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ABSTRACT | .

” - v -

' The de51gn and lmplementatlon .of a vector generating '

. .

_sub-system is descrlbedlln this thesxs.

Blnagy rate multiplicer techniques are used
in the deSLgn of the vector genqrator\ ‘It generates
vectors of any jength and at any angle during a
coagtant ramp- generatldn tlme. It also functions as
a p051tlon generator to place visible or 1nv151b1e
dots in a requlred posftlon on.the screen.

: The digital log c functions were constructed

with D.E.C. flip- flop m ules.
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CHAPTER 1

I. INTRODUCTION . -

In recent years a need for faster and more - .
convenlent methods of man- computer communlcatlon

1nterface have arisen. The use of the cathode’ ray

-

tube as a read out dev1ce allows computer data to b

-

- available lnstantly compared to the’ tlme delay anOl ed

1n use of an electromechanlcal prlnter.

Informatlon may be dlsplayed on the screen of \a

@

cathode ray. tube, as alphanumerlc and symbollc_

L)

characters, vectors, p01nts, contlnuous cuqves, grld
Y *

llnes, etc.,'and may be randomly located or arranged
ln orderly fashlon on the screen. All dlsplay

lnformatlon rs supplled from an external computer

1n5tructlon flle for easy graphlc 1nterpretatlon.'

FLex1b111ty in lnput is malntalned by use of varlous

knobs and sw1tches, as well as llght pen dev1ce,

) which the operator can use to lndicate, to the . Y
"computer, areas of interest. 4N the dlsplay so that it

. .may branch,to a routj to modlfy the f11e to be



in fig. 1.1 indicates the most Eommoh parts'eﬁfthe system.

IT. -A. GENERALIZED DISPLAY SYSTEM b

-~

There are various techniques of information

display, but a generalized fupctional block diagram shown

Because the system contains some display generation

:hardware, the external computer. ‘need sfpply the"

“ information and recycle it to the display generating

J+III. DISPLAY SYSTEM WITH CRT DISPLAY:

information tojthe ‘command decoding circuits only

once, and thereafter the buffer memory can store this

circuits often enough to-avoid any flicker. in the

display. 'The command decoding cireuits decode the

instruction and” channel the data. int rOper display

generators to dlsplay correspondlna graphlc Symbols.

Thus, ‘the computer is left to perﬁorm less routine

operatlons and will.- 1nterrupt the externa1=per1pheral

"’

hardware.only to update‘earller 1nformatlgn or to

issue new commands as a result gf‘ihfdimation from

the manual controls or other automatic input control.

!

, As mentioned earlier, the display read out
deVLCe of majorvlmportapce in v15ual computer data
display systems fs the cathode .ray tube. There are
three main- categorles of C.R.T. displays, alpha—
numeric, graphlc, and 51tuatlon dlsplays. -The

alphanumerlc provides a formatted typewriterﬂlike:

- presentation. In graphic display,‘lines may be

— e —
-
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-presénted along with randomly placed alphanumerics and
. symbols. A situation display contains alphanumeric’

symbols, and lines, .along.with some form.of'backéround
information. - ., . >

)

All ‘three C.R.T..display categories are_usually
’used,in specific_applioatlons. .Alphanumeric displays
are used as electronic t&peﬁriters and provide. a message,

" comp051t10n and édltlng capablllty along wlth data

-

presentatlon Graphlc dlsplays prOV1de a means for

generatlng geometrlc flgures plus alphanumerlc data and -

are used 1n-computer-a1ded de51gn;app11catlons.

‘Situation displays are used_in.oommand and control

LI

, systems and - the ‘background can be radar, sonar., or map

1nformat10n.

- + s .
. .

Dy ;'.') The figure' 1. 2 shows a graphlc dlsplay system

[

w1th C R.T.. display. ‘ThlS is- typlcal of the dlsplay
. N\ R
‘system at, the Flectrlcal Englneerlnq Department of the

. ]
'!Unlver51ty of Windsor. The.external computer used is

% PDP -8 data processor. The dlsplay processing sub-

(1) ahd '”

system con51sts\of a hlgh speed refresh memory

,data flow controller whlch has been de51gned and
(2) _ *

implemented. It also has alphanumerlc and dot -

"generatOrs(B). It also “had aovector generator(4°

which used an ana10g method of vector generatxon, but ,

.thls has been replaced by a vector generator whlch '

n ’

';uses a 'blpary rate multlpller techn1que to generate

vectors which is the work of.thls thesis.

i

[N
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The vector generator gives,the C.R.T.
7

the capagity to draw blank, solid or dashed lines 'of
s . :

" any length at any angle. This givés the

desirable ability to draw graphs, plots or other

1

shapes.

"The C.R.T. used is:a Hewlett-Packard X-Y

(5) 4’It has also 1nten51ty control

Display Model 1300A
c1rcu1try associated w1th it, which helps to overcome
the problem of inconsistent brightness levels in the

display. -
IV. *IMPLEMENTATION:.
The circuitry was constructed from Digital
Equipment Corporation, (D.E.C. ):Modulesgs) The loglc
waéiimplemented using 'R series logic modules whlch
\ :

can'operate up to a frequency of -2 M.HZ. These

modules use negétivé 'NAND' ldgic in which 0 volts

‘represent a '0' state and -3 volts represents a '1l'

" - i’

state. ?

g 3

1w
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CHAPTEF 11

VECTOR GENERATOR

I. INTRODUCTION: _ ' : ' .

| The vector genéralor provides the éignals
required:to dfaw~a\line*vecfbr on the g;thodg ray tube
screeﬁ. The Eignals*that‘aré used to generate vectors

could be obtained by various methods. They are, the

analog method, the'digital or ¢ombin§ti0n of the two °

~methods.

The data from the computer, for, vector

generation, is transmitted to the display, in one’ of

' (7)
theijo formats

. In omé format the co-ordinates of
the end points of the vectér'are,specifigd_ In the
other format %hé xrénd:Y—inérements‘of the vector are
specified.' For this vector generator subsystem, fhe

latter method was adopted.’ Thus, to;genefate a vector,

the computer needs to supply information, regarding the’

:starting point of the vector and then the X and Y-

increments of the vector.

The process of wvectar generation involves the

generation of positive dr‘hegative ramps of the same

" time duration. These ramﬁ signals are fed.into the.-

a7

* H
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- . . \ .
X and Y deflection circuitry of the cathode ray tube

and then a vector is drawn on the ny dde to the .

e ——

99° relationship between the X and Y-axis of the ™~

deflIection subsystem. The length of the vector drawn

is proportional to v aX2 + aY¥2-, where aX is ‘the N

X~-vector increment and AY is the Y-vector increment.

The "anale which the vector makes with the horizontal

1

3 - .
is equal to tan {(AY/AX). Since AX or AY can be

either positive or pegative, the direction of the

vector depends on the ;Blarity associated with the X -

and Y ramp signals. e

v As mentioned earlier, to generate a vector,

‘the computer specifies the direction and length of

X and Y vector increment. One bit of the data could

be used to specify the direction of the increment
in the data. The léngth of the incféments‘could be
_speqified’by-any,humbe;‘of bits, £he greater.the
number of bits, the greater-is the accuracy of tﬂe
generéﬁed vectbr; After a vector instructibh_is
receivéd} all the following outﬁut from memory is
considered as data (AX and AY)."This proceés of
tranéfgxring data tp_the vector genérator continues’
runfil a new instruction is enéounte;ed. '

A 1p—bi£ register was used for thé'dig%fhl
to analog (D/A) canverter.. ?hus there are 1024

distinct positions along each axis. A 8 x 1l0-inch



INSTRUCTION WORD:-
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¢
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(5)

screen was used, the raster unit heing about
0.01 inch. The word férﬁ;ts-are shown in figure 2.1.
There are four types of vectors tha£ could be generated.
They are (a) POSITION (b) TIP (The Intensified -
Position) (c) DASH LINE (d) SOLID LINE.
Thus in the'POSITIﬁN (;OS) mede,.the

computer sends oug the X énd Y-Eomponehts,.and the
electron beam iseﬁbsitiﬁned‘ag per the received-daté,
bu; it is blanked déring‘tﬁis mode. TIP mode is the
saﬁe as the Poé_hbée, except that the elebtrdq_béam-
_is unblanked duglnq.this'mode.' R '

' In the line mode (DASH or SOLID), the initial
'stérting point data is received frgm the.computér.

Then the AX and AY-increments. are receiyed which, are
~then used'tO'generate the proper ramp signals. These.
are then‘fed into the X and Y deflection circuitry of
the cathode ray tube. While the vector is thus geihg
gegéritéd,_fhe Z~axis of the CRT'is.unbiahked, thus

producing a visible line on the screen.

II.. ANALOG VECTOR ‘GENEPATOR:
o (8)

The analog method of vector generétion
shéwﬂ in fig. 2.2, employs an X and Y intégra£in§
amplifier to'prgduce the required ramp signals. The
amplitade and direction pf the ramp signals are

controlled by the computer data.
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_Each digital te aralog converter in fig. 2.2
receives computeridata via the input storage and decode
logic. If all the data blts are true,‘lhe output
of the digital to andlog converter w1ll be '+V' volts.
If all the b;ts are false, he_octput will he '-vy!
volts. Since the most sigﬁificant bit (M.S.Bj) of
data is ‘true when output is p051t1ve and false when
output 1s negatlve, the ﬁ%s B. is, con51dered as the
51gn (dlrectlon) blE\ All other bits can be con51dered

‘ to be elther Ax or AY- length bits.

control -the slope of the'ramp signals coming from X

The_outputs of the D/A converters are used to

and’ Y integratiqc.amplifiers. When the D/A output is
negative, a positive ramp wili be generatedll
The actual generabion of the ramp signals is
controlled by the switch (shown as manual switch for
ease of explanat;on) placed across ‘the ﬁeedback
cepacitor of tﬁé integrating ampiifiers.
after tﬁe D/A converrer output_has been
applied to tpé integrating amplifier, -and the'ewitch
isﬁﬂpened, the amplifier-cutpgr'will start movipgf
linearly. The rafe at which the output moves will be
determlned by the D/A. converter output voltage \\
ampllfler 'gain, and_ ‘the gain factor RC¢. ‘For a
- fixed "integration time, the output of‘the integfating
. amplifier willlbe'a-ramp whese.directiontand amplitude
wili depend cn the D/A converter-output polarity and

iemplitude respectively.
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" integration time small and also by

- 13- . T

One of the probleﬁs associatéa with the’abéye
ciréuitry of analog vector generation, is the driﬁ;(g)
of the integrating‘ampl%fiers. ‘The d;iftﬁ&oes notx;ake
place when %ntegration is not;taking-place. fﬁis is |
because the amﬁlffie: gain is éero wh;lf the switch i
closed. The drift‘(fould be minimized :by'ma
ing .compensating
circuits to the integrating plifier..' :
. “\ The prob “mentioned above Qibes rise to an
error iﬂéphe’giggg of the vector drawn. ‘In'gddifion
to tﬁis,laﬁother problém eﬁcgﬁn?éred with thisbforﬁ-of
liné\Qeqeratidn is the'aisturﬁanée, or ;inginé, which
occurs at the start of the ramp géﬁeraﬁion. Tﬁe
distupgénce is caused by the t##néien} responSé of the
integréting amglifier. -Thereforeﬂ the transient y
'response'must be c0nt£ollea-by some means of amplifier

»

compensation.

The Z-axis gating signal is obtained from the

integrating timing unit which is éisoAused to control
‘the feedback s$witches. Thus the rSmp'génerationrtime
for-ﬁoxh the integrating amplifiers is'éyndhronized
with the Z—axis“s;gnal so that the réquifed-line is”
'dispIAyed on thé éathoae rayifube. Evep though the
vector.géneiatéd using this tedhpique'is straigﬁt line
in pahternA}Note‘~ in digital technique it. is séaff-

case’in pattern), therg is always an error involved:in
. ot
. \ : :

* ' .
. T
. . .

r R

I-. ) ° N . 0 .

. .
. - .
\ . . .




the slope of the vector drawn, due to problems
mentioned earlier. Because of these pfobiems of
drift with the anaiogué teahnique, a digital wectOr

generation technique was investigated.

"III. DIGITAL VECTOR GENERATOR:

. ‘The digital vector generator(lo) makes use

(10) (11) (BRM) techniquer

. of the.binary rate multlpller
which is a 51mple means of manlpulatlng dlgltal
‘signals (i.e.. pulse trains) to représent the AX‘and

AY-increments of the vector.
v

‘{a) Binafy Rate Multiplier:

A binary rate multiplier is a‘digi£al circuit
"which accepts an input oulse rate.and'p?esents a
'aecreased pulse ;ato at its‘oufput. The output pulse
rate is the product of the 1nput pulse rafe and the
blnary fractlon held in the multlpller reglster, -
the input data reglster.

Con51der an ordinary n-blt unidirectional
counter’w1th ‘the 1nput pulse rate of frequency, f., as
shown in flgure 2.3, ?he 'll]output response "of the
first four fllplflops in the binary chain is as shown

‘in-the figure 2:41a).‘ in thls ?lgure we notloe. {a)
for any input pulse, exoopo the.firsﬁ‘one! there is one h
.or more-thanfone 10 stateftransitions; (b) for any
input .pulse there is only one 0 + 1 state -transitioén.

It is the later part, i.e., 0+ 1 state transitioﬁ

<
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which is.of importahce-and,-this can be detectea by
. ‘

the arréngement shown in fig. 2.3. The '1° cutputs -

of the flip-flops are .made te-drive a resistor-

capacitor differéntiating circuit, which in turn
provides a pulse corresponding tp 0 - 1 transition

of the flip-flops. Thus, once the 0 - 1 state

,trénsition is detected, then there is a pulse on only

‘one line in a specific dlock'interGAI; Then some
}yeans of selecting the particular lines could be

achieyed by having the lines connected to 'OR' gates

.as shown in'fié. 2;3; 'Thus, any deéire& éulsé rate -
Ca; be obtained. To achieve thls, the outputs of

another nﬁb{t reglster can be compared Wlth the out~

.

puts of the maln_countgr.' The followlng meanlng could

. be assigned to these register outputs:‘ a trug level
F] : » N . - )

indicates a selection of the frequdency to which this
~line is compared;.and a “"false' level indicates an

omission of the frequency to which it is compared

»

The selectlon .or om/;SLOn can be achleved u51ng the

.* simple AND gates-as shown 1n~f1gurg 2.5( The'output

. rate will then be given'by:- R
N .

5_‘{; i
R = fc qi/z
T oa=l.
th

where the ai are either '1' or '0' level of the i.

- . o \-‘ t
flip-flop in the dgta register.

9

For the four bit BEM,showﬂ in;fig; 2.5,

"the number in the dataffégistér is (1011),. Thus,



Ly

! ¢'e NOIL . " |
3 uh/ \ LT
- n.-iu
~ . .
- . ,.
) . :N (35 4 m.n\uh + D\Oh + :\ou... N\uhlﬂu .
. /%3¢ #/5 + F uu..du
noapo: Iea0 OL
. s3Fnaa} q . . -
a
\M.. Av . .Av ‘ ‘ ..47 ] g
8y 4 s : )
-h — 4
| '
| .“" G .
: ." . -
1 ﬁ o L 4o
/sl ¢/ ow_r . /s o
C 0] T . O 0
E | ‘\ |
. S zdd T
W -
. : J | \,.




‘ o
1"' . i S
- -i7 -
. 0 ) l V . N -
vt | ] e
L P - - t
te ]
N g% )
,'1;9 01— - - t
J1 L
7D
1o '
'1' ¢ .
s -
rr2 ’ —
lll - .
- t
! .0
: b
1 - 5
rrs . .
'1'
R 0 t s
1 » (‘) | ‘ -
0 SR . 7 '
ro 1 I - . | I C ' I .. To~ 1/21:‘;-,_.,2
. ) .
.0 ' , o
m | I . f1= /¥t =fop,
1 . . » & . t
j ) K
o - . . .
rez_ I i fom 1/Bt, =fop
1 L - = t
. 4] » ' , ' A
o | e
1 : s :
(®) ‘ B .
. (a) indicates the oounter FF chamges on the . ''I'' output, and '

(b) indicates pulse “traifi Tormed from O-—1 transitions of the FF

,

rm 2.“ I

-



) 1nstantaneous value of the parameter involved.
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as a, =1, the-output line of FFO is selected whose
output pulse rate is £ /2 aé = 0, hence output pulse
rage £ /4 of FFl is omltted but the rest of data

a2 =1 and a; = 1 and hence the correspondlng output

ratés'fc/a and’fc/IS’are selected. Thus, .the output

. . . '. --I . 1 . )
rate is (11/16)fc. In other words, if we think of

"the number stored'in the data register, as the binary

.fractlon (0. 1011)2 Wthh is equal to (11/16)10, then

the output rate 15 the product of this blnary fraction
and the’ 1nput pulse rate f i.e. output pulse rate is.

(11/16)10*f . Thus, as shown in f;gure 2.6, for 16-

-1nput—pulses the output will con51st of 11 pulses.

This output rate from. BRM can then be used to

'increment or decrement an accumulatlng (another n—blt,

~

up—down counter) whose contents represent the

-

_Thus the basic 1dea of the 1ncremental .
dlgltal technlque, then, lﬂﬁthe horlzontal and vertical
increments of a vector are represented by pulse rates
from a palruof BRMs which feed 1nto summlng ox

accumulatlng reglsters, ‘the outputs of which are used

: to-position the eleCtron'beam of.a cathode ray tube in

discrete steps with'time. A general arrangement_is_

shown in'the fiqure 2.7. X-data is.the X ~increment of

n

\

vector and Y-data is thigxlinorement of the -vector.
These are loaded into X nd. Y-data registers by the

.I ’ . 1 . . . .N
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1oad daga pulses. b4',b3' etc., and Ay a3f...etc.;
: représeﬁt the contents of each flip—fiop cf the data
registe;s Y and X respectively. Cl, C2, C3, and‘C4
are the flip-flo;s of the main counter whose output
lines are ANDed\with the output lines of déta ‘
registers. 'Thus:the output of OR gate 1 is the /%F
"X-rate and that of the OR gate 2 is the Y-rate. :
These are théh‘fed into the_accumulating—reéisferg
which woulércount up or down depending on the X or Y
sign. The 6utputs of the X/A_éfe thén used to pqsi@ion
the electfon-beam} Obviously the outputs of the D/A's.

r

afe staircase in shape. Therefore, the véctor’ \
genegated is staircase in pattern. But by makina-the
incqeﬁents of the.resultiné staircase pattern small
ﬁnough, the desired continugus line can be fepresentea
with a good degree of resolution.. It is important to
indicate at this point, that if\Fhe data reglster of a
BRM' is also made to cdupt'by uqfﬁg the outputs 6% some .
BRM's. as input to others, more‘complex,fuﬁctions than
straight_lines-cap be generated. In particular,

second order curves.can be formed from a pair of BRM's.
- It.is worthwhiié to point out some of the
(11)

errors associated .with this method of vector.

’

generation. The oﬁﬁput rate of BRM is exact oniy if
the numbetr of input pulses equals 20 (for an n+*bit
counter). Fdr less;than 2" counts the output rate

of the BRM is only app:pximately-thé one desired,

5

i
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and the deviation from true rate decreases with an
increasing number of input pulsés, and is zero only
for multiples of 2" counts.' In practice; with appro-

briate scaling, the error is almost negligible. This

‘round—off error becomes very difficult to evaluate

because the number that is stored -in the data register
I"
is variable, thus the error then becomes a dynamic one.

(11

¢ - - The second type of error associated with

. this method could be seen in the outpﬁt pulse rate

.

shown in Fig. 2.8. If ﬁow, the ¥—data register
contaihedra number 0110 ahq Y-data register:éontained
a-nqmbe: 1011 as shown in figure 2.7, then fhe number
in fhe X~data reg{ster could bé, as. shown in figure 2.7,
thought 'of as binary'fraction 0.01162, i.e. equél to
(6/1&)10. Thué,'the X.pulée ;atg wogld contain

ulses & Y-rate contains 1% pulses correspondinglto

*

.main counter. It is

16 input clock pﬁlses into tP

ses of the BRM are .,
unevenly spaced in time. This is' the second draw-
‘ - - )

back of the BRM technlque. Dﬁe‘to the uneven spacing

of output pulses of/Zig, the correspondlng D/A output

' will have an uneven Series of steps as shown in

/’

" figure 2.9. {;/shows the Y pulse rate (11/16)10 and

the correSpdhdlng Y ramp, i.e. output of Y D/Afwhlch
/
has 11l uneven steps and also-X pulse rate (6/16)10

and the correspondipg X D/A output which has 6 uneven

1)

N
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steps. Thus this uheveness causes irregular error
‘when generating straight line functlons. The resulting
staircase pattern generated by the multlpller technique
is- thus irregﬁlarly.distributed—around the.ideal
straiéht line because at cérta%n &oints of the -path,
the error or devxa ion from the ideal is considerable
as seen in fig. 2. g and - at others the actuel path is
accurate. However, with appropriate scaling the
excursion from the desired path can be kept within.
allowable tolerances; 51m11arly if the steps generated are
"'\

small enough, the patﬂ generated by the multiplier

'y
technique is acceptable, ' .-

(b) ~Ha;dwere Design:

The complete ve&for generator system is shown
_ln the block dlagram representatlon of flgure 2.10.
' The Ax-reglster is the X- 1ncrement data register and
AY is the Y-increment data register. As mentioned
earlier, the X or Y—increment-data‘are 10-bit each

¥ _th

(bits 2-11 of DBR) but the O0 bit is the sign bit

- which is loaded into the sign bit flipéflop‘ef ‘the
counter register. Thus the acfual data is 9-bits each
(blts 3- 11) and hence AY-reglster lS a 9 bit reglster..
AX-register is a lU-blt register bedause it is made
dee of durlng Position Mode, during which a 10-bit:
X-data is temporarily stored in AX-register before lt

is being 1oaded into the x-counter'register (the

o ]
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accumulatlng realster) During” line mode, i.e.y

th bit of the data is.inhibited

th

vector mode the 10
f;om loading 1ntb 10 bit of:Ax-register‘and thus
AX-register acts.ae 10-bit data register while in
Position Modé; but as a 9-bit data register while in
vector mode. e
The zx—register, AY-register with their

associated AND/OR gate circuitry and the_MAfN counter
constieutes the two BRﬂ's for producing'the X and ¥,
_rate pqlsas'whieh are fed (into the Xiand,Y—ceunter-
registers (accumulat}ng registers). The main counter
is a.9-bit unidirectional counter which along with
theé timing control circuit, controls the ramp
generatlon tlme. |

2 a data ready pulse is sent by -the Data Flowl
' Controller (DFC) and Decoder cirfcuits, soon after )
the data is lodded into the Dieblay Buffer Regieter
(DBR} . As_mentiened'earJier,fbitsé%—S are used to
fndicate the type of-tﬁ;‘vector and fheie.are
loaded into the decoéer circuit of the{timing control
unit. Bits 10 > 11 are loaded into the intensity
control ci:cuit.r As soon as the data reédy puilse
(DRP) is received hf the timing‘eontrel.uniﬁ, it
starts‘to process the dafa and simultaneouély-sets
the'Input,Data Flae (IDF) to '0' state indicating to

the DFC that no more data is requlred.- Soon after .

it has processed the data, the tlmlng control

.

-
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now sets the IDF to 'l' state indicating-to the DFC
that more data is required.
The functions of the BRM, main counter,

timing control circuit, etc., are presented in detail

in the following sections.

(i} Main Counter:
The main counter is'?he heart of the binary
rate€ multiplier. It is shown in figure 2.11. The

lower part of the circuitry is a part of the timing

control circuit..

-.In this case the extraction of thé pulse

corresponding to 0 + 1 transition of the flip-flops

9

..ils carried out in a manner that is different from

that shown in figures 2.3 or 2.5. The circuits in-
figure 2.3.0or 2.5 employ resistor-capacitor
differentiating circuits which are“bonngétedzto the

'1' side ot the true side of: the flip-flops and

" these provide the pulses to the AND/OR circuitry.

The problem encountered with these circuits, is

that there is ringing or.disturbance at the'output,
due to the tgansient‘response of the .capagitor and

the output of the éircuit contains'more.t n a

clock pulse which may'disablé'the operation-ef the
rest of the circuitry.connected to the main counter.

In order to avoid the above problems, the
\ ' T A K "
circuitry shown in fig. 2.11 was designed which
] S E . .

+
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makes use of'digital'cdﬁponents: to achieve tﬁe same
purpose'(extréction of pulse corre5ponding to 0 + 1
transition of the flip—fiops).

In order to clearly‘see'thié, let ué.assume

there isg a continuous flow of COUNT pulses to the

counter. The first COUNT pulse that is transmitted

. : - -k
from NAND gate 10 sets FFO to 'l' state. - Thus, NAND ~

gate 'l" is enabled, but t@e'réét of the NAND gates
(2 -~ 9) are disabled as FFO is \gated. to thém. So
the COUNT; pulse which is the delayed COUNT pulse,

is now transmitted through NAND gate 1 and through

INVERTER 'l' thus indicating a 0 - 1 transition of

’

- the FFO flip-flop of thé counter. The second count

pulse would set the FFl flip-flop to '}' state, thus

.enaﬁling the NAND gate 2 while the rest is disabled,

and hénce the second COUNTd ﬁulse'is transmitted
through NAND gate '2' and INVERTER '2'. - This pulse -

woﬁld.thep correspond to 0 1 fransition of 'FF1'

'and-sé on for the remainde} of the count'pulses.

Boolean expressions for the pulse trains

‘él, c2, C3,.....C9 could be.written ‘as below.

. Co J
Cl = FFO.-ICOUNTd.pulse train
c2\s FFO - FF1 - COUNT4 pulse train * .

' | . : .

C3 = FFO.- FFl\- FF2 °* COUNT, pulse train
L] . \_“ s . R )
: ;I" -~ b o
C9 = FFO - FF1l d FF2 + ....*~ FF7 + FF8 - COUNT

. | d
pulse train

N
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The '.' represents AND operatioh; .
) Thus, from the above dlscu551on, it is clear
that for any one COUNT pulse, there would be a pulse
output from only one of the nlne inverters at the out-
'put lines of the MAIN counter corresponding to the
041 tran51tlon of a partlcular fllp—flop of the

counter. ‘ i ' "
.

a3

'(ii); AND/OR Gate Circuitry:

Thé essence of the binary rate multiplier‘ | /
'technique fs inhthe ;elédtion_of the output lines of .

~the maiu counter to form the pulse‘rate representing

the desired éata; The basic element of selection.

circuit used 'is the NAND;gate. One input to each of
the:NAND gate is ptovided byythejmain couhter_and the

other input to each of'the NANb,gate‘is provided by-

..the data registe;. It shpuld be‘noted that the most
significdant blt of the data reglster ls\\ompared with

least 51gn1f1cant blt of the maln count&r. By

comparing-in this manner, i.e. by NANBing ‘them, . - )

(and similarly for the rehaining nine successive bits

[}
ﬂ

of both registexs) we can detect any 0 .+ 1 tran51t10n" :
by NANDlng the NAND gate output as shan‘ln the

'flgure 2.12. Thus the comblnatlon acts as an'AND/OR
c1rcu1try. 3 : . 7 : ". -

~The boolean expre551on for the pulses Pl,

bz,;.h.,etc., are

4 L]
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PL =Cl - &%

P3 = C3 - A7
P9 = C9 - 4l

These pulse trains are positive going and the outpﬁél

pulse train P of NAND gate 10 is given by

2+P3.....+P9

+ P

- Since the negative NAND acts as a ppsitive
NOR gate for positive going signals, the pulse train

i

at the output of the inverter is

' This pulse train, now icorresponds to the

desired data and is-transmigted to the accumulating

registers,.i.e. COUNTER-REGISTERS. Two such

configurations are provided, one for the horizontal

—in¢rement and the other for the vertical increment

of the vector.

i

Figufes 2.12A shows the output pulsés of
X and Y BRM's and the corresponding ramps Sf

vector, which has a large X-increment and a small

Y-increment.



-

Corresponding
Y Ramps

'FIGURE 2.12A



ra . _‘36-

(iii) TIMING CONTROL CIRCUIT:
(1)

The DFC and Deqoder Circuits shown 1in
flgure 2 10 generates mode pulses such as Dot,.
A/N, vector and data, _ready pulses. Besides these
there are several other signals that should be '
generated for vect;r generator subsystem This is.
carried out by the tlmlng control_Cchult. It
directs the 1oad;ﬁg-of data from DBR into the AX, 8Y-
data registers, X and Y counten-feqisters and siég/
bits and.afso confrollof'ramp generating time.

The timing ¢0ntrol-:ircuit isldivided into
£wo parts. f%e first part shown in éigure 2.13
controls the loadlng of data from DBR into the
various reglsters and the second that controls the
time of the generation of the ramp signals for the
vector di;play. The secondlpart is associated with
‘the mainléopnter shown in thé lower part of‘tﬂe
|  figufe 2.11..

-

Before a mode selection pulse (Dot Mode,

Vector Mode or A/N Mode) is sent a clear instruction
f : VR . ‘

pulse (CLI) is sent out by the core memory. It w%ll
cleaf all the flip-flops -in the figure 2.13 except
the vector data flip-flop (VDFF), i.e. initializes
them to 'O! ;tate at the true side of the fiip—flop.
' ‘When a vector instruction is enqounteréd a

set vector mode pulse (SVM) is sent from DFC and
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decoder circuits and this pulse'sefs VMFF to 'l
state and VDFF to '0' state. At the SZEE time s
bits,7 and 8 of display .buffer register is enabled
to transmit into décoder flip—flops TYPl and TYP2.
As mentioned earlier, there are fo@x possiblg.types
of vectbrs to bengenérated, namely, P0OS, TIP, DASH
and SOL.

Assuming a POS or TIP as the instruct&on
that is received, TYPl is in '0' state. Thereforé,
Pﬂ is at -3 volts, i.e. 'l' state. . Approximately
400 nano seconds later. a data ready.phlse‘(DRP) is
received and transmitted through NAND gate 1 to set
the VDFF to 'l* state and FFF also to '1° state..

So the input data flag (IDF) is at '0' level which
ihdiéates to the data-flow controller that no more
data is required. The true side of the flip—flop.

FFF is NANDed.Qith B which is useq for the errvri?e
option. (This is discussed in the INTENSITY CIRCUITRY.)
Usually when over-ride option is not used 'B' is in’

' tate..” Therefore,lthe.output of the NAND gate '2°
is at volts, i.e., at 'l' state which enables the
'decoder to genéraﬁe'POS, TIFP, ﬁASH and SOLID vector
-displayi“The same puiée'which sets VDFF to 'l' state
.

is delayed until VDFF is. set and then transmitted
‘through NAND gate 6 and then throﬁgh NAyDugate 7 and

then again through OR gate 2 to.producé the pulsé

1Y .
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(load &X-register) LDAX, to load the sX-register and

" at the same time it is transmitted through OR gate 3

to send out CLXYC, i.e. to clear X and ¥ counter-

registers. ?he LDAX pulse is then transmitted through

OR gate '1' and after a delay it clears the FFF and

thus sets IDF to '1' state which indicates to
D.F.C. that vector generator is ready to process more
data. The DL3 delays the LDaX pulse (before it
clears FFF)A thus providing sufficient time fo£
AX~register to be loadled properly.

About '8 u'sec._later,'i.e., after the FFF
haé been cleared a second DRP Eulse is sent by the
DFC. As:béfore, this sets EFF.£0 "1! state and IDF .
to '0" gtate indicating to the DFC that“no more data
is fequiréd.‘ The saﬁe pulse ag;in compliméﬁts the
VDFF flip-fiop and this time the.delaﬁed.pulse is -
trapsmitted.through NAND qéte 14, ihen‘throdgh NAND
gate 15 aﬁd then through a pulse amplifier PA4
to prodﬁceuthg pulse LDXYC (load X-¥ counter-

registers) which loads X-Y counter-registers and at
‘.‘ . H . . .
the same time cléars the AX-register. The LDXYC

pulse is then delayed and passed through an -

amﬁlifier PR2 and:thén transmitted. to NAND gates 9
w0 .‘ . '
and 10 of the 'vector type' decocder circuit. The

output pulses TIP and POS are 'OR'ed and a positioﬁ?
mode complete (PC) is- obtained through ‘OR gate 4 and
this pulse is then tiansmittéd/%hrough 'OR' gate 1

&
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and delayed for a while, and then used to clear FFF
which sets IDF to 'l' state again. The following
description would become clear from the timing .

diagram shown for TIP and POS,mo@es in figure 2.14.
TIP éignal is also sent into the intensity circuitry,
and this unblahks the Z-axis after the bdam hés been
positioned and thus producing'an intensified spot on
'the screen. ’ |

‘When a DASH or SOL instruction is encountered
" the procesg of loading data into 24X and AY-registers
are almost similar to that of TIP or POS mode. "But in
fhis case TYPl is in 'l' state aﬁd PM is at ground
level, i.e., VM is at_'i' state. Thus, the output of
NAND gates 11 or 12 will be at '0" level depending
on whe%her;the TYP2 flip-flop is at '0; or 'l' state,
i.e., whether the instruction-.is DASH or SOL
fespectiQely;

Now, as before, the SVM pulse willﬂsétithe
_VMFF to '1' state and the first DRP is transmitted
thi.—c:ugh NAND gakté- 'l .and' this first sets VDFF to 'l’
staFe'and then after a delay _passes through NAND
gate '8' since the instruqtién is. in DASH or SOL,
i.e. VM is in 'l‘_stéte; Thus there is again a
LDAX pulse which loads AX¥register with the'k
increment data from DBR and- LDSX locads the x‘51gn

fllp flop associated w1th the Y counter-reglster.
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-

Again, as before, LDAX after a delay clears FFF

and thds sets IDF to 'l' state indicating to DFC that
more data is required. After about 8 u-secs another

DRP follows which complements VDEF. Then -the delayed

.pulse would now be transmitted through NAND gate 14

and then through NAND gate 16, producing.LDA¥'pu15e
which is then used to load the AY-register with

Y-increment data and and Y-sign bit of Y-counter-

.'reglster with Y-51gn data from tée DBR. The same

pulse after a short delay and pulse ampllflcatlon

would set ramp generation flip-flop (RGFF) and thus

R% to 'l' state. This enables start of ramp
generation.for the vectorito be drawn.

“ Referring back to figure‘Z.li, it is seen
that as soon as RF is set to '1' state, the NAND

gate 12 is,enabied (it should be noted that the other
input that enables NAND gate 12 is the output of
inverter 13, which would be at 1 state, i. e.y‘at-

-3 volts if elther DASH or SOL is the type of vector

-to be drawn). 'Thus thislmakes the output qf-

inverter 12 to go'to'-3 volts, thus enainng‘the
clock. The clock then sends out pulses at a rate of

1.5 mHz. Since FF9-1s at '1' state, the’ NAND gate
L

10! enables the clock pulses and so they are

&
transmitted through NAND gate 10 to count up the

th

main counter. For the 512 clock:.pulse FF9 is

set to 'l' state.. (Note that for a. 9-bit main -

1™
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courtter, the number of input pulses should be equal

to 29 = 512 in order that there is no error in the

h clock pulse is

transmitted through NAND gate 11 producing Ehe clear
main counter {(CLMC) pulse which-cléa%s the main.
counter and sets RGFF flip-flop to 10" state. This
in turn disables the clock and thus' terminates the
generation of the X and Y-ramps. The ramp generation

time is efual to the product of number of input

puises,ﬁo counter éﬁd (1/clock frequency).  This

value is approximétely equal to 341 u. sec.

. ¢
The CLMC pulse is also transmitted through

OR gate 'l' of figu;eﬂZ.lB and aftér a deléy clears
FFF, setting IDF to 'l' state, whiéh indicates to.
the DFC the complétion of'vector generation. Timing
diagram for DASH and SOL is shown in figure 2.15.
‘Generally, a vector is dréwn by othe
follbwing.ﬁrqcedure. ;First a POS or TIP instrdctiqn
is used. Then the X and Y-data are sené to set the

starting point from where the required vector is b

- be drawn. Secondly, -a SOL inst:uction'is &sed and

. the X and Y—compohenis are loaded. Then the required

vector is-drawn on the screen of ‘the cathode ray tube.
The figﬁre 2,16 Shows a .square gene?ated by

the vector_genérator.and,the°associated X and Y-ramps.

*

)

Lo
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for DASE or S0L ‘cycles

*

. Timing  Diagram

FIGURE 2.15
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|

A simple square generated by the Vector Generator.

-

v,

. r . - : :
X and Y ramps corresponding to the above figure.

‘ " 'FIGURE 2.16
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. | o L
To draw this, first the initial starting corner of
' . N .

‘the square is set up us;pg the TIP or POS mode, then

a SdL,instruction is seﬁ} in and following thistthe

X and Y data corresponding to four sides of the” square

are sengéodt to the vector generaf r and then a‘squafe

-

: L ;o
is-drawn on thp screen.

. . : ' . b

/
\ . . 3 "

3
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CHAPTER 3
THE INTENSITY CIRCUITRY

I.” INTRODUCTION: ")

—

The data pyfsentation on €RT is accomplished

by controlling the/electron beam in three axis. The
5 flection of thelﬁeaﬁ of’ CRT could be controlled in
the X and Y-axis.:'Thg intensiéy of the elecﬁron beam’
is controlled in the Z-axig. |

II. INTENSITY;GENEngwroq: ‘ .

(i}’ TIP Intensity Gééeratiéﬁc‘

_Duriné TIR.mode, afte}-the bea; has been
posi£ioned,_the Z-axis hés to be uﬁblanked] ip ordér
t?.inténsify,the spot. This is achieved by;using
the pulse‘that,ig transmitted from NANp'gaﬁe.'9'.
in the figure 2.13. :This'pulse/is sént.fo a §ﬁ1se'
émpliéier for standardizing the pulse in amplitude

'and.width. A ;OO'n.sec.,puise is;prOQuced. A delay

, P : \
unit is,used to control the pulse -width which.canf

-

be widened up to a'des}rable.brightnéss of the 'dot.

- The TIP intehsity~geheratioﬁ is’ shown in ficure 3.1.

»
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The output of the intensity circuit IPT (ingensity
pulse train) are sent to the, intensity control

circuitry.

(ii) Vector Intensity Generation:
{(a) SOL IntensitylGeneration:

‘Intensity pulsés.(IP) duriné vector
generation ié ohtained by 'OR'ing-thé X énd Y

"BRM pulses as shown in figure 3.1. The output of N
'OR! gafe-l is inverted and it is transmitted to

NAND gates 1 and 2. If the vector generation is

in, SOL (solid line) mode the NAND gate 1 is enabled.
Thus: the IP pulse train is transmitted tﬁrough NAND
gate 1, the output of which is the SOL'intensity pulses.
This is‘fhe passed. through OR gate 2 to obtain the
vector iﬁtensity pulses (VIP); N
- (b). DASH Inteﬁsity Genefation:

During DASH (Qash line mode) output of
the inverter 2 is at (-3 volts) '}‘ state. Thén the
VIP pulses are solely due to DASH 1nten51ty pulses,
transmitted through NAND gate 2. The transm1551on of
the pulses through NAND gate 2 is contfolled by the
status of the flip-flop D2. o

The functlon of thls»dash line C1rcu1try 1s
as follows.' Inltlally, before the generatlon of
ramps, the LDaY pulse clears two fllp—flops D1 and

L

. }
DZ, Therefore, DZ is at ' state, i.e., =3 volts.

<
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So the first IP puise that arrives through 'OR' gate
'l'-seté Dl to fl' state and it is inverted and
then transmitted through NAND gate 2 and 'dR' gate 2
to produce a vector intensity pulse. Thé next 1P
pulse sets 'Dl' to '0' state and 'D2’ to 'l' state.
But the IP pulse is transmitted through NAND gate '2°'
before the D2 changes its stéte. Thus a second VIP '
pulse is produced. The thiré IP pulse 1is inhibited
because D2 is at 'l' state. The fourth TP pulse
sets D1 and D2 to '0';state and IP'puiée is transmitted.
throﬁgh NAND gate '2'. Thus this process continﬁes.
So the pﬁlse train for DASH line; will have its
first two intensity pulses transmitted, then the
tﬁird infensity pulse is inhibited and then on every
fourth pulse is inhibited. So in the display of
dash line three dots are intendified but fourth is
blanked. Thus a DASH line or Gectér is created.
| « Figure 3:2(;)‘$bows the dash lines at
different angles: figure.3.2(ii) shows the input
pulse train and oﬁtput pulse train of the dash |
line_intenéity‘pulse generétion circuigfy of figure
3.1 (shown inside dotted lines). It could be seen
that in the output pulse train the third pulse is:_
inhibited ané thereafter every fourth pnlse.is
inhibited by the dash line circuitry.

-Figure 3.3 shows the coméletg input and

. .

output ‘pulse train of dash line intensity circuitry



- ——— -

- e G W mm MR

A

P ' .
(i) DASH lines generated by the Vector Generator.-

(ii)

Enhanced view of 1nten51ty pulses to,
&nd from, the intensity c1rcu1try for
uDASH ‘line generation.

-(a) output pulses of intensity circuitry

(b) 1nput pulses to the intensity c1rcu1try

-

FIGURE 3,72
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train to the intensity
circuitry corresponding

to a horizontal DASH
line.

Complete Output Pulse

Corresponding. to the.
above '

The éorresponding
X ramp o

1.

FIGURE 3.3
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‘ \
. and the corresponding X-ramp for a horizontal dash

line.

(c) i;tensity Control Circuitry: ' -

The output of the intensity éeneration
circuit shown in Eiguré 3Ll g;ves output pulses which
.Pave a‘cons;ant amplitude: ThiS‘output cannot be
used ‘for intensiﬁication, especially during A/N mode
bgcéuse tﬁere-is an incénsisteﬁf bfightness.of the
different sizes of characters due to the pgcking
density of the dots. The use of the intensity control
‘circuitry shown in figure 3.4 ovef&omes this problem.
‘The wholé circuitry represent; a étepped potentio-
meter arrangement.'fThe circuitry can be_split into
two parts. The upper part provides an Outpu£

voltage with three dyf ferent amplitudes. This out-

put is then transmitted to the lower part, which

!
-G

attenuates this input further, and provides output’

voltage with three different amplitudes.

As mentioned above, 'during the A/N-méde

the pfightneés of ;haractgrs varies with the size.
The upper part.of'the cpnﬁrol circuitry is.uéed‘to
“overcome this_problem; . The potential divider

creates three different“émplifudes_for small sizé;
nprmal size and capital size characters. They are

-»

cohtrolled by switches'SWI, Sﬁ2, and SW3. The

signals to these switches are provided by the

decoder logic that is associated with the intensity

b

N - L . ._\
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control c}rcuitry. The qecoder logic, _one used
exclusively during A/N mode and secohd which is used
for_variation of intensity level oﬁ display, have
already been designed-and implemented and reference(4)
sho be made to preyvious research carried out in
theu-i}:;artment of-Electrical Engineering aip the
University of Windsor. Thus, each time a character
is sent 1n,b1t 2 and 3 of buffer register is also
transmltted into the . ‘ decoder loglc, and then,
decoded t0'§enerate proper signal to turn on‘the
corresponding switch. For instance, when a capital
size character is written on the screen, bit 2 and 3
are transmitted into the decoder logic used in A/N
mode, and thls decoder loglc, then sends out a 51gnal
to{close switch SWl. ' This causes the dots comp051ng
the letter to be brighter than normal, thus compen:_
sating for the fact thet the dots are spread farther
apart than normal. |

The dots thet are generated during vector
or dot mode are treated as bright as normal size ’
cherecter and thus switch SW2 is closed during these
' modes . | |

The brightness of the dispiay'equld be
varied over four distinct levels. This is'performeé-
by the lower part of the intensity cohtrol c1rcu1try,

,whlch agaln generates three dlStlnCt amplitudes



n

To. Z Axis

L.
.

Intensity Coatrol Circuitry

FIGURE 3.b
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Charscter .Bit 2|Bit 3 sw1 swe
Type

NORMAL ) 0 0 1

CAPTTAL 0 1 1 )

SuperScript

(sazz) | 2 0 0 0

Sub Seript
. 1 1 0 0
(SMALL) {
Imtemsity | Bit 19 Bt 1) swh | sW5
NORMAL o | o 0 1

" DM 0 1 o |. o
ERIGHT 1 | o 1 0
BLAMKED | 3 1 0 )

(-) .

Truth table of switches

B

eR 01

- ‘ .
(v) Override option Flip Flop

FIGURE 3.% .
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" corresponding to bright, normal and- dim controlled

by switches, SW4, SW5 and SW6. When one'of the
display instrhction is sent ih, then the corréSponding
mode pulseklset vector mode,.set dot mode, set A/N)
enables the 1natructlon word blt 10 and 11 to be -

f\'i

transmltted 1nto the decoder loglc, from display
buffer'register. The decoder then produces a proper
signal to tdrp on the proper SWltCh.. It should be
noted that when a BLANKED instruction is sent in,
then all the threeIEWitchesASW4, SWS, §w7, are open,
because the decoder does not'prOVide any Eignal for
this instrnction ana thus the electron beam of CRT
is blanked. The_trdth table associated_:gth the
switches—are shown in figure 3.5(a)- .

Another feature of the intensitx circuitry
-is 'the override option which is available only when
the vector generator is ysed. This option alioWs
onehto_positron a blanked starting'point_from where
a vector w;ll be drawn. This option allows one to
draw any vector from a new starting point w1thout

g1v1ng a new 1nstruct10n. ’éhls option is 1ncorpor-'

ated for the convenience of the programmer and this

t rd

feature saves core space. Bit 1 of - the first data
’ [ ] ,

——— .

- word for the vector generator controls the use of
. this optlon. The control flip-flop OPC is as shown

in figure 3 5(b) Initially this flip-flop is
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.

cleared by CLI p;:>é. Then at the same time when the
first data is loaded into 4X-register the loading
pulse LDAX is also'uéed éz:}oad,the opPC flip-flop
with bit i.of the data. Thus'B'is.set_to 1 state.
Then 'B' is ANDed Qith '1' output of FF? as shown ih
'figuré 2.13, which then makes the outputs of NANP
gétes s_and 4 to go to 1 state régardless qf what
type of vector which ;s indicated in the instruction
wdrd.

The LDAX pulse, after a short dealy, clears
FFF and so,=& short timé_later the second DRP-pulse
arrivés, this pﬁlse ié'immediatély‘passed through
NAﬁD gate 5 and then thrqugb OR gate 3 to prqduce
the CLXYC pulée which clears the X and Y—couétef /
registers. The same DRP cqmpliments'VpFF and after
it is delay;d by deiaﬁ DLi, it is, _traﬁsm}tted‘

through NAND gate 14 and'to inverter #4. Thé output‘f

. !

: . /
of the inverter is disabled by NAND gate 16 - /

. ' ‘_.’
because B is now at '0' state, but enahled by NAND.:

4

gate 15, and thus a LDXYC pulse is transmitted
which loads X and Y-counter registers wi&p.the new
) . ‘F‘

. data and after a delay it clears the OPC‘fiip—ﬁiop.

Thus a'full cylce of POS is achieved.
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”

L

CONCLUSIONS

As mentioned before, the output rate of the

BRM i's exact only if the number of inéut pulses to
L -
the main_ffugter"is 2" where m is the number of bits
g , ‘ . , .
which is also equal to number of data bits. Ip this

case, the data are '9-bits each. So the number of

input pulses to the counter should be equal to
.22 = 512. | But in the actual case the input pulses

were reduced to 128 pulses.’ So the veetor generationﬁs

time was reduced to approximately 80 u sec. compared

to the exact case (i.e. input pulses = 512) in which
1 .

'

it took: 341 u sec.’

o One disadvantage of reducing the input
pulses was that ‘the 1ength of the vector dlsplife
was kth ‘of the aq‘ual length of the vector, specified

by the X and Y data. But thls was overcome, by
j . .
transmlttlng the BRM pulses to the 4 h-count '
- !
positipn of the X and Y counter-register {(accumulating

registers). in‘this manner a l:1 scale was achieved.

As indicated above, there is error involved

in the slope of the vector displayed, since the input

59



pulses are equal to 2°7 = 128 less than the re ulred
for EY 9 bit main’ counter This error is dlfflcult‘
to evaluate as the number in the data reg1ster gs a

Error involved is a dynamlc\ine

varlable and SS the

On. the. whole, the, quallty of the vector
dléplay by the incrementalftechnlque was good for
horizontal; vertical and diagonal lines.which_are he.
most common. for many displays. ht‘other directione\
the vectors drawn were staircase in pattern. This
.-could be seen in’ flgure 4.3. .

s

’ Even though the vectors drawn by dlgltal
echnlque are staircase 1n.pattern, a comparlson of
the outputs of the digital Lector'generator and
analog vector generator shown 1h flgures 4. l(a) and
{b), reveais-some of the advantages of the digital -
vector éénerato;l' It can'hehseen;that there'is no
mism;tch at-vettioea of the square displayed,and
also the slopes‘pf the vectors drawn are quite
accurate. Figure 2.2 showS'the X and. Y-ramps
associated w1th the dtsolay shown in flgure 4.1(a)"
Another advantage ‘of the dlgltal technlque.
was that'the dashed vectors could be drawn w1th
rcon51stent length of dash: This is shown in

-

fiéure 4.4. In the case of ‘the analog vector

(4)

_.generator -it was. able to generate dashed,llnes

i




(a) Output of Digital Vector Generator.

4
c

(b) ‘output of AnalogVectd//Beﬁerator.
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.

X and Y ramps corresponding -to- the Qutput
of the Digital Vector Genaazrator. '

'Y " PIGURE ‘4.2

1
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Vectors ‘with,_ dif.fere’rrt ‘slopes.

. ' .
Y, . t

N

FIGURE 4.3
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DASH lines of two different lengths with

consistent length of dash.

.

FIGURE 4.4 . -

'
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4

but the length of dash varied with length of the
dashed vector drawn.

Finally, the timing centrol ﬁnit was chegcked
‘and it was found to operate as expected. It‘directed

the loading of X-Y counter-registers, &4X and AY

]
registers and also controlled the duration of ramp
’
generation. The BRM circuit was also checked and it

.. :
was also fdund to operate as expected.

Thus, -it is concluded that the vector
generator sub-system was designed and implemented

~ -,

successfully. .. _ '1_. L]

EEN I
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APPENDIX
. LOGIC NOTATION®
¢
(1) Preferred Pulse Input:
Positive Pulse ° >
| !
Negative Pulse —»
(2) Preféerred Level Input: )
.Positive Level — —
. Negative Level —
(3) Interconnections: .
\ - . ) .
- Input | » ‘ . : >—
Qutput . A o >
. ! f '
{4) NAND Gate:
~ (5) OR Gate: ’ | _ o
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{6) Inverter: j : : 4

(7} Pulse Amplifier:

-

ra pP—b
(8) DCD Gate: . |
Output Level must be present
I ‘at least 400.n sec.
PULSE : . .
, INPUT beforg gate is pulsgd.

LEVEL ' INPUT

* This gate acts as an AND gate. It provides a logical
delay which is essential for sampling flip-flops-at
the time they are changing. . :

(9) Flip-Flop: ' —_—
' ) . FALSE_ TRUE

DIRECT .

 DIRECT.
CLEAR SET
(10) Delay: :

DL = ‘




(11)

(12;
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Clock:

A —————CLOCK p————= OQUTPUT

A is an enable level which allows the clock to
operate. Output is a series of 100 n sec.
pulses, the frequency of which may be varied.

Switch: - .

-

When the control signal is GROUND level the
switch is opened. When the control sjgnal is
held as -3 volts the switch is closed.

e
PR £

W laky
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