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‘ ABSTRACT

This thesis describes the logical design and implementation of
a dot generator and intensity circuit for a computer graphics terminal,
Also a proposal for a vector generator is given as implementation was
not successfully carried out.

Basically the dot genmerator allows one to draw dotted lines of
various lengths at various angles on a cathode ray tube. The dots are
generated by using an up/down counter in conjunction with a digital to
analog copverter for the wvertical and horizontal defléction of the beam,
Unblanking pulses are then applied to the Z~axis to intensify the dots,

| The intensity cireuil provides fow possible intensities , dim,
normal, bright or blanked, When the dot, alphanumeric or vector gener-
ators are being used, any of the four possible intensities can be chosen,
In the alphanumeric mode three additional-intensity levels are automat-
ically selected for the user, to compensate for the variation in inten-
sity which occurs when either the large, normal or small size characters
are beinz generated,

The proposed vector generator is essentially two integrators;
one_for the vertical and one for the horizontal deflection. During one
integration time a line of any length and at any angle could be drawn.

| This, unlike most systems, has the advantage that a vector the full

length of the screen could be drawn in one integration time,

iii
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CHAPTER I
INTRODUCTION

i.1 Desirability of a Cathode Ray Tube Display

With the broadeyning use of high spesd computers, a need has
arisen for a fast ard ﬂe:dble means of outpﬁttirg information from the
computez('}z) As a result many good alphanumeric genera.tors(n) which out-
put data on a cathode ray tube (CRT) at a high rate of speed have been
developed and are being successfully used when a hard copy of the text
output from the computer is not required. The alphanumeric generator is
limited, however, by the fact that it can only produce elphanumeric
text, and thus it does not fill the needs of many of today's computer
users. ' | |

A terminsl which is much more in demend is e graphics terminal
which has alphanumeric text producing facilities. Such a terminal allows
the user to view a graphic display on a CRT ard allows him to interact
directly with the computer via light buttons, physical switches or a light
pen., This type of terminal is of great interest to the time-shared com-
puter users for it glives each user the illusion of being the sole user of
the machine and at the same time permits him to direct or modify the com-
putation process from a remote terminalfn) A graphics terminal is also
of great use in thé fields of computer aided design, computer aided in-
struction, data analysis amd process control, because it provides for

" simple men-machine interaction.
As a teaching aid, computer graphics terminals are ideal. A tea-

cher can program & series of problems into a computer and have them dis-

played on & graphics terminal where a student can attempt to solve them.

1
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This has the advantage of allowinz each student to work at his or her own
speed and at the same time frees the teacher to assist the slower students.
In the field of computer aided design, such a terminal allows
for the quick display of charts and graphs, as well as plctorial diagrams,
which are of great valus to the design engineer, Again the feature of
such a system is the ease by which man-machine interaction can be accom=
plished. It is through this interaction that design changes can be dis-
played quickly on a CRT without holding up the engineer or computer, like
a conventional line printer or plotter. Thus we see tﬁat a graphies ter-
minal is a must for many computer users, and it therefore warrants the
time and effort spent in trying to develop a good and economical graphics
terminal. An attempt was made to design line gensrators for a graphices
terminal that were more sconomical than those currently available.

1.2 General Aspects of the Problem

Since research had been carried out in the field of CRT displays
in the Electrical Engineéring Department at the University of Windsor(l)(Z)
it was decided that work should be done to increase the capabilities of the
computer terminal that was being developed. It was felt that the area of
this ressarch should be computer graphics, and as a result it was decided
that a dot and vector generator, as well as an intensity control circuit,
should be designed arnd implemented,

The dot generator was to be designed so that it could be used
in a relative, rather than an absolute mode. That is, when control is
transferred to the dot generator, dotted lines could bs drawn only from
the place where the electron beam had been positioned just previous to

the transfer of control. This meant that the beam must be positioned

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



imtially, using the vector gemerator., This discussion of the dot gener-
‘ator will be continued in the next chapter.

When the project was begun, the intensification of the beam was
being achieved by using a Hewlett Packard vacuum tube amplifier which
allowed only one intensity for the display. It was felt that this was
not flexible enough as it was desirable to have the capability of drawing
characters at three different brightness levels, as well as having a
blanked mode which would allow for positioning the beam. However, this
still did not allow enough flexibility, as in the A/N mode a problem
arose when various size characters were drawn, since the A/N generator
merely increases or decreases the size of the dot matrix used to generate
characters., This naturally led to the problem of inconsistent character
intensification as the character size varied. When small letters were
drawn, they appeared brighter than the normal size characters, due to
the increased packing density of the dots., Similarly, when large letters
were drawn, they appeared dull, due to decreased packing density. Thus,
compensating intensity levels had to be incorporated into the intehsity
selection circuits; however, a complete discussion of this will be de=-
ferred Vuntil Chapter 3.

The third part of the project involved the design and implement-
ation of a vector generator. This generator would giwe the terminal the
capacity of drawing blank, solid or dashed lines of any length and at
any angle on the CRT. This would then give the desirable ability to
draw graphs, plots or other objects. With the aid of software, this gen-
erator could be made to draw circles and sectors. A more comprehensive
discussion of the design and success of this section of the project will

be given in Chapter 4,
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CHAPTER II

The Dot Generator

2.1 Introduction

In order to save core space and to increase the refresh
speed of the display, the core circuitry was designed in‘such a way
that once a DOT, A/N orVECTOR instruction is decoded, all the
forthcoming output from the core is considered data to the designated
generator., This process of outputting data to the specified gener-
ator continues until a new instruction is encounterea. At this time
the generator previously being used is turned off and the core output
is-directed to the most recently specified generator.

A second factor that haed to be considered in the design of
the dot generator was the spacing of the dots on the screen. This
spacing is determined by the length of the registers used in con-
junction with the D/A converters. In this particular case, a 10 bit
register was used which allows for 210= 1024 distinet positions along
each axis, If a 10 inch square screen were used, the rsster unit
would be T%gﬁ 22 .01 inch, Thus when an instruction to increment
in_tha 1's position is given to the dot gensrator, dots would be
placed on the screen in .01 inch inerements. Provision was also made
so that dots can be placed at every second or every fourth raster
position, thus allowing dots to be placed at E%rhor -%3 inch inter—
vals, respectively, on the screen., Furthermore, provision was made

to generats a series of dots in the same direction using the same

data word by indicating a number of repetitions,
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Figure 1A is an example of a X which is an increment X in the
4's position with a repetition of 1. Thus a single dot 1s generated
which is placed 4 raster units in the positive X direction from the
original position of the beam. A single decrement in the Y 1's po-
sition is shown in Figure 1B. Here the dot is placed 1 raster unit in
the negative Y direction from the original beam position. A combined
displacement in the X and Y direction, as well as a repetition of 2, is
shown in Figure 1C. In this case the first dot is displaced 2 raster
units in the positive X direction and 4 raster units in the positive Y
direction from the original beam position. The second dot is placed 2
raster units in the positive X direction and 4 raster units in the posi-
tive Y direction from the first dot.

Before an explanation of the circuit is begun, a brief explan-
ation of the word format will be given., Figure 2 shows the bit config-
uration for both the instruction and the data words. Ffom the diagram
it is seen that whenever a code 42xx is encountered, the dot generator
is initiated. The last two bits of the instruction word are used for
intensity control and will therefore be discussed in the next chapter,
The data word contains all the information for controlling the dot gen-
erator., Bits 2 through 5 inclusively, contain the number of dot segments
to be generated. Bit 6 indicates if the X counter is to be incremented
or decremented, and bits 7 and 8 indicate if the count is to take place
in the one, two, or four's position. Similarly, bits 9 to 11 contain

the required information for the Y counter,
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INSTRUCTION WORD

Bit Number

9 10 11
1 i H i T 1 t ]
1 0 0 0 1 0 INT.
[ } : I ] { ! | {
4 2 X X
DATA WCRD
Bit Number
o 1 2 3 4 s 6 7 8 9 10 11

REPT - 0O to 15 - Number of dots
8 - 0; Count up 1; Count down
aXx; AY - 00 =~ No Count
01l -~ Count in l's position
10 -~ Count in 2's position
11 -~ Count in 4's position
Figure 2

Instruction and Data Word Configuration
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Baslically, the dot generator consists of a c¢lock, down counter,
(segment counter), decoding gates, an up/down counter and D/A con
verter as shown in Figure 3. When a dot instruction is encountered,

a flag is set up to indicate that the dot geﬁarator is to be initiated,
Shortly after the flag is set, a "load data" pulse 1s sent to the gen-
erator. At this time the segment counter is loaded with the nnﬁber of
dot segments that are to be generated. Simultaneously with this, the
decoding circuitry is loaded with the required information to indicate
in what position the up/down counters are to be incremented or decre-
mented, When all the data has been loaded the clock is inmitiated by
the delayed load data pulse, and the production of the dots is begun.
The segment counter counts until it reaches zero, and at that time the
clock is stopped and a flag is set to irdicate that more data is re-
quired, The process of loading data and preducing dots continues until
a new instruction is encountered.

2,2 Implementation

The actual circuit was constructed of Digital Equipment Corpore
ation(B)'R' series modules, using negative NAND logic, in which "O" volts
represents a‘false” and "-3" volts represents a “"true". However, for
the sake of clarity, the operation of the circuit will be explained,
using AND/OR logice

A diagram of the dot generator cirecuit using AND/OR logic is
given in Figure 4, wﬁenever an instruction word is decoded by the core

refresh circuitry, & clear pulse is sent to all the generator control

flags. In the case of the dot genmsrator, this same clear pulse is used

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uoissiwiad noyum pauqyoud uononpoldal Jayung “1aumo WBuAdoo ayy Jo uoissiuad yum psonpolday

Bits

Dot [ Dot
Mode rE

Load Data

/A | Horz.
Converter| Amp. >
D7K Vert.

Converter{ HID.

DBR X
Blts Dot
5 to 11 r)Coun‘ce.’o
2..._/'
§ =k
—1 Segment
5~ Counter Decoden
Y
Dot
N "~’Counter
To Intensity :
Circuit
Figure 3

Block Dilagram of Dot Generator

6



10

Joqwasusy 304
+ 8an3id

uncyH Tmm . HAa -
.: . D\s

s (5

2

junop Ami
T

J97UNcyH
160 X G4

1UN0YH A7|
fi

pcsoo»llAHMM
2 N

LN
L\

|~

y 119

\)H! o D

N

LUN0D
1 € AAM T

J89UNCYH
100 X OF

Setd
unay
umcqd

2eT1d
1uncy
umog

470D
—

Katsusjul o

[

Bl e]d
- pesy

Wﬁ Se1d

m1pﬂn.mmmww .mw

2 37a7

\ﬂ fpesy

5P 90d

ssTnd

8eTd

= juncp dn XX

U\

N

TESTD

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11

to clear the decoder buffer register (DR) so that it is ready to re-
ceive information if the dot generator has been selected, If it is a
dot instruction %ps after the clear pulse was sent, a 100 ns pulse is
sent to the dot control flip flop (CFF) setting it to the 1 state.
Approximately 400ns later a read data pulse is sent to the dot gener-
ator which loads the required information from the data buffer register
(DBR) into the segment counter (SC) and the decoder buffer register (DR).
This same pulse also sets the data status flip flop ($FF) to indicate
that no more data is regquired and starts the clock which initiates the
segment counter.

The c¢lock output is gated to the decoder which selects the po-
sition in which the céunt is to take place for both the X and Y dot
counters. The decoder also indicates the direction in which the count
is to take place. The decoding is done by using a series of "AND" gates
for which only one in each of the X and Y directions has the proper
inputs so as to turn it on.

A10 bit up/down counter and D/A converter was also needed for
the generation of A/N characters; however, in order to save duplicating
the circuitry, proﬁision was made so that the dot generator could use
the same counters and D/A converters., Thus the output of the decoder
is sent to the appropriate position in the A/N up/down counter. It
should be noted that this same counter has been denoted as the "dot
counter" when used in reference to the dot generator. Simultaneously
with the sending of the pulse to the dot counter, intensity pulses are

sent to the intensity circuit which produce the unblanking pulses
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which are required to genérate dots on the CRT. When the segment counter
reaches zero, fhe clock is disabled and the data status flip-flop (SFF)
is cleared to‘the "O"state, indicating that either moré data should be
sent to the dot generator, or a new generator should bé initiated,

2.3 Results and Conclusions

An equivalent of the above-mentioned circuit using "NAND" logic
was implemented and comnected to the refresh cére. This eircuit was tes-
ted and performed as expected. A sample of the output from the dot gen-
erator is given in Figure 5. Figure 5A is a series of 3 squares. Each
side of the outside square was constructed by incrementing or decrement-
ing the counter as required, 15 successive times in the 4's count posi-
tion., Similarly the inner squares were generated using 15 repetitions
in the 2's ard 1's count position., Figure 5B is an approximate circle
which was drawn with the dot generator, indicating the flexibility of
the dot mode, There are also some alphanumeric characters on the dia=-
gram to show that both the dot and A/N generators can use the same
counters and DfA converters without any conflict, Figure 5C indicates
that the dot generator can also produce lines at various angles. Thus
it can be concluded that the dot generator has been successfully imp-

lemented since it functions as required,
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Filg. 5. A
A CGrachical Display of Increments in the 1, 2 »nd U
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Fig. 5. B _
A Graphical DPisnlay of an approximation of a Circle
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Fig. 5. C
‘A Graphlcal Display of Lines at Variocus Angles

Figure 5
.Demonstration of Dot Generator Operation (Photographs)
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CHAPIER IIT
The Intensity Circuit

3.1 Introduction

There are basically two methods of achieving Z—aiis modulation
on most display tubes. One method is to use pulse width modulation,
which allows the brightness of the display to be varied by changing the
width of the unblanking pulses while the pulse amplituds is held constant.
When using this method, the intensity becomes brighter as the pulse be-
comes wider. The other method that is commonly used is pulse amplitude
modulation. The pulses in this case are a constant width and the inten-
sity is varied by increasing or decreasing the pulse amplitude. As the
pulse amplitude increases, the intensitykincreases.

In the case of the display being built at the University of
Windsor, the choice of intensification methods available was limited by
the A/N generator. The generator, according to design specification,
was to operate at a frequency of 2 megacycles, which means that the rep~
etition period is 500 nanoseconds. However, due to the choice of the D/A
converter that was used in the A/N generator, 300 nanocycles are re-
quired for the D/A converters to settls to their final values. This al-
lows only 200 nanoseconds for the intensification to take place, thus
effectively eliminafing the possibility of using pulse width modula~
tion, as this is not time enough to generate 3 distinct intensity levels.

3.2 Intensity Selection

From the specifications given by Tektronex Incorporated, for the
oscilloscope beinz used for the display, it was found that negative pulses
" )
between 3 and 50 volts would brighten the beam. In order to obtain

three distincet intensity levels for the display, it was required that the
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intensity circuit provide unblanking pulses of 3 different levels between
3 and 50 volts. This was achieved by using a voltage divider to select
the required unblankinz pulse amplitude, Unblanking pulses are then mod-
ulated onto this level, and resulting pulses are amplified to the required
value,

Figure 6 is a diagram of the circuit used for intensity selection.
A -15 volt supply already existed in the PDP-8/S computer so it was used
to supply power to the voltage divider. However, the full i5 volts could
not be used because the switches used in this circuit were Digital Equip-
ment corporation "A" series electronic switches which were capable of
switching a maximum of 10 volts, Thus, a 4.7K dropping resistor and a
zener diode were used to provide the 10 volt supply needed to facilitate
the switches. Two 5K potentiometers (Pl and P2) were then connected in
series with the 4.7K resistor to ground, to complete the voltage divider.

Various potentials between 0 and -10 volts could now be selected
from the above mentioned circuit, The full 10 volts was connected to one
side of the sinzle pole single throw electronic switch SWI, thus providing
the potential required to c¢reate maximum beam intensification, The centre
taps of potentiometers Pl and P2 were connected to one side of switches
SW2 and SW3 respectively. These switches provide for the sslection of
normal or dim intensities. The second side of the switches are common
and provide the output of the intensity selection circuit.

The potentiometers add flexibility to the system by allowing
some control over the geam brightness when either the normal or dim in-
tensities have been selected. A second advantage lies in the fact that

when a new CRT is added to the terminal the same intensity selection
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circuitry can be used by simply adjusting the potentiometers to comperne
sate for the different CRT phosphor.,

The actual selection of intensity takes place in the following
manner, Each time an instruction pulse is sent to any of the three gen-
erators, bits 10 and 11 of the instruction word are loaded into the
Intensity Buffer Register (IBR)e The"AND" gates following the IBR de-
code these two bits according to the scheme shown in Table 1 and closes
the appropriate switch (Swi, Sw2, or SW?) selaéting the required inten-
sity. If a blanked intensity is chosen, none of the switches are closed,
thus yieldinz a zero level output from the switches, -

At this point in the circuit, compensation is introduced for
the inconsistencies in the A/N generator. The output of the above-
mentioned voltage divider does not go directly to the pulse amplifier;
instead, it becomes the input to a second voltage divider that carries
out the compensation for the A/N generator. Switches SW¥, SW5 and SWH
in this case ars controlled by the AN generator when it is in use,

If a large letter is being drawn on the CRT, SW4 is closed, applying the
full output potential from the intensity selection circuit to the pulse
amplifier. This causes the dots composing the letter to be brighter
than normal, thus compensating for the fact that the dots are spread
farther apart than normal. When normal size characters are being drawn,
SW5 is closed applying the normal intensity potential to the pulse amp=
lifier. This potential is slightly lower than that used when large let-
tors are being drawn, as there is a voltage drop across the potentiometer
P3. Waen smsll letters are drawn, SW6 is closed, thus causing a smal~

ler than normal intensity pulse to be created. This has the effect of
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Intensity

Bits 9 and 10

Bits 9 and 10 Intensity
00 Normal
0l Dim
10 Bright
11 Blanked

Vector Selectinn Bits 7 and &

Bits 7 and &

Yector Type

01l

10
11

Dot at Tip of Vector
Dash Line
9plid Line

Table 1
Identification of Bit Posltlons

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

19



™
Q

reducing the brightness of the letter being drawn, which otherwise ap-
pears to be very bright dus to the inecreased packing density of the dots.

Provision was also made so that the normsl switch SW5 is closed
when any generator other than the A/N generator is in use. The A/N status
flip flop (A/N FF) was used to achieve this end. Whenever the A/N gen-
erator is in use this flip flop is set to the "1" state, thus giving the
A/N generator control of the compensation network. However, when the A/N
generator 1s not in use, the A/N flip flop is cleared to the “0" state,
thus effectively blocking the signals from the A/N generator, Switch SW5
is also forced to close and switches SW4 and SW6 are forced to open if
they were closed previously. In the case of the A/N and dot generators,
the urblanking pulses from the generators are sent directly to the pulse
amplifier (PA 1), where they are modulated with the selected intensity
level, thus creating the required unblanking pulses, A further descrip-
tion of the pulse amplifier will be given in the next section of this
chapter.

It should be noted that additional information is required by
the intensity ¢ircuit when a vector is being drawn. Thus, whenever a
VECTOR instruction is given, bits 7 and 8 of the instruction word are
also loaded into the IBR. These bits comtain information pertaining to
the type of vector to be drawn., The coding of these two bits is given
in Table 1.

The operation of the vector pulse amplifier (PA 2) is slightly
different from the operation of the DOT, A/N pulse amplifier. The out-

put of the intensity control circuit is connected to one side of an
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electromic switch (SW7). The other side of the switeh is connected to
the input of the vector pulse amplifier, This switch is opsrated by
trigger pulses from various points in the vector circuitry, depending
on what type of vector is being drawn. These pulses are then amplified
to the required level by the vector pulse amplifier.

The most commonly used vector is the solid line. Intensifi-
cation of this type of vector is achieved by closing SW7 and holding it
closed for the full length of time that the vector is being generated,
This creates one unblanking pulse which brightens the beam throughout
the full displacement of the beam, thus creating a straight line. A sec-
ord type of vector is the dashed lins. Intensity pulses for this type
of vector are produced by using the output of bit 1 of the "timer counter"”
to operate the switch., A more detailed description of the "timer counter”
will be given in the next chapter. By using the output of the counter
as trigger pulses, the switch is repeatedly closed for a period of time,
and then opened for the same period of time, thus creating a dashed line,
as the pulse amplifier is continually being turned on and off., The last
type of vector is a blanked vector that has a dot at the erd of it to
indicate where the vector ended, Intensification of this type of vector
is achieved by blanking the Z-axis until the vector is complete, and then
one intensity pulse'is sent to the Z-axis, creating one dot at the end
of the vector, The last pulse from the "timer counter" is used to create
this urblanking pulse by momentarily closing switch 7.

One further feature of the intensity circuit remains to be men-

tioned, This is the intensity override feature which is available only
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when the vector generator is in use, This circuit allows blanked vectors
to be drawn by the vector generator even though an unblanked intensity has
been specified by the intensity circuit. Bit 1 of the sscond data word
for the vector generator controls the use of this option. If this bit
is a 1, the output of the intensity selection circuit is overriden, and
a blanked vector is drawn. This option was incorporated for the conven-
ience of the programmer, as it allows one to switch from blanked to un-
blanked intensities without giving & new instruction Aeach time this is
done. An added advantage lies in the fact that this feature also saves

core space as extra instruction words are not required for changing in-

tensities.
3.3 Pulse Amplifiers
(1) Dot and A/N Pulse Amplifier

A schematic diagram of the pulse amplifier that was designed for
thé DOT ard A/N generators is given in Figure 7. Transistors Q1 ard QZ
and their associated emitter resistor each form emitter followers which
were built to prevent loading of the intensity selection circuit, and the
trigger circuits, respectively. Once the desired intensity level has
been selected by the intensity control circuit, a corresponding D. C.
voltage is applied to the base of transistor Qq. Since this transistor
is in the emitter follower configuration, this D. C. voltage is trans-
mitted to the emitter of transistor Q3, and also to the base of this
transistor through the 3.9 K resistor., Since the base and emitter of
this transistor are at approximately the same potential, this transis-

tor is biased off and does not corduct., Diode D 1 was included in the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uoissiwgad 1noypum pauqiyosd uononpolidas Jayung “Jaumo 1ybuAdoo ayi Jo uoissiwiad yum paonpoldey

[— 15v

..._g/“
INPUT

LEVEL
_l_ 1K

Qe

640
UNBLANKING D3

i- 35V

PULSES -4

COMPONENT NUMBER
Q1,Q2,0l 2N36LL
Q5,Q6 2N2905A
Q3 eN32oL
Dl 1N372u
D2 1N91L
D3 1R5AUD

Figure 7
Dot and A/N Pulse Amplifler

€z



2%

circuit to provide isolation betwsen the emitter follower (Qi) and the
transistor switch (Q3)°

Trigger pulses which are created by the appropriate generator
are applied to the base of transistor Qy and are transmitted to the base
of transistor Q3 through the coupling capacitor Cqo These trigger pulses'
are positive going pulses which turn transistor Q3ﬁnfﬂ causing it to
corduct. This causes a pulse to be applied to the base of transistor Q,
which in conjunction with transistor Q5’ makes up a pulse amplifier.
Transistor Qg and its associsted emitter resistor constitute another emit-
ter follower which provides isolation between the pulse amplifier and the
Z-axis of the oscilloscope. The emitter of transistor Qé is connected
to diode D2, shown in Figure 8, which is one half of a diode "OR" gats,
which in turn is comnected to the Z-axis of the oscilloscope.
(11) Vector Pulse Amplifier

The pulse amplifier used by the vector generator 1s slightly
less complicated than the dot and A/N pulse amplifier, The reason for
this lies in the fact that the intensity ievel and unblanking pulses are
modulated in the intensity selection circuitry, so that ﬁhe pulse ampli-
fier merely amplifies the pulses to the required potentials, Figure 8 is
a schematic diagram of the pulse amplifier used by the vector generator.
Transistors Q1 and Qy and their associated circudtry comprise the actual
amplifier, Transistor Q3 and its associated emitter resistor are con~
nected in the emitter follower configuration to provide isolation between
the pulse amplifier and the Z~axis., Diode D 1 is the second half of the

diode "OR" gate emntioned earlier, which combines the two pulse amplifiers
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so that they can be connected to the Z-axis.

3.k Results and Conclusions

The above mentioned pulse amplifiers were constructed and mounted
on Digitel Equipment Corporation "blank modules" to facilitate rack mount-
ing. An equivalent of the diagram shown in Figure 6 was constructed using
"NAND'" logic, and this circuit along with the pulse amplifiers was con-
nected to the computer terminal that was being built,

The intensity selection circuitry was tested and found to operate
properly. That is, when instructions were given to select NORMAL, DIN,
BRIGHT or BLANKED intensities, the appropriate circuitry was initiated.
Also, when the A/N generator was being used, the compensating circuits
ﬁere selected as expected., However, it was found that when 50 volt un-
blanking pulses were used, the display tended to defocus, making the
display blurry. A clear display was obtained by reducing the intensity
pulses to 30 volts. However, this reduction eliminated the possibility
of having three distinct intensity levels for the present time, since
approximately 20 volts was required to intensify the beam with such a
short pulse. This meant that there was only a 10 volt change between
the dim and bright intensity levels, and this was not enough to create
three distinet brightness levels, Since the selection circuit operates
as expected, only a few changes will have to be made to obtain the three
level intensification when a display tube on which the astigmatism may
be adjusted, is obtained.,

Solid lines, dashed lines and blanked lines with a dot at the top

were successfully displayed on the CRT, thus indicating that the vector
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intensification circuits are operating properly. The intensity override
circuit was also tested amd found to operate as expected., Whenever bit 1
of the Y coordinate data word was a 1, a blanked vector was drawn, no mat-
ter what intensity had been chosen by the intensity selection circuitry;
and whenever that bit was a 0, the intensity selsction e¢ircuit had con-
trol of the brightness. Thus it is concluded that the intensity circuits

were successfully constructed.
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CHAPLER IV
The Vector Generator

4.1 Introduction

There are basically two msthods commonly used to generate a
vector, One method uses primarily digital clircuitry, while the other
uses primarily analog cireuitry. The digital method produces vectors
by use of a binary rate multiplier (BRMQ) The BRM operates on the
principle that if a fixed time is allowed to gensrate a vector, the
ratio of the beam velocity in the Y direction to the i:eam velocity in
the X direction is the slope of the line. A simple 4 stage binary rate
multiplier is shown in Figure 9. The operation of this circuit can best
be explained by use of an example which in this case will be a line with
slope 5/8,

In order to draw a vector, & series of pulses must be sent to the
pogition counters which cause the beam to be displaced. The input pulse
train is sent directly to the X position counter and also to the BRY,
which produces the pulses that are sent to the Y position counter. since
this line is to have a slope of 5/8, the binary equivalent of this slope
wh:;ch is 1010, is loaded into the proportion selector. This in turn en-
ables the "AND" gates which are connected to the "O" side of the BRM flip
flop 1 and flip flop 3. Thus as the input pulses increment the BRM coun-
ter, the "0" to "1" transitions of FF1l and FF3 are transmitted via the AND
gate and conbining "OR" gate to the Y position counter, Since only two
of the AND gates associated with the BRM are enabled by the propértion
selector for every 16 input pulses, only 10 pulses are output by the BRM.

Thus & 1line with slope 5/8 is generated as shown in Figure 10.
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A closelexamination of Figure 10 reveals that the BRM generates
a staircase that only approximates the ideal straight line), gnd herein lies
one of the inherent faults with this method of vector generation., A sec-
ord problem is the error introduced when the slope of the line is conver-
ted into a fractional binary number in order to be compatible with the
proportion selector. The resolution of the slope value which is applied
to the proportion selector ¢ircuitry depends on the BRM counter size,
since each bit of the slops value is associated with one stage of the
counter. Howsver, in most cases, this is not too serious a problem, for
if a 10 bit register is used, it represents an error of .1%. One other
problem that arises in this type of vector generator is the fact that it
tends to be slow, since a series of counters are used to gensrate the
vector, The slowness of the BRM is its most important fault,

Because of the above mentioned reasons , it was decided to use
analog techniques rather than digital. However, a certain amount of
digital circuitry was required since the data output from the core is in
digital form. This data must be changed to analog form and this is per-
formed by using the D/A converters mentioned in Chapter II. Due to the
fact that 10 bit registers were used in conjunction with the D/A con-
verters, 2 data words were required by the vector generator, The first
data word is the X coordinate word and contains the information required
by the X deflection circuitry, while the second word contains the infor-
mation required by the Y deflection circuitry. Each word contains the
coordinate of the end point of the vector relative to the origin which is
located at the lower left hand side of the CRT. These coordinates are

changed from absolute to relative coordinates by the analog circuits,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



A more complete description will be given in the next section of the thesis.

4,2 Analog Vector Generator

(1) Control Circuit

Figure 11 is a diagram of the vector control circuitry. This
circuit directs the loading of the X and Y D/A converter registers, and
also controls the opening and closing of many of the switches used in the
analog circuit. Previous to sending the mode selection pulse, a clear
pulse is sent out by the core circultry., This pulse clears the control,
status, load and clock control flip flops (CFF, SFF, LFF and CCFF)., This
pulse has initialized the system so that the TRUE side of all the flip
flops are in the "Q" state.

If the vector mode has been selected, a pulse is sent to the con-
trol flip flop (CFF) which sets this flip flop to the "i" state. Approxi-
mately 400ns later the load data pulse is received which sets the status
flip flop (SFF) irdicating that no more data is required, This pulse is
also transmitted through "AMD" gate mumber 1 to PA 1, which produces a
pulse that loads the temporary X register and also clears the SFF, indi-
cating that more data is required, This same pulse is delayed until the tem—
porary X register has been loaded , and then is used both to complement the
load flip flop (LFF), and to clear the X and Y D/A converter registers.
About %Vs after the SFF has been cleared a secornd load data pulse is rece-
ived. This pulse sets the SFF to indicate that no data is required and is
also transmitted through "AND" gate number 2 to PAZ which produces the pulse
used to load the X and Y registers and clears the temporary X register. The
pulse produced by PAZ 1s delayed and sent to the clock control flip flop(CCFF)

which initiates the c¢lock. As before, a complementing pulse is sent to
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the LFF so that it is again ready to load the temporary X register.

At this time the clock begins sending out pulses at a rate of
375 KHz. These pulses increment the timer counter which is a 6 bit counter
consisting of FF1l to FF6. The counter is designed so that it resets at a
count of 39 ard stops the clock by setting the CCFF to the 1 state, We
should note that the timer counter controls most of the switches used in
the analog circuit, and also controls the length of time that the inte-
grators are allowed to operate. Since the counter is pulsed at a rate of
375 KHz, it takes approximately 10%us to complete its count. This is the
length of time that the analog circuits are in operation each time a
vector is drawn,

2) Analog Circuit
(7) (8) (10)

A diagram of the analog circuit that was used by
the vector generator is given in Figure 12, This circuit was built in
duplicate, as separate circuits were needed for the X and Y deflection
plates. However, both circuits functioned identically and opsrated con=
currently. A truth table for the switch operation is given in Table 2,
énd the switch timing diagram is given in Figure 13. Since the operation
of the circuit is identical for both the dot and A/N generators, only the
A/N generator will be discussed in the following explanation of the
circuit, Imnitially, we will assume that all the capacitors are discharged
and that none of the generators are in operation. With the circuit in
this state, all switches will be opened, except S7.

If a vector instruction is now received, switch S6 is closed

for Zflseconds to sample the integrator output. Dus to the inverting
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property of the operationasl amplifier, the output of the Hold 2 circuit
will be the negative of the integrator output. Shortly after the sampling
is complete, a D. C. potential Vi will be output by the D/A converter ard
will appear across resistor Rl, The timer counter now begins counting,
and the 1 count is gated to switch S1, foreing it to close. Since resis-
tors R1, R2 and R3 are of the same value, the potential Vi from the D/A
converters is surmed with the potential output from the Hold 2 circuit,
and the resultant is stored across capacitor Cl. Since all capacitors
were assumed to be initially discharzed the value Vi will be stored across
Ci. Due to the inverting property of the operational amplifier, the out-
put from the Hold 1 eircuit will actually have the value of -Vi, As the
counter continues beyord the count of 1, switches S1 and S7 open again ard
switches S3 and S5 closs. Thess switches remein closed until the timer
reaches a count of 39, at which S3 and S5 open and 57 closes, It takes
the timer counter‘loqﬁs to reach this count, thus the switches are held
closed for 100us, The time constant of the integrator clircuit was also
chosen to be 100fs so that when the switches are opsned, the output of the
integrator will be exactly the negative of its input. That is, the final
output potential from the integrator circuit will be Vi. During the time
that'the integrator is in operation the beam of the CRT is being displaced
on the screen, since the integrator output is connected directly to the
deflection plates, It is during this integration time that the beam is
normally intensified to produce the required vector.

In order to continue the explanation of the circuit we will

assume that the next word from the core is an instruction word requesting
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the use of the A/N generator. Because the next word is an instruction
word, the vector gemerator will not clear the D/A converter registers.
Instead, it leaves them as they were; thus the output of the D/A conver-
ter remeins the same as when the vector was drawn. When the A/N generator
begins operation, switches S2, S4 and 56 close. Now the D/A converter

is connected directly to the deflection plates of the CRT. The A/N gen-
erator does not clear the D/A registers as does the vector generator.
Instead it continues from the position where the D/A is presently located.
While the A/N generator is in operation the Hold 2 ciréuit is also in op~
eration, This circuit follows the change in output potential from the D/A
converter and updates the integrator circuit which follows at a slower
rate. At the end of the character generation, switches S2, S4 and S6

open, At this point the c¢ircuit has been updated to the new potential
produced by the D/A converters while the A/N generator was in use, We will
call this new potential Vn, Thus the output of the integrator circuit will
be Vn and the output of the Hold 2 circuit will be -Vn,

We will now assume that the next instruction is a vector in-
struction. The operation of the circuit is much the same as was described
for the first vector instruction, except that the capacitors are not dis-
charged. As before, switch S6 closes to sample the integrator output and
a new DC potential Vi will be output by the D/A converter, which is the
potential that corresponds to the end point of the vector to be drawn,

At this time the timer begins counting and the 1 count closes Switch Si.
The output of the Hold 2 circuit is summed with the output of the D/A
converter and the result is stored on capacitor Cl. Since the output of

the Hold 2 circuit is -Vn as mentioned previously, the potential output
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of the Hold 1 circuit will actually be ~(Vi - Vn). We should note that

Vi = Vn is actually the potential difference between where the beam is pres-
ently and the end point of the vector. As before, when the count continues
beyond 1, switches S1 and S7 open and switches S3 and S5 close. These
switches remain closed for 100}453conds allowlrg the integrator to inte-
grate from its initiél potential to the final potentlial of Vi, Again, as
before at the end of quws, switches 53 and S5 open and S7 closes, The
circuit is now ready either to have more data sent to the vector generator
or to track the changes brought about by the A/N generator.

If a series of vectors are to be drawn, the circuit operates
just as was described for a vector following the generation of an A/N chare
acter, Thus there is no need to discuss this situation. As was mentioned
previously, the operation of the circuit when the dot generator is in use,
is identical with the operation of the circuit when the A/N generator is
used.

4.3 Results and Coneclusions

Success was not achieved using the circuit shown in Figure 12,
as the vector generator did not always produce the correct output for a
given output. In order to isolate the problem, switches S2, S4, and S5
were removed as well as resistors R5 amd R6, as these components were
used only in conjunction with the DOT and‘A/N gensrators to update the in-
tegrator circultry. The reméining Qircuit which performs the actual vector
generation is shown in Figure 14, Since this is the part of the circuit
that was malfunctioning, further testing was carried out on this eircuit.

With a given input voltage, Vi, of two levels (0 and -5V) the

correct display deflection output voltage, Vo, from the integrator could
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be obtained by the correct setting of résistor RB which controls the over=
all gain of the output sampling loop. The top half of Figure 15 shows the
integrator output for a 0 to =5 volt input which is shown in the lower half
of the same figure. However, when the input levels were changed to 0 and
-0,8V it was found that the correct integrator output was obtained, except
that there was a shift in d. c¢. level as shown in Figure 16A. By changing
the valus of resistor R3 the d. c¢. level could be corrected as shown in
Figure 16B. This was also the case when the input was changed to -0.8 and
~5V as shown in Figure 17A and 17B, after R3 was set for an input of 0 to
-5V ,

By examining the waveforms in the c¢ircuit it was noted that the
change of output level was apparently due to an incorrect level at the out~
put of the suming sample and hold element (SHZ) which was clearly compen-
sated for by altering the gain resistor R3. This led to an investigation
as to the cause of the change of level, which implied incorrect sampling
and/or holding of the sample and hold circuits. On observing the waveforms
at the output of the sample and hold circuit #2 (SHZ2) shown in Figure 18,
it is seen that after a change of output due to & new sampling, the wave=-
form exhibits considerable changes before settling to a final value. A
similar effect takes place at the output of SHi, From this it can be con-
cluded that the effective input to the integrator apparently has the cor—
ect change of level but at the incorrect mean value,.

The amplifiers were cheéked and found to be satisfactory, so
that the only rem&ininglpossible of error was the operation of the elect~
ronic switches which had been assumed as satisfactory. As a {first test,

a d. ¢, input was applied and the output impedance was measured using a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Vert. Sens.

: 2 Volts / cm.
Horz. 8ens. : 100u sec. / div.

Filgure 15
Integrator Cperation ( O to -5V )

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

43



A 2

Fig. 16 B

1l Volt / cm.
lOOf{SeC. / div.

Vert. Sens.
Horz. Sens.

ve aw

Figure 16
Integrator Operation ( 0 to ~0.8 V )

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




Fig. 17 B

2 Volts / cm.

Vert. Sens.
100 p sec. / div.

Horz. Sens.

e oe

Figure 17
Integrator Operation ( -0.8 V to -5 V )

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

b5



Vert. Sens. : 2 Volts / cm.
Horz. Sens. : 20 usec. / div.

Figure 18
Output of S.H. #2 Circult

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

46



W7

digital voltmeter which indicated that the values of resistance ﬁere within
thev5pacifications;. the closed resistance equalled 230 ohms and the open
resistance was too high to be measured with the avallable equipment,

A secord test was performed to measure the transient response
using the circuit given in Figure 19 in which the resistor R was‘of the same
order of magnitude to that used in the sample and hold circuits. The switch
was operated by the same pulse source as used for SH#2. The output voltage
obtained for different input voltages (V), which were both positive and
negative, are shown in Figure 20, In all pictures the top trace is the
trigger pulsé which causes the switch to close when it goes negative (-3V),.
Figure 20A shows the output when the input voltage V was set to growd.

The results cobtained when the input voltage V was set to +1, -1, 42, -2,

+5 and -5 volts is shown in Figure 20B to 20G respectively. At 1ow level
voltages ( <3V) it will be observed that the output overshoots to a large
extent and furthermore the switch has a "turn off" time of about 1 s,

These two.effects can understandably introduce errors in the sample and
hold circuits as (i) the sample will tend to be high when there is an over-
shoot at the lower voltages, and (ii) the capacitor together with the im-
perfect switch resistance will tend to cause an integrator action as shown
in Figure 21, The solution appears to be the use of improved switches which

might have to be specially designed,
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CHAPTER V

General Conclusions

The dot generator was successfully designed and constructed as
dotted line segments were displayed on the CRT according to the design
specifications. The intensity selection circuits also opsrated as was
intended. However, it was not possible to produce three distinct levels
of brightness using the existing CRT Z -~ amplifier,

From the results of the tests performed on the vector generator
it can be concluded that the design used is satisfactory, provided that

improved switches are used in its construction,
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APPENDIX I

IOGIC NOTATION

The following is a description of the various logic symbols

used in this thesis.

(&D) Logic Levels and Pulses

Ground potential is equivalent to the logic level "1";
therefor a ground connection represents a permanent "1" level.
A straight line with no arrow head is the graphic symbol used

to represent a level input or output.

LOGIC LEVEL

A pulse is defined as the leading edge of a level change
from the "0" to "1" state where the "1" state is maintained
for a minimum of 100 ns, The graphical representation of a

pulse is a straight line with an arrow head.

PULSE

N
/7
2) AND GATE
A —_—]
B — C C=AsR
(3) OR GATE
A C=A+RB
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&) DELAY
A
'Q——. B B = Delayed A
(5) INVERTER
A ‘\ B
L B =%
(6) PULSE AMPLIFIER
A PA B B=A Bis {nerely
A amplified,
(7 CLOCK
A is an enable level which
— allows the clock to operate.
A | B B is a series of 100 ns
pulses, the frequency of
which may be varied.
(8) FLIP FLOP
'O Output t1' Qutput
Direct Clear JO L Direct Set
(9) DCD GATE C
A 5
C=A .8
B

The DCD gate performs the "AND" operation between a level

input and

a pulse input and produces a pulse output. The level
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input must be present for at least 400 ns before the input pulse

is applied to the gate.

(10) ELECTRONIC SWITCH

When point A is held
B at ground potential
points B and C form an
open c¢ircuit. When A
- C is held at =3 volts,
points B and C form
a short circuit,
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