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(57} Abstract o7

o4 o5
FROM MEMORY

A coloured display for a computer is derived using a first set of digital words representing locations in a pixel matrix
for the paitern to be displayed and a second set of digital words representing foreground and background colours for the
pattern on the basis of a conventional character display whereby to reduce the amount of storage required for the colour
information while permitting high resolution graphics. Circuits are provided for converting digital R, G, B signals into an-
alogue Y, TJ, V signals and each of these circuiis comprises a control transistor in whose collector circuit is connected the
hase of an output transistor and in whose emitter eircuit are connected paralle! switches and resistances which switches are

conmrolled by signals derived from the digital R, G, B signals whereby to alter the base bias of the output transistor.

o &1 g2




WO 83/03916 PCT/GE83/60119

DISPLAY FOR A COMPUTER

The present invention relates to camputers and more
particularly to coloured displays for computers.

Coloured r'displays for computers are already well
known but most cﬁnventional displays reguire large ameunts

5 of memory for producing high resolution graphies in colour
as well as complex circuitry.

From one aspect, an object of the present invention
te reduge the amocunt of memory required in order to
provide high resolution graphics in colour.

10 Preferably, this is achieved by considering the
display as a matrix of dots in order to provide the
graphies and by grouping a multiplicity of dots together
for colour purpases. This enable =2 reduction in the
amount of information which is required to be stored and

15 hence a reduction in the amount of storage required.

The advantage of this proposal is that the graphics
is highly defined whereas the colour information is less
‘highly defined as is usually the case for most displays.
| From another aspect, an object of the present

20 dinvention is to provide less complex cirecuitry for deriving
the conventiognal U,V,Y signals which are used for PAL
television receivers.

Preferably, the circuitry is incorporated into the
periphefal cells of an uncommitted logic array (ULA).

25 Features and advantages of the preseant invention will
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bzeome apparent from the following description given by
way of example when taken in conjunction with the
accompanyving drawings, in which:-

Figure 1 shows a block circuit diagram of part of
the circuit for generating high resolution graphics in
colour;

Figure 2 shows a circuit for generating one of the
colour difference signals for the PAL system of television;

Figure 3 shows a circuit for generating the other
colour difference signal for the PAL system &f television;

Figure 4 shows a circuit for generating the luminance
signal for the PAL system of television; and

Figure 5 shows a detailed circuit diagram of the
arrangement shown in Figure 1 and for producing the
signalé used for the circuits shown in Figures 2, 3 aad 4.

Before described the invention, it is considered
helpful if a general discussion of the graphics is given
first. Conventionally a VDU read out for a computer
cosnsits of a "page! of characters on the screen of the
¥DU arranged in rows and columns. For the sake of the
present discussion it is assumed that there are 24 rows
with 32 character locations in each row of the display.

It is also assumed that the size of each character position
is such that 8 raster scan lines are required to fully
display one row of the display. With this arrangement,

it is apparent- that not all the active area of the tele-
vision screen is utilised by the display but this is not
considered to be a disadvantage due to the fact that the
display can be generated for either a 525 line televisicn
system or a 625 line television systemn.

The character locations of the display can be used
to display either alpha-numeric symbols or graphical
symbols but it will be appreciated that when displaying
graphical symbols, the display will be somewhat crude due

ta the small number of character locations. It has already
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been proposed to sub-divide the character locations for
graphics display using, what are termed "pixels! and it
is this latter concept which we are using. In cur case,
we envisage notionally dividing up the display area inte
a matrix of pixels of 192 rows each containing 256 pixels.
When displaying a matrix of pixels in black and white,
the amount of memory required is manageable but as soon
as one wishes to display in colour, the amount of memory
required increases considerably if each pixel is to have
it own individual colour.
We have now produced an arrangement whereby the
background colours are treaﬁed in the "o0ld" manner as if
the display were still displaying character positions
whereas the foreground colour is displayed as a pixel
plane display with a consequent considerable saving in
the amount of memory required. In other words each
character location requires 8 bytes of data to define
the dot pattern i.e. the pixel pattern in the character
lecation but only 1 byte of data, the attribute byte,
for the colour of the character location. Each attribute
byte comprises a number of bits representing the fore-
ground colour, a number of bits representing the background
colour and preferably a bit to indicate whether or not
to cause the character location to flash and also preferably
a further bit to allow twe different levels of illumination
to cause particular desired areas to be highlighted. The
number of bits reqﬁired for the colour information is
chosen having regard to the size of the byte and the
number of colours which it is wished to use. In the
present case, eight colours are used which means that 3
bits are required for backgroud colour and 3 bits fFor
foreground colour giving an 8 bit attribute byte. Thus,
a high resolution graphics display can be produced in
coelour using a memory device, preferably a random access

memory of the dynamic type. The size of the memory device
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is a function of the number of pixels and also the aumber
of attribute bytes. With our system of 192 x 25& pixels
and 768 character locations, the memory device has to be
capable of storing approximately 6k bytes of data for the
§ 192 x 256 pixel pattern plus approximately $k of data
for the attribute bytes for the Y68 character locations.
As mentioned above, each character location consists
of eight pixels horizontally by eight rows i.e. TV raster
scan lines verticzlly. In order to generate the raster
10 scan TV picture, the memory deviece has to be accessed
sequentially in a cycle that repeats every IV field. For
every eight pixels generated, the computer needs two
bytes of data from memory, a pixel pattern byte and an
attribute byte. These two bytes are loaded into
15 respective intermediate registers from which they then
are loaded into further registers. The gix least
significant bits of the attribute byte represent the fore-
ground and background colours. A data selector is
controlled by the pixel patterh bytes shifted out of their
20 register +to select foreground or background colour
for each pixel and fed to a colour generator, circuit for
generating a 3 bit (R.G.B) signal for each pixel.
The operation of the memory and registers will now
be described in more detail with reference to Figure 1.
25 Eight bit data words (bytes) are fed from memory {not
shown) to eight input pins D@ to D7. The eight bit
words are fed in parallel to the inputs of an intermediate
pixel pattern latch 10 and an attribute latch 11. The
latch 10 or the latech 11 is gated by the processor
30 depending on whether the data to be loaded into the latch
is pixel pattern data or colour (attribute) data. For
each raster scan line, the memory is addressed to sequent-
ially recover the 32 pixel pattern bLytes for the 256 pixels
for that line. With cach of these bytes, a further portion

35 of memory is addressed in order to recover the attribute
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byte for eight pixels associated therewith.

The data in the latch 10 is then transferred to a
further latch 15. The bits of data held in the latch 15
are shifted out serially. Each bit represents a pixel and
the logical level of each bit determines whether it is
a foreground or a background pixel. Each bit as it is
shifted out is used to gate a 3-channel 2 line to 1 line
selector 16 via a logic circuit 17 which will be described
in more detail later. The result is a 3-bit R,G, or B
signal.

Attribute data held in latch 11 is likewise trans-
ferred to a further latch 20. It will be recalled that
6 bits of the 8 bit data word represent foreground and
background colours. These six bits are fed to the data
selector 16, The remaining two bits are comntrol bits
one for indicating the level of brightness of the display
for that pixel, this being indicated by the output labelled
HL and the other for indicating whether or not flashing
of the pixel is required, this being-indicated by the
output labelled FL. Flashing, in this case, is achieved
by causing the pixel in question to alternately display
the foreground and background colour at a rate determined
by a clock signal T. Thus, the logic circuit 17 contains
an inverter 17a for inverting the signal on the output
F1 and feeding the inverted signal as an input an OR gate
17b to whose input clock signal T is applied. The output
of the date 17b is fed as one input to an EX-OR gate 17¢
whose other input is the datz bit indicating a foreground
pixel.

In operation if a data bit representing a foreground
pixel is shifted out of the latch 15 to one input to the
EZ-OR gate 17c¢, the data selector 16 is conditioned to
cause the 3 bits of attribute data indicative of a fore-
ground colour to be fed to the Blue, Red and Green

outputs of the selector. If flashing is required, a
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signal is cyclically applied teo the other input of the
EX-OR gate 17c to cause its output to alternate which
in turn causes the cutput from the data selector to
alternate the foreground and background colours.

It will be noted that z further latch 22 and data
selector 23 are present. These are used so that the
colour of the picture area around the pixel display area
on the television screen can be defined to have a
different colour to that of the background of the pixel
display area.

This process is repeated along a raster line with
32 pixel pattern bytes being successively fed to the latch
10 while the 32 aésociated attribute bytes are fed to
the latch 11, For the next line, a fresh set of 32 pixel
pattern bytes are transferred successively from memory
to the latch 10 but the associated attribute bytes are
the same as the previous line. This process is repeated
line by line until 8 lines have been displayed. Thereafter
a fresh set of attribute bytes are used for the next 3
lines.

Although the output of the data selector 16 is an
indication of the colour required, it is not in a form
which can be utilised by the colcour circuits of a
conventional television receiver and so further processing
of the R.G.B output from the data selector 16 is required.
A further aspect of the present invention lies in the
circuitry used to process the R,G,B signals into the more
conventional Y,U,V signals.

Attention is directed now to Figure 2 which shows
a circuit for deriving the U signal for a colour television
receiver. The digital R,G,B ocutputs from the data selector
16 are combined with sync, blank and burst signals to
provide correct phase digital signals in a digital to
analogue converter circuit which is shown in Figure 2.

It will be seen that the R,G,B sisznals are now Blue"
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Green"” and Red" and are used to gate a respective transis-—
tor switch 3%, 32, 33 to cause varying amounts of base
bias to be applied to an oubtput transistor 34. The

Burst signal is alse used to gate a tramsistor 36 which

also varies the amount of base bias on transistor 34.

This is achieved by all the Blue", Green”, Red” and

Burst circuits being connected between the emitter of

a control transistor 35 and ground thus varying the
curtent through the control transistor when it is switched
on as a Function of whether one or more of the switches

controlled by the Blue", Green", Red" and Burst is

operated.

Figure 3 shows a circuit similar to Figure 2 but
for the V signal. Egquivalent parts to Figure 2 are
increased by ten in Figure ] and furtlier description will
be cmitted except to say that in this case the R,G,B
signals are combined with the sync, blank and burst
signals to form Red*, Green®, Blue¥*, Burst¥® and Burst#

input signals to transistors 43, 42, 41, 46 and 48

respectivliey.
Figure 4 shows the luminance digital to analogue

converter circuit which in addition ot the Red , Green ,

'Blue, and Sync signals derived from the output of the

data selector 16 has a further input HL which is derived
from the highlight data bit in the attribute bytes.

As with the circuits in Figures 2 and 3, Red ,
Green’ and Blue’ signals are used to gate transistors
53, 52, 51 respectively which are in the emitter circuit
of a contrel transistor 55. The HL signal is used to gate
a transistor 56 which affects the base current to the
control transistor §55%. The sync signal gates a further
transistor 57 which is used to directly control the base
bias of the output transistcr 54.

Detailed description of the circuit shown in Figures

2, 3 and 4 is omitted since resistance values are given
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on the drawings and it is considered that in view of this,
the operation is apparent to one skilled in the art.
The circuits shown in Figures 2, 3 and 4 have been
designed for their simplicity and also so that they can
5 be incorporated as peripheral circuits of an uncommitted
logic array {(ULA) which can be used to provide the
reaminder of the colour and pixel matrix display circuit.
For completeness, Figure 5 which is made up of
Figures 5A, 5B, 5 and 5D shows a detailed circuit diagram
10 showing in detail the construction of the blocks shown
in Figure 1 as well as the circuits for producing the
correct phase R,G,B signals used in Figures 2, 3 and 4.
Where appropriate the blocks are shown in Figure 5 in
broken lines and given the same reference numeral as
15 in Figure 1. The circuits shown in Figures 2, 3 and 4
are contained in the block 60 in Figure S5SD.
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CLAIMS:
1. Apparatus for producing a coloured display from a

computer, comprising memory means having a first partion
of a capacity capable of storing a multiplicity of

digital words each constituted by a plurality of binary
digits and representing a pattern to be displayed,and a
second portion of a capacity smaller than the capacity

of the first section for storing a multiplicity of further
digital words each constituted by a further plurality

of binary digits and representing the colour of .the
pattern to be displayed, each of said further digital
words being associated with a plurality of the first-
mentioped digital words, latch means for receiving one

of said first-mentioned digital words and its associated
further digital words, and digital colour signal generating
means responsive to said first-menticned and further
digital words for producing digital colour signals for

a portion of a line of a video raster scan.

2. Apparatus according to claim 1, wherein the latch
means includes a first latching arrangement for receiving
a first-mentioned digital word and for outputting the

binary digits in a serial manner.

3. Apparatus according to claim 2, wherein each of the
further digital words includes data representing both fore-
ground and background colour informatien, and the colour
signal generating means includes a 2 channel into 1 data
selector responsive to the logical level of each of the
binary digits output from the first latching arrangement
whereby the colour information-representing the foreground

or the background infermation is generated.
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4. -Apparatus according to claim 1, 2 or 3, and comprising
digital to analogue conversion circuitry for producing
analogue colour signals from the digital signals output

from the &igital colour signal generating means.

5. Apparatus according to c¢laim 4, wherein conversion
circuitry comprises three digital to analogue conversion
circuits, one for generating an analogue signal representing
a U signal, one for generating an analogue signal
representing a ¥ signal and one for generating an. analogue

signal representing a Y signal.

&. Apparatus according to claim 5, wherein each of

the digital to analogue conversion circuits comprises

an ouwtput transistor whose base bias is controllable by

a contrel transistor in whose emitter circuit are
connected further switching devices responsive to the
signals derived from the digifal colour signal generating

Y A digital to analogue converter circuit for producing
an analogue signal representing colour information for z
¢oloured video display, comprising a plurality of switching
devices connected in parallel with each other in the
emitter circuit of a control transistor whose c¢ollector

is connected to the base of an output transistor and each
responsive to a different one of a plurality of digital
signals.

8. A digital to anaiﬂgue converter circuif according

to ciaim 7, wherein the analogue signal represents a

first colour difference signal and comprising a further
switching device connected in parallel with said plurality
of switching devices and responsive to a further digital

signal.
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0. A digital to analogue converter circuit according
to claim 8, and including a still further switching device
connected in parallel with said plurality and further
switching devices and responsive to the inverse of the
signal applied to the further switching device.

10. A digital to analogue converter circuit according
to claim 7 wherein the analogue signal represents a
chrominance signal and a synchronising switching device
is connected to the base of the oﬁtput transistor

and the collector of the control transistor and

responsive to a synchronising digital signal.
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{57} Absrract
FROM MEMORY

A coloured display for a computer is derjved using a first set of digital words representing locations in a pixel matrix
for the pattern to be displayed and & second set of digital words representing foreground and background colours for the
pattern on the basis of a conventional character display whereby to reduce the amount of storags required for the colour
information while permitting high resolution graphics. Circuits are provided for converting digital R, G, B signals into an-
alogue Y, 1J, V signals and each of these circuits comprises a control transistor in whose collector circuit is connected the
hase of an output trznsister and in whose amitter circuit are connected parallel switches and resistances which switches are
controlled by signals derived from the digital R, &G, B signals whereby to zlter the base bias of the output transistor.
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