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Preface

This investigation is an attempt to provide the first part of a

digital interface system which will ultimately provide rea l time

intensity modulation of a scanning electro n beam under computer

progra m control, The interface will link a standard Digita l E].ec-

tronic Corporation (lEa) PDP-11/05 minicomputer with a two dimen-

sional optical data modulator as described in Air Force Avionics

Laboratory (AFAL) Technical Report AFAL—TR-75-165. Both pieces of ~~~~~

equipaent are located in the Electronics Technology Division of AFAL

at Wr ight Patterson Afl , Ohio.

I wish to express my appreciation for the support of my thesis

sponsor , Mr. Dave Flannery AFAL/]B~O and the particular guidance that

he offered in defining the interface requirements of the optical data

modulator. I would also like to thank the members of my thesis corn -

mittee , Dr. Gary B. Laaont , Capt. Pbter E . Miller , and Lt S. R.

Robinson for their suggestions throughout the design developeent of

this interface . The guidance and interest of my thesis advisor , Capt

Miller , is especia lly appreciated by the author.

A special expres sion of appreciation goes to my wife , Marjorie ,

ithose help and support have made this thesis possible.

I
_ _ _  ~



,! ()

Contents

I
Page

Preface . . . . . . . . . . . . . . . . . . . . . . . ii

List of Figures . . . . . . . . . . . . . . . . . . . vi

Liat of T a b l e s . . . . . . . . .. , , . . . . , . . .  viii

Abstract . . . . . . . . . . . . • • • • • • • •

I • Introduction . . • . . . . . . . • . . • • . • . I

Back~grouz~. . • . . • . . • • • . . • • • . . 1
Problem Statement . • . . • . • . • . • . .  3
Specifications and Constraints . . • . • • . 5

EB~~ and Phase Plate Parameters • • • . 5
Data W o r d L e n g t h . . . . . . . . . . . .  5
Cost • . • • . • • . . . . . . . • • • • 5

Scope • . . • • . • . . • • . . . • • • • . 5
Approach • . . — • . . • . . • . • . • . . • 6
Conventions • . . . • . . • • • . . . • . . b

Assumptions • • • • . . . • • . • • . . • • 7
Thesis Organization . • . • . • . . . • • .  7

II. Overall System Organization . . • • . • • • • . 9
Introduction . • • • • . . . • . . . • • • . 9
Modulation Requirements . . . . . . . • . • 9
Transfer Rate . . . • . . . . • . . . . • . 13
Processor Re qu i rement e .. , . .. . .. . . 13

Software Algorithm Options • . . . . • • 13
Oompute andO u t pu t . . .. . . . . .  1k
Compute, Store , and Output • . • • • 11+

Status lnforma tion ... ....... . 16
Data WordLen g t h . . . . .. . . .. . .  16
Unibus Requirements • . • . . • • • . . 17

Electron Beam Control Electroni cs
Operation and Requirements . • . • . . 17

Sweep Sync P u ] e e . . . . . .. . . . . .  19
Video lnpat . . . • . . • • • • . • • • 19

Interface Requirements . • • . • • • . . • . 19
Buffer . . • . . . . • . . • . . . . • . 21
Control . . . • . . . • . • . . . • • . 23

Input Control . . . . • • • . . • • 27
Outpxt Control . . . . • . . . . • . 30( Mast.r C on t r o l .. . . . . . .. . .  32

iii 

~~~~~~~~~~~~~~~~~~~~~~~ - -- -
~~
--•

- .— - - - - -
-~~~~~~~~-.~,-- ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~4



D/A converter • . • • • . • • . • • • •  35
Unibus Interface • • • • • • • • • • • • 35

Summary • • • • . . • • • • . • . • • . • . 35

III. Interface Design • . • • • • . . • • . . • • • . 37
Software A l g o r l t h i n . . . . • . . • . . . . .  39
Buffer • • • • • • • • • , • • , • • • • • • 39

Data Latch • , • . • • . • . • .  • . • . 39
Byte-Select Multiplexer • • • . • • . • k2
Buffer-Select-In Dernu ltiplexer • . • • • k2
Write /Rewrite Multiplexer • . • • • • • 2+2
Buffer #l a n d # 2 . .. , . , . . . . , .  2+3
Buffer-Select-Out Multiplexer • • • • .
Output Latch . • • • • • • • • • • • • • 411.

Control • . • • • • • • . • • • • • • • • • 47
Input Control • . • . . .. . . . • . .  47

Accept a Word Logic . • • • • • . • 11.7
Input Timer and Pulse Generator • • 14.9• Buffer-Select Demultiplexer • • • • 2+9
Input Word Counter . • • • • • . • . 2+9

Output Con t r o l . . . . . . . . . • • . .  53
Output Timer and Pulse GenerLtor • 52+

Clock . . . . . . . • • . . . • 511.
Sweep Sync Trigger Divide • . • 57
Read Divide . • • • . • • • •  57
Stop Read • . .. . ., • . . .  59
Rewrlte End Logic • . • . . • •  59
Output Test . . • • . • . . . •  59

Read Gate Logic ...• . ... 60
Spot C o u n t e r • . . . . . . .• . . .  60
Rewri.teGate L o g i c . . . . . . . . .  63
Line Repeat Counter . . .. -. .•  63
Output-Select Deinultiplexer • . • . 63
Rewrite-Buffer-Select Deinultiplexer . 64
Memory-Reset Demultiplexer • . • • • 64.

Master C o n tr o l . . . . . . . . .. . . .  611.
Input Buffer Selector • • • . • . • 66
Output Buffer Selector • • • • • . • 68
Status . . . • • . • . • • • . • • . 68
Clear . . • • . • • . • . . . . . 69

Digital to Analog Converter . • • • . • . • 69
PDP—ll Unibus lnterface • . . . . . .. • .  70

Unibus Receiver . . • • • . . • • • • • 70
Unil*as Driver ~~~ . •  • . • . . • • . . • 70
Addr ess S e l e ct o r . . . . . . . .. . . .  70

IV. Conclusions
Design 3ii~~~*v7 • • . . • • . . e • • * e s 72
Re commendations . • . . • • . • . • • • . • 74

iv 



Bibliograj *~y • . • • • . . . • • . • . • . . . • . . • 76
Appendix As Electron Beam Control Electronics

Timing Diagra~t . . • • . . • . • . . • 77

A ppendix Bs PDP-.ll Sarnple P r o g r am . . . . . . . . . .  79

Appendix Ci Unit Diagrams and Components • • . . • • 81

Appendix Di Interface Timing Diagrams . • . • . . • • 89

(

V

_ _
7 —

_______  -.-• ~~~ -~~~~ •~~ -~~~~~— —
---- ~~ ~~~~~~~~~~~~~~~~~~~~~~

- -
~-“ - — -  -~~~~~ •

‘-~~~ 
— --

~~~~~ --~
— --— ——,-- - ------ -- -



( 

*_ _

List of Figures

-
~ Figure
- I System Di agram • • • . . • • • • . • . . — . . • • . 2

2 Simplified Interface Block Diagram . • . • • • • • • 10

3 Thermoplastic Phase Plate Deformation • . • • . . . 10

4 Phase Plate and Scanning Pattern . • • . . • . • • . 11

5 S1mplified.E B C E T t i n i n g . . . . . . . . . . . . . . .  18

6 FunctIonal Block Diagram • . . • • . • • • • • • . • 20

7 Buffer Module . . • . • • • . . . • . . . . . . .  . 24

- 
8 Register Transfer Diagram - Input • . . • • • • • • 25

(. 9 Register Transfer Diagram - Output • . . . . • . . • 26

10 Input Control M o d u l e . . . . . . . . . . . . . . . .  28

11 Output Con t r o l M o d u ] .e . . . . . . . . . . . . . . .  31

12 Master Control Module . . • . • • . . • . • • . . • 32+

13 Expanded Block D i a g r a a . . . .. . . . . . . . . ..  38

14 PDP—ll Softwa.re Flow D i ag r a m . .  . . . • . •  • • . .  40

• 15 Buffer Module Diagram . . . . . . . . . . . . . . .  Ill

16 New Data Input Sequence (Buffer #1) • . • . • • • . 45

17 Output Sequence With Rewrite (Buffer #1) . . . . • , 46

- 18 Input Control Module Diagram • • . • . . • • • . . • 48

: 19 Inp ut Timer and Pulse Generator • • • • • • . • . . 50

20 Input Control T i m i n g . . . .  . .  • . . . . . . . . .  51

21 Output Control Module Diagram • • . . . . • . • . •

- 
- vi

~~ ~~~~~~~~~~~ ~~~ ~ 
-.-- 

— — .-- -.— - — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



( 22 Output Timer and Pulse Generator . . . . . • • . . • 56

23 Output Control T i i n i n g . . . . . . . . . . . . . . .  61

24 Master Control Module Diagram • • . . . • . • . • • 67

25 Unibzs Interface Module Diagram . . . • • • • • . • 71

26 EBcE Timing Diagram • . . .. . . .. . . . . . . .  78

27 Buffer Module Component Identification • . . • . . • 82

28 Input Control Logic Diagram • • . • . . . . . • . • 83

29 Output Control Logic Diagram • • . . . • . • • . • • 811.

30 Output Timer ar id Pul se Generator Logic Diagram • • • 85

31 Master Control Logic f l i a g r a m . . . . . . . . . . ’ .  86

32 D/A Power and Connection Requirements • • • • . • • 87

33 Unibus Interface Wiring Diagram • . . . . . • . . .  88

3L1. Input control Timing ( 1 C 2 ) • . . . . . . .  • • • . •  90

35 Output Control Timing (Oci ) • • . • • . • • . • • . 91

- C
vii



I
( )

List of Tables

T~~i~l~~ 
P~~e

I IC2 Signal& Pulee Usa€e . • • • . • . •  . • . . .  52

II Matrix Size vs Q, N , & R . . . .  . . . .  58

III OC1 Signal&P ulse U s a g e . . . . . . . . . . .~~~~ 62

(

viii 

•~•-• . ~~~t• .•. , •- 
~~~~



GE/EE/76-19

Abstract

The result of this investigation is a design for an interface

system which can be used to interface a Digital Electronic Corp or-

ation PDP-11/05 minicomputer with electron beam control electronics

(EBCE). The EBCE is part of a deformable thermoplastic rhase plate

~~assboard used for optical ~~ase modulation in the Air Force Avi-

onics Laboratory (AFAL/DHO) .

The interface is a modular design made up of a unibus inter-

face , buffer, input control , outp ut control , master control , and a

digital to analog (D/A ) converter. The buffer module uses two

first-in-first-out (FIFO) buffers to alter nately accept data from

( the PDP- 11 and send data to the EB~~ via the D/A converter . The

16 bit word of the PDP-11 is multiplexed into 8 bit data words for

interface manipulation, since 8 bits offer adequate resolution for

the EBCE.

The interface is designed to allow writing of a 100 x 100

element matrix on the ~~aae plate . This requires a 1.45 element/sec

modulation rate of the analog signal sent to the EB~~ • The use of

a dual FIFO system , a multip lexed computer word , and a very fast

D/A converter make this modulation rate possible

ix
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I. Introduction

The purpose of this investigation is to develop an interface design

that will provide the data and control link between a minicomp uter and

a specialized optical modulation device . The Interface will provide the

first stage in the development of a real time adaptive optic control

system and will be used to demonstrate the feasibility of electron beam

intensity modulation under computer control.

Backg~’ound

Thdependent work has been accomplished by the Air Force Avionics

Laboratory (AFAL/DHO) in developing a deformable thermoplastic phase

plate and by Lt S. R. Robinson of the Air Force Institute of Technology

(AFIT/EN) in an area which requires real time optical phase modulation.

Further work which merges these separate efforts has led to a user

requirement for a computer controller to direct phase modulation infor-

mation to the deformable phase plate.

The user wishes to employ a small processing system to supply a

modulation signal to electron beam control electronics (EB~~) which

in turn will apply intensity modulation to an electron beam. The

electron beam will scan the phase plate which will physically deform

under the influence of the deposited charges. A laser beam passing

through the phase plate will then become phase modulated. The over-

all system diagram is shown in figure 1.

I
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( It is eventually desired for the electron beam to control a io6

element square array (1000 line scan x 1000 element s per line), which

is the current maximum capability of the phase plate , with each array

position receiving an amount of charge detemined by program control .

The fastest foreseeable operating speed desired is for the electron

beam to scan the ent ire array once each millisecond . This would
-

• result in a beam modulation rate of I x element s per second.

The EB~~ package is available in AFAL/DMO . Also available for

use in this project are a Digital Electronic Corp oration (1) 50)

FOP-i1/05 minicomputer with a floppy disk mass storage unit and a

DEC A619 10-bit digital-to-analog (D/A) converter. In ad di tion , soft-

ware expertise is available and current AFAL personnel familiarity with

FOP-il software indicates that detailed FOP-Il progra mming can a4ve.n- -

( tageously be accomplished by the user. Therefore , FOP-Il software

should not be a major effort of this study .

• Problem Statement

The desired beam modulatio n rat e of 10~ elements/sec provides a

very formidable goal for this study , possibly surpassing state of the

art computer speed technology . Fortunatel y, these are long range goals

with an immediate design requirement being the fastest feasible rate of

beam modulation. In order to benefit from the phase plate method of

optical modulation over other current modulation methods , the control

should operate on an array (one frame ) of at least 100 elements within

the frame write rate of the EB~~1 , which is one frame in .069 sec.

• Frame refresh is limited by the thermoplastic compositior~ to “single

C) shot” operation with repetition times measured in seconds . Due to

3
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this slow rep etition limit , for purposes of this study , frame refresh

time will not be considered a factor.

These basIc requirements can now be used to accurately define

the design goals.

1. Unprocessed control information in digital form will be

supplied to the PDP-li, processed through a user generated program,

stored in memory if necessary , and presented to the EB~~ through the

interface and D/A converter. The interface must communicate with the

FOP-il and the EB~~ and synchronize data transfer according to the

timing requirements of each.

2. The interface should be designed to accept data at the sam-

imum possible transfer rate from the FOP-li. The interface should be

capable of applying this data to the electron beam at a rate which
( matche s as nearly as possible the FO P-I l transfer rate . However, to

provide a user option in modulation speed , slower rates should also be

• available .

3. The data must be pre sented to the EBCE in synchronization

with the electron beam horizontal and vertical sweep positions . This

will allow complete predictability of data position upon the phase

plate for all data points.

4. The interface should allow user flexibility in choice of array

configuration on the phase plate .

5. The interface must provide for a “single shot” writi ng of the

phase plate . This will be the normal operati ng mode and will consist

of the interface controlli ng the writing of one frame • The write

sequence will be initiated by the user manual ly operating the single

frame push button on the EB~~ panel .

_ _  

_ _ _ _ _ _ _ _ _ _ _ _ _



_ _ _ _ _ _ _ _

~~ecifications and Constraints

EB~~ and Phase Plate Parameters. The following specific para-

meters have been provided as requirements which will provide suff i-

d ent data and machine flexibility to demonstrate the “ computer

control” concept of beam modulations

Frame time - .069 sec

Sweeps per frame - 500 line sweeps for one frame sweep

Beam sweep speed - 11.5 to 254 ~sec/inch

Aperture (frame) size - ap~nc 1 Inch square

Video (modulation) input - I to 700 my

Line flyback time - 13 ~sec

Line sweep unblank period - center 90% of sweep

Data Word Length. The data word length must be 5 bits minimum

in order to provide the desired user accuracy after digital to analog

conversion. This will provide the necessary resolution of laser mod-

ulatIon due to phase plate deformation.

~~~~~~~~~ The hardware cost target is $500 - $1000 (an AFAI4/Th{0 con-

stra int). The $500 should be used as the design to cost criteria in

order to allow for reasonable cost and design growth.

Scope

Since the phase plate ~~aasboard is a one of a kind system, the

interface design of this study will have a use that is limited to the

particular PDP-1l/EB~~ system located at AFAWEEO. Therefore , there has

been no attemp t to design a general interface which would have app lica-

• tion to other systems . This allows simplicity of design and optimi-

( zation of the PDP-I1/EBC~ data transfer rate .

5
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( - Software Is addressed only as necessary to allow understanding

of computer/interface communication and data flow. However , an appli-

cable programming technique will be illustrate d.

Api~roacS

This design employs the top-down approach. Design decisions have

been made at discrete levels of increasing detail . These levels cor-

respond to C~apters 11 and III of this study with the overall design

based on the problem constrai nts and specifications set forth in this

chap ter .

Additionally , the design provide s a structured system which is

divided into functional modules. An attemp t was made to generate

these modules in such a manne r that their function and interaction

with the entire system are easily understandable • This is accomp-

lished by designing a system In which the functional modules logically

relate to a particular section of the overall block diagram .

Conventions

The interface is designed as a T1’L system and standard T~l con-

ventions are used throughout . This is in differe nce to the negative

logic of the FOP-il unibus which considers 0 VDC as a logical 1 and

5 VDC as a logical 0. In this interface system , 5 VDC is a logical

I and 0 VDC is a logical 0 (positive logic).

All timing diagrams are depicted with “ idealized” signals. The

Instantaneous rise times shown indicate the switching levels of f I-

• nite rise time “real” signals.

Information paths are depicted with directional arrows in all
()  

block and module diagrams. Control and status paths are indicated

6
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with single line arrows . Double line or triple line arrows are used

for data word s or computer words resp ectively, while cross hatched

double line arrows Indicate analog informatIon.

Assumptions

In order to limit the scope of this study , it was necessary to

make a n-umber of basic assumptions. These aasumptI~ns are included

here as an aid to the understanding of the overall design problem and

as rati onal for many decisions made throughout this study .

1. The FO P-Il is a useful machine for data mani pulation and

Interface mati ng in this study . It ’s use may dictate an overall

system which is less than optimal for the control process required , but

it can be used as a cost effective means of verifying the program con-

tro lled modulation concept.

2. FO P-Il programming expertise is available as a user resource .

3. Due to the unique nature of the optical modulator , the inter-

face system of this study has a limited app lication and therefore

war ra nts design as a special purpo se item.

4. The fixed operating speed of the FOP-Il can be balanced

through the Interface such that the fixed timing requ irements of the

ZB~~ can be met .

5, The reader is familiar with general computer interfacing

requirements and with basIc logic design procedures.

Thesis 0rgan~zatipn

(~ apt.r II of thi s study presents the general system oz~ani-

zat ion. The chapter states the requirements of the computer , the

optical modulator , and the Interface • The options for meeting 
these7



requirement s are discussed and the design approach detailed. In doing

this , most functio nal block content decisions are made and certain

operating signals and parameters are identIfied .

Q~apter III presents the hardware design of the interface func-

tional. blocks discussed In (bapter II • All units which make up the

blocks are discussed and the interconnecti ng signals analyzed. In

addition , timing and synchronization are discussed in some detail to

insure that this critical element of the design is adequately under-

stood.

The conclusions and recommendations of this study are presented

in Q~apter IV. It includes application notes for building on this

study In an expande d system , and specific possibilIties for improving

this design,

A software example, timing diagrams , and parts selections are

contained in the appendices . The appendices also contain wiring

diagrams for the function al modules.

8
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II. Overall ~~~ Or ganizatio n

Introduction

Before any hardware design can be properly implemented , there are

many higher level decisions to be made . The purpo se of this chap ter

is to relate the specifications and requirements set forth in Chapter

I to the specific ha rdware design to follow in Chapter III • This is

accomplIshed by showing how the requ irements relate directly to func-

tional blocks which are implemented through hardware modules • Since

the interface will tie the PDP-II to the EBCE (see figure 1) , this

chap ter analyzes the modulation , processor , EB~~, and interface require-

ments to arrive at the overal l system organization. The design pro b-

lems addressed are s (I )  data stor age, (2) data retrieval under corn-

piter control , (3) digital. to analog (D/A) conversion , and (4) syn-

chron lzation of the modulati ng signals with user supplied line scan

signals from the EBCE • The simplified inte rface block diagram is

shown in figure 2.

Modulation Recuirernents

The ~tsaae plate Is approximately one inch square and is con-

structed of a material which will ~k~yaically deform under the influ-

en-ce of deposited electron charges as shown in the cross section al

view of

The following discussion is in reference to figure 4. The

EB~~ controls the electron beam such tha t it scans across the ~~ase
( 

9
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plate in the pattern shown, scanning from to E1, s2 to E2 , -” .S to

to where S~ are the start points and are the end points

of n ~ 1000 line scans . to S~~1 represents the beam flybac k to a

new line start position and has a fixed. time of 13 ~sec. For this

study , the long (x) sweep time (S1 to E~) is fixed at .069 sec and

will be called the frame sweep. The short (y) sweep time (S~ to E )

is adjustable from 13 ILse c to 254 ~isec and will be called the line

sweep. In order to facilitate the generation of different matrix

sizes and stIll provide a valId feasIbilit y study , the line sweep

time is fixed at 138 ~sec. This will provide 500 line swee ps during

one frame sweep, i .e . ,  500 lines across the phase plate will be

defined as one frame ,

Only the center 90% of the sweep is unblanked (beam not biased

“off”), therefore the unbiank time is [(138 - 13) ~.Lsec] x .90 = 112.5

~sec . It is during this un-blank time that the beam Intensity modu-

lation must be controlled. If the unb ianked portion of each line

-: could be divided into N discrete information elements , a N x 500

matrix would be generated. This is precisely the planned operati ng

scheme of the phase plate , with each information element being con-

trolled by the intensity of the modulated electron beam. The Inten-

sity information data , in analo g form , is to be presented by the

Intertace to the video in-pat of the EBCE with the correct synchro-

nization relatio nship to the sweep ramps so that a usable matrix is

provided on the phase plate .

It should be noted here that if each analog data value were to

be presented and held for 1.125 iisec during unblank and if each line

of information were rep eated five times , a square array of 100 x 100

I
12



distinct spots would be generated . A 10 , 000 spot matrix is two orders

of magnitude better than the minimum desired; therefore , the 100 x 100

configuration will be the goal of thi s study . This concept of spot --

area made up of equally charged elements -- Will be used for the remain-

der of thi s study .

Transfer Rate

The buffer module output speed must be great enough such that the

electron beam does not proceed too far down the sweep prior to receiving

a modulation signal . Making an arbitrary choice here , the beam should

not cover more than 1% of Its unbianked di stance before receiving

analog data. If half this time is to be allowed for the D/A conversion ,

the buffer output time should not exceed 112,5 x .01 
~.isec ~ 550 nsec •

Processor ReQuirements

The PDP-11/05 to be used iB a standard basic system with 16K of

additIonal memory (24K total). The PDP- 11 capabilities will of neces-

sity impact the interface design. Since the requirements of this study

can be accomplished by time dedicating the POP-Il to this interface

when it is in operation , the design will be implemented without an

interrupt capability. For this study the n , the PO P-il will be fully

dedicated to the interface with ~ i concurrent software operation other

than that presented in this section.

Software Algorithm Oiftions • Prior to considering hardware or

peripheral options , the available means of providing computer gener-

ated data to these items must be investigated. The two approaches

considere d in this study are s (I )  compute and output data serially ;

and (2) compute and store serially , and then output data upon demand.

13



1. Compute and Out put. The most economical and stra ight for-

ward method of program beam control would be for the PO P- il to perform

each data point computation and output this information prior to pro-

ceeding to the next dat a point . ThIs operation would set the overall

system operatI ng speed at the outp ut speed of the PO P-Il • However ,

the re are two major problems with this approach .

a. The computational capability of the PDP-1l/05 is

slow compared to the speed desired from the overall system. For a

simple algorithm (one add , one subtract, and one move ) the PO P-Il

would require nearly 30 p~sec between outputs (assuming the move acted

as an output instruction) . This would only allow generation of a

3 x 500 matrix whIch is less than desired. It is possible that more

complex algorithms could take computation times comparable to the

total frame time .

b. Due to different computational algorithms and

inherent Instruction execution time variations in the POP -Il , the

time differences between information outp uts might vary from a few

nanoseconds to a number of milliseconds . In order to stabilize out-

put time variations , it would be necessary to key on the longest

expected time and design the interface to pass data to the EBCE

only after this time delay between each information point . This

would require Increased interface overhead and further extend the time

between interfa ~€ outputs

For these two reasons, the compute and out put approach is

unacceptable .

2. Comwte, Store, 
~ 4 Outwt. This approach involves per-

forming the computational algorithms, storing the processed data in the

14
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PDP-il memory , and out putti ng the data at some later time . This

app roach will solve the problems of compute and outp ut described in the

previous section , but adds the additional restriction that all calcula-

tions must be performed prior to proceeding with the outp ut portion of

the program. In addition , more computer memory is requi red for stor-

age. However, this is more practical than compute and store for this

design , and was the method chosen for implementation. There are two

different means of accomplishing the outp ut of stored data that were

considered important enough to warrant discussion here .

a. Direct memory access (DMA ) Is definitely the most

straightforward way to move data from nemory to an Interface • How-

ever , the standard DEC DMA unit for the POP—li is not available for

this study . There is a dedicated DMA module for using the existing

floppy disc , but It Is not available to transfer data directly from

core and the retrie val speed from a floppy disk is much too slow for

this application. The high purchase cost of DEC’s DMA inferface kit

($850) and the design cost of a DMA module as part of the Interface

make the use of DMA undesirable for inclusion in this design.

b. Program controlled out put (P00 ) allows more flex-

ibility in data output , but it Is usually more expensive in terms of

memory requirements and is definitely slower. User Indications are

that the 24K of memory is adequate for the computational algorithms

to be used and. still have at least 18K of memory remaining for data

storage and data output algorithms. AnalysIs of the PDP-i1/05

— 
instructions and execution times indicate that a 16 bit word can be

moved from core (using a MOV instruction) to a perip heral device in

9.4 ~asec • There are also bIt test and ~~anchtng instructions which

15



— can be used to check the status of a perlpherial and, depending on the

value of the status, continue in a testing loop or ~~anch to the next

program block.

Thus comp~te , store , and P00 does provide a software solution.

In order to minimize P00 time , the data will be transferred with no

parity or other error checking schemes. Since the processor to inter-

face transmission distazice is so short there is little possibility of

error , lack of error checking Is not seen as a problem area for this

study . Note that overall output speed has been fixed at 9.4 ~isec per

computer word which will allow a maximum of 12 spots per line (assuming

one spot per word). Means of increasing the number of spots per line

will be discussed in subsequent sections.

Status Information. In order for the computer to know when to

4 output data, the peripheral device must provide a status word for the

computer to Interrogate . As mentioned in the previous section , the

POP-li has instructions which will allow it to perform this interro-

gation. The interface design then must provide a status word which can

be set to request tput data from the POP-li.

Data Word length. The POP-Il has the capability of processing

8 bit bytes as well as 16 bit words . Using this byte capability

would appear to be appropriate, as the EBCE only needs 5 bit accuracy.

However, one 16 bit word will output faster than two 8 bit bytes, there-

fore an advantage can be gained by stori ng data words in computer mem-

ory byte locations in the order that It is desired to have them modu-

late the electron beam. Data transfer from the POP-Il will be as

16 bit words. The interface Wil]. then split each 16 bit computer

word into two 8 bit data words for interface manipulations. In effect ,

16
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(... one data word can be output each 4.7 I.tsec e Therefore, this design will

compute and store 8 bit bytes and tran sfer 16 bit words to the inter-

face • The Interface will multiplex the 16 bit words into 8 bit data

words for interface use.

Unibus Requirements. The POP-li unibus system must be properly

buffered and terminated in order to drive peripherlal devices without

danger of data errors or equipnent damage. Standard DEC units are

available to perform this funct ion at modest cost. This design will

incorporate these units as a separate module described in Chapter III .

Electron Beam Control Electronics 0~peration and Requirements

The EB~~ will be operated In the “single frame” mode for this

study, that is, a manually operated push button on the EBCE console

= ( - causes one frame to write on the phrase plate. In addition to the

push button generated start , the EB~~ requires a sweep sync signal to

start the line sweeps and a video (beam modulation) signal. In return,

the EBCE can supply an external unblank signal which is the signal that

removes a bias voltage from a grid circuit and allows the electron beam

to impinge on the phase p].~te.

Refer to figure 5 for the following discussion. The push button

starts a long ramp deflection voltage which controls the frame sweep

of the beam. The EBCE design is such that when the long ramp is present,

sweep sync pulses are present prior to operating the “single frame” push

= button. Recall that the EB~~ applies the unblank signal to the center

90% of the line si~~ep. A more detailed timing diagram for the EB~~

operation is shown in Appendix A .

(
~
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Sweep ~~ Pul se. The sweep sync is normally provided by a simple

variable frequency pulse generator . The pulse must drive one Tl”L load

and the pulse length must not be longer than the sweep time • Since in

this study the frame and line sweep times are both fixed, there is no

requirement for varying the sweep sync rate • The sweep sync pulse will

be fixed and, to simplify synchronization requirements, will be gener-

ated by the interface • The EB~~ also has an output which can supply

the unblank signal to the interface.

Video In~~t. The video signal is the actual modulation signal

provided to the EB~~ • This is an analog signal that will control the

electron beam intensity, and thus must have the same degree of reso-

lutIon as the desired phase modulation. In order to obtain this

signal , the 8 bit data word must be processed by a D/A converter prior

to being sent to the EBCE . This converter will be included as part of

the interface and must have specifications which will yield the desired

5 bit resolut ion at a rate fast enough to prevent markedly degradi ng

the phase plate spot deformation.

Interface Requirements

This section defines the functional blocks (modules ) within the

interface as shown in figure 6. These modules are the prime emphasis

of the hardware design and thus provide the basis for the ent irety of

Chapter III , “Interface Design” . It should be realized that the con-

figuration derived by this author is merely one of many workable

possibilities . However , the basic functio nal requirements are valid

and the blocks presented provide what the author feels is a “good”

(t 
approach .
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Buffer. The difference In operating speeds of the POP-li and the

EB~~ requires that some type of memory be available for temporary data

storage. The buffer module must accept data from the unibis, tempo-

rarily store the data, and output the data at the correct time for EB~~
usage • Therefore , the buffer module will incorporate a memory unit

which will hold data transferred from the POP-il until the synchroni-

zation requirements with the EB~~ are met and the data can be output.

It appears that serial input of computer words to the interface and

serial output of data words from the interface will provide a workable

scheme . The buffer module must also contain logic which will select

the proper byte from the computer word to guarantee that data output

sequence and stored data sequence (in the PDP-1l) are the same .

The buffer module also has special requirements, such as storage

capability, transfer rate , and data repeat capability , that impact

the type of storage system to be used for the memory unit. It is neces-

sary to investigate these requirements In order to define the memory

unit organization.

I • The sequential serial in/serial out scheme suggests the

use of a first-in-first-out (PIFO) memory. Since read out of a FIPO

usually results In data destruction, it will be necessary to take

precautions to prevent loss of data if it will be needed again.

2. The amount of storage space (memory) available is a

critical factor. In order to fix this value, it is necessary to define

how the memory unit will be used.

a. The memory could be filled With all spot data stored

in the computer, then the data output to the EB~~ with correct synchro-

C) nization. However, for a 10,000 spot matrix the large memory size

21
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and associated expense is inconsistent with the constraints of this

study .

b. If a memory the size of one line of data were used,

the buffer could go thro ugh alternate fill/empty cycles and provide

correct output synchronization. The problem here is that the line

flyback time of the electron beam does not allow adequate time for

refilling the buffer with more than two data points (I) .Lsec .~~ 11.7 i.isec)

prior to starting the next sweep. This would yield a maximum matrix

of 2 x 500 spots, much too small to meet the user requirements

c • The problems of the previous paragraphs are

solved by choosing a dual buffer system as the memory unit conf ig-

uration for this design. Each buffer section of the memory unit (here-

after called buffer #1 and buffer #2) will be capable of storing one

line of data (100 words). With this conf iguration it is possible for

buffer #1 to be outputting data while buffer #2 is being filled by the

POP-li, and vice versa. For a 10,000 spot (100 x 100) matrix, the

time to fill each buffer is (11.7 x 100) ~sec — 11.70 j sec. Since this

matrix arrangement requires each line sweep (138 ~aec) to be repeated

at least 5 t imes, (5 x 138) ~isec - 11.70 I.tsec — 220 Ilsec will be the

minimum time allowed to perform any a&Iressing, updating , or status

checking necessary between data line outputs from the POP-il • It is

important to note that in order to have adequate t ime for this config-

uration to work, one of the buffers must be filled with valid data

prior to starting an output to the EB~~ • This memory unit config-

uration will also require some type of selection mechanism within

the buffer module to allow choosing either buffer #1 or buffer #2

- - for input or output.
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The memory conf iguration of (c . )  meets the target matrix

size (100 x 100) requirements and will also allow a smaller matrix

choice simply by increasing the number of times a line Is repeated

and/or increasing the hold time for a particular spot data value.

For the remainder of this study , N x N represents a variable size spot

matrix where N and N are any Integers less than 100. N is the previ-

ously defined number of spots per line and N is the number of different

lines which have been repeated (500 lines .~~ number of times each line

is repeated — N).

3, In order to write data from a buffer for successive line

sweeps, a non-destructive read out memory should be used . However ,

since a FIFO has been chosen , the output must be rewritten back into the

buffers so that data will be available for the next rep eated line .

C. This sets a requirement for data reentry logic.

The description of the buffer module as shown in figure 7 has

generated a need for a number of control signals. Although not all

these signals can be defined until some component selection is accom-

plished , many requirements are now apparent . These signal requirements

will be presented where applicable In the remainder of the funct ional

block descri ption. The register transfer diagrams for input and out-

put .equeno .s are shown in figurse 8 aM 9.

Contr ol. Th. overall control function can be broken into a

numbe r of smaller control blocks. This design logically lends itself

into an input control block and an outp ut control block for trans-

ferring data In and out of the buffer . The input control must cause

dat a to be accepted az~ time the PUP— Il presents it , i .e. ,  accept

data asynchronousl y from the PUP-l i. The outp ut control must be
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synchronized with and, as mentioned previously , provide a sweep sync

signal to the EBCE. This can most efficiently be accomplished by using

a clock signal , thus making output a synchronous operation on command

by the unblank signal . Due to the asynchronous nature of the data trans-

fer , a master control block will be incorporated to provide coordination

within the interface • The master control module will accomplish this

coordination through communication with the FOP-il (status word), buffer

(control signals), and EBCE (sweep sync and unblank signals).

The total interface design , then, will be considered an asychro-

nous machine which segregates the input and out put data flow between

two synchronous machines. This will be accomplished through use of in-

put , output , and master control modules as shown in figure 6. These

modules will be further subdivided into individual task units. These

units are described where applicable here, but their operat ion and design

description are delayed until Chapter III.

1. Input Control. The primary purpose of the input control

module is to transfer data words into buffer #1 and buffer #2. To accom-

plish this task , a number of requirement s must be considered and hard-

ware implemented where necessary . The control module diagram for the

following discussion is shown in figure 10.

a. The inter face must initiate action to accept a com-

puter word from the PDP-ll uniths when that particular word is intended

for the interface . To accomplish this, the control unit must receive a

signal from the unibus interface module (incorporating standard ~~C

units) telling it to accept a word . The input control must generate a

signal at that time to accept the computer word and then through a

27
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- ________________________

timing unit generate signals which cause the buffer module to split the

computer word into two data words and the n to shift the data words

seque ntially into eithe r buffer #1 or buffer #2.

b . In order to operate synchronously with the FOP-Il,

the control module will also contain a spot counter to determine how

many computer words have been accepted. The counter will communicate

the interface acceptance of the correct num1~er of words by initiating

a “do not transfer” signal to the FOP-il through the status word.

With this scheme , the computer software can be written to transfer

a predetermined number of words (to agree with matrix size) from mem-

ory without incrementing slow software counters. At the end of the

block transfer a software wait and check for status will occur until

the interface asks for the next block of words to be transferred.

Simply stated , the FOP-Il software is written to transfer N data points

and the interface spot counter is manually preset to count down from N

data points . After transfer of these N points, the FOP-Il and inter-

face will communicate through a status word to detecmine when transfer

of the next block of N points should begin. To accomplish this opera-

tion , it is necessary to pass the spot counter output to the master

control module which will provide a status word to the FOP-li.

c. The input control operating speed is also an impor-

tant consideration. The spot counter must provide the correct infor-

mation to the master control module fast enough to allow for a status

change and FOP-il recognition of this change prior to outputting more

data . Also , the input control timing unit must be designed so that

all data transfers will occur prior to the next receive signal from

( the FO P-il.
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4 2. Out put Control. The primary purpose of the output con-

trol module is to transfer data words out of the buffer module • This

requires that various synchronization and communication actions be

considered. The diagram for this module is shown in figure 11.

a. In order to prevent long unbiank times of the line

sweep with no electron beam modulation, the data word output signal

must be synchronized with the start of the line sweep unblarik. This

can be accomplished by sensing and using the unbiank signal from the

EB~~ to allow the output control to start data transfers from memory.

The control module must then generate pulses to remo ve data from

buffer #1 or buffer #2. The unblank signal can be used to gate these

output pulses in order to provide properly synchronized output.

b. It has been previously mentioned that the inter-

face will generate the line sweep sync signal that the EBCE requires.

The output control module will contain a clock to generate this line

sweep sync signal . In order to simplify synchronization, the data

output signals should be derived from the same clock that generates

the sweep sync signals. This suggests that a higher frequency clock

be used with frequency division to obtain the line sweep sync and the

data output timing . The data output signals will be derived from a

variable counter which will provide variable timing between data

point outputs . The variation in spot time is a function of the N

dimension of the matrix, and must therefore be consistent with the N

spots transferred from the FOP-Il under input control.

Output Contro’ should also insure that the number of

data points output to the EB~~ agrees with the number of points

stored in the buffer module being read. This will prevent the buffer
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• from putti ng out erroneous value data points and will also be accom-

plished by using a counter.

c. Raving made the N dimension of the matrix vari-

able , the M dimension can also be made variable by providing the

capability to change the number of times a particular line outp ut

is re peated . Since each line will always be repeated a mini mum of

five times (100 x 100 matrix), to provide for M to be less than 100

requires that each line be repeated more than five times. This will

be accomplished by using a counter which can be preset to the number

of t imes the user wishes to repeat any given data line ; i.e., setting

the counter to 100 will provide a N x 5 matrix .

d. As mentioned earlier , some typo of rewrite logic

for the FIFO buffers is required , This unit must cause the output

data to be rewritten back into the buffer each time the line-rep eat

counter (identified in the previous paragraph) indicates the data line

will be repeated. The unbiank signal will be used to gate rewrite

pulses to the buffe r in a method similar to that discussed to remove

data from the buffers. Also , the input to the buffers must be multi -

plexed between new data and data to be rewritten from the output.

This multiplexing can be cont rolled by the master control module .

e • The outp ut control module must also communicate

with other functional modules • It must supply signals which will allow

other modules to reset counters at the end of a frame , to clear a buffer

when the data has been used, and to choose the correct buffer from which

to read out dat a.

3. Master Control • The master control module will have the

function of coordinating all input , output , and manual contro l actions
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as well as providing status communication to the FOP-i l. The maste r

control module (see figure 12) must base its cont rol operation on

signals supplied by the input and the output control modules and

on manually supplied signals . Master Control will act strictly in

a coordination capacity to provide smooth interfa ce operation that

is in correct synchronization with both the FOP-li and the EBCE .

Master Control will provide the coordination without use of a clock .

However, clock derived signals from the output control module are

used, as mentioned in the previous section, to allow correct synchro-

nization with Output Control information.

a. A primary task of the master control module will

be to provide the status information through the unibus to the FO P-il.

t The status unit must provide a “transfer data ” signal through a status

word as a consequence of a manual run decision by the operator and. the

full or empty status of buffer #1 or #2. Since the FOP-li is considered

dedicated to this interface, there will be no peripheral contention for

the uniths • Therefore , use of the status word will provide the only

means of initiating data transfer; the interface will contain no inter-

rupt capability

b. The master control module will include the buffer

(#1 or #2) selection units for both input and output . This signal will

the n be passed back to the appropriate (input or out put ) functional

module for use as discussed in previous sections • The signal s to

be used for this selection are those discussed in the Input Control and

Output Control sections.

c • A “clear ” signal will be generated by a clear unit ,

C also a part of Master Control . This signal will be used to clear all.
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counters to an initial start (ready to write a frame ) condition and to

reset the status unit • This clear signal will be the result of eithe r

a manual clear (operator push button) or the end of writing a frame as

communicated by Outp ut Control .

~~~ Converter. The D/A converter will accept outp ut dat a directly

from buffer #1 or buffer #2 (out put controlled by the outp ut control

module ) and app ly it in analog form to the video input of the EB~~ .

The D/A outp ut will maintai n the analog value as long as the input

value is not changed . From previous discussion , the D/A converte r

should have a maximum conversion time of 550 nsec for 5 bits .

Unibus Interface. The unibus interface will require three units.

Two of the se will be a unibus driver and a unibus receiver , as recom-

mended by DEC, to buffer transfer of data between the unibus and a

peripheral device. The third unit must be a device which will address

the interface and. direct it to either receive dat a (data words ) or to

send data. In this design , the only data to be sent to the unibus

will be the status word. This unit must have the capability of acknow-

ledging FOP-i l address signals in accordance with guideline s set forth

in the FOP-Il Per ipherals Handbook. These guidelines will not be

discussed since it is anticipated that standard ~~C units will be

used for all three devies.

Siiinm~vy

The block diagram of figure 6 is an expanded view of the simpli-

fied diagram shown in figure 2. This expanded diagram shows the

communication and data flow paths between all functional blocks

( discussed in thts chapter . The individual units within the functional
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P blocks, which perform particular functions discussed in this chapter,

are not shown, More detailed data and communication paths, both within

the functional. blocks and between different blocks, will be presented in

Q~apter III as the individual unit designs are presented.
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III . Interface Design

This chapter completes the design description of this study. The

PDP-ll software is considered first, then the interface design implemen-

tation is presented. This chapter references more detailed information

in the appendices. The design implementation describes the individual

units that make up the modules discussed in Q~apter II , their intercon-

nection , and any app licable sub-unit description. An expanded block dia-

gram showing more detailed control signal paths between the modules

(intermodule control signals) is shown in figure 13.

Both the modules and the module units are given symbolic names in

all module diagrams to aid in text descript ion. The module names rep-

resent the true names of the modules (BUF = Buffer , IC = Input Control ,

00 Outp ut Control , MC = Master Control, EBCE = EB~~ , UB = Unibus

Interface), while the unit names are derived by simply adding numbers

to the host module name (Burl , BUF2 , BUF3, ••‘.). The intermodule con-

trol signals as well as internal control signals for each module are

explained . Intermodule control signals will be identified by signal

name and with the symbolic names of their source and destination mod-

ules. For example, (IC) mm (BUF) describing the signal BATh indicates

that IC is the source module and BUF is the destination module. Signal

names that are only used within a particular module will not contain

source aid destination information , Additionally , subscripts will be

added to indicate application of the signal to either buffer #1 or

C buffer #2; for example, (M C) RVR .~ (BUF ) is applicabl e to buffer #1.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



‘ U  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1
IBtatu ~ A4dru,..

UIXP$ IW1tR7A~~~~(UB) 1
Dtta L~toh

cl.ar I1I~I? Byte 3.l.ct

OOE~~LBuff.x S.l.ct )uff.r Select

~aa Ivitch (Jo)

Etta ODunt . )uff.r Input 
•

( 
~~~~

—_ _ _ _

• (
~

) (Jo,)

Lthe Bspsat Buffer Select

I~~fer Select 
~ oumrr Buffer Output

SM of Se~ntt. ~ irrsoi~ Buffer ~ ecr

(cc)
_ _ _ _ _ _ _ _  

SMTI~~ buxtt.

L1~s U[
~~ J

I
Figure 13. Expanded Block Diagram

38 

— . - -- . ..-—- ----n - - •-- .—-  



Software Algorithm

As discussed in the computer requirements section of Chapter II ,

compute, store , and program controlled output (P00) will be the method

used by the P1W-Il for processing raw data and outputting modulated

- 
- information to the EBCE . The computation will be accomplished and

all modulation information stored prior to ente ri ng the out put portion

of the computer program. When data is requested by the interface , the

correct number of words to write one line (having been a predetermined

requirement of the program ) will be outp ut and a status check loop

will be entered until a new line of data is needed by the interface.

The flow diagram for the FOP—li software is shown in figure 1k , while

a sample program of the outp ut routine is shown in Appendix B.

Buffer (BUF)

Due to diverse operating procedures and signal requirements of

different memory systems, it is necessary at this point to make a

definitive selectio n of the FIFO. For this design the Fairchild 33511

x 9 FIFO was chosen for buffer #1 and buffer #2. This FIFO is

completely expandable in both word length and number of words; in this

design it will be series expanded by three so that each buffer will be

capable of storing 120 9-bit words • The signals required for the buf-

fers are presented in the memory unit discussion in this section , while

the signal generation is explained in the control module sections • The

buffer module diagram, with signal names and their sources , is shown

in f igure 15. The component identification numbers for the buffer

module are shown in Appendix C.

Data Latch (Burl). When the FOP-Il addresses the interface with

an output transfer data request (a MDV instruction) , the first action
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of the interface is to strobe the computer word into a 16 bit latch

(BuF1 ). This will serve to isolate the interface from the FO P- il and

will guarantee the availability of the data to the interface regard-

less of subseque nt FOP-li activity. The BUF1 latch signal (IC) DATL

(BUF) is provided as the first in a timed sequence of control signals

from Inp ut Cont rol .

Byte-Select Multiplexer (BUF2 ). Prior to the arrival of the next

computer word at BUF1, the present word must be removed. This is accom-

plished with a multiplexer which first removes the lower order byte

(BYTE A) of the latched computer word , then the higher order byte

(BYTE B) .  In orde r to meet timing constraints of both the FOP-Il

unibus and the FIFO , the multiplexi ng action require s a prop erly timed

control signal from Inp ut Contro l , (IC) BYT (BUN )

Buffer-Select-In Demulti-plexer (BUF3). Since the decision has

previously been made to use dual buffers, it is necessary to direct

the data to the approp riate buffer. Master Control will generate the

selection signal and pass it through Input Control so that the control-

ling signal will be (IC) SELl (BUN). The interface will always fill

buffer #1 first , #2 second , the n alternatel y fill #1 or #2 when each

becomes empty as the selected number of lines are wr itten from each

buffer.

Write/Rewrite Multiplexer (BUF~i and BUF6 ). As part of the dual

buffer system, BUFk is identical in construction and operation to

BUF6. The purpose of BUNk is to allow either new data from the FOP-li

or previously stored data (to be used for a repeated line) from the

buffer #1 out put to be reinserted in buffer #1. The control signal

I



r —

* will coordinate both input and output activities and will therefore

be generated directly by Master Control, (Ma) RWR (BUN).

Buffer #1 and #2 (BuF5 and BliP?). BUF5 is identical in con-

struction and — operation to BUF7 , both of which are the Fairchild 3351i

FIFO s chosen earlier. The 3351 is are connected in series as suggested

by the manufacturer to provide 120 9-bit words of storage . This allows

for slight future expansion on the 100 words required in this design .

The FIFOs require several signals which must be generated in

order to provide input and outp ut data movement . The t iming con-

straints of these signals are critical in this design and to a large

degree dictate control module designs. The FIFO timing requirements

are containe d in Reference k.

1. A shift in (SI ) strobe is required. to move dat a into

th e FIFO • This strobe must be high for a minimum of 220 nsec , with

280 nsec minimum between strobes. A SI strobe will be required both

to shift in new data (Inp ut Control ) and to rewrite data (Outp ut

Control), therefore the two signal s (IC ) ISI (BUF) and (oc) RWRSI

(BUF) respectively will be OR gated to provide the SI when needed .

As an example, to rewrite information into buffer #1, two signals

will be needed , (MC) RWR 1 (BUF) and. (oc) RWRSI 1 (BliP).

2. A shift out (so) strobe is required to move data from

the output position of the FIFO • This strobe must be present for a

minimum of 200 nsec , with 300 neec minimum between strobes. The

FIFO can thus provide data for sequential output each 500 nsec

(including th . rewrite ), well within the 1.125 ~sec per outp ut

required for a 100 data point line. The shift out strobe (oc) SO (BUN )

- c
1+3

-



will be generated by Output Control and must be sequenced with the

unblank signal from the EB~~.

3. A master reset operation is available on the 33511 to

set the buffer to all zeroes. In order to avoid any outp ut confusion

between old and new data, the clear operation will be exercised while

the buffer is selected for output at the end of a repeated line output

sequence . This will provide an empty buffe r for new data being input

f rom the computer. The control signal (oc) MR (BUF) will be generated

as a consequence of the “line repeat counter” in Output Control. The

signal must be 100 nsec minimum .

Buffer-Select-Out Multiplexer (BUF8). Since the data sequence

will alternate between buffer #1 and buffer #2, starting with buffer #1,

a multiplexer must be employed. The buffer selected will also depend

on the number of times a line has been re peated. The control signal

(OC) SELO (BUN ) will be generated by the outp ut control module .

Output Latch (BIJF9 ). The outp ut latch will hold the selected

output data arriving from the output multiplexer. This will provide

a stable bit pattern for the D/A converter. The latch control signal

will be the OR gated shift out signals used for BUN5 and BliP?. There-

fore , the data will remain stable between successive (oc) SO (BUN )

signals .

The overall input and output timing sequences for the buffer

module operation are shown in f igures 16 and 17. Additional timing

considerations are presented in the control module design selections

and in Appendix D.
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Control

In accordance with the concept of structured design, the control

portion of the interface design is divided into the previously dis-

cussed input , outp ut , and master control modules. This division is not

intended to imply that each is a separate and autonomous unit ; indeed,

the three modules are completely dependent on each other for proper

control of data flow through the interface. The modules are intended

to serve as logical division of control functions into hardware modules

whose construction and operation are more easily understood .

Input Control 
~~~ 

Input Control generates all signal s which

are supplied to the buffer module in order to accept data from the

PDP—11. To accomplish this , IC needs to receive only three signals ,

one from UB which acts as an accept data command, a clear command

(ClEAR ) from MC at the end of a frame , and the signal (MC) SELl (I C)

telling which buffer is to receive the new data. IC will send the

signal (IC) WDCr (MC) when the selected number of data words have

been stored in memory. The input control module diagram is shown in

figure 18 and the overall logic diagram is shown in Appendix C.

I.  Accept a Word Logic (Id ). Previous discussion has

indicated that a single signal from the unibus interface would supply-

the command to receive data. Actually, the receive signal is made up

of four separate signals, three of which address the interface with

control information and one which can be used as a correctly timed

strobe to read a computer word from the unibus. The logic of ICI will

provide this strobe (ACPI’WD) as an output to the timer and pulse gener-

ator which Will, then generate all signals necessary to move data into

j O
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the memory section of BliP . However , gating of part of these generated

signals wi].l be required by other units of Inp ut Control .

2. Input Timer ~~~~~~~, Pulse Generator (1C2 ). 1C2 is simply a

multidelay and pulse generator unit as shown in figure 19 which will

generat e the required five signals , IP 1 through IP5 . The delay units

1-3 are monostable multivibrators which have their outp ut pulse width

adjusted to the appro priate delay from the input trigger IP 1 (outp ut

of IC 1). Pulse generators 1—4 are negative edge trigge re d monostable

multivibrators which will supply the contro l signal pulses after the

required delays.

The timing scheme of the pulses generated by 1C2 , which will

move data as previously described from the unibus to buffer #1 or #2,

is shown in figure 20. Tabl e I identifie s the 1C2 outp ut signal s with

their equivalent control signal name and the action caused by the

signals . Since monostable multivi br ators must be tuned to provide

desired pulse lengths , this tuni ng must be an integral part of circuit

construction. The exact monostable pulse lengths desired for this

design are shown in the timing diagram in Appendix D. Note in figure

20 that four timing intervals are identified during which specific

transfers occur .

3. Buffer-Select Demultiplexer (1C3). This unit will

direct the signals that cause new data to shift into the memory to go

either to buffer #1 or buf fer #2. The direction is accomplished by

gating (ANDing ) 1P3 or IP~+ with the (MC ) SELl (xc) signal to provide

(xc) 1311 (BUN) or (xc) 1812 (BUN).

4, In~ at Word Counter (iC4). The word counter is a pre-

C settab le down-counter which puts out a pul se every X counts of IP5.

1e9 
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Table I. 1C2 Signal & Pulse Usage

1C2 Control
Output Signal Action
___________  

Name ____________________________________________

IPI DATL Causes a computer word to be strobed into
BUFI fro~i the “D” line of the PUP-il

D(~5s0C ~>- ~~

IP2 BYT High signal selects low order byte
through BUfl for storage in memory. Low
signal selects high order byte through
BUF2 for storage in memory .

IP) 1S14 Causes data selected by BTJ F2 (BYTA )
/ ~,2 

~ to be shifted into buffer #1 or buffer
~following 1C31 #2, depending on (IC ) SELl (BliP).

1F4 181 Causes data selected by BUF2 (BYTB) to be,2 
.
~ shifted into buffer #1 or buffer #2,

~follow1rig 1C31 depending on (IC) SELl (BUY) .

1P5 1P5 Decrements “Input Word Count” counter
from preset value to count number of data
words transferred.
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From Table I we see that 1P5 is a pulse generated at the end of every

computer word (every two data words ) transferred to the interface. A

“Word Count Thumbwheel” will be used to set the counter to the correct

down-count number for the desired matrix size . This number is found

by dividing the matrix size (N dimension) by two and rounding the

result up to the next full integer. For example , to obtain a 75 x 100

matrix , the thuinbwheel would be set to 75 + 2 = 37.5 or X = 38. The

counter generates (xc) WDCT (Mc) and receives a (NC) CLEAR (Ic) when-

ever it is present as determined by the master control module . (Ic)

WDCT (MC) will. cause MC to change the status word to the PUP-Il and

to select the other buffer (#1 or #2) for filling with the next block

(line) of input data.

Output Control jQQ~. The output control module will generate or

control all signals which are supplied to the buffer module to read

data from memory, rewrite into memory, or clear memory (buffer #1 or

#2). To accomplish these tasks , OC needs to receive three signals,

(EB(~~) UNBSIG (oc) which tells when the electron beam is unblanked and

ready for modulation data , (Mc) CLEAR (oc) at the end of the frame , and

(NC) SEW (oc) telling which buffer is to outp ut data. OC will supply

the sweep sync trigger (oc) SWPTRG (EBCE ) to initiate the line sweep.

It will also send signals which tells (1) when a line of data has

rewritten into the selected buffer , (oc) RWREND (nc), and (2) when a

line of data has been repeated the desired number of t imes, (oc) RP~END

(MC). It should be noted here that any time data is read from buffer #1

or buffer #2, the same data will also be rewritten back into the buffer

so that it will be available to use as a repeated line. Thus, (oc)
RW~~ND (MC) will indicate that data has been read from the selected

53

- - - - - - -



(. buffer, as well as a rewrite having been accomplished. If the data will

not be used for a repeated line , the selected buffer will be set to all

zeroes. The output control module diagram is shown in figure 21. Appen-

dix C contains detailed diagrams of each module unit and the component

ident ificat ion numbers.

I • Out put Timer and Pulse Generator (oCl ). The purpose of

OCI iS to provide the clock generated pulses which are used in the inter-

face and , through combinational logic , to generate the signals which

initiate properly timed gat ing of pulses for reading data from buffer

#1 or #2. OC1 is made up of a number of sub-units to generate these

signals as shown in figure 22, Output Timer and Pulse Generator diagram.

To facilitate text description , the sub-units are referred to as OC I-l

through OCI-6.

C. a. CWciC (ocl-i) . The clock frequency must be such

that it can be divided down to provide both the line sweep sync trigger

(138 iisec period) and the read from memory signal . The ideal clock

frequency would be one which could be divided evenly to provide the

sweep sync trigger (7246.38 Hz) and the fastest beam modulation fre-

quency desIred (888,888.89 Hz). In order to accomplish this, it would

be necessary for the clock to run at speeds exceeding TTL capabilities.

A compromise frequency of 869565.21 Hz was chosen which

has a 115 ~sec period. This clock frequency can then be divided by

120 to give the 138 ~aec period required for the line sweeps. However,

the 1.15 ~.isec period will only allow a maximum of (112.5 ~tsec per

unblank ) + (1.15 isec per spot time) 98 spots per line • The author

considers this sufficiently close to the 100 spots per line target

criteria to be satisfactory .
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The clock will be realized thro ugh a simple tunable

oscillator which should be adjusted to approximately 50% duty cycle .

This duty cycle is important since the clock pulses are gated and

divided down to obtain both SO and SI signals for buffe r #1 and #2

operations .

b. Sweep §
~~ 

Trigger Divide (OC1-2). This sub-unit

performs a division of the clock outp ut by 120 to get OPI , the

7246.377 Hz signal for the sweep sync trigger. The divide function

will be performed by a self resetting down-counter . OPI is also used

to reset other sub-units (to be descri bed in this section) jus t prior

to the next line sweep.

c. Read Divide (001—3), The read divide sub-unit

is a settable divide by “Q” down-counter which will provide the 0P2

pulses. The 0P2 output pulses axe gated by 0C2 to provide the signal

BOP which can be used to read data from memory . 0P2 is also gated by

OC~I. to provide the signal RWROP which can be used to rewrite the memory

outp ut back into memory .

An important point in using 0P2 is that the outp ut

pulses must be of sufficient length to meet the FIFO SO and SI pulse

time requirements stated in the buffe r module description. This con-

straint is met by using a settab le down-counter which will outp ut an

OP2 pulse that is approximately the same length as the input pulse .

Another important point is the lack of OP 1 and 0P2

synchronization , othe r than being derived from a commo n clock source .

Due to this lack of synchroni zation , the read divide number Q must

always be an even divisor of 120 (sweep sync divide ) in order to

maintain the buffer module outp ut in sequence with the beam unb iank .
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Table II. Matrix Size vs Q, N , & R

Spot
Matrix Time Matrix

N Size (usec) R Size

1 98 98 x M 1.150 1 N x 500
2 49 49 x 14 2.300 2 N x 250
3 32 32 x 14 3.450 Li. N x 125
4. 24 24 x M 4.600 5 N x 100
5 19 19 x 14 5.750 10 N x 50
6 16 16 x N 6.900 20 N x 25
8 12 12 x 14 9.200 25 N x 20

12 8 8 x 14 13.800 50 N x 10
15 6 6 x 14 18.400 100 N x 5
24 Li. Li. x M 27 .600 125 N x Lj.
30 3 3 x 14 34.450 250 N x 2
40 2 2 x 14 46.000 500 N x 1

(__. ~

Q = “Read Divide” integer to provide the hold (or dwell) time for
outp ut data. This generates OP2 in OC I • The gating of 0P2 by
002 and 004. provides both SI and SO signals.

N — “Spot Count” divide integer to provide the desired number of
spots per line sweep (where spot size is determined by Q above).
N must agree with the number of data points stored in the PUP-li
for each line • All lines must contain same number of data points.
Refer to “Word Count” divider (104.) of Input Control.

R — “Li ne Re peat” divide integer used in 0C5 to provide that a spec-
ified number of data lines be repeated. This sets the M dimension
of the matrix N x N .
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Also , as no measures are taken to insure that 0P2 arrives subsequent

to UNBL , it will be possible to “loose” some portion of an 0P2 pulse

(due to the gating scheme of 002). Values for the number Q which

correspond to the N dimension of matrix size have been calculated and

are shown in Table II.

d. ~~~~ Bead (oci-4). This sub-unit uses the output

from the spot counter (described later) to generate a signal (STOPRD)

which will stop the gating of 0P2 pulses to the memory. OCI-Li. uses a

JK positive-edge-triggered flip-flop with preset and clear which can

be preset (turn on gating signal ) by OPI and cleared (turn off gating

signal) by SPC1~ (signal from the spot counter) .

e. Rewrite End Logic (OCI-5). This logic generates a

pul se (RWRE ND ) at the end of the rewrite sequence • The rewrite gating

signal (described later) is used along with the clock to generate a

RWE E ND two clock times long. RWREND can then be used as an input to

counters which determine s (1) the number of data lines rep eated (see

oc~), and (2) when a complete frame (500 lines) has been wr itten (see

master control module). 001-5 incorporates the use of two .1K master-

slave flip-flops with clear .

f. Outwt Test (Ocl-6). The purpose of oc1-6 is to

generate an unbiank signal (UNBL) which will be used as the signal

to initiate gating for Ofl. UNBL will be eithers (1) the inverted

unblank signal (EB~~) UNBSIG (DC ) or, depending on a selector switch,

(2) a 120 ~iaec pulse generated by a monostab].e multivi~~ator which

is triggered by OPI • The 120 ~isec pulse will be used as a test

function to simulate receiving (EB~~) UNBSIG (oc).

The timing scheme of the pulses gener ated by OCI , which

will move data as previously described from buffer #1 or #2 to the D/A —
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( - converter , is shown in figure 23. Table III provides a summary of

the 001 output signals with the ir equivalent control signal name s

and the act ion caused by the signals . A more detailed timing diagram

is contained in Appendix D.

2. Read Gate Logic (0021. In order to guarantee that the

SO and RW1~ I signal s persist for the required time duration , the

decision was made to generate them by gating only complete 0P2 cycles.

This decision the n prohibits simple ANDing of 0P2 and UNBL to obtain

50 and RWRSI . 0C2 will generate SO, while 0011. will use 002 information

to generate RWBSI • A .1K master-slave fl ip-flop in OC2 will generate a

read gate signal (RDGA~~) which will come high (open gate) the first

time 0P2 goes low after ocl-6 generates UNBL . The consequence of

this action is the read out pulse (ROP) which will increment a spot

counter and also generate (oc) SO (BUF ) to read data from buffer #1

or #2. The flip-flop outp ut will be cleared at the end of a line by

the STOPRD signal from OCI. 002 also contains an inverter to supply

the necessary signal (
~~ ) to 0% .

3. ~~~ Counter L003). 0C3 is a programmable down-counter

whose output (SPOT ) will go high when the selected N pulses are

counted. The spot counter is not wired to be self resetting as are

all other counters in this design. Instead, it holds the output

(SPOT) high until the STOPRD signal goes high (indicates new line of

data to be output ) This wiring conf iguration allows a simpler “stop

read” logic sub-unit (001-k). It also guarantees that the read gate

will only be open for 0P2 pulses from slightly after UNBL until N

spot counts have been reached. N is the same N used in describing
(.~ the phase plate matrix size as N x N; the desired N dimension should
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61
.  

. . —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —   _ _ _ _ _ _

_________ - -  ~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



Table III • OC 1 Signal & Pulse Usage

Control
OC I Signal

Output Name Action

OP1 SWPIRG Causes EBCE to start the
phase plate write sequence .
EBCE will then send (EB~~)
UNBL (M c) .

ROP (following Causes data to be shifted out
0C2) of buffer #1 or buffer #2

2 depend.in~ on 0C2 , OC3, and (M C)
(foilowing 0c6) SELO (oc).

0P2
RWROP Causes data to be rewritten
(following 004) into buffer #1 or buffer #2

( - RW~~I1 2 depending on OC2, 004, and
(folloi’ring oc7) (M C) SELO (oc).

STOPRD STOPRD Turns off WRGA~~ in 002 afterselected number of data words
have been read from a buffer.
Allows WRGATE to be turned on
by UNBL after SWF~RG.

RVREND RVREND Indicates end of the rewrite
seque nce to provide a count
pulse for the “Line Repeat”
Counter .

UNBL UNBL Turns on WRGATE in 0C2 to
let 0P2 begin shift out se-
quence . Also turns on
BWBGATE in 004. to let 0P2
begin rewrite sequence.

I
C)
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be set in the “Spot Count Thumbwheel .” After the Nth count is reache d ,

the SPOT signal is input to OCt . In addition to turning off the read

gate , the STOPRD signal from OCt resets the spot counter to N in read-

iness for counting the next string of read out pulses.

k Rewrite Gate Logic (004.). 0011. performs a function very

similar to 0C2, also using a JK master-slave flip-flop, but gating

the 0P2 signal to perform the rewrite function. Since there is a

delay time for the data to be rewritten to appear at the FIFO input ,

the RWRSI signal must also be delayed. The rewrite gate logic accom-

plishes this by delaying RW~~I one half an OP2 cycle from the SO

signal . 004. thus generates a rewrite gate signal (BwGATE) which is

ANDed with OP2 to form RWROP. Also RWRGATE is input to OC1 to mi-

tiate the RWR END signal described previously.

-C 5. Line Re~peat Counter (0 5). The line repeat counter

is a presettable dewn-counter which puts out a pulse every R counts

of RWREND. A “Line Repeat Thumbwheel” will be used to set the counter

to the correct down-count number. It is this number which determines

the repeat of a data line and thus the N dimension of the phase plate

matrix. The number R is found by dividing the matrix size (n dimension)

-: into 500 (number of line sweeps). For example, to obtain a 75 x 100

matrix , the thumbwheel would be set to 500 + 100 — 5. The counter

generates a repeat end signal (oc) RFI’END (MC ) which goes to the

master control module to aid in status determination and buffer #1 or

#2 selection. OC5 also contains an inverter to supply the necessary

signal (EPrEND) to 008.

6. 0ut~~t-8elect Demultiplexer (006). This unit will direct

C the signals that cause the data read from memory to go either to
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buffer #1 or buffer #2. The direction is accomplished by gating

(ANDing ) ROP with the (MC) SELO (oc) signal to provide (oC) 80~
(BliP) or (oc) SO2 (BuF).

7. Rewrite-Buffer-Select Deiimltiplexer (007). This unit

will direct the signals that cause outp ut data (data contained in

the output latch, BUF9), which is to be rewritten into the memory ,

to go either to buffer #1 or buffer #2. The direction is accomplished

by gati ng (ANDing ) RWROP with the (nc) SELO (oc) signal to provide

(oc) RV~~I1 (BliP) or (oc) RV~~I2 (BUF).

8. Memory-Reset Deaultiplexer (008). This unit will direct

the signals that cause buffer #1 or buffer #2 to reset to all zeroes

just prior to reading in new data from the PDP-11. This is necessary

to avoid mixing old and new data , since 0C7 forces a re~irite at the

C end of each memory read cycle . The direction is accomplished by gating

(ANDing ) RPI’END with the (MC ) SEW (oc) signal to provide (oc) ii~
(BliP) or (oc) ~~~ (BliP).

Master Control 
~

Q). The maste r control module will coor-

dinate both the input and outp ut control modules , provide status infer-

mation to both the processor and the manual operator , make selections

of buffer #1 or #2 input and outp ut , and provide a means for manual

control input to the interface unit. To accomplish these tasks , MC
• requires three previously defined signals, (IC) WDCT (NC) which tells

when the proper number of data words have been stored in memory, (00)

~~REND (Plc) which tells when data has been rewritten into the selected

buffer , and (oc) RPIE ND (sc) which tells when a line of data has been

rep eated the desired number of times. In addit ion, MC will incorp orate
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• ~ 
a manual run switch and a manual clear pushbutton to generate (MANUAL )

RUN (Mc ) and (MANUAL) CLEAR (M C).

MC will also generate a number of control and status signals

that have been described previously. These are (MC) SELl (IC)

telling which buffer is to receive data from the PDP-11, ( MC ) SEW

(oc) telling which buffer is to output data, and (M C) CLEAR (Ic & oc)

which resets counters in both IC and OC to an initialized state • CLEA R

is also used within MC as described later. MC will also generate (MC )

RYR (BUY) to control a selected write /rewrite multip lexer (BUFL1. or 6),

(MC ) FILLBUF (UB ) to act as the status word to the PDP-11, a RUN signal

to power an indicator when the interface is in the run mode , a ~~ADY

signal to power an indicator when the interface is ready for the EBCE

to write a frame , and a INITIALIZED signal to power an indicator when

the interface is ready to receive data from the PDP-11.

The master control module dictate s the sequenci ng of all buffer

operations. The initial starting state is such that buffer #1 is

selected for input , write is selected for buffer #1 , and buffer #1 is

selected for output . This will, be called th~ initial state as indicated

by the initialized indicator . On power up, the RUN switch should be

off and the initial state obtained by puehi ig the ClEAR button. When

the RUN switch is turned on, the following —~equence of operations

will occur (assuwing use of the sample program in Appendix B)s

(1) Buffer #1 will be filled.

(2) Buffer #2 will be filled.

(3) The read y indicator will o’. .~~ on which, in con-

junction with the initialized indicator , shows

that the buffers are both full and waiting for output .
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(Zip ) A wait will occur unti l data in a buffer is

used. Data will start being used when the single

frame button is pushed on the EB~~ unit.

(5) Buffer #1 will be read .

(6) Buffer #2 will be read while buffer #1 is

being refilled.

(7) Buffer #1 will be read while buffer #2 is being

refilled.

(8) Steps (6) and ( 7)  will be repeated until the

entire matrix has been written on the limes

plate . At this t ime the computer will enter

a hold status .

(9) The (nc) CLEAR (IC & oc) will automatically

C be generated in readiness for the next frame
— of information.

The master contro l module diagram is shown in figure 2L1.

Appendix C contains detailed diagrams of each MC module unit and

the component identification numbers .

1. Iz~p~ Buffer Selec~~~ (MCi ). This unit makes the

selection of the buffer which will receive the next new dat a input

from the PDP-i1 • MC i uses a JK master-slave flip-flo p with clear

(wired as a toggle), which is in the initia l state (buffer #1

aeleoted) when cleared. The initial state is obtained as a result

of the CLEAR signal . Subsequent to the initial state , each t ime MCi

receives (xc) wDcr (nc) the flip-flop will alternately set and clear

to alternate input selections between buffer #1 or #2. Recall that

ci
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IEPUT

(Ic) w~ ’r (pic) - .
~~~ BUTTER __________________________ 

(,tc) SELl (IC)

SElECtOR

~C3 
_____ 

(pic) FILL EU? (~~)

____ 

(mc) RVB (Eu?)

(sAm,AL) mum (mc) 
_________________________________ ____________________ — STATUS

_ A~~~

_____________________ ______ 
IXrrIALI~~D

- -a

_ NC’ p

( 
(oc) RP~EWD (mc ) 

- — ____________ _______ 

(ec) SEW (oc)

LE~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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_ _ _  
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(

~~~~~~

jI

~
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7~1gure 2I~. Master Control Module Diagram
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(Ic) WD~’~ (Mc) indicates the buffer selected has been filled with

the selected number of data words .

2. Out pit Buffer Selector (MC2 ). This unit make s the

selection of which buffer will output data from BUF. MC2 is

identical in construction and operation to MCI. The control signal

is (oc) RPTEND (Mc) which changes MC2 outp ut at the end of repeated

line sequence .

3. Status (MC 3) . MC 3 is the prime unit of the master

contro l module . This unit generates the status signal (MC ) FILLBUF

(UB), the READY signal , the INITIALIZED signal , the RUN signal , and

the rewrite signal (M C) RWR (BUY). In order to generate these signals,

MC 3 uses CLEAR , SELl , SEW , (MA NUAL ) RUN (MC) , (Ic) WDCT (MC ), and (oc)

EPTEND (MC) . MC 3 incorporates two “buffer empty ” flip-flops (JK nega-

tive-edge-triggered flip-flops with preset and clear) for keepi ng the

status of each buffer. These flip-flops are manual ly cleare d inune-

diately after power up or automatically after writing a frame (to

indicate that buffer #1 and buffer #2 are empty ) which provide s a

FILLBUF status until both buffers #1 and #2 have been filled.

The OR of the flip-flop outp uts (#1 FILL or #2 FILL) is ANDed

with the RUN signal (output of a run swit ch debouncer) to provide the

status signal (MC ) FILLBUF (UB ) -- a request for the PDP-1l to transfer

out a block of data . The complements of #1 FILL and #2 FILL provide

the (MC ) RUB1 2  (BUT) signal s, i .e . ,  a buffer is selected for a rewrite

input when it is not selected for filling (receiving new data).

The “buffer empty” flip-flops are set (select buffer for

rewrite ) with a signal which is (xc) WDC1’ (MC ) ANDed with the SELl
(..

~
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• - - signal from MCI • After being set , the flip-flops are cleared (select

buffer for fill) rith a signal which is (oc) RPTEND (MC) A NDed with the

SEW signal from MC2 • This alternate setting and cleari ng of the “buffer

empty” flip-flops corresponds to the steps described by the sequence of

operations at the beginning of the master control module description.

The INITIA LIZED signal is also output by M C3. It is gener-

ated simply by ANDing the (Mc) SELl 1 (BUF) and (MC ) SELO1 (BUY) signals

from MC i and MC2 . In addition , two JIC master-slave flip-flops generate

a signal which , when A NDed with INITIA LIZED , provides the READY signal .

These flip-flops are wired such that when (M C) SELl1 (BUF) has gone

high and back low one t ime (and one time only ) after CLEAR, the READY

signal will be high . INITIALIZED and READY indicators both on will

indicate that the interface has properly accepted data into both buffers

and is waiting for data to be read from memory .

Li.. Clear (Mail ). Ma il incorporates a self resetting divide

by 500 down-counter which will generate a pulse at the end of the frame ,

i .e . ,  after 500 (oc) RWR E ND (Mc ) pulses. These frame end pulses are

Ofie d with a manual generated clear pulse (MA NUAL) ClEAR (M c) to provide

C~EAR , which is used throughout the interface as previousl y described.

Digital to Analog Converter (DLA)

The D/A converter is a 6 bit very fast ( 2L1 nsec maximum settling

time to 4 LSB) resistor type converter which drives the EBCE directly .

The EB~~ has an adjustable gain for the analog input which negates

any requirement for signal amplification as part of this design. The

D/A power and connection requirements are contained in Appendix C.

Note that this D/A converter iS a part of the interface design. It
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is not the DEC D/A unit which is part of the FDP-iI system and is riot

used in this design.

PDP-11 Unibus Interface ~~~~~~~~~~

The unibis interface is made up of three separate standard DEC

units. The module diagram is shown in figure 25, and the detailed

wiri ng diagram is contained in Appendix C.

Unibus Receiver (M781’). This unit consists of 16 inverti ng bus

receivers on a plug in card which is compatible with the PDP-ii back-

plane. The output of these receivers is positive logic , and they may

be connected directly to the interface data input lines.

Unibus Driver (M783). This unit consists of 12 bus drivers to

be used as an input interface to the PDP-11 unibus . The input to

these drivers is positive logic~ and they may be connected directly to

the interface • Information is gated through the drivers by a single

enabli ng gate which must be high for transfer. For this design only

one driver will be used to inpu t the status information (one bit).

Address Selector ~~5) . The M105 is used to decode the UNIBUS

Address and Control lines. In this design the M105 will respond to

an address , which is jump er wire selectable, to either indicate a

transfer of information (data) in or a transfer of information (status)

out • The logic required to use the 11105 control information for moving

data to the interface is presented in the Input Control section of this

study . To transfer status information from the interface, the decoded

address line from the M105 must be NAND gated with the M105 “IN” line

and the NAND gate output tied directly to the M783 enabling gate .

o
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IV. Conclusi ons

The purpose of this chapter is to summarize the design process.

It will also include recommendations concerni ng further expansion or

improvement of the design .

Des~~~ Summary

The design process began with the definition of the problem

and relevant background information. The specifications and con-

straints were presented , and the approach to be taken was then estab-

lished. In the system organization chapter , additional design req.uire-

ments and the software algorithm were established. This resulted in

choosing the type of memory (FIFO ) early in the design process. The

FIF’O choice then allowed definition of the required control system

and its operation to obtain the desired phase plate matrix configuration.

After defining the sof tware algorithm, the overall design was presented

in terms of block modules. The module designs were then Dresented at

the next level of ovservation in terms of module units. These units

were examined and implemented in terms of the unit tasks to be accom-

plished and all the information paths were expanded in detail.

The major problem that was addressed throughout the design was

timing. This was manifest in terms of available time to accomplish

the defined system tasks and in terms of signal synchronization. The

long range desired modulation rate (1o~ eleme nts/see) is clearly beyond

tp~ output rite capability of the processor equipment available for

this ~soj.ct. Although the maximum throughput rate of the designed
S
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interface is slightly higher than the 1.&(’5 x 106 elements/sec (100

x 100 matrix written in .069 see) used in thi s study , no exact calcu-

lations were performed to define the absolute maximwft. Rough calcula-

tions indicate that the system may provide (with minor changes) a

“glitch less” performance approaching 2 x io6 elements/sec. The

constraint s which prevented use of DMA appear to degrade the FOP-il

transfer rate by a minimum factor of two to possibly as high as twe nty ,

depending on design utilization.

The use of a dual buffer system in the buffer module memory pro-

vides a means of effectively doubli ng the interface through put . The

use of 8 bit bytes also provides the same advant age. Rece nt advances

in economical D/A converters were an aid in minimizing the delay time

between EBCE unbiank and the analog signal output . The converter

t selected has the capability of 12-2k nsec conversion time , depending

on the load . The use of a 6 bit D/A converter contributes some loss

of generality to the 8 bit data word used up to this point , but this

poses no problem as only 6 bits of the 8 bit word carry any informa-

tion. If more accuracy is desired later, an 8 bit converter may be

substituted with no other changes required.

In some cases it was necessary to use logic circuits which were

more complex than anticipated. One such example is the read gating

circuitry of 0C2. It would have been desirable to start generating

read pulses upon unblank instead of gating another pulse string .

This would have eliminated any unhiank to analog modulation timing

uncertainty or delay . However , due to various design complexities

a gating scheme was devised which only eliminated the uncertainty .

S The design introduced modulation information delays of up to one
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4 complete cycle of 0P2 . For certain matrix size selections, this

delay can be a major portion of the line sweep time.

Recommendations

1. The clock provided is not crystal controlled. Even though

the design should be reasonably stabi e , it may be desirable to in-

corp orate a crystal oscillator at some later time .

2. The design specifies for the D/A to drive the EBCE directly .

It may be that interface to EBCE matchi ng through an operational

amplifier will prove necessary if D/A glitche s are a factor or if

D/A drive is inadequate . If so , care must be taken to use a high

slew rate amplifier so as not to degrade discrete analog levels to a

slowly varying voltage.

Zl. The gating configuration of 0C2 can be modified to decrease

the long read pulse delay following the unblarik signal for small -

matrix sizes. This could be accomplished by counti ng a fast clock

and generating pulses which correspond to counter outputs. This

would require more logic and more counters than was considered appro-

priate for this study .

5. The master , output , and input control modules have a speed

capability in excess of the buffer module due to the FIFO chosen.

A random access memory (RAM ) was an option early in the design process.

For a faster system, the RAM would probably exhibit a speed advantage

over the single package FIFO chosen for this design.

6. ]~ A would definitely help, but its use might require major

changes of the input control module and the first three units of

the buffer module.
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F 7. A computer with faster I/O capability than the PDP- 11

should be considered for any new interface system to be designed

and used as a follow on to this study .

U

(F
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ELECTTRON BEAM CONTROL
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Ji FRA1~ SYNC TRIGGER

•1 Iuis_ appx k0~~sec

2 meec minimum for
~~ase pla recoveri\~~~~ p

_ _ _ _ _ _ _  
FRA~~ RAMP 

_ _

Far .069 or .023 sec

~~~~~ GATR
(allows sweep sync triggers to

cause sweep ramps)

SWEEP SYNC TRIGGER

_ _ _  
SWEEP CATE I f f ~~I

flyback time
13 lJ .sc fixed~~~

\
_ _ _ _  

a 
(~~~j(1t - 254~~eeo)

I- 
UIIBLANK I _ _ _ _

(appc 90% of sweep ramp)

electron beam modulation ] f J I

Figure 26. EB~~ Timing Diagram
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Appendix B

PDP-11 SAMPI~ PROGRAM
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FO P-il Output Program

Loads MOV #5000 , RØ ; LOAD ADDRESS OF FIRST
16 BIT WORD (2 DATA POINTS)
INTO RØ

MOV (R Ø)+ , i#164000 ; MOVE FIRST WORD TO TNE
INTERFACE AND LOAD ADDRESS
OF NEXT 16 BIT WORD INTO RØ

This instruction should
appear in the program
‘N’ times

( tl ’neck g NOV *~176770, Ri ; MOVE CONTROL STATUS REGISTER
INTO Ri

CMPB RI , #177 ; CNECK FOR DONE BIT (BIT 7
OF STATUS WORD)

BLE ~~~CK IF DONE BIT NOT SET Q{ECIC IT
AGAIN

BR LOAD IF DONE BIT SET BRAN(~ TO
BEGINNI}~ OF O1Y~BJT PROGRAM

I,

(__ )
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Appendix C

UNIT DIAGRAMS AND COMPONENTS
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pt 
ç. 

_ _ _ _ _ _ _ _ _ _ _ _

BUFI 74100 x 2 J Data Latch

t 
BUF2 74157 x 2 ] Select Byte Multiplexer

74 0 8 x 2
Select In Deinultiplexer

I 
7 4 0 8 x 2

L 74157 x 2 ] Wri te

Two of
these forr — — 

1 
dual buffer
system

‘ ‘ D8

1 
Q0

, • • • • •

4 
. . . . . . .~

BUF5 D~~~’~~~~~~~~~ ’D8 I~~~±~fer #1
& and

BUF7 o . . . . . . . o  Buffer #2
8 (See Note). . . . . . ._~

_
I 1’)O • • • 

~ 
S • ‘D~ I

I 
~~0

. • • • • eQ8 1
L _ _ _ J  

_ _

74157 x 2 J Select Output Multiplexer

BUF9 
~ 

74100 x I 
- 
] Output Latch

Notes FairchIld 33511 FIFO requires both +5 VDC and -12 VDC. All
O~ and ~~ inputs should be connecte d to ground (0 VDC) and IR out-
pat is not connected.. FIFO expansion is as shown with outputs Q( s connected to inputs D. The 33511 is T~L compatible and can drive
one flL load.

Figure 27. Buffer Module Component Identification
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(
1 

V

I. — — ________________________

VD~~ _ _ _ _  
I

— — _________________

MC2

—,

~~~~~~~~~~~~~~ .11

( I  

am 
_ _  

_ _ _ _ _ _ _ _ _ _ _ _ _

+5 VDC 
_____________________________________________________

N 1 6 ~~~~~~~~~~eO2~~~~~ 
~

c
w,eo16

P~mib amtton _______

-~~~ p 
-(Divide by 500 Hsxdwtre~ )

?1~gure 31. Maater control Lo~io Diagraa
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D/A
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OUTPJT

B2 — 2
B3 

—

V Bk

B5

— 6
I~B 8

I

Note s The connections shown are for Optical
Niectronics Inc.’s Model ‘7461 D/A converter.
There are no connections to pins 9-13. Notice
that there are no external power requiresente.
The output say be connected to the input of an
operational asplifier if desired.

4

0
P’1~ur. 32. T)JA ~~wer and Connection Requiresente
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IITh~FA~~ TDIIIG DIAGRI&P~
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- ~V_V

appc 9.k~ isec 011

1 A~PTVD ,,JL
ii

nsec

~~~~~]..-13Ot5O nsec

risec

______ 

e.~kOO (220 sin , 480 sax) neec 1P3

C ~4~~~~ 7;~~~~~~__ ___ #2

same as 1P3

1680 t 100 nsec 4 ~~LAY #3

• _
I 200 - 500 (125 sin) neec

A to B - 500 neec sin

Note s Timing constraints are to meet requirements of the system
organization, the 33511 PIP~)s, and the M04016 counters. Use of
74123 monostab le sultivibrators is assumed. Pulse Generator #1
and Delays 1-3 (figure 19) are wired for positive edge trig-
gering and Pulse Generators 2-4 are wired for negative edge
triggering. Typical 74123 switching times are depicted , ~at
adjustment limit s are based on maximum and minimum switching
ti—a .

0
Pigure ~e. Input Control T”ming (102)
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( )  p S7S nsec

_I
________________ 

I o~i

II. 138 .isec

I appx 7~isec 
_____

_ h I  
~
f. 112.5 ~isec UNBL

I ,~- 575 neec

14 I I I I I I I I I
13.8 ~.tsec for N — 8

I Gates oP2 to generate So -
________  

accomplished in 0C2 RDGATE

High on first 0P2 Low when STOPRD
High to Low trans ition goes low

V I after UNBL goes high

High & Low transitions delayed one
____________ 0P2 cycle from RDGATE RWRGATE

Gate s 0P2 to generate RWBSI - accomplished in 0C~
I I

High when oPl goes High o o u n t in g N — 8
OP2 pulass

l.725~ i.ec —~~~h

I I( RVBEND
Upon end of RVBGATE -

Notes Analysis shows that ~m’opsgation delays are small
oospsr.d to ti-s shown, therefore they are not indicated .
£I~~ example above is for N — 8.

i~1
Pigure 35. Output Control ?laing (001) 
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alternately accept data from the PDP-11 and send data to the EB~~ via the D/A
converter . The 16 bit word of the PDP-11 is multip lexed into 8 bit data words
for interface manipulation, since 8 bits offer adequate resolution for the
EBCE .

The inter face is designed to allow writing of a 100 x 100 element matrix
on the phase plate . This requires a 1.45 element/sec modulat ion rat e of the
analog signal sent to the EB~~. The use of a dual 1110 system , a multi-
plexed computer word , and a very fast D/A converter make this modulation rate
possible.
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