
BC9-87-006 [err] RASTER SCAN DISPLAY SYSTEM WITH RANDOM ACCESS MEMORY
CHARACTER GENERATOR Description The present invention relates to raster
scan display systems and in particular to such systems when driven from
digital character generators. Character generation digital display systems
are well known. They are normally used to generate alphanumeric characters
on raster scan display screens, but have also been used to generate
graphics displays by providing so-called graphics characters, which define
character-sized line portions at different angles and positions within
character boxes. Many character generator display systems use a read-only
memory [err] develop the font data for display from input character data.
This font data represents the bright-up video signals which define the
displayed characters. Thus, in a character which extends over eight scan
lines, the font data comprises eight sets of digital data, each set
representing the configuration of the character over an associated one of
the eight scan lines. For each character in the display, the read-only
memory is addressed by the character code (e.g. in ASCII form) and a row
scan value to access each byte of data (assuming eight bits per scan line).
This is repeated, for each line of characters, eight lines, with a
different row scan value for each line in the row. Such an arrangement is
used in the IBM Monochrome Display and Printer Adapter, details of which
can be found in the IBM Technical Reference Manual, Personal Computer, Ref
No. 6936895. In a later display adapter for the IBM Personal Computer, the
Enhanced Graphics Adapter, alphanumeric display data is stored in a plane
of read/write memory. In this adapter, font planes of such memory are
provided. In graphics modes, these planes contain respectively, red, green,
blue and intensity bits for the display picture elements.    BC9-87-006
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In alphanumeric modes, character data (e.g. ASCII code) is stored in one
memory plane, font data in a second of the planes, and attribute data in a
third plane. The data from the first of these planes is used to address the
second plane to obtain the font data for display. As with the read-only
memory scheme, the addresses all include row data from the adapter control
system to select the font data for successive scan lines in a character
line. In the IBM Technical Disclosure Bulletin, Vol. 27, No. 1B, June 1984,
at pages 868 through 870 there is described another form of alphanumeric
display logic. In that system, alphanumeric characters for display are
stored in a dynamic random access memory which is coupled to a 256 byte
shift register. Data relating to a complete row of characters to be
displayed is transferred into the shift register which is clocked to
provide successive outputs to address a character generator. The reason for
the use of this shift register is that video memories have to be dual
ported, that is, they are accessed both by a CPU for data updating and a
control system, for example a CRT controller or similar device, to obtain
the data for refreshing the display. In the article, the cycle time of the
video memory was not sufficiently short to allow normal time multiplexing
of the dual ports, and this was resolved by the use of the shift register
arrangement which meant that, as the display refresh data was transferred
to the shift register, this multiplexing was not required. According to the
invention, there is provided a raster scan display system including a
random access memory character generator and a dual port random access
memory video buffer including memory partitions, output shift register
means, and means for transferring data groups from the partitions to the
shift register means, characterised in that said memory partitions include
a first partition for storing, in consecutive locations, first data pairs,
each comprising character data and display font data, and in that, said
system includes  control logic means including means for controlling said
means for transferring to transfer a plurality of said first data pairs to
the shift register means, means    



BC9-87-006                         3 for clocking the shift register means
to output said first pairs of data, and means for directing the character
data of a first pair to address the character generator for writing the
font data of the first pair into the addressed location. An embodiment of
the invention will now be described, by way of example, with reference to
the accompanying drawings, in which: Figure 1 is a block diagram of a prior
art alphanumeric display adapter; Figure 2 is a block diagram of a display
adapter coupled to a CPU and a raster display device embodying the present
invention; Figure 3 shows the layout of the video buffer memory shown in
Figure 2; Figure 4 is a timing diagram showing the timings of character
generator read operations, used during display refresh; Figure 5 is a
timing diagram showing character generator write operations, used during
character generator updating; and Figure 6 shows a maximum new scan counter
system. Figure 1 is a block diagram of a prior art character generator
display adapter. It comprises a character generator memory 10 for storing
font data. This memory is addressed by signals from a first multiplexer 11
and a second multiplexer 12, which provide, respectively address bits A0
through A3 and A4 through All to memory 10. Multiplexer 11 receives four
bits from row scan counter 16 at its A input and four bits of an address
from a CPU at its B input. Multiplexer 12 receives eight bits from a
character latch 13 at it's A input and eight CPU data bits at its B input.
Multiplexer 11 and 12 provide the A0-A3 and A4 to All address bits of a
character generator memory 10 respectively. This    BC9-87-006
4 memory is of the dynamic random access (DRAM) type. Data passes between
memory 10 and the CPU through a bidirectional transciever 15, and also from
the memory to a video processor 19. A video store 18 is coupled to the CPU
address and data busses to receive data from the CPU at 



addresses defined thereby to provide a layout of characters to be displayed
in positions in the video store corresponding to their screen positions.
Each character byte (in ASSCII code) is accompanied by an attribute byte.
Control logic 17, which may be, for example, a CRT controller of the type
MC6845 produced by Motorola Corp. This control logic (which now, physically
incorporate row scan counter 16) controls the operation of multiplexers 11
and 12, transciever 15, memories 18 and 10, latches 13 and 14 and video
processor 19.  It receives memory write (MEMW), memory read (MEMR) and
display picture element clock (PIXEL CLOCK) signals from the CPU to effect
this control. To simplify this, and the subsequent, section of the
description, we will assume that display characters are defined on the
display screen as 8 x 8 character boxes, or in other words, each character
is defined by eight picture elements on each of eight scan lines of the
display. Initially character data is loaded into the character generator
memory. This data is generated from the CPU either from its read-only
memory or from character sets combined on a diskette file. This data is
entered byte-by-byte through trnsciever 15 with, for the 8 x 8 character
box, the lowest three address bits defining the respective scanning line
data, and the higher address bits to individual characters. For this
operation, control logic 17 issues a write enable (WE) signal for memory
10, and provides control signals to multiplexers 11 and 12 so that they
pass their B inputs through to the memory 10 address inputs. With character
data in memory 10, the system can now refresh the raster display. Video
memory 18 is loaded with character and attribute data from the CPU. This
data is positioned within the memory such that on reception of successive
addresses, character and attribute data relating to successive characters
in a character line to be displayed are read out. As is well known, these
successive addresses are    BC9-87-006                          5 generated
by control logic 17. The character data is fed to a character latch 13, and
immediately thereafter the associated attribute data is fed to an attribute
latch 14. At this time the character date from 



latch 13 addresses store 10 through multiplexer 12 in conjunction with the
row scan counter output through multiplexer 11. Accordingly, the resultant
character font data from store 10 and the attribute data from latch 14 are
applied to a video processing circuit 19 from which the video signals are
derived. Figure 2 is a diagram of a raster scan display system embodying
the invention. It will be seen immediately that this employs considerably
fewer components than the Figure 1 system. In the Figure 2 system, the row
scan counter, control logic, attribute and character latches, character
generator memory and video processing circuit are the same as those
employed in the Figure 1 system. As can be seen from the drawing, the
multiplexers and tranceivers are not used. Instead of the video memory of
Figure 1, a different type of memory is used in the Figure 2 system this,
to distinguish the two, is termed a video buffer herein. In addition, the
attribute latch 14 and character latch 13 are no connected serially rather
than in parallel as in the Figure 1 system. Video buffer 20 is a dual font
dynamic random access memory system. An example of such a memory is the
micro PD 41264 marketed by NEC Electronics Inc. This memory is a 64K x 4
bit dynamic RAM with a 256 x 4 bit serial shift register output. Thus, one
port is a random access port, the other, the serial read port. By using a
pair of these memories, we provide a 64KB dynamic RAM with a 256 byte
serial output system.  This memory is well known but in general terms it
comprises a normal dynamic RAM with address means and data input/output
means together with means for reading data from the RAM to the 256 position
shift register. In order to achieve the data transfer to the shift
register, the address means first useseight row address bits to select a
row in the dynamic RAM, and then eight column address bits are used to
select one of 256 serial decoders which corresponds to the start location
of the data to be read to the shift register. This data is    BC9-87-006
6 then read to the shift register in one cycle.  Thereafter, it is read
four-bit by four-bit (or in the present case with two memories, byte by
byte) from 



the shift register under control of a shift clock signal.  From this, it is
clear that such a memory system has great utility in a raster display
system. For each line of the raster, the data can be first applied to the
shift register, and then transferred to the video circuits while the
dynamic RAM section is being updated.  For this to happen, all that has to
be achieved is to effect the transfer to the shift register during retrace
times of the display raster. Note that most display systems display not
more than eighty characters per row, so that, with each character data on a
line comprising a character data byte (to address the character generator
memory) and an attribute data byte (defining the colour or other attribute
of the character), only 160 bytes are required from the shift register.
This, however, creates no problem providing the addressing for transfer to
the shift register is arranged correctly. As is normal, the CPU addresses
video buffer 20 for data updating, and control logic 17 addresses the
buffer for raster display refresh functions. The only significant
difference here between the present and prior systems is that the control
logic is arranged, for example by programming, to select only the first
video buffer address for the data for each row rather than all the
addresses corresponding to the respective characters in that row. Turning
now to Figure 3, this shows the partitioning of data in video buffer 20
(Figure 2). It will be recalled that the dynamic RAM section of the video
buffer comprises 64KB. These are partitioned, as shown in Figure 3, into a
CRT screen image position of 32KB. This partition is employed to define the
image to be displayed on the screen. It defines 16K characters, with each
even byte comprising character code (used to address the character
generator) and the adjacent odd byte comprising attribute code. This amount
of character data is sufficient for approximately eight 80 x 25 row
character screens. This allows for paging up and down or scrolling without
updating the buffer.    BC9-87-006                            7 The second
partition of the video buffer also contains character code for addressing
the character generator in even bytes. In this 



partition, however, each corresponding odd byte comprises font data for
writing into the character generator. As indicated above, for simplicity we
have stated that 8 x 8 picture element character boxes will be considered
here. Each displayed character, therefore, is defined by eight bytes of
font data, one for each raster line. With this character format, each
character set of 256 characters requires 2K bytes of font data.
Accordingly, each character set requires a total of 4K bytes in the second
partition, so four pages, each comprising a full character set require 16K
bytes. In order to allow for character box expansion to 8 x 16 picture
elements, thereby requiring 16 bytes of font data for each character, only
four pages of character/font data are defined in the second partition.
Lastly, at the bottom of the Figure 3 diagram the 256 byte shift register
is shown. While this may not strictly be regarded as a memory partition, it
illustrates the fact that 256 bytes of data from either of the upper
partitions can be transferred into it. Referring back to Figure 2, the
operation of the system in its various modes will now be described.
Firstly, whenever the data is being shifted out of the shift register in
video buffer 20, the dynamic RAM section of this buffer can be modified by
CPU data at addresses defined by CPU address data. During each horizontal
retrace time (except during vertical blanking) of the raster scan in the
display device, data is transferred from a block in the CRT screen image
partition corresponding to the data for the immediately following scan
line. As indicated above, though 256 bytes are transferred, only 160 bytes
are required. Accordingly, the addresses defining the data for respective
lines are, for different character rows, 160 locations apart. It should,
however, be noted that the same data is extracted (for an 8 x 8 character
box) eight times for each character row. This provides for the total of
eight font bytes for each character to be read from the character memory
using different A0-A3 combinations from row scan    BC9-87-006
8 counter 16 to supplement the character generator memory addresses for 



each respective scanning line. Control logic 17 provides the video buffer
row starting addresses, the dynamic RAM to shift register transfer control
signals T, and the shift clock signals S CLK to shift the shift register.
Each output byte from the shift register is applied to attribute latch 14.
Each even byte (character code, see Figure 3) is then clocked into
character latch 13 while the following odd byte (attribute code, see Figure
3) is applied to latch 14. For the next clock cycle, the latch 14 output is
disabled (by an inverse output enable level applied to the OE input of this
latch), and the byte in latch 13 is applied to address input A4-A11 of
memory 10 to address this memory in conjunction with the row scan A0-A3
inputs. At this time, control logic 17 applies an output enable signal to
the OE input of memory 10, so that a byte of font data is read from the
location defined by the input address. The byte in that location is
directed from the data I/O terminals of memory 10 together with the
attribute byte held in latch 14, which is now enabled and clocked to
deliver that byte to the video processing circuits 19. Circuits 19 combine
the attribute and font data to produce data for eight picture elements of
the raster scan. Figure 4 shows the timing of this operation in which the
character generator is read to develop the display refresh data. This
diagram shows at the top line, the pixel clock applied to the control logic
and then the attribute latch 14 and character latch 13 clock timing on the
next two lines. These clocks are generated in response to the pixel clock.
The output enable signal to the OE input of memory 10 (which is active
low), causes an output operation from memory 10 only when the attribute and
character latches are not clocked. The write enable (WE) input to memory 10
remains inactive (high) for this complete operation, and the attribute
latch output enable input is active (low) over a period during which the
attribute and character latch clock signals are generated. The result is
that during a character cycle, the character data is applied to the
character latch, then attribute data is applied thereto and then there is
no clocking of these latches as font data is read from the character
memory, as shown in the data time.    



BC9-87-006                           9 In the final mode of operation, font
data is written in the character generator memory from the video buffer.
This operation takes place during the display raster vertical blanking
interval to prevent interference with a display on the screen. The data to
be transferred is held in the lower partition of memory 20 (see Figure 3)
and comprises character data followed by font data in respective even and
odd locations. The layout of this data defines the subsequent layout of
data in the character generator memory 10. The font data relating to the
first scan line of the first 128 characters of a character set is placed in
successive odd locations in the store for the first stored character set
this sequence starts at the first location in the font data partition. Each
corresponding even location contains the related character code. The
following 128 locations contain the font data for next scan line of these
characters, and so on until all the scan lines of the font 128 characters
are defined. Then the data for the next 128 characters is placed into the
next area of buffer 20 in the same way. For this operation we can use the
whole 256 stages of the shift register in buffer 20. For the font data
relating to the first scan line of the first 128 characters, the
corresponding even 128 locations containing character data and
corresponding odd 128 locations containing font data are transferred to the
shift register. This data is then clocked, byte-by-byte into attribute
latch 14. The first byte, a character byte is fed to this latch and then
into the character latch 13 on transfer of the first font byte into latch
14. Control logic 17 energises the write enable (WE) input of character
generator memory 10 and the character output of latch 13, in conjunction
with a row scan output, addresses memory 10 to write the data from the
attribute latch into the addressed location. This operation continues for
the remainder of the data in the shift register and the cycle continues for
the remaining scan row data for the first 128 characters. The operation is
then repeated for the next 128 characters in the 256 character set. This
whole operation takes place within a single vertical blanking time of the
display raster scan.   



BC9-87-006                            10 Figure 5 shows the timing of this
operation to write font data into the character generator memory from the
video buffer. Here, the pixel clock, attribute latch clock and character
latch clock signals are all the same as in Figure 4. The output enable
signal from control logic 17 to the OE input of memory 10 remains high
(inactive) preventing read-out from memory 10. The write enable signal
applied to the WE input of memory 10 starts high and then goes low (active)
during a character cycle. The attribute latch 14 output enable (OE) input
remains low (active) to maintain this latch in an enabled condition. As can
be seen in the data line, during each character cycle (remember that this
all takes place only during vertical blanking intervals in the raster
display) the character code is registered followed by the corresponding
font data. This font data remains in the attribute latch while the write
enable signal goes active in the last position of the character cycle so
that this data is written into the location defined by the character data.
As has been mentioned above, while a system employing an 8 x 8 character
box has been described, the font data partition of the video buffer is
sufficiently large to store four pages of font data in an 8 x 16 character
box form. This means that each character is represented by sixteen bytes of
font data. Following this, the row scan counter system must now be adapted
to modify the A0-A3 address inputs to memory 10 so that they increment up
to sixteen. Figure 6 shows a row scan counter circuit switchable between
eight and sixteen incremental steps. In Figure 6 there is shown a maximum
row scan register having four stages coupled to inputs of a multiplexer 31.
The four stages go from the lowest order at the top to the highest order at
the bottom. The multiplexer, in response to CPU signals on a select line
switches its A or its B input to four output lines which are applied as one
input to a compare circuit 32. The output of compare circuit is applied to
the data input of a latch 33 which also receives the raster scan horizontal
synch signals at its clock input. The latch output is applied to a clear
input of a counter 34 which is also clocked by the horizontal  



BC9-87-006                           11 synch signals. The output of
counter 34 generates the A0-A3 address signals for the character generator
store 10 (Figures 1 and 2). Additionally, the counter 34 outputs are fed
back to compare circuit 32 and are used to define specific scan lines in a
character row for the video buffer addressing. As addresses AO-A3 start at
zero, the eighth address in this set is seven, so this number is stored in
register 30. With the select input set to select the A inputs, this number
is fed unchanged to the inputs of compare circuit 32. With the select input
set to select the B inputs, the lowest order digit is set to "1" by the
positive input to B1 and the next three digits correspond to the three
lower binary digits of the number seven in the register. Consequently each
output from the multiplexer is a binary "1" corresponding to decimal 15.
This, when counting zero as the first A0-A3 address, provides a count of
sixteen to the address inputs. Assuming counter 34 is cleared, it is
incremented by one at each horizontal synch input to provide successive
incremental counts from zero upwards to the AO-A3 character generator
memory inputs. Each of these counts is compared with the multiplexer 31
output by comparator 32.  Upon detection of equality, comparator 32 applies
a "1" to the data input of latch 33, which, on the next horizontal synch
signal, clocks this input to counter 34 to reset the counter. Accordingly,
counter 34 is incremented by horizontal synch inputs until it reaches the
number (either 8 or 16) provided by multiplexer 31, and is then reset to
zero on the next following horizontal synch. input.    CLAIMS 1.   A raster
scan display system including a random access memory character generator
(10) and a dual port random access memory video buffer (20) including
memory partitions, output shift register means, and means for transferring
data groups from the partitions to the shift 



register means, characterised in that said memory partitions include  a
first partition for storing, in consecutive locations, first data pairs,
each comprising character data and display font data, and in that said
system includes control logic means (17) including means for controlling
said means for transferring to transfer a plurality of said first data
pairs to the shift register means, means for clocking the shift register
means to output said first pairs of data, and means (13, 14) for directing
the character data of a first pair to address the character generator for
writing the font data of the first pair into the addressed location. 2.   A
raster scan display system according to claim 1, including first and second
latch means, the first latch means being coupled to the shift register
output and having an output coupled to the data input of said character
generator and to the input of said second latch means, said second latch
means having an output coupled to an address input of said character
generator. 3.   A raster scan display system according to claim 1 or claim
2, in which said shift register is sized to hold data corresponding to
character and font data for a full raster scan line, said plurality of
first data pairs comprises character and font data for at least one full
display scan line, and said means for controlling is responsive to raster
scan horizontal retrace means for effecting said transfer during horizontal
retrace of the display raster scan. 4.   A raster scan display system
according to any of claims 1 to 3, including row scan means (16) coupled to
a further address input of the character generator corresponding to the
lowest ordered address digits to provide different address series for
writing font data relating to    BC9-87-006                           13
different raster scan lines of display characters into the character
generator. 5. A raster scan display system according to claim 4, in which
said row scan counter means comprises means (30) for producing maximum row
scan data, a compare circuit (32) for receiving said maximum row scan data
at a first input, a latch (33) having a data input coupled to the 



output of said compare circuit and a clock input coupled to receive raster
scan horizontal synchronising signals, a counter (34) having a clear input
coupled to the output of said latch, a count input coupled to receive said
horizontal synchronising signals, and an output coupled to a second input
of said compare circuit and to said further address input of said character
generator. 6. A raster scan display system according to claim 5, in which
said means for producing maximum row scan data comprises a maximum row scan
register having output coupled to a multiplexor (31) selectable between a
first condition to provide a first output corresponding to the content of
said maximum row scan register and a second condition to provide a second
output having a value double the value of the content of the maximum row
scan register. 7.   A raster scan display system according to any of the
previous claims, in which said video buffer includes a second partition for
storing, in consecutive locations, second data pairs, each comprising
character data and attribute data, said system includes video processing
means (19) responsive to font data and attribute data for generating video
data for the display, and said control logic means includes means for
controlling said means for transferring to transfer a plurality of said
second data pairs to the shift register means for clocking by said means
for clocking to output said second data pairs, and for controlling said
means for directing to direct the character data of a second data pair to
address the character generator for retrieving font data from the addressed
location, and for directing the retrieved font data and    BC9-87-006 the
attribute data of the second pair to said video processing means for
generating corresponding video display data. 8.   A raster scan display
system including a random access memory character generator and a dual port
random access memory video buffer including first and second memory
partitions, said first memory partition storing character data together
with associated attribute data at consecutive location pairs therein, said
second memory partition 



storing character data and font data at consecutive location pairs therein,
means for transferring data from said first memory partition to a second of
the dual ports during a horizontal retrace of the display raster for
subsequent addressing of the character generator by the character data and
combination of font data read from thus addressed locations with said
attribute data to generate video data for the display line following the
retrace, and for transferring data from the second memory partition to said
second of the ports during vertical blanking of the display raster for
subsequent addressing of the character generator by the character data to
write the associated font data therein. 9.   A raster scan display system
including a random access memory character generator and a dual port random
access memory video buffer including a first memory partition for storing
character and associated attribute data and a second memory partition for
storing character and associated font data, means for updating the video
buffer through the first of the dual ports, means for refreshing the
display by addressing the character generator with the character data from
the first memory partition through the second of the dual ports and for
updating the character generator through the second of the dual ports by
addressing it with character data from the second memory partition to write
the associated font data in the addressed locations.    


