Oct. 14, 1969 R. KOLODNYCKIJ 3,473,082

INTENSITY CONTROL FOR CRT DISPLAY

Filed Sept. 20, 1968 5 Sheets-Sheet :
/IO /|4
[ 12 DISPLAY
PROCESSOR CONTROL
18
v 20 36
leIFT REGISTER
22—1
| /52 24 v 38 |
MANUAL {54 TRANSISTOR DELAY LINE WITH
INTENSITY —» SWITCHING TRANSMISSION
CONTROL NETWORK DRIVERS
? V; ¢ NODE | '
Vi /f26
WEIGHTED INPUT
RESISTOR NETWORK
» [30 =40
Va2 2 2
{ l iNODE e
AUTOMATICALLY | AMP A
VARIABLE FEEDBACK} 32 / 28
NETWORK
Vg Vs
L NODE 4 vz gNODE 5
BLANK 7 UNBLANK l
42 l
/4
CATHODE
VOLTAGE
Vg 44 CONTROL.
| NODE 6 |

50

Fig. [/

. INVENTOR
ROMAN KOLODNYCKIJ

m e Gl




Oct. 14, 1969 R. KOLODNYCKIJ 3,473,082

INTENSITY CONTROL FOR CRT DISPLAY
Filed Sept. 20, 1968 5 Sheets-Sheet

901

TUBE 2
B0 == - mmm e — m S oo

GRID
NO. |

DRIVE

604

LIGHT
ouTPUT 991
FT. LAMBERTS , |

304
20+

EXTINCTION
VOLTAGE

TINCTION
VOLTAGE

50 60

5‘4—*57—“———‘_

Vg . K, VOLTS

Fig. 2

QUADRANT | QUADRANT 2

S

80 FT. LAMBERTS 40 FT. LAMBERTS

QUADRANT 3 QUADRANT 4

D

20 FT. LAMBERTS | 10 FT LAMBERTS

Fig. 3

Fig. 4a | Fig. 46 | Fig. 4c

Fig. 4




Oct. 14,

1969 R. KOLODNYCKI!J
INTENSITY CONTROL FOR CRT DISPLAY

Filed Sept. 20, 1968

38~

3,473,082

5 Sheets~Sheet =

I
| I -

R13| Qli2 L
| 1 eo NODE 6 :
' RI30 RI33 RI27 |32~r————-——-——-— p—
I RI29 o '

l RI28 | |
— -1 Rise
I CRIOB (" I | R67 RGG R65
N B 1
L c _J L_ c
[ omp— _. — NN  CE— GE— e c— — —
60 32 '

____%__'_______'__.éw %——

R38

R20

—\/\V\—g

CR38a

'

RIO
CRI9 CR20
_— c
RI CRIO R2 CRII
CRI
L__ ) 6 28




Oct. 14, 1969 R. KOLODNYCKIJ 3,473,082
INTENSITY CONTROL FOR CRT DISPLAY
Filed Sept. 20, 1968 5 Sheets-Sheet 4

38\

—m se— —— —

Lo Jooo |

Cio

A Nvee?

éaao CRIO4
| —
- y gmzz
" I | RI20 ( B—f\/\%”g -7 ’ ”
- Ql0%
| l + VAV Ql08 .
CR60 I\l__-_—'__”_—____-_—“-_.___--—-__“-g
Qll ~34
a R77
- 1 NopE NODE ¢ Rea
4 AN
—— 32 | 28,30
) [}
c L
" RE9 CR47 I - . =
R63 I I ]
CR48 CR56 | +VCC |

]




Oct. 14, 1969 R. KOLODNYCKIJ | 3,473,082

INTENSITY CONTROL FOR CRT DISPLAY

Filed Sept. 20, 1968 5 Sheets-Sheet ¢
/38

AAN )
QI06
cios c Rilg |52
L~ ¢ —A\ANN—




United States Patent Of

3,473,082
Patented QOct. 14, 1969

CC

1

3,473,082
INTENSITY CONTROL FOR CRT DISPLAY
Roman Kelodnyckij, Minneapolis, Minan., assignor to
Sperry Rand Corporation, New York, N.Y., a cor-
poration of Delaware
Filed Sept. 20, 1968, Ser. No. 761,138
Int, C1, HO1j 29/52

US. €L 31530 10 Claims

ABSTRACT OF THE DISCLOSURE

An improved image intensity control circuit for use
with cathode ray tube display is described. The intensity
control system described provides for permitting the
changing of the intensity of n gradations differentiated by
a factor of 2, while permitting the intensities of images
in different portions of the screen to be different with
respect to other selected portions of the screen. The image
intensity control circuit responds to externally applied
digital-data intensity-defining signals for providing the se-
lected image intensity of the displayed image automatical-
ly. An auxiliary manual intensity control device is de-
scribed for selecting a base level of intensity for use in
conjunction with the externally applied digital-data in-
tensity-defining signals. The image intensity control cir-
cuit operates to control the cathode-to-grid bias voltage
for controlling the intensity of the electron beam.

BACKGROUND OF THE INVENTION
Field of the invention

This invention relates generally to the field of cathode
ray tube displays, and has particular application for those
cathode ray tube display devices having capability of dis-
playing vectors and characters. The invention is particu-
larly applicable to those cathode ray tube display devices
that are utilized in data processing systems.

Description of the prior art

Prior art cathode ray tube display devices have had
several problems in the control of the beam intensity, One
problem has been in arriving at a linear approximation
of the relationship between the resulting intensity of the
electron beam based on the bias voltage applied to the
cathode ray tube. Such non-linearity provides the disad-
vantage of having the intensity change by differing
amounts for incremental changes in the bias voltage. An-
other problem in the prior art was the lack of the ability
for a given image intensity control circuit to respond to
a plurality of programmable levels of intensity as deter-
mined by a programmable control device such as the
- data processor. While cathode ray tube display devices
have been developed that will provide for one or two im-
age intensity levels, no known prior art display systems
have been made capable of providing programmable im-
age intensity levels, nor have they provided for an image
intensity control circuit that will allow selected images
or portions of the face of the cathode ray tube to exhibit
different image intensities. While the prior art display
devices' have provided one form or another of manual
intensity control, there are no known prior art devices
that combine a programmable image intensity level con-
trol with a manual intensity control, whereby the entire
display can be manually altered in intensity while main-
taining the programmable difference of image intensity of
selected images. Yet another problem of the prior art, is
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the matching of the response of beam deflection system
with the image intensity control circuit response.

SUMMARY

With the foregoing mentioned problems of the prior
art in mind, and with the object of providing an overall
improved image intensity control circuit, the subject in-
vention was made. The image intensity control circuit of
this invention includes a cathode ray tube display control
portion for receiving programmable commands from an
associated processor. The cathode ray tube control por-
tion provides the overall control for the cathode ray tube
device, and provides the digital image intensity control
signals that are utilized to drive the image intensity con-
trol circuit. Ultimately, the digital image intensity control
signals are converted to a voltage level by the image in-
tensity control circuit, and applied to grid number 1 of a
cathode ray tube for establishing a cathode-to-grid bias
voltage that will determine the image intensity of the
light output from the cathode ray tube, The image in-
tensity control circuit utilizes a transistor switching net-
work at the input for receiving the digital image intensity
signals for driving a weighted input resistor network for
developing current levels to an amplifier. Associated with
the amplifier is an automatically variable feed back net-
work that responds to the various current level inputs for
controlling the voltage change at the output of the ampli-
fier. A control amplifier responds to this voltage and to
a blank/unblank signal for providing a resultant bias volt-
age to grid 1 of the cathode ray tube when the control
amplifier is unblanked. A manual intensity control cir-
cuit is coupled to the transistor switching network for
providing a uniform bias level for the images on the entire
face of the cathode ray tube.

In view of the foregoing, it can be seen that a primary
object of this invention is to provide an improved cathode
ray tube display system. Yet another object of this inven-
tion is to provide an improved image intensity control
circuit capable of responding to programmable digital-
data intensity-defining signals for establishing program-
mably alterable image intensity levels on the screen of
the cathode ray tube. Still a further objective of this in-
vention, is to provide an image intensity control system
for controlling the image intensity in a continuous man-
ner in response to digital-data intensity-defining input sig-
nals. Yet a further objective of this invention is to provide
an improved image intensity control circuit wherein the
over-all image intensity can be manually controlled while
maintaining programmed image-intensity differences in
the same ratios. Still a further objective of this invention,
is to provide an improved image intensity control circuit
utilizing a plurality of weighted input resistors in conjunc-
tion with an amplifier and an automatically variable feed
back network for providing digital-to-analog conversion
for providing a controlled cathode-to-grid bias voltage for
a cathode ray tube.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and more detailed objectives will be-
come apparent when considering the following specifi-
cation in light of the drawings in which: FIGURE 1 is
a block diagram of the improved image intensity control
circuit of this invention; FIGURE 2 are characteristic
plots of the light output in foot lamberts in response to
changes in the cathode-to-grid voltage changes for a pair
of cathode ray tubes; FIGURE 3 is a characteristic view
of the face of the cathode ray tube wherein the pro-

" grammable intensity levels are presented as factors of
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3
two in the four quadrants of the face of the cathode ray
tube; and FIGURES 4q through 4c, when arranged as
shown in FIGURE 4 are a circuit schematic diagram of
the inventive image intensity control circuit.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In modern day cathode ray tube display systems, it
has been found desirable to intensify one or more images
that appear on the face of the cathode ray tube to em-
phasize the image by causing it to appear more brightly.
The image intensity control circuit of this invention pro-
vides for changing the intensity of the image to »n grada-
tions differentiated by the factor of two as well as per-
mitting different images to be different in intensity with
respect to each other. For example, referring briefly to
FIGURE 3, it can be seen that this system has been estab-
lished wherein each quadrant is illuminated to a different
degree, for example, when quadrant one is illuminated to
80 foot lamberts, quadrant two can be illuminated to 40
foot lamberts, quadrant 3 to 20 foot lamberts, and quad-
rant 4 to 10 foot lamberts. In the drawing, image in-
tensity is depicted by correspondingly heavier lines. To
accomplish the variable image intensity, image intensity
control circuitry is utilized to respond to digital-data
image-intensity control signals for generating an appro-
priate cathode-to-grid bias voltage for the cathode ray
tube. Referring to this bias voltage as Vy, it will be ap-
parent that the image intensity I will be a function of the
bias voltage Vy. Therefore, by appropriately controlling
the bias voltage Vy, the intensity I of the images on the
cathode ray tube face will be controlled.

Turning now to a consideration of FIGURE 1, which
is a block diagram of the image intensity control circuit
of this invention, there is shown a digital data processor
10 for providing control signals over path 12 to the dis-
play control 14 of the cathode ray tube display device.
The signals provided by processor 10 will include the
designation of vector or character images that are to be
displayed on the cathode ray tube 16. Also, the processor
will at least in part determine the intensity levels to be
applied to the cathode ray tube 16. The display control
14 will operate to evaluate the signals received from proc-
essor 10 and will provide further manipulation of the
digital-data image-intensity control signals. It will be
noted that in some cathode ray tube display devices, fixed
time-increments are provided for displaying images of
varying lengths and sizes. Accordingly, in order for the
various images to appear at uniform intensity, it is nec-
essary to increase the bias voltage Vi, for the time inter-
val that a relatively long vector image is to be displayed,
over the level of the bias voltage Vi, that would be re-
quired for a shorter vector image. This factor is taken
into account by the display control 14 as one element in
the determination of the digital image-intensity control
signals. Yet another factor in determining the image in-
tensity, is the intensity level specified by the processor 10.
Taking all of the various factors required for the deter-
mination of the image intensity for any given image into
account, the display control 14 sends a grouping of digi-
tal image-intensity control signals over lines 18 to shift
register 20. The shift register 20 is then controlled by the
display control 14 for providing the appropriate digital
numerical value for input to the image intensity control
circuit. For sake of definition, it will be assumed that a
predetermined minimum image intensity will result with
the digital image-intensity control signals in an unshifted
position in shift register 20. In order to change the in-
tensity by a factor of 2, the digital image-intensity con-
trol signals are shifted upward in significance one position
in order of magnitude. It will be understood that this
relationship of a factor of 2 is purely arbitrary and that
different gradations can be achieved by adjusting the cir-
cuitry in the image intensity control circuit such that the
relationship of the shifting in the shift register will have
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some other predetermined relationship to a change of in-
tensity of the image on the face of the cathode ray tube
16.

The digital image-intensity control signals held in the
shaft register 26 are then applied over lines 22 to respec-
tive stages of a transistor switching network 24. The com-
bination of digital image-intensity control signals will
cause selected ones of the transistor switches in the tran-
sistor switching network 24 to switch and drive currents
through respectively associated weighted input resistors
in weighted input resistor network 26. The weighted input
resistor network 26 drives node 2, which is coupled to an
input of a high input-impedance amplifier 28, and node
2 will be seen to be a virtual ground. The weighted input
resistor 26 will determine the current flow at node 2. The
summed current of node 2 is also applied to the auto-
matically variable feed back network 32. The amplifier
28 receives a reference level 3¢ and is coupled to the
automatically variable feedback network 32. The auto-
matically variable feedback network 32 sees the same cur-
rent flow from the summing resistors as the high input-
impedance amplifier 28. As different current increments
are provided in response to different selections made by
the digital image-intensity control signals, the impedance
of the automatically variable feedback network 32 will
be varied. The interaction of the automatically variable
feedback network 32 and amplifier 28 will determine the
potential V4 at node 4.

The potential V4 is applied to the control amplifier 34.
This control amplifier also receives the blank/unblank
control signal from the display control 14 by way of con-
trol line 36, the delay line with transmission drivers 38,
and control line 40. If the potential at node 4 is higher
than the potential V5 at node 5, the potential V6 at node
6 will be driven accordingly. The potential V6 at node 6
in combination with a potential at the cathode K of the
cathode ray tube determine Vy, the tube bias. To blank
the tube, the display control 14 provides a signal through
the delay line transmission drivers 38 for holding the po-
tential V5 more positive than the potential V4. To un-
blank the cathode ray tube, potential V5 is dropped below
the level of V4 and the image is unblanked and allowed to
establish a bias at node 6 that will cause the image to be
displayed. A cathode voltage control 42 is coupled via line
44 to the cathode K of tube 16. Tube 16 also has power
source 46 coupled to grid G2 via line 48 and to tube via
line 50. As will be described in more detail below, the de-
lay line with transmission drivers 38, is utilized to syn-
chronize the deflection signals and the image intensity
signals,

It will be recalled that the voltage V1 at node 1 basical-
ly determines the ultimate image intensity by controlling
the voltage applied to grid G1. A manual intensity con-
trol 52 is coupled to a voltage source V; and directed
over line 54 to the transistors switching network 24. The
manual intensity control 52 operates to establish a base
level of image intensity. By way of example, let it be
assumed that the manual intensity control 52 is at a
predetermined image intensity level. The display control
14 then provides shifted digital image intensity control
signals to the transistor switching network 24, whereby
the image will be displayed at 80 foot lamberts. Then let
it be assumed that another image is displayed by the dis-
play control 14 at 40 foot lamberts, with the same man-
val intensity control setting. The system is so arranged
that under these conditions, changing the manual intensity
control 52 such that the 80 foot lambert image is displayed
at 60 foot lamberts, the second image will be corre-
spondingly reduced in illumination to maintain the same
illumination ratio. Therefore it can be seen that for any
combination of intensities of images, the manual intensity
control 52 will operate to either increase or decrease the
image intensity for the entire display.

Next turning to a consideration of FIGURE 2, it will be
seen that it is a plot of the light output in foot lamberts for
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two cathode ray tubes based on the cathode-to-grid volt-
age differentials. This figure is intended to show that dif-
ferent tubes will have different extinction voltages. In
order to accommodate these different extinction voltages
characteristics, a cathode voltage control 42 is utilized in
the image intensity control circuit of this invention. The
adjustment is made to accommodate the characteristic of
the given tube and will be discussed in somewhat more
detail below in the consideration of the detail circuitry.

Turning now to a consideration of FIGURES 4a
through 4¢, which when arranged as shown in FIGURE
4, are a detailed circuit diagram of the image intensity
control circuit of this invention. The various components
utilized in the preferred embodiment are set forth in
Table I. It should be understood that these components
are available commercially, and that while the particular
circuit diagram shown has been found to be advantageous
in performing the desired functions, it is recognized that
various circuit modifications could be made without de-
parting from the scope and spirit of the invention. .

In this discussion, the circuit components that are in-
cluded within the block representations referred to in
FIGURE 1 will be enclosed in dashed-line blocks and will
bear similar reference numerals. Reference to the par-
ticular circunit components will be by way of specific com-
ponent reference designation. :

The transistors switching network is shown enclosed
within dashed block 24, and for this embodiment com-
prises stages 20 through 28, These input terminals are
coupled to the shift register 20 mentioned with regard to
FIGURE 1. For this embodiment, ground (a substan-
tial zero volt signal) will represent a logical 1; and a plus
voltage (for example -6 volts), will represent a logical
0. The circuit arrangement is such each of the stages op-
erate in a similar fashion, so a consideration of an ex-
ample stage will be sufficient for understanding of the
circuit operation. Considering the lowest ordered stage for
bit position 29, it will be seen that transistor Q9 has a pair
of matched diodes CR45a and CR45b coupled anode-to-
anode across the collector-emitter circuit of transistor Q9.
The selection of the resistor, capacitor, and diode values
for the remainder of the circuit, as shown in Table I, and
is such that when the digital input signal is such that tran-
sistor Q9 is switched to a conducting state, the voltage at
node 1 for the stage will be zero. Alternatively, if the
digital input signal to the stage is such that transistor Q9
is switched to a nonconducting state, the potential level
at node 1 for the stage will be at a pasitive level. With
the transistor Q¢ switched to conduct, a portion of the
current flow will be through resistor R27 and the resistor
to ground, at a portion will be through resistor R36 and
diode CR45b to ground. This will result, as mentioned
above, in substantially a zero voltage at node 1 for
the stage. However, when the transistor Q9 is switched
off, the current flow will be partially through resistor R36
and CR45b to ground, and partially through CR45q to
node 1 and then to resistor R54.

The weighted input resistor network 26 is comprised
of resistors R46 through R54. These weighted resistors
have a resistive value relationship of a power of 2. That
is, R46 has a nominal resistor value R. For this embodi-
ment, the value R is of 9530 ohms. Resistor R47 is twice
this value; R48 is four times this value; R49 is eight times
this value; R50 is sixteen times this value; R51 is thirty-
two times this value; R52 is sixty-four times this value;
R53 is one hundred twenty-eight times this value; and
R54 is two bundred fifty-six times this value. From this
it can be seen that the least significant digit position 2°
has the largest resistor value and will provide the smallest
increment of current. Alternatively, stage 28 has the small-
est resistive value and will provide the largest increment
of current. These weighted input resistors are coupled to
a common point and then to node 2 for amplifier A in
the circuit diagram. The same common point is coupled
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as an input to the automatically variable feedback net-
work 32,

The circuitry enclosed within dashed block 28, 30
comprises the amplifier 28 and the reference 30, referred
to in FIGURE 1. In this circuitry representation the am-
plifier 28 is referred to as A, and the remainder of the
circuitry is utilized to establish the reference for one of
the inputs to the amplifier.

Amplifier A has a high input impedance. The summing
resistors R46 through R54 will determine the current
flow to node 2, as mentioned above. This same current
flow will be provided to the automatically variable feed-
back network 32. This automatically variable network
is coupled across the amplifier A, and receives the same
current flow as provided at node 2. A voltage regulator,
shown enclosed in dashed blck 60, provides the regulated
12 volt level to the common point of resistors R64 through
R68. The summed current is provided to a common point
of diodes CR46, CR48 through CR52, and resistor R63.
A common point for resistors R63, R69 through R73, and
diode CR47 is coupled to line common with node 4. The
arrangement of diodes and resistors, as shown, results
in an automatically variable resistive value for the total
network that is dependent upon the current level applied
thereto. That is, as additional increments of current are
added by appropriately selecting higher valued digital-
data image-intensity defining signals, the total resistivé
value of the network will be altered. Therefore, the com-
bination of the automatically variable feedback network
32 and the amplifier circuit arrangement 28, 30 as con-
trolled by the current level in the summing resistors, will
determine the potential V4 at node 4.

Node 4 is coupled as input to the control amplifier sec-
tion, shown enclosed in dashed block 34, The control
amplifier provides an output at node 6 that is directed to
grid 1 of the cathode ray tube. Control amplifier 34 also
receives the blank/unblanked control signal. The circuitry
shown enclosed within dashed block 38 includes the
delay line with the transmission drivers and controls for
the blanking and unblanking of the cathode ray tube in
accordance with the signal received from the display con-
trol 14 at the diode CR107. The blank or unblank signal
so applied, is passed through the amplifiers including
transistors Q109 and Q110 and to a selected tap on the
delay line, such as the input tap to L2. Another selected
tap is coupled to a terminal of resistor R119 where the
signa] is utilized to drive another amplifier that deter-
mines the voltage level at node 5. When the appropriate
unblank signal is received at CR107, a predetermined
time later, transistor Q190 is switched to saturation and
operates to drive transistor Q13 to a mode of operation
for providing a voltage level at node 5 lower than the
voltage level at node 4. Under such a condition, the
cathode ray tube is unblanked and the voltage level in
control amplifier 34, as determined by the current sum
resulting from the weighted input resistor network 26,
will be passed to the cathode ray tube grid 1. Alterna-
tively, when the blank signal is received at CR107, tran-
sistor Q10 will be switched off, and in turn, will cause
Q13 to put node 5 at a voltage level higher than the volt-
age level of node 4. '

The delay line is utilized to match the propagation time
for the deflection amplifier to the image intensity control
circuit.

It will be recalled from the consideration of FIGURE
2, that various cathode ray tubes have different voltages
ranges required for the cathode-to-grid bias to cause ex-
tinction. To accommodate varying parameter tubes, the
circuitry enclosed within dashed block 42 is used for pro-
viding a variable voltage drive to the cathode ray tube.
It can be seen that a voltage divider network comprised of
resistors R87 together with potentiometer R88 are coupled
intermediate plus 24 volt and minus 24 volt supplies. It
will be noted that —48 volts is the most negative that grid
1 can be driven. For those tubes requiring a greater volt-
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7
age difference for the cathode-to-grid potential difference,
the potentiometer R88 can be adjusted to provide this
necessary potential difference. These adjustments are nor-
mally made to accommodate the image intensity control
circuits to a particular tube.

The manual intensity control is shown enclosed in
dashed block 52. The manual control, labeled MC, is
provided at the operators console. This manual control
is a potentiometer coupled between a ground level and
-+24 volts. The wiper of the potentiometer is coupled to
the input of amplifier stage Q105 which in turn drives
transistors Q106 and Q117. The collector of transistor

8

Q117 is coupled to the common points of the collector-
resistors R19 through R27 for the transistor switching
network 24. This potential in conjunction with the ground
potential coupled to the emitter circuits provides the op-
erational parameters for the transistors switching net-
work, and allow the intensity of images applied on the
cathode ray tube to be changed in intensity by the manip-
ulation of control MC. As described above, the operation
of the manual control is over and above the operation
that is provided by the application of the digital-data in-
tensity-defining signals to the input terminals of the tran-
sistor switching network.

TABLE I

Capacitor, 76 V., 2.2 uf.=20%.
Resistor, 200 ohm=~ 1%.
Resistor, 750 ohm=1%,.
Re51stor, 1,300 ohm=1%,:
Resistor.

Resistor, 1,500 chm=1%,.
Restistor, 200 ohm=2%,.
Resistor, 910 ohm==2%,.
Resistor, 1,050 ohm=~1%.

Resistor, 1 150 ohm==1%.
Resistor, 1, 1240 ohm = 1%.

Resistor, 2 370 chm=1%.
Resxstor, 5, 1110 ochm=1%.
Reststor, 11 800 ohm==1%.

Resistor, 5, 900 ohm= 1%.
Remstor, 7 150 ohm=1%,.

Resistor, 9, '530 ohm=1%,.

Res1stor 9, 760 ohm = 1%.
Resistor, 10,500 ohm=1%;
Re51stor, 5, 760 ohm=1%.
Resistor, 19 100 ohm==1%.
Re51stor 24 300 ohm=1%.

Re51stor, 38,300 ohm=1%.

Resistor, 61,900 ohm=1%,.

Resistor, 68,100 chm=1%,.
Resistor, 76,800==1%,.
Resistor.

Do.

Do.
Resistor, 1.5K ohm==2%.

Resistor, 160 ohm=

2%
Diode, VR, 1 watt, 15.0 volt.
Resistor, 160 ohm=5%.
Reswtm 510 ohm==5%,
Resxstor, 3.0K ohm=5%.

Resistor, 1.2K ohm=5%.
Resistor, 46K ohm=5%,.

Reswtor, 430K ohm==5%.
Resistor, 620K ohm=5%.

CR61
R1 through R9
%10 through R18, R74.__

Resistor, 1.2M ohm=5%,

Resistor 2.4M ohm==5%.

Resxstor, 240 oh1n=-2%.

Capacitor, 35 volt, 2.2 pf. £20%.
Diode, Zener, 12 volt.

Resistor, 750 ohm=2%,

Re51stor 16K ohm=:2%,.

Resxstor, 560 ohm==2%,.

Resistor, variable, 200 ohm=10%.
Resistor, vanable 5,000 ohm=+10%.

72.
C1 through C9, C14

CRI through CR36, CR46 through CR56, CR59, CR60.

CR62, CR63 through CR65
C16, C17, C20.

R125, R126.
R127, R131.
132

Res1stor, varlable, 1 megohm =109,:
Transistor, PNP.

Resistor, 2 320 ohm, =1%,.

Capamtor, 1 cov, 100 ppf., =2%.
Diode, 250 mw., 40 v.

Dlode 250 mw., 40 V.

Capacltor, 25 volt 01 pf. =20%.
Diodes, matched dual-silicon.
Transxstor NPN, switching, 360 mw., 40 v.
Translstor—NPN 360 mw., 40 v.
Resistor, 12 ohmﬁ:2%

Resistor, 200 ohm, =£2%.

Resxstor, 360 ohmiZ%.

Resistor, 560 ohm =2,

Resistor, 1.6K. ohm=2%,

Resistor, 27K ohm==5%.

Delay line—d rH.

Delay line—1 xH.

Resistor, 2.0K ohm=5%,:

Resistor, 3.0K ohm=5%,.
Capacitor, 35 volt, 2.2 pF==20%,.
Capacitor, 35 volt 22 pF=+=20%.
Resistor, 390 ohm=t2%.

Resxstor, 750 ohm=:2%,.

Resistor, 16K ohm=2%,.

Re51stor variable, 500 ohm, =109,
Transistor, NPN, 360 mw., 40 v.

Q106

C116 through C119..
C106 through C115....
C R104 through CR107..

Capacitor, 100 v., 4 700 pf. 20%
Transistor-PNP.

Capacitor, 100 volt, 25 pp¥'. 2%,
Capacitor, 100 v., 100 upF., =29,
Diode, 250 mw., 40 v.
’I‘mnmstm-PNP power.

Transistor, NPN 360 mw., 40V,
Resistor, 1.3K ohmtz%.
Re51stor, 200 ohm, ==5%,.

- Resistor, 300 ohm = 5%.

- Transisto—NPN , 500 mw., 60 v.
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SUMMARY

From the foregoing description of the detailed circuit
diagram, and the discussion of the general circuit arrange-
ment, it can be seen that an improved image intensity
control circuit has been described for use with a cathode
ray tube display system. The use of the transistor switch-
ing network allows a display control to provide appropri-
ately positioned digital-data intensity-defining signals for
establishing the predetermined programmable level of
image intensity for any image that is being displayed. The
image intensity can be programmably altered by shifting
the digital-data intensity-defining signals prior to their
application to the transistor switching network. The
weighted resistor network then provides a current sum
that is utilized by the high input-impedance amplifier and
the automatically variable feedback network to provide
a voltage level for driving the control amplifier in a
manner to change the bias voltage on grid 1 of the cath-
ode ray tube. The manual intensity control operates to
provide controlled levels of intensity for the entire ¢athode
ray tube.

Having then described a preferred embodiment of this
invention, it being apparent that various modifications
will become apparent to those skilled in the art without
departing from the spirit and scope of the invention,
what is intended to be protected by Letters Patent is set
forth in the appended claims.

I claim:

1. An image intensity control circuit for use with a
cathode ray tube display device comprising:

switching means for receiving programmably alterable

digital-data image-intensity defining signals;

weighted resistor network means coupled to said switch-

ing means for providing current sums indicative of
the intensity values of said digital-data image-inten-
sity defining signals;
automatically variable impedance means coupled to
said weighted resistor network means for providing
voltage levels in response to said current sums; and

output means coupled to said automatically variable
impedance means for providing bias voltages to a
grid in a cathode ray tube in response to said voltage
levels.

2. An image intensity control circuit as in claim 1
wherein said switching means includes a plurality of
transistor-switch stages, each of said stages including a
transistor having emitter, collector, and base electrodes,
a pair of matched diodes having terminals coupled in
opposed directions of current flow, one of said pair of
matched diodes having another terminal coupled to said
emitter electrode, and the other of said pair of matched
diodes having another terminal for coupling to a first
source of potential, said terminals coupled in common
further coupled to load resistor means for coupling to a
second source of potential, and resistor means coupled to
said collector terminal for coupling to a variable source
of potential.

3. An image intensity control circuit as in claim 2 and
further including variable potential means coupled to
said resistor means of each of said stages for establish-
ing a desired level of intensity of images displayed.

4. An image intensity confrol circuit as in claim 3
wherein said variable potential means includes manually
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operable control means for coupling to a third source of
potential for providing manually selectable potential levels
to said resistor means, thereby establishing said desired
level of intensity.

5. In image intensity control circuit as in claim 1 and
further including manual intensity control means for
providing manually controlled levels of said bias voltages
for controlling the intensity of images on said cathode ray
tube in conjunction with said digital-data image-intensity
defining signals.

6. An image intensity control circuit as in claim 1 and
further including cathode control means for coupling to
the cathode of said cathode ray tube for controlling the
potential on said cathode, the potential on said cathode
and said bias voltages determining the intensity of images
on said cathode ray tube.

7. An image intensity control circuit as in claim 1
wherein said output means includes blanking means hav-
ing input means for alternatively receiving blanking and
unblanking signals, said blanking means including means
for passing said bias voltage to said grid in response to
said unblanking signal and for preventing said bias voltage
from passing to said grid in response to said blanking
signal.

8. An image intensity control circuit as in claim 7
wherein said blanking means includes signal delay means
for synchronizing the application of said bias voltages to
said grid with the operation of deflection circuits in the
cathode ray tube display device.

9. An image intensity control circuit as in claim 1
wherein said weighted resistor network means includes
n resistor means having resistive values for any ith of said
Tesistor means of 2!R, where R is a predetermined basic
resistive value, n and i are integers, and each of said re-
sistor means is associated with a predetermined one of
digital-data image-intensity defining signals.

10. An image intensity control circuit as in claim 1
wherein said automatically variable impedance means in-
cludes a high input-impedance amplifier means having an
output terminal and an input terminal coupled to said
weighted resistor network means for receiving said cur-
rent sums, reference means coupled to said high input-
impedance amplifier means, and automatically variable
feedback network means having a first input terminal for
coupling to a source of regulated potential, a second in-
put terminal coupled to said weighted resistor network
means for receiving said current sums, and output means
coupled to said output terminal, said automatically variable
feedback network means providing differing levels of
impedance in response to said current sums.
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