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DIGITAL DISPLAY SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

DESCRIPTION

1. Field of the Invention

This invention relates to digital display systems, and
in particular to such display systems employing a raster
scanned cathode ray tube. More particularly, the pres-
ent invention relates to such a display system which
performs automatic mode switching.

2. Description of the Prior Art

The primary use of raster scanned cathode ray tubes
has been in the television field. However, over the last
decade. such raster scanning has found increasing uses
in the computer display field. At the present time, an
overwhelming majority of computer systems use such
displays for communicating instructions and results to
the operator.

In both television and computer display. many modes
of operation have been used and proposed. In television,
for example. modes of operation with raster line struc-
tures of 405, 525, 625 and 805 lines have been used. In
both Britain and France. different television transmit-
ters still generate signals using different line structures.
405 and 625 in Britain, and 805 and 625 in France. In
both of these countries. at least up to a few years ago.
receivers were provided with manual swiiching ar-
rangements 10 aller the horizontal time base frequency
when switching between high and low line definition
channels. Some attempts were made to provide auto-
matic switching of the time base frequency based on the
incoming signals. as 1s illustrated in British patent No.
1.188.294. In that patent. the horizontal synchronizing
signals are applied to a circuit which 1s tuned to the
frequency of these signals for one line defininon stan-
dard (e.g. 405 hines). The circuit therefore, provides
different outputs in accordance with the different hne
structures required by the input signals, and these out-
puts are used to drive relays to switch the horizontal
time base to corresponding frequencies.

A similar, but more complex arrangement i1s em-
ploved in the computer video display device described
in published European patent application No. 4798. In
that arrangement, the video display device 1s adapted to
operate on different line standards in accordance with
received video data. A phase locked loop tone genera-
tor which receives the composite video signal i1s tuned
10 the line frequency of one of the hne standards. Ac-
cordingly, it provides different outputs in accordance
with the line standard indicated by the video signal.
These outputs are used to switch the honzontal time
base frequency.

The present invention is based on the realization that
in a digital display system in which signals for the dis-
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play are developed in a computer system, the polarity of 60

the synch signals can be selected at will. Consequently,
switching of the display monitor can be achieved by
reference to the polarity of at least one of the synch
signals. Note that in embodiments of the invention de-
scribed hereinafter, the synch signals are defined as
being of one polarity when each synch pulse comprises
a rise from a given reference level to a higher level, and
of the opposite polarity when each synch pulse com-
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prises a drop from said highest level to the reference
level. Thus, if the digital signals generated by the com-
puter are for a first data format. at least one of the synch
signal trains. for example the vertical synch signals, 15 of
one polarity. and if the computer signals are for a differ-
ent format these synch signals are of the opposite polar-
ity. The circuits which detect the polarity to provide
the switching functions in the monitor, as they do not
use tuned circuits, are simpler and more reliable than
those of the prior art arrangements. In addition. the
formats to be switched may be either the scanning fre-
guencies and/or the video signal format.

DISCLOSURE OF THE INVENTION

The present invention relates to a digital display sys-
tem including digital data processing means operable 1o
develop a data set for display, and a monttor device,
including a raster scanned cathode ray tube and video
drive means responsive to said data set to generate a
display on the cathode ray tube, in which the data pro-
cessing means is further operable to generate a series of
synchronizing signals of polarity related to the format
of said data set and the monitor device includes circuit
means responsive 1o the polarity of said synchronizing
signals to switch the raster scanning means of the moni-
tor to correctly display a received data set.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a display system includ-
ing a display adapter coupled to a computer and a dis-
play monitor.

FIG. 2 is a diagram of the display monitor embodying
the invention.

FIG. 3 is a waveform diagram showing synchroniz-
ing signals applied to the monitor of F1G. 2 from the
display adapter shown in F1G. 1.

F1G. 4 shows a modification of the monitor control

circuit 1n FI1G. 2.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 is a block diagram of a known digital data
display arrangement comprising a microcomputer 101
coupled to a display monitor 102. The microcomputer 1s
shown in highly simplified form and comprises a central
processing unit 103 coupled to a display adapter which
comprises the components to the right of broken line
104. The display adapter comprises a programmable
CRT controller 108, a graphics processor 109, a buffer
store 110, and a video processor 112. The CRT control-
ler 108 is responsive to tuning and control signalis from
CPU 103 on a bus 105 to generate synch signals on a bus
113, address signals for buffer 110 on a bus 111 and
control signals for video processor 112 on a bus 113.
CPU 103 also provides address signals for the buffer 110
over a bus 106. Output digital signals from video pro-
cessor 112 are applied over a bus 114 to video circuits
116 in the display monitor which, in response to these
signals, generate the color drive signals for a CRT 119.
The synch signals from the CRT controller 108 on bus
113 are used to drive time base generators 117 which
provides signals for the deflection coils of CRT 1191n a
known manner.

In operation, graphics processor 109 processes graph-
ics data from CPU 103 and places the processed signals

into buffer store 110. These processed signals may be

stored in buffer 110 in an all points addressable mode, in
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which each picture element to be displayed 1s repre-
sented. in the buffer. by digital data representing the
color and intensity of that element. Alternatively. the
buffer store may receive character data (either alphanu-
meric or graphic) which is subsequently decoded to
provide the picture element data. Data is stored in the
buffer at addresses defined by the CPU over bus 106.
This data is subsequently read from the buffer by ad-
dress signals from the CRT controller. passed to the
video processor for any required conversion. and then
applied over bus 114 to the monitor 102. Thus the data
in buffer 110 is updated under the control of the CPU
and transmitted to the monitor under the control of the
CRT controller 108, which also provides the synch
signals. CRT controller 108, as it i1s programmable, can
control the display adapter to operate in different
modes. such as the above mentioned all points address-
able and character generator modes. In addition, it 1s
programmed 1o determine the format of the synch
pulses applied to the monitor.

F1G. 2 shows, in simplified form. the major compo-
nents of a digital video display monitor embodying the
invention. The monitor includes a buffer 1 coupled to
receive digital color signals on hines 2 through 7. hori-
zontal synchronizing signals on a line 8 and earth poten-
1ial on a hne 10 which is also coupled to screen the hines
2 through 9 in a coupling cable. Color signal outputs
from buffer 1 are applied. over lines 11 through 16. to
logic means 19. Logic means 19 is shown as a read-only
memory. but it may be any other type of logic device.
for example a programmable logic array. which 1s
adapted to perform the logic which will be described
later.

In response ta the input color signals. which. as well
be seen later. will either be on hines 11 through 14 or on
lines 11 through 16, logic means 19 generates dignal
color drive signals on lines 20 through 25. These signals
are applied as inputs to video drive amplifiers 26
through 28 which respectively provide analog outputs

to drive the red. green and blue guns of a color cathode 40

rav tube (not shown) over lines 29, 30 and 31. Each of
these amplifiers has an intensified color input (R, G and
B} and a non-intensified color input (r. g. b) and can,
therefore. generate any of four intensities depending on

.
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the values of the pair of digita! inputs. Thus, the amphfi- 45

ers together are capable of selecting 64 different color
drives.

Referring back to register 1. output line 17 carries the
horizontal synch signals. These are coupled to a hort-
zonltal time base generator 32 which provides horizontal
deflection currents for the horizonial deflection coils of
the CRT over lines 50 and 51. Vertical synch signals
from register 1 are applied over line 18, through an
exclusive NOR (XNOR) gate 41 and line 47, to a verti-
cal time base generator 33 to drive the vertical deflec-
tion coils of the CRT over lines 52 and §3. As will be
seen later, the purpose of XNOR 41 is to ensure that the
polarity of the synch signals applied to time base gener-
ator 33 is constant irrespective of the polarity of these
signals on line 18.

The vertical synch signals on line 18 are also applied
to a control circuit which develops control signals for
logic means 19, the time base generators 32 and 33. and
XNOR 41 in accordance with the polarity of these
synch signals. Line 18 is coupled. through an inverter 34
and integrator circuit comprising resistor 35 and capaci-
tor 36. to the negative input of a differential amplifier
39. The positive input of differential amplifier receives

30

55

65

4

the signals from line 18 uninverted but integrated by an
integrator comprising resistor 38 and capacitor 37. The
output of amplifier 39 provides control signals to logic
means 19 and XNOR 41 over a line 40. These signals on
line 40 are also applied. through a potentiometer net-
work comprising resistor 42 and 43. to the base of NDN
transistor 44. The collector of transistor 44 1s coupled to
a positive potential through resistor 45 and directly.
over line 46, to a control input of the time base genera-
tor 32.

One example of the operation of the F1G. 2 system
will now be detailed to assist in the understanding of the
invention. The monitor system shown in FIG. 2 1s, of
course, adapted to present displays on the CRT in re-
sponse to the digital signals received over lines 3
through 9. These signals are generated by a display
adapter within a computer system as shown in FI1G. 1
which assembles the digital data and provides sequences
of this data for display. The primary object of the inven-
tion is to effect automatic switching within the monitor
for different data formats. In the present example, two
switched modes corresponding to two specific data
formats will be described. though it will become clear
later that switching between up to four modes could be
achieved by modification of the FIG. 2 system. In the
nresent example. in the first of the switched modes,
MODE 1, the monitor is adapted to display 640200
pels. each with any of 16 colors. In the second mode.
MODE 2. the monitor is adapted to display 640350
pels. each with any of 64 colors. In MODE 1, the moni-
tor responds to positive horizontal and vertical synch
pulses and to color signals on only four of the input
lines. for example lines 2 through §, in FIG. 2. In
MODE 2. the monitor responds to positive horizontal
and negative vertical synch pulses from the adapter and
to color signals on all of the input lines 2 through 7 in
FIG. 2. Thus it should be noted that the polarity of the
svnch pulses, generated by the display adapter of the
computer, must correspond to the data format. If the
adapter can provide a signal format suitable for MODE
1 only, then it is designed to provide positive synch
pulses. If the adapter provides the MODE 2 signal for-
mat, then it generates positive horizontal and negative
vertical synch pulses. With the automatic switching
between modes, the monitor system of FIG. 2 can,
therefore be coupled to either of these adapter types and
operate without manual adjustment. Alternatively an
adapter card may be able to swiich between the dala
formats. An example of such an adapter would be one
which can be switched between a low definition charac-
ter generator operation, corresponding to MODE 1 1n
the monitor, and a high definition all points addressable
operation corresponding to MODE 2 in the monitor.
Alternatively, the adapter card could use character
generation and all points addressable operations in both
modes, with low definition in the first mode and high
definition in the second mode. With such a switchable
adapter, it is clear that reversal of the polarity of the
vertical synch pulses can be easily achieved during
switching. In order to display the 640> 200 pels in
MODE 1. the vertical time base frequency is set to 60
Hz, the horizontal to 15.7 kHz. In this mode the hor-
zonta) time base width control is set to overscan the
CRT and to adjust for the difference in the aspect ratio
of the display data between the two modes. In MODE
2, the vertical time base frequency remains at 60 Hz, the
horizontal time base frequency is set to 22 kHz and the
width is set for normal scan.
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Referring back 10 FIG. 2, the input signals on hines 2
through 9 are passed through buffer 1 to the logic
means 19, the horizontal time base 32, and. over line 18,
the vertical svnch signals are applied to XNOR gate 41
and to inverter 34. In MODE 1, the synch signals are
positive, as shown at waveform A of FIG. 3. Inverter
34 provides an output signa! the inverse of waveform A,
that is. a signal with a normally high level which drops
during each synch pulse. This output signal is applied to
the integrator, comprising resistor 35 and capacitor 36,
which has a time constant considerably longer than the
period of each synch pulse. Thus, a substanually con-
stant high level signal is applied from the integrator to
the negative input of differential amplifier 39. At the

"N
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same time, the uninverted signal of waveform A of 13

FIG. 3 is applied 1o the integrator comprising resistor
38 and capacitor 37, which is similar to integrator 33,
36. Thus, a substantially constant low level signal 1s

applied from integrator 38, 37 1o the positive input of "

differential amplifier 39. In response to these inputs,
differential amplifier 39 provides a substantially con-
stant low level output. This low level output is apphed
over line 40 1o XNOR gate 41 which, therefore inverts
the positive synch pulses applied to its other input 1o
provide negative synch pulses to vertical time base
generator 33. The low output on line 40 1s coupled to
logic means 19, for the purpose to be described below,
and. through network 42. 43, to transistor 4. This tran-
sistor is therefore set to a low current level. so a positive
potential through resistor 45 is applied to line 46. This
line is coupled within time base generator 32 (o elec-
tronic switches which are set by the positive potential
on the line. When set. these switches couple frequency
determining and width determining components 1nto
the time base to set 1t to 15 kHz and overscan as re-
quired for MODE 1.

In MODE 2. the vertical synch pulses on line 18 are
negative. as shown at waveform B of FIG. 3. Thus.
inverter 34 applies a normally low level output. which
rises for each svnch pulse, to integrator 35, 36. This
integrator therefore delivers a substantially consiant
low level signal to the negative input of integrator 39.
The uninverted waveform B is applied to integrator 38,
37 1o provide a substantially constant high level signal
to the positive input of differential amplifier 39. The
output of this amplifier, in response to these input signal
levels. 15 a substantially constant high level. This 1s
applied. over line 40, to XNOR gate 41 so that the
negative going synch pulses applied to the other input
of this gate pass through the gate uninverted. The verti-
cal time base generator, therefore, still receives negative
going synch pulses over line 47. Now, however, the
signal level on line 40 applied to logic means 19 1s high,
the effect of which will be described later. This high
level is also applied through network 42, 43 to cause
transistor 44 to conduct heavily, bringing the potential
on line 46 near to zero. This resets the electronic
switches in the horizontal time base generator 32 to cut
out the above mentioned frequency and width deter-
mining components for MODE 1 and bring in further
such components to set this time base to 22 kHz and
normal scan width. Thus, the system, as so far de-
scribed, automatically switches the CRT deflection
system to allow for the different modes in accordance
with the polarity of the vertical synch signals while
providing common polarity synch signals for the verti-
cal time base generator in both modes.
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As has been mentioned abbwve, line 40 from differen-
tial amplifier 39 is also applied as an input 1o logic means
19. It will be recalled that this line is set to a low level
in MODE 1 and a high level in MODE 2. In MODE 1
the color signals from the adapter arrive over lines 2
through S. These signals may represent intensity. red.
green and blue (1.R.G.B.) digital signals on the respec-
tive lines 1o provide 16 colors on the C.R.T. In MODE
2 six lines, 2 through 7 carry respectively high intensity
red, red, high intensity green, green, high intensity blue.
and blue (RrGgBb) digital signals to provide 64 colors.
In MODE 1 the extraneous lines. that is lines 6 and 7
may either be earthed at the adapter or provide ‘don't
care’ inputs to logic means 19.

In MODE 2. logic means 19 responds to the high
level on line 40 by gating the signals from register 1
over lines 11 through 16 directly to the corresponding
RrGgBb inputs 1o amplifiers 26 through 28 over lines 20
through 28§.

In MODE 1. the low level on line 40 is apphed to
logic means 19. This causes logic means 19 to decode
the IRGB signals on lines 11 through 14 from register 1
as follows:

I R G B Rr Gg Bh  Color
0 ¢ 0 0 00 00 00  Black
0 ¢ 0 i 00 00 10  Blue
0 0 ] 0O 00 10 00  Green
0 0 ] } 00 10 10  Cwvan
0 I ¢ 0 10 00 D0  Red
0 i 0 1 10 00 10 Magenta
4 | ] ¢ 10 Ol 00 Brown
0 ] | ] 10 {0, 10 White
] 0 0 & 01 01 0] Gray
| 0 0 ] O] 0l 1] Light blue
0 ] 0 0 1] Ol Light green
O | 1 O] 11 bl Light cvan
] 0 0 i 0] 0l Light red
] 0 I i 01 11 Light
magentd
I ] ) O 8 11 0l Light vellow
I ) i 1 b 11 b High Inten-
sitv & Whie

Thus, in MODE 1. logic means 19 decodes the four
parallel input signals to apply a selection of 16 of the
nossible 64 drive combinations to amplifiers 26 through
28. In MODE 2. logic means effects a straight gating
operation to pass the six parallel input signals directly to
amplifiers 26 through 28. As in the case of the ime base
control the chosen operation is selected in accordance
with the polarity of the vertical synch signals received
from the adapter. As indicated in F1G. 2, logic means 19
comprises a read-only memory, but it may be in the
form of a programmable logic array device. Suitably
programming either of these devices to perform the
logical operations defined above would present no diffi-
culty to one skilled in the art. Alternatively, logic means
19 could be implemented by tristate gates or multiplex-
ers and simple switching logic.

The components 34 through 47 in the control circuit
of FIG. 2 may be replaced by other circuitry perform-
ing the same function. One other form of this control
circuit is shown in FIG. 4. There, the vertical synch
pulses are applied to a single integrator comprising
resistor 60 and capacitor 61. This integrator is similar to
those in FIG. 2, and has a long time constant compared
with the period of the synch pulses. The integrator
output is applied to one input of an AND gate 62, the
other input of which is coupled to a constant positive
level. Thus, when the vertical synch pulses are high, as
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shown at A in FIG. 3, the integrator output is low, s0
the output of AND gate 62 is low. With the low synch
pulses shown at B in F1G. 2, the output of the integrator
is high. so the output of AND gate 62 is high. Accord-
mgly. as with the FIG. 2 system. the FIG. 4 system
provides a substantially constant low output on control
line 40. a high output on line 46 and negative verucal
synch pulses on line 47 in response to thé positive synch
pulses of waveform A of FIG. 3 appearing on line 18. In
response 1o the negative vertical synch pulses. line 40
goes high. line 46 goes low, and the synch pulses on line
47 still remain negative. Alternatively, AND gate 62
could be replaced by a single input threshold switching
buffer device to provide the same outputs on line 40.

It is clear that, with the systems shown in F1GS. 2
and 4. if the vertica) time base generator requires posi-
tive synch pulses this can easily be achieved by replac-
ing XNOR 41 by an exclusive OR gate.

Whilst in the systems shown in FIGS. 2 and 4, switch-
ing between only two modes has been shown, 1t will be
evident to one skilled in the art that switching between
up to four modes can be achieved by looking at combr-
nations of the polarity of both the horizontal and veru-
cal synch signals. Thus. by expanding the control cir-
cuitry to be responsive to the polarity of both synch
signals. up to four horizonmal time base frequencies
could be selected. In addition, by also controlling the
vertical time base frequency. the four modes could
encompass vanious display formats with widely varying
displays. Furthermore. by the use of two control lines to
the color logic means, line structures of up to four dif-
fering color signal formats could be used.

While the invention has been described by reference
to specific embodiments. 1t will be clear 10 persons
skilled 1n the art that various other modificanons n
form and detail may be made without departing from
the spirit and scope of the following claims.

We claim:

1. A digital display system including a computer dis-
play adapter for generating color signals. in paraliel
form and horizomtal and vertical synchronizing pulses.
and a display momtor for generating a raster scan dis-
play on a cathode ray tube in response to said signals
and pulses, said monitor including control circuit means
responsive to positive-going and negative-going verti-
cal svnchronizing pulses for providing first and second
control signals respectively, and a horizonial time base
generator coupled to receive said control signals for
operation at first and second frequencies in response
respectively 1o said first and second control signals
whereby the line structure of the raster scan display
varies in accordance with the polarity of vertical syn-
chronizing pulses generated by said adapter.

2. A digital display system according to claim 1, in-
cluding a plurality of lines for coupling said color sig-
nals from the adapter to the display monitor, said
adapter generating said color signals selectively as first
groups on all, or as second groups on some, but less than
all, of said lines, with the polarity of generated vertical
synchronizing pulses varying in correspondence with
the groups. in which said monitor includes logic means
receiving said plurality of lines, having a like plurality
of output lines and having a further input line for receiv-
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unchanged and to encode the second groups into signals
on all the output lines.

3. A digital display system according to clatm 2 in
which said logic means comprises a read only memory.

4. A digital display system including a display moni-
tor coupled 10 receive parallel digital color signals and
horizontal and vertical synchronizing pulse trains from
a computer display adapter to develop a raster scan
display on a cathode ray tube, comprising control cir-
cuit means in the monitor, responsive differentially to
posilive-going and negative-going vertical synchroniz-
ing pulse trains to generate respective control signals
for switching the frequency of horizontal time base
generator means and thereby altering the line structure
of the display.

5. A digital display system according to claim 4, com-
prising a plurality of signal lines for carrying said paral-
lel digital signals and logic means having inputs coupled
to said lines, a further input for receiving control signals
from said control circuit means and output lines corre-
sponding to said signal lines and switchable 1n response
to sets of parallel digital signals on all the signal hnes
accompanied by first control signals to direct the sets of
paralle]l signals to the output lines unchanged and n
response to sets of parallel digital signals to some. but
less than all, the signal lines and accompanied by second
control signals to encode the sets of parallel signals for
generating corresponding sets of output signals on all
the output hnes.

6. A digital display system according to claim 4, com-
prising means for coupling control signals from said
control circuit means to width control means in said
horizontal time base generator to switch the width of
said raster scan display in response to said control sig-
nals.

7. A digital display system according to claim 4, com-
nrising further logic means receiving said vertical syn-
chronizing pulses and said control signals to develop
vertical synchronization pulses of fixed polarity for
input to vertical time base generating means.

8. A digital display system according to claim 7, in
which said further logic means consists of an exclusive
NOR circunt.

9. A digital display system comprising.

a digital data processor operable to develop data sets of
more than one video display format for display. said
digital data processor further operable to generate
horizontal and vertical synchronizing signals, at least
one of said horizontal and vertical synchronizing sig-
nals having positive-going pulses and negative-going
pulses wherein the positive-going pulses correspond to
a first video display formar and the negative-going
pulses correspond to a second video display format.
and;

a monitor, said monitor including a raster scanned cath-
ode ray tube, said monitor further including a circurr
responsive 1o the positive-going and the negative-going
pulses to display a video display format corresponding
to the positive-going pulses and the negative-going
pulses.

10. The digital display system of claim 9 wherein both

horizontal and vertical synchronizing signals have positive-

going and negative going pulses and up to four different

ing outputs from said control circuit means indicative of 65 video display formats may be displayed.

the polarity of received vertical synchronizing pulses,
said logic means being responsive to said outputs to pass
said first groups of color signals to said output hines

11. The digital display system of claim 9 wherein the

first video display format has a different scanning fre-

guency from the second video display format.
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12, The digital display system of claim 11 wherein said

scanning frequency is the horizontal scanning frequency.

13. The digital display system of claim 11 wherein said
scanning frequency is the vertical scanning frequency.

14. The digital display system of claim 9 wherein a firs
video display format is a character generalor format and a
second video display format is an all-points-addressable
format.

15. The digital display system of claim 9 wherein each
video display formai has a different video signal formal.

16. The digital display system of claim 15 wherein a first
video signal format comprises a color signal of a first for-
ma: and a second video signal format comprises a color
signal of a second format.

10

17. A monitor for a display system in which a plurality of 15

video display formats may be displayed and wherein each

20

| O
M

A0

35

4()

50

55

65

10

video display format has vertical and horizontal synchro-
nizing signals. and wherein at least one of the horizonial
and vertical synchronizing signals has positive-going and
negative-going pulses the positive-going pulses correspond-
ing 1o a video display of a first format and the negative-
going pulses corresponding to a display formai of a second
video format which comprises:

a raster scanned cathode ray tube and a circuil respon-
sive 10 the positive-going and negative-going puliscs 10
display formats on said cathode ray tube, said monitor
Jurther including a circuit responsive to synchronizing
signal positive-going and negative-going pulses 1o
switch said video display format to the format corre-
sponding to the positive-going and negative-going

pulses.
- ¥ » * *
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