (A. 8, and C). All
and all ports (A, C, C) are set to the input mode, can be configured in a wide variety ot functional charac- --

teristics by the system &oftware hut ea:Js has Its own
Group A and Group B Controls special features or "personality" to further enhance the

power and flex bility of the 8255A.
The functional configuration of each port is program.
med by the systems softwIare. In es! ence, the CPU -out-

_eputs" a control word to the 8255A. The control word con- PrA.Oe8btaaouptathufeanoe8bi
i airns information such as 'mode", "bit set", "bit reset", data input latch.

etc.. that initializes the functional configuration of the Port B. One 8-bit data input/out put latch.'buffer and one
8255. 8-bit data input buffer. W

ea fteCnrlbok GopAadGopB cet Port C. One 8-bit data output latch/buffer and one 8-bit
'CommandS- from the Read/Write Control Logic. receives data input buffer (no latch for input). This port can be
'lcontol words'* from the internal data bus and issues the divided into two 4-blt ports under the mode control.

.P'ver commands to its associared ports. Each 4-bit port contains a 4-bit latch and it can be used
Conirl Group A -Port A and Pori C uppier (C C4) for the control signal outputs and status signal inputs in
Control Group 8 Port 8 and Port C tower (C3 CM) conjunction with ports A and B. ~

'The Cvntrol Word Register can Only be written into. No . .
.D ctad o~eratron of the Control W-ord Reginster ins allowed.

PIN CONFIGURATION** -

.44

PIN NAMErS

XZ.

"not III

-Sr a oi ea os,

t=-1 ~~~ ~ ~ ~r BlckDaga Soin ropA n

SSConttrol Functions

r. ' 8-63 00744 A

1 1 11 ' l,
W

A - - - * * ~ P~s ... . A . .'. ... .. : ,. 5V
-7 7 **.
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AN...K.0 '" ..

Mode~~ Seeto

D,~fy D, . D

Mode Se-lectin iinl u

Wheenr threet hipu godes "hgh allrota cill be seet- o0~0~

the input mode (i e., all 24 lines wilt be in the high im- *'

*pe-dance state) After the reset is removed the 8255A canIINU
* remnain in the input mode with no additional initialization

required During the execution of the system program Doe, M .
any of the other modes may be selected using a single 'I

output instruction. This allows a single 8255A to service OU PUT

a variety of peripheral devices with a simple software -001 SiAtsION
* ~maintenance routine. i- MOD( 0 4

*The modes for Port A and Part 8 can be separately defined. Fg

* white Port C it divided into iwc portions as required by the
Port A and Port 8 definitions. All of the output reg~sters. in- IckooP AOp

cluding the status flip-flops, will be reset whenever thej -

mode is changed. Modes may be combined so that theirL

functional definition can be 'tailored' to almost any I/O f/3

*structure. F-or instance. GroupB can beP prgame i n P' -o

Mode 0 to monitor simple switch closings or ditplay comnpu-a.OTU
rational resultt, Group A could be programmed in Mode 1 !az

to monitor a keyboard or tape reader on an interrupt -driven o0sicr.

basis. o~~tr

________M0i5_A

Figure 4. Mode Definition Formal -

AD aP D7 N A A. D

9 v 110 11 The mode definitions and possible mode combinat.011111
Po"11.P, r CP. PA, 'A may seem confusing at f r- 'hut af ter a cursory rewieo O

the complete device )~ n a simple, logI Cal VPC Mll

c proach will surface. The design of the 8255A hW thaW*.
wowr -- T*. into account things such as efficient PC boare la-iA~I.%.%*

flfl 4~ocontrol signal definition vs PC layout end corV4."
P57 P% CONTROL CON'BOi P., PAP ~ functional flexibility to support almost any peVi -V

O~iO Oindevice with no external logic. Such clesign re-Ell
Cthe maximum use of the available pins. ~ ""ri

'5%CONTROL .~ Single Sit Set/Reset Feafure

Any of the eight bitt of Port C can be Selo 01l'
4

q

single OUTpui instruction. This 4eature r1 90~
Figure 3. Basic Mode Definit ions and Blus Interface requirements in Control-based anplicatiofns IN.

8-4

* * * 77--1-1

Z.- -



825 5A/8255A-5

When Port C is heing used as status/control for Pori A or B,
co..co, oes hese bits can be set or reset by using the Bit Set/Reset op-

eraion just as if threy wetredata Ouput ports.

or ~ *5 Interrupt Control Functions VZ .~

I ~ ----- '------~ When the 8255A is programmed to operate In mode I or "-ell. SE1 IT~...... mode 2, control signals are provided that can be used as
T 1STinterrupt request inputs to the CPU. The interrupt re-

CREC quest signals, generated from port C, can be inhibited or

Cs enabled by setting or resetting the associated INTE flip.

~ri0 I This function allows the Programmer so disallow or allow a -
7 :0l100 I-S specific 1/O device to interrupt the CPU without affecting

any other device in the interrupt structure.

INTE flip-flop definition: ~X
0. ATIVE(BIT-SET) - INTE is SET - Interrupt enable

(BIT-RESET) - INTE is RESET - Interrupt disable ;r '

_______________________________________ Note: All Mask flip-flops are automatically reset duringor

Figure S. Bit Setlfeset Format mode selection and device Reset.

Operating Modes Mode 0 Basic Functional Definitions:
a Two 8-bit ports and two 4.bil ports.
* Any port can be input or output.

MODE 0 (Basic lnputlOutpul). This functional configura- * Outputs are latched.
tion provides simple input and output operations for 0 Inputs are not latched.
each 01 the three ports. No "handshaking" is required. 0 16 different Input/Output Lonfiourations are possible
data is simply written to or read from a specified port. in this Mode.

* cl~Al. NO -

I.D

MODE 0 (Basic Input)
_,lionS
-ew of

-0 ap-~

yout.IV w-4
4plete.

her~hn

-using %we

* MODE 0 (Basic Output)

* 137
* )7hA M45 00744A

*~~~~ . . .. . .. . .------ * - %.
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A.C. CHARACTERISTICS

TA -O'C to 70'C. V~C 4 5V±5%. GNO~ OV wDIE *

BUS PafmelerSThe L555A.5 s"..ca-
lioane .s a t f ir@I Some*

busaad: er "ont Sr no _
Read - 1Cf to Change .4

8255A 82b5A-5
SYMROL PARAMETER MIN. MAX. FAIN. V~AX. UNIT Figul DI

t
RA AdressSrubl - -eel.

IAR Addless Stable Before READ 00n

IR drs teAtrREAD 0 0-n

READ Pulse Width 300 300 ITS

1
D Data Valid From READI 

1) 250 1200 ns

tDF Data Float After READ 10 ISO 10 111 n,

IRV Time Between READs and/or WR ITEs 850 850 - ns

Write:

SYMBO PARMETERMIN.8255A ___ 8255A-5

SYMOLPAAMTE MN. MAX. MIN. MAX. UNITr

tAW Addi ess Stable Before WRITE 0 0 ns

tWA Address Stable After WRITE 2020 ______

t5.vW WRITE Pulse Width 300 300

IDW Data Valid to WR ITE ITE.) too 100 j n,

Iwo Data Valid After WRITE 30 n0is F.G

8255A 8255A-5 4.,.

SYMOL ARMETR MN. MAX MI.- MAX. UNIT

two WR I to Outputf 
11  350 350 ns

tR Peripheral Data Before RD 0 0 ns % r

tHR Peripheral Data After RE) 0 0 1111%

AK ACK Pulse Width 300 30() In .

ST STB Pulse Width 500 500 ____ .s--

Ip5  Per. Data Before T.E.of STB 0 0 ____ %JL.~.

IH Pet. Data After T.E. of STB 18 ISO11

tAD ACK 0tOutput" l 300 300 no

IKDf ACK 1 to output Float 20 250 20 _ -5-

t woB WR = I to OBF = 0111 650 650 it

t
IAOB ACK =Oto OBF 1l 3501 350 is

ISIS STB -O0to IBF 111l1 300 300 As,

RD,9 IO to IBF (
1 1 300 300

IR11 RO-0toINTRO0I'1 400 40 t

~~~ ST to INTR = 10111 300 .~L.~-
tArT _ACK=1 to NTRIl 350_ __ .50~ --
5
W IT _WR=OSo INTR = 01 850 85-

Niotes 1, Ter. Ccrralirts 8255A CL " 1000r"- $255A 5 CL 150%)F

2. Perott ot Reset pulse must be at IIt, Soas cduring or after D0we, ort.
Subtseuvttt Retwt pulse con be 500 rrs min.

*- -78

t-p

r V . '... *. - .
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* Figure 25. Input Wavefotms for A C. Tests

1.0.

____ ___ ____ 5." ____ N

Fiue2.MD 0(ai upt

A 00744A
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int~l2716
16K (2K x 8) UV ERASABLE PROM* ~ "'

3%

a Fast Access Time a Pin Compatible to Intel' 2732 EPROM 1
- 350 ns Max. 2716-1
- 390 ns Max. 2716.2 a Simple Programming Requirements [

490 ns Max. 271651
-450ns ax. 716- Single Location Programming
- 650ns Mx. 216.6- Programs with One 50 ms Pulse

* Sigle 5VPowe Suplya Inputs and Outputs TTL Compatible

* Lo Powr Disipaionduring Read and Program

- 525 mW Max. Active Power
- 132 mW Max. Standby Power a Completely Static

The Intel' 2716 is a 16 384 bit u.ltraviolet er2a.ab'e a-id electi-cally prarnmabie read only neroryi (ElROkl The 2716

operates from a single S volt power supply. has a slaticZ Slndby mode, and itatures !ail s;ngle address locat~on program

A lng. It makes desgnn vv~lh EPROMs laster, easier and more ecunom~cal

The 2716, with its singlE 5-volt supply and with an access Inme tip to 350 Ins, is idea? for use wtt the newer high perforrmance

45V microprocessors such as Intel's 8085 and 8086 A sele~cted 2716-5 and 2716-6 is ava::able lo, slower s; .d app'ications,

The 2716 is also the firs', EPROM with a static standbV mode whch reduces lMe powver disspzoicun w~thout ,ricitrsin access

time. The masximurre active power dissipation is 525 mW while the maximum stauidby liiver d-ssoaton is only 132 mW, a

75% savings.

The 2716 has the simplest and fastest method yet devsed lo: prug aming EPROMs - siigie pulse TTL level poz~ianiing

* No need for high voltage pulsing because all progiamming controls are handled by TTL signals~ Program any location at any -

time-either individually, sequentially or at random, w~th the 2716's single address location programming Total programming
*time lor all 16,384 bits is ornly 100 seconds.

* ~PIN CONFIGURATION MODE SELECTION .'* .-

2716 2 7 3 2 t 2.~ ~ -

C1141 I Ofe v" o uiSc or ii. s

* .13- AG C- 73 171 'a . rr6"'Z~

ir ' LA S rr'', - , - -t Do"

Ot Ic iso iii i".,3',vIw" .25 .5 .V

N~A i 33 rBLOCK DIGAM

I Refer to 2732
data sheet for N

specifications

PIN NAMES

&C ArC 1 JS~
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2716

PROGRAtMING -C
The prog-rdi;ing spiecificatlions are describe-d in the Data Catalog PROM,-ROM Pfogesrrnening instructions Section. %

Absolute Maximum Ratings"

TurT ,siature Under Bias. .. .. .. . . . . . . - C 1o 480"C 'COMMEN)VT S ct sr-aror lsii,,r s

Si&~a~e Temperature................. -6b C to + 125'C mumli Reirigs" Mray s .r* 0 rc..g oted ThISsqn

All input or Output Volta.ges wvith stress rig onl5 aridturric. r- oio tedce .t 0 eo

Respect to Ground.. .. .. .. ... ..... 46V to -0 3V fly Oiler Cli Or ,is ablove thliiu .~rdi 015,O lili se. I
tions ot this sipecdfi aton is.r ,l,ed afipsiwe to abbsclult

V;I Supply Voltage with Respect riirur ainq onda~,ons to, e.tr .,Jd ma rn 0 afct 4-, (lI

to Ground During Prugram .. .. ..... 26.5V to -0.3V relability

DC and AC Operating Conditions During Read r

2716 2716-l 27 16-2 2716- 5 2716-6 .

emt~,,e-a'uro- Range jO'C - 70'C 0'C - 70,C 0CC - 70'C O'C - 70'C O'C - 70cC

ICC Powetr Supply!t.?: 5V -±5% 5V ! 10% 5V ±t5% SV ±5% 5V ±~5% Ct.:ecit

READ OPERATION .0-

D.C. adOperating Characteristics-OT4

Limits1
fSymbol---- Parameter -t-I _3p1' Ma. Tt Conditions

ILI Input Load Current 10VV=1 5

ILO O0tlsui ILaiage Current -CUr 5

*IPPI
17 i VPP Current 5 mA Vpp 5 25V Zip

cc Vcc Current (Slandby) 10 25 mA CE =VIH, OE VIL

I 10 2 12j VC0 Current (Active) 57 100 jmA CF = =Vt 1

VIL Inu Low Voltage -0.1 0.8 V

VH Input High Voltage 2.0 Vc+
1  

V -

VOL Output Low Voltage 0.45 IQL = 2.1mA

VH Output High Voltage 2V_______ V IC, =0 -400;,A

NOTES I VCrruir be ap-lpd simulatanieously or before Vpp and removeid simuitanleously Or ilte Vpp .

2 Vpp msay be connected dtirectly to Vc exrcept dui-9g peamrrring The supply current wsoulid then be the sum o, 'cc and 'pet .

3 Typiical valies wre for TA =?5'C and nominal suppliy voitages ~
4 This parameitr is only samrpledI and is not t110  tested.,C

Typical Characteristics

)CC CURRENT ACCESS rIME ACCESS TIME

Wa. VS. vs

TEMPERATURE CAPACITANCE TEMPERATURE

I c2 CTVt cuIN

I N

"c 311lv1l .. I* 0

a o 30 so C s o t s s e .W a It K0 %i o r i( f -~

2-8
-- - 141 ~ - -- .I :::~:: :
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2716L

A.C.Characteristics - -

S---------Limits Intlit

2716 2716-1 2716-2 1 2716-5 Y 271646 To
* Sy tribal Parare~otae rdrill,

K~n. MAX. Min. Mr.. 064i. "a X. Min. max. Mr.. Mir

tACC Aoa so 0ilO.lu, DWaY 450 350 - 390] 450 45D ECi ,

ICE CE to Output Diay 450 350 390 490 650 DE-- - --- - - - . -. -

0 oulo Enable to 0iwut Delay 120 1210 160 200 C I
IDF Outpx Enable H Qh 0Output Float 0 100 0 10 0 10 0 100 0 100 CE Vi

tom Outoori Hold from Add,-esr. CF of 0 0 0 0 CE 6Ev
C4TEvil.che 1 i0Occ"eO Fe .. j

Capacitdnce I4 TA =25'C, I I MHz A.C. Test Conditions: o,
SymbolI Parameter Typ. ]Max.l Unit7 Conrditionstt Output Load: 1 TTL gate and CL =100) PF

______ 446 IInput Rist and Fall Times: < 20 as *-CIN Iput ~>Zaciia1ce
__ _1_ 1 Input Pulse Levels: 0.8V to 2.2V%

COUT Output Capacoance 81 2 pF VU =OV Timing Meaut'meni Reference Level:

Outputs 0 8V arnd 2V

A. C. Waveforms lI

ADDRSSESADDhESSES
ADD~tSSESVALIt)

:1' iPPI 
-,.

HIGH 2
OUTPUT VALIDOTU *

aNOTE I. VC must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.
2. Vpp may be connected directly to VCC except during ptogramiming. The supply current w.ould then be the sum Of 'CC end fppl -

3. Typicail vcalues are for TA - 25"C and nominal supply voltages.
4.Thi% parameter is onify sampled and is not 100% tested -

5. OE may be delayed up 10 tACC -tIOE after te failing edge of CE without Impact Ont 'ACC-

142 2-9 ''
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2716 m_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-- . - .

ERASURE CHARACTERISTICS OUTPUTOR-TIEING ..,", -

The erasure characteristics of the 2716 are such that erasure Because 2716's are usually used in larger memory arrays.
begins to occur when exposed to light with wavelengths Intel has provided a 2 line control function that accomo-
shorter than approximately 4000 Angstroms (A). It should dates this use of multiple memory connections. The two
be noted that sunlight and certain types of fluorescent line control function allows for: %

lamps have wavelengths in the 3000-4000A range. Data a) the lowest possible memory power dissipation, and m Fast Acce
show that constant exposure to room level fluorescent -45.ns and

lighting could erase the typical 2716 in approximately 3 b) complete assurarce that output bus contention wilt - 450 .S
years, while it would take approximatley 1 week to cause not occur. - 550 ns

- asure when exposed to direct sunlight. If the 2716 is to To most efficiently use tese two control lines, it is recoi- A .

be exposed to these types of lighting conditions for ex- mended that CE (pin 18) be decoded and used as the E Single +5
tended periodi of time, opaque labels are available from primary device selecting function, while U (pin 20) be
Intel which should be placed over the 2716 window to made a common connection to all devices in the array and e Output Er
prevent unintentional erasure connected to the READ line from the system control bus. MCS-86"
The recommended erasure procedure (see Data Catalog This assures that all deselected memory devices are in their
PROM, RaM Programming Instruction Section) for the low power standby mode and that the output pins are only U Low Pow "
2716 is exposure to shortwave ultraviolet light whcn has active when data is desired from a particular memory ISOmA Mawavelengthi of 253 7 Angstroms (.-ii) The integrated dose dvcOm ia. -a-,-
(ie.. UV intens ty X exposure time) for erasure should be PO AMce. 30m A M

a minimum of 15 W-sac c,
2 

The erasure time with this
dosage is approximatey 15 to 20 minutes using an ultra Initially. and after each erasure, all bits of the 2716 are in The Intel' 2732 '. -

violet lamp with a 12000 uW cm
2 

power rating. The 2716 the "I" state. Data is introduced by selectively program operates from a - - -

should be placed within 1 inch of the lamp tubes during ming "O's" into the desired bit locations. Although only ming time for all t -

erasure Some lamps have a filter on their tubes which "O's" will be programmed, both "1l's" and "O's" can be faster, easier, an =

should be removed before erasure presented in the data word. The only way to change a "0"

DEVICE OPERATION to a "1" is by ultraviolet light erasure. An important 27

OE control elir'
The 2716 is in the programming mode when the Vpp power describes the .The five modesof operation of the 2716 are listed in Table supply is at 25V and E is at V. The data to be pro-

I. It should be noted that all inputs for thefive modesare at sraple is applied 8 is in paraleAP72 is availa
TTL levels The power supplies required are a +5V VCC and grammed is apphed 8 bits i parallel to the data output

pins. The levels required for the address and data inputs are The 2732 has a -
a Vpp The Vpp power supply must be at 25V during the TTL.
three programming modes, and must be at 5V in the other current is 1TTe- .

% two modes When the address and data are stable. a 50 msec, active applying a TTL-t

TABL I MODE S rLECTION high, TTL program pulse ;s applied to the CE;PGM input.
I .S c -l di, V" ,z . Ou , s to be program m ed Y ou can program any location at any

time - either individually. sequynt,ally. or at random %
- The program pulse has a maximum width of 55 msec. The . ..

,. - . - . 2716 must not be programmed with a DC signal applied to
r .. ' . . S the CE/PGM input*... ... .. ....,'''.',..'... '-5 '5"_-.

,,- - '00L. - 's Ooi Programming of multiple 2716s in parallel with the same
- V ,. -- - - - data can be easly accomplished due to the simplicity of

." READ MODE the programming requirements. Like inruts of the paral-

leled 2716s may be connected togethei .. hen they are pro
"' The 2716 ha.; two control fun;t;ons both of which must be grammed with the same data A high level TTL pulse

logically satisfied in order to obtain data at the outputs aplidtote EPGM iptporm ieprlee-- ~~~~~~~applied to the C-PG input programs the paraileled ... '"..o"? :
Chip Enable (CEI us the pow,.r control and should be used 

2 7
1

6
s.

for device selection. Output Enable OE) is the output PROGRAM INHIBIT
," Control and should be used to gate data to the output

pins, indep-ndi'nt of dev ce selection. Assuming that Programming of multiple 2716s ,n parallel with different
addresses are ;tahl-, addr.,; access time (tACCI is equal to data is also easily accomplished Except for CF','PGM, all
the delay from CE to output (tCE) Data is avalable at like inputs (including (OE) of the parallel 2716s may be. .

the outputs 120 ns (tOE after the fallhg edge of OE. common A TTL level program pulse aiphel to a 2716s
assuming that CE has be.-, low and adtrt., have b n CEiPGM input with Vpp at 25V will program that 2716
stable fur at leait tACC tOE A low level CEiPGM input inhibits the other 2716 from

STANDBY MODE being programmed

The 2716 has a sta..ltf mud- which redu:es the active PROGRAM VERIFY
power dis-;par- by 75"', from 5

2
5 mW to 132 mr'. The A verify should he peforrrcJ on the prurrielid bits to

2716 us plau.-l n the sta-,uil,1 rnoil by appiyriJ a TTL high determine that they were correctly prolgjairim.d The verify
signal to the CE input Wheu in stauldt,r nioue, the outputs may be performed wth Vpp at 25V Exceiit during pro
are in a high impwd'ni.(i stelp, indeP,rdi rit of the OE input granirnng arid proiura verify. Il must be at 5V ' ,

2-10
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745-0007

I~ltlI5LTHexadecimnal Display
L~..I- ~J- 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.

mechaicaldataSolid-State Visible Hexadecimal Display
mechaicaldataWith Integral TTL Circuit To Accept,

to .I: 0 -OD ..0..-.e Store, And Display 4-Bit Binary Data

5 I * 0.270-Inch-High Character

00f o High Brightness

00 SW 020 3
low os'* Left- and-Right-H and Decimals

0 on XW~ * Separate LED and Logic Power
'SE NOEA Supplies May Be Used

"CC.- Easy System Interface

iOG'CCis Single-Plane Wide-Angle Visibility

0t e OtASVE Internal TTL MSI Chip with Latch, .-

o Operates from 5-Volt or 6-Volt Supply

fseating plane e Constant-Current Drive for
113' ,,,I Hexadecimal Characters

connector 501-0701-009
PIN 1 LED SUPPLY VOLTAGE 21

NOTES: PIN 2 LATCH DATA INPUT B
A. The true positionl pin spading is 0 100 PIN 3 LATCH DATA INPUT A I ~ D

between centerlines Each pin center- PIN 4 LEFT DECIMAL POINT CATHODE 0 '053681 D'.

l ines is located within t0.OtO of its true PIN 5 LATCH STROBE INPUT U ft CAP

longitudinal position relative to pins 1 PIN 6 OMIT-TED 0 a lo0
and 14. PIN 7 COMMON GROUND

8Lead dimensions are not controlled PIN 8B LANK~ING INPUT T '4
*above the seating plane. PIN 9 OMITTED 01

C. Dimensions associated with positionl 01 PI DRGTDCMLPON AHD

LED's are between centterlines and are PIN 11 OMITTED 1-

*nominal. PIN 12 LATCH DATA INPUT D
D Alt dimensions are in inches unless PIN 13 LATCH DATA INPUT C For use With 745-0007 display.

* otherwise specified. PIN 14 LOGIC SUPPLY VOLTAGE. VCC

CIMetric dimension in mm.

Disigt.reserves the righi to Make 1L,.anqe% a1 anytine
in OF Oer to improve CeS ign and to £iioolV the belt prodjvcT ooss,ble.

IJ IA L 1IG H T'I 203 U APRISON PLACE o E 90CK LYN N.Y. 11237 0 21 2497 76000 TWX: 710-584-5487 0-

A %OR'H A V.IRICAN P -I > 144 35
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description 745-0007

This hexadecimal display contains a four-bit latch, decoder,driver, and4x7light-emitting-diode(LED)character
with two externally-driven decimal points in a 14-pin package. A description of the functions of the inputs of'this
device follows.

PIN NO. DESCRIPTION

LATCH STROBE INPUT 5 When low, the data in the latches follow the data on the latch data inputs.
When high, the data in the latches will not change. If the display is

a 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, B, C, D) is low. The binary weights of these inputs are A = 1, B = 2, C = 4, D = 8.

DECIMAL POINT 4, 10 These LEDs are not connected to the logic chip. If a decimal point 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 VCC current by
using a separate LED supply, or it may be externally connected to the
logic supply (VCC).

LOGIC SUPPLY (VCC) 14 Separate VCC 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 relatively constant on-level current of approximately five milli-
amperes through each of the LED's for ming 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, nis 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.

a a a U E

*a :06 so a :.. a Qf fe aama

0 2 3 4 5 6 7 S 9 10 11 12 13 14 is

LAH a TNCHW
twO" " LATH"R E

• IIII II 2111081 IIIA .,aI I I I I I I i

INPUT

36
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description 745-0007

absolute maximum ratings over operating ambient-air temperature range (untess otherwise noted)
Logic Supply voltage. VCC (See Note 1)......................................................... 7
LED Swpply Voltage fSee Note 1) .......... ................... ........................ 1............... 7V
Input Volta,;e (Pins 2, 3. 5. B. 12. 13. See Note 1) ... .. .... ... .............. ...... 5.5V

Decimal Point Current................................................. ................ 20 mA
Operating Ambhtnt-Air Temperature Range .. . . . . . . . . . .. . . . . . . . . . .. . . . . . . . . OC to 70-C . a- c

NOTE 1! Vols,;e values ale w~th respect to corririn ground lemma?

recommended operating conditions
Log-c ~ ~ ~ ~ ~ ~ ~ ~ ~ I NuOMt Volag VUCN.. . . .. . . .. . 45T .

LEgi Supply Voltage. VLED - ..... ........................................................... 4 5 7. V

Decimal Point Current, IF(DP) .................... .. mA

* Latch Strobe Pulse Width, tw .............. .............................. 
40 ns

Setup Time. thetup (See Note 2) ...... .............. ... 0I
Hold Time. thold (See Note 3) . .. . . . . . . . . . . . .. . .. . . . .... .. .. . . . .40

NOTES: 2 Sehip time is the interval imm-ediately preceittrg the pos live go rig trors5i.on 0? the lair strobe inpot duiring which inter-sal the data to
be drspa3yec mur~st be n-.arita~ried at the latchr cata.nputs to e,,sire its (ezogn tion . ' - ---

3 Hold irrie is the interval imrred ately lovi~ion; the Psc tce-goln rita-s.i ton of the astcrn strobe iput during which itel the data to
be d-spiarecl muist be maintanrec at thie iatchdaza rils Irj e-isme ts rci-cned Ieccignrton

operating characteristics at 25TC ambient-air temperature

PARAMETER TEST CONDITIONS MIN TYP MAX IT
IV Aver age Per Vicc v, VIED = 5 V 3 0t

v Luminous Intensity (See Note 4) Character LED See Note 5
Each decimal IF(DPI = 5 MA 35 100 acd

A I Wavelength at Peak Emrssion VCC = 5 V, VIED =5 V 6-40 660 680 nim

8 Spectral Bandwidth between Halt-Power Points IF(DP) -5 mA. See Note 6 20 nm
Viii High-Level input Voltage 2 -S.
VIL Low-Level tnput Voltage 0. * V
VI Input Clamp Voltage C =4.5V11 2mA-5 V
It input Current at Maximum Input Voltage VCC = 5,5 V. VI = 5.5V I mA
ItH High-Level input Current VCC = 5.5 V. Vt 2.4V 40 uA-
IIL Low-Level Input Current VC = 5.5 V. VI 0.4 V -1.6, ITA

'CC Logic Supply Current VCC = 5. V. VLED = 5.5 V. S0 90) mA
1 LED~~ LDSplCurn F(DP) = 5 mA. All inputs at DV 4 901 mTA

NOTES. 4 Luminouis intensity is measured with a solar cell and tilter combirain which approxirnates the CIE (international Corriffsiol. onI illumrination) eye-rCsponse curve-
5 This paramneter is mneasured with r- displayed, then again with L displ aed.
6 These pa-areleis are mneasred with rrdisplayed.

RELAnIVE LUMINOUS INTENSITY RELATIVE LUMINOUS INTENSITY

AMBIENT-Ait TEMPERATURE LOGIC SUPPLY VOLTAGE -

c 2 - T.2.

o .0 ~~~. 0.06e- -

04 0

O- 0.0

0 10 20 30 40 50 W0 70 4 8 7

1 A-. Amubiln.r Ieriperature --C VCC-..rC Suippl Voita"e V

FIGURE 1 FIGURE 2 ' --



NO. ANDOVERA. MA 01diAL C 45JI C
(617) (.55 4371 A E S U T H

GOLD CONTACTSSrAC SERIES* 111111 BI-DIRECTIONAL SADR
SPECIFICATIONS S A D R

SMC SERIES HAS LARGER VISIBLE READOUT CHARACTERS Cotc Rtn:0. A@20VC- Pa C
despite its small size. Many of the advantages of miniaturization Cntt arg0.VA@2VCorPaA.
found in the PICO Series are offered along with a greater number Contact Circuit Resistance: 0.12 ohms max. (Total internal ckt. re.)~

of output coda options. This popular family is used in measure- Mechanical Life: Mare than 106 operations. t -

mont and lest instruments for tango selling, data programmt~ing Operating Temperature: -I OOC to +i60
0
C. . *.

and count controlling: and in communications requipment for Housing: Black, matte finish. Materiat: Noryl SE1
digital tuning. The simple. reliable bi-directional pushbutton
mechanism permits rapid changes to either higher or lower num. PC Boawd Glass epoxy type, GIG.
wiical settings. Instrument -grade performance and long service PC Terminals Spacing: SMC-I11: .079", SMC.141..1161%.tO0"
life are enhanced by the heavy gold clad wiping contacts. Large All Others .200"

raotcharacters are prtce yds-eldwno.Snap- Character Height/Color: .200"' (except -301 & -SG-5i58. .140":

3 together grouping and snap-in panel mounting minimize installa- SG-557: .1'. White on black background.

-' lion time and cost. Contacts Gold Plating Thickness: Wiping: .0004" (10 microns)
Code Pattern: .00012" (3 microns)

ftmuC

2CL A "i -1t L.-9 .

- .SMC-111-AK SMC-111-AL SMAC- 131 -AK SMAC-131-AL
-~SMC-137-AK SMC-I 37-AL SMC-P/K

- . *-'-SMC-301-AK

'ar.,. r'. - - TERM .NAL DETAIL

- -~~ -AL ~ -AL/Dr.,. .t'
AKTy Des ,~,, Types

Modal Cod Decrpto Characters On- 11' 20. 100,.
Cod. Decrto 9 19 9 249

SMC-111-AK III Decimal Code, (1-o1-10) 0-9 6.10 4.88 5.49 4.88 4.58 >I
*SMC. I I -AKIOI In1 Decima C ode. Rtepeating Readout 0&1 6.35 5.08 5.72 5.08 4.76 o

SMC.111-AK/05 III Decimal Code, Repeating Readout 0&5 6.,35 5.08 5.72 5.08 4.76
SMC II-AK/v - III Oectmal Code. Repeating Readout -- 6.35 5.08 5.725.847
SMC-. 11-AL 111 Decimal Code. Extended PC Board 0-9 6.75 5 40 6.08 5.40 5.06

*SMC.1I1I-A.A4* - Ill Decimal Code Exteroced PC Board -&- 7.00 5.60 6.30 5.60 5.25
SMC-1I31-AK 131 1-2--8 BCO 5±odC 0-9 6.10 4.88 5.49 4.88 4.58
SMC..131-AL/D 131 BCD, Earendlec PCB for diodes 0- 9 6.15 5.40 6.08 5.40 5.06 SMC- 131 AK1
SMAC-13 7-A$. 137 1-2- 4-8 BCD Complementt Code 0-9 6.10 4.88 5.49 4.88 4.58
SMC.]37.AL/D 137 BCD. Complement. EXT. PCB for diodes 0-9 6.75 5.40 6.08 5.40 5.06
SMC141-AK 141 BCD & BCD Complement Codes 0-9 6.75 5.40 6.08 5.40 5.06

*, SMC.301-AK 301 Hexadecimal 116 Positions) 0- 9 &A-F 7.40 5.92 6.66 5.92 5.55
SMC-SG-557 301 Hexadecimal (16 Positions) 0-15 7.40 5.92 6.66 5.92 5.55
SMC-SG-558 301 Binary Coded Octal IS Positions) 0-7 7.40 5.92 6.66 5.92 5.55
SMC-524-AI( 524 Complement at 9's Complement 0-9 8.90 7.12 8.01 7.12 6.68

*SMC-400-AK 400 $PDT 2-Position Repeating -&- 5.90 4.72 5.31 4.72 4.43
,SMC.DS/09 - Dummy Switch 0-9 5.25 4.20 4.73 4.20 3.94

SMC-wDSI1 W05/1 1-2-4-4 Resistance Decade 0-9 6.75 5.40 6.08 5.40 5.06

-SMC-P/K (Pr.) End Mounting Plates, Molded Clip .95 .76 .86 .76 .71I-
SMCBG .300" Spacer Section .95 .76 .86 .76 .71
SMC-A A 00" Spacer, with Mounting Clip$ .50 .40 .45 .40 .38
SMCA/DP .100" Spacer. with Decimal Point .95 .76 .86 .76 .71
89L Connector. 9 contacts. Solder Lugs 225 1.80 2.03 1.80 1.69
B9LS Connector, 9 contacts, PC Terminals 2.25 1.80 203 1.80 1.69
BIlILS Connector, 11I contacts. PC Terminals 2.50 2.00 2.25 2.00 1.88

-Sold in Pairs only tMeCtranlcally operable, no electrical function

ADDITIONAL RECOMMENDED DIMENSIONS MODULE ASSEMBLY METHOD
Dimerions are given in inch,,S. NtIhe num-.M id~crnlcd sschsmyb aiyasmldrt
ber a switch modules. Panel Opening widtht idetoa oesicesmyb aiyasmldit
mu st be adiusteld when using spacer; Add groups of any number. The tabs or pins of one decade Section
ea00 SCa e d.CSDue;ad 10 ~ press fit into the holes in the adjacent section. Spacers and end

mounting Plates may be included in the same manner, as desired.
r, Assembly requires no additronal hardware, no tools. This method

Recomendedrequires little time and minimizes the cast in installation.
Panel Hole

Groups of SMC switches with end Plates snap into Panel holes of
the recommended size and are retained by metal clips. Again, tools

,, and additioal hardware items are not recluired.

CUSTOM SWITCHES

Contact factory for informalior concerning the feasibility. pricing
and delivery of special twitches. including non-siattdard codes.
limit stopping. specral Wrheel markings, optional colors and PC
terminals.

- - FACTORY ASSEMBLED GROUPS

Soecial type n~tmbros will be assigned for customners requiring

VIEW delivery of assembled groups ot code switches. Ready-to-mount

SIDETOPassemnbiies are shipped individually packaged and identified. Con-



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.1 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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Fig. D. 1
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Depar30t of Electrical Engineering and Cut aer Science
GradLuate Office - R m 38-444

APPLICATION FOR4 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
* i arcn for your S thesis to be completed. -Norally, this will be the
third term of a te registration (VI-A studepts should not. cout
Plant iem). -ThOial uaiIfying Examination will be scheduled in the
latter half of the. term in.which this application is received.

The. eamining conmittee will consist of three faculty mumbers. Two
of these are selected by the Area Committee from the faculty in that
Area. The-third is selected by the Comaittee on Graduate Students from
outside the. Area. In order that the third aeber will have- interests in
coion wrih you, you are asked to suggest three faculty members Whose
research interests seem appropriate. Consult the list of 'eserch
Interests of Faculty Members Who Supervise Theses" available from the
Graduate Office. If it is no: possible to assign one of .ho. tue, to
your committee a f£culty member with similar interests will be chosel.

The Ieparbaent Committee on Graduate Students will consider the
results of the oral examination and all other evidence available in
deciding wheth1er 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 qvaliUfied,
yo my afply to repat the exaansation after consultation atdr'-
Grauate Counselor. A student who has not taken the Oral QualihTing

* Examination bythe eui of them7e ure arl i te-I- od to

t Committee on Graduate StudentS.

Subils ion of this form satisfies the requirement for filing a
of gradmu stud*.;s expai ewd in Mmo 3800. Changes in plans, following
suboiss i6n of this om should be reported to the Graduate Office through
the Graduate Couselor.

You giu" subit this form to the Graduate Office, Rom 38-444, V
and give a copy to yaw Graduate Counselor.

Ask fbor M 3800.
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Departmt of Electrical Engineering A Computer Scince

Graduate Office -Roam 38-444

APPLICATION FO)I4 FOR ORAL QUAIFYING EXMINATICN4

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
r-search for your S1 thesis to be completed. Normally, this will be the
third term of graduate registration (VI-A students should not coumt
plan term). The Oral Q(alifying Exniination will be scheduled in the
latter half of the term in which this application is received.

The examining committee will consist of three faculty mmbers. Two
-* of these are selected by the krea Committee from the faculty in that

Area. The third is selected by the Committee on Graduate Students from'
outside the Area. In order that the third member will have interests in
cam with-you, you are asked to suggest three faculty members 'hose
research interests seem appropriate. Consult the list of "Reserch
Interests of Faculty Members Who Supervise Theses" available from the
Gaduate Office.. If it is not possible to assign one of the three-to
your committee a faculty member with similar interests will be chosen.

The Depazrtm t 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 infomed of the Coumittee's decision before the end of the term in
which the exaination was taken. If you are not considered qualified,
you may apply to repeat the examination after consultation with your
Graduate Counselor. A student who has not taken the Oral ifuaigrn"
Exazination by of tehe na L uar term Mr- be a-to

L- _W1__ ar 7=- 'USc•tge r g only with th OVp1C m son 0. ,
the Cai ="dOGraute Istudd~ts,.e.;

SuMission of this form satisfies the requirement for filing a lan
of graduate study as explained in Mom 3800. Changes in plans following
submision 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,
and give a copy to your Graduate Counselor.

Ask for Ymo 3800.
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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 ,.....,

il a 56 kilobit per second leased telephone line. Lin's scheme (5) uses a"---'-"--,

.4 % % 4,

Z80 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 utilze a .
• ° -- o - . 'o

number of encoding algorithms; Dishop uses only the B-I 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 is shown in the block diagram of Figure ,

E.I. A compressor, decompressor, and transmission 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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Dishop's scheme essentially requires controller action only on ,

the transmission side of the system. The controller must make three r 0"- :.A :

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 I/O Board 4; FSTLN and LSTLN

are generated by software sensing of the scanner PRINTLINE signal on

I/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, F1* and EXTCLK which are extracted from the scanner hardware.

Assuming that the sequence of commands and CCD lines is properly

reconstructed by the decompressor at the receiving end, data can be

passed directly to the display circuitry without intervention by the

controller. The MK38P7O controller can therefore be used essentially

as is, with the exception of providing the three additional signal

lines. Port bits can be made available 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 line 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 I/0 Boards 4 and 5. Two
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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 scanner

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 HK38P70 controllers .'

and DMAs. Note that the DMA is a physical and logical peripheral of ". ', .9o ."

the Z80 microprocessor and its use would require either modifications

to the Z80-based compressor-decompressor or a separate Z80 chip. .,

In summary, it appears that the MK38P70 controller can ".'..-.

continue to be used in a scanner system utilizing either of these

compression schemes. It is likely 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 --

HK38P70s 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 single general

purpose microprocesor at this time.

161

.. -. °- ' .' -' - '.- ' - ,. " -. .' . ,,,'.. - - .. *. . . . . *. ..-.. -. .* . ' . . ..-. -. ' . -. . . -. .' . . . ... '.. . ..- "



4*
4. P

*~ :* ~**:~4

q.J '- ~..i

4. ~.

& ~ ~ N
~w

'-s ~

'.4

* 1 ~
cc
0 .0

*14

0 L
I.'

U -a S
0
U
0

0
-"4
U
U
0

~4i
U

'S 0
-"4

~iJ
V bO

0
-'.4
U

U

S.'* I .'. ~

~~** *'4'*- -U ~
-. ~ .*-

* d .I*
4*.

~-'

-'4
Tz~

162



V..

ki-


