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[57] ABSTRACT 
A computer graphics display system including random 
access raster memory for storing data to be displayed, a 
raster memory control unit for writing data into the 
raster memory, a video control unit for causing such 
information to be displayed on a CRT display screen, a 
micro control unit for controlling the function and tim 
ing of the raster memory control unit and the video 
control unit, and a computer adapter for facilitating 
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data exchange between the micro control unit and a 
host computer. The displayed image can have ex 
tremely high complexity with essentially no problem of 
display ?icker. Zoom and pan features allow the use of 
a very complex stored image in a ?exible manner, and a 
split-screen technique enables an operator to work on a 
very complex picture at a detail level while still having 
an overview of the total picture, or any portion thereof, 
simultaneously presented before him. The split-screen 
feature also allo ‘vs the simultaneous display of alphanu 
meric messages such as prompts, menus, or X-Y read 

outs added to the graphics display and a small area of 
the raster memory is usually reserved for this purpose. 
An XOR feature allows a selective erase that restores 
lines crossing or concurrent with erased lines. The 
XOR feature permits part of the drawing to be moved 
or “dragged” into place without erasing other parts of 
the drawing. 

45 Claims, 21 Drawing Figures 
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RASTER SCAN DISPLAY APPARATUS FOR 
DYNAMICALLY VIEWING IMAGE ELEMENTS 
STORED IN A RANDOM ACCESS MEMORY 

ARRAY 

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

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to computer 

graphics apparatus and more particularly to a comput 
er-graphics display system for displaying graphic infor 
mation and enabling various operations to be performed 
upon the displayed information with minimal participa 
tion from the host computer once the raw data has been 
transferred from the host computer into the display 
system. 

2. Description of the Prior Art 
Among the various systems heretofore used to dis 

play computer-graphics information are the following: 
Random stroke refresh display systems-In these types 

of devices an instruction list describing the graphics 
picture as lines and arcs, etc., is kept in a display mem 
ory and the entire list is read and transformed from list 
coordinates to screen coordinates by ultra high speed 
logic. Each line or are is then “painted” on a display 
screen by de?ecting an electron beam directly along the 
line coordinates and the entire list is typically periodi 
cally repainted at a rate of between 40 and 60 times a 
second. Selective erase or change of displayed informa 
tion is accomplished by editing the picture list. These 
displays are often capable of zoom and pan operations 
accomplished by means of transformation hardware. 
The major limitations of this technique have been ex 
pense and allowable picture complexity, the latter refer 
ring to a practical limit as to how long a picture list can 
be before consequent ?icker of the display makes it 
unusable by a human operator. 

Direct view storage tube systems—ln apparatus of 
this type an electron beam paints a picture directly on a 
bystable phosphor-coated screen, which then stores the 
image until a high voltage erase pulse ?oods the screen 
to return all the phosphors to the unwritten state. The 
picture can be of very high complexity, good quality 
curved lines can be generated and display ?icker is not 
a problem. This technique has been preferred over the 
past few years for low cost graphics system. A disad 
vantage of such apparatus is that no pan or zoom of 
stored image can be accomplished and no selective 
erase of stored phosphors is permitted. Moreover, the 
phosphorous storage tubes have two further limitations 
in that they characteristically have low luminescense 
requiring subdued room lighting for best utilization, and 
the tubes normally age, especially around the center and 
edges of the display screen, and typically require re 
placement once or twice a year. Tube replacement is a 
high cost item which over a three-year period can cost 
as much as 80% to 200% of the initial purchase price of 
the display apparatus. 
Plasma panel systems-A plasma panel is comprised 

of small neon gas discharge tubes arranged most popu 
larly in a 512 X 512 matrix and provides a much brighter 
picture than the previously mentioned display tube. 
However, systems incorporating such panels cannot 
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2 
zoom or pan the stored image. With the exception that 
limited selective erase is permitted, the plasma panel 
display is similar to the storage tube display in that each 
neon tube “remembers" its on/off state and no complex 
ity limit or ?icker is apparent. Although the 512x512 
raster causes some graininess in curved lines, the most 
serious drawback of this type of display for graphics 
uses is that no method of implementing a cursor (target 
ing symbol) on the panel is offered, whereas all other 
prior art devices provide such a feature. 

Scan conversion memory systems—This technique 
uses an indirect view storage tube wherein a picture is 
drawn on a semiconducting surface with an electric 
charge. A reading beam is then swept over the charged 
surface in a raster pattern and the beam readout is out 
put to a TV monitor. A major use of the scan conver 
sion technique has been to convert European standard 
TV signals (over 600 lines) to American standard TV 
signals (525 lines). The display device operates much 
like a direct view storage tube and is capable of display 
ing a picture of high complexity. Good quality curved 
lines can be generated and various shades of grey can be 
displayed. At least two graphics devices of this type 
have been introduced since 1973 with both devices 
using interlaced video at 60 ?elds/30 frames per second. 
Zoom and pan are possible but of limited value since the 
effective resolution of the scan converter seems to be of 
about a 300 dot square, much too coarse to justify much 
zooming. By way of comparison, the direct view stor 
age tube devices seem to have about two to four times 
the resolution of these types of devices. Limited selec 
tive erase is permitted on scan conversion displays and 
a video cursor may be mixed in with the video but with 
a 3%—5% estimated positional error since the cursor is 
not written on the storage surface and many variables 
such as beam focusing, intensity de?ection, and pin 
cushion errors sum together to effect cursor misalign 
ment. Under zoom, any cursor position error is even 
further exaggerated. Horizontal line flicker, an effect 
known as the “Kell factor” is also inherent in these 
types of displays. 

Serial raster displays-These devices use a serial 
digital memory implemented from shift registers (using 
integrated circuit, CCD, magnetic bubbles or other 
techniques) or rotating serial memories, i.e., magnetic 
disks, or drums, or other rotating devices. The video 
control units utilized in such systems are relatively sim 
ple and no devices currently on the market include pan, 
zoom, or split-screen features. Although the displayed 
picture can be of very high complexity, the cost of such 
devices is slightly higher than the storage tube devices. 
The typical dot matrix for such systems is a single 
256><256 raster with an alternate 512x512 raster as an 
extra cost option. In present systems, limited selective 
erase is offered with no XOR capability. Color display 
options are also offered but increase the price of the 
system by a factor of two or three. Good graphic cur 
sors may be provided with essentially no location error 
between cursor and picture. The limitations of such 
devices are slow dot writing speeds, because of limited 
access to individual bits in the serial memory, and lim 
ited resolution causing very distinct graininess in 
curved lines. No such system offers split screen, zoom, 
pan, or XOR. 
Random access raster displays-These types of sys 

tems are generally similar to the serial raster displays 
mentiond above but employ random access digital 
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memories, (magnetic cores, integrated circuits, etc.) for 
the raster memory. Several devices of this type have 
recently been introduced, mainly due to the reduction 
in the cost of random access memories. Typical formats 
mentioned are 256x256 bits with 512x512 and color 
offered as optional extra cost features. The principal 
advantage of these devices over the serial type devices 
is faster dot write and erase time. Other performance 
characteristics are substantially identical to the serial 
raster displays and no system on the market offers split 
screen, zoom, pan or XOR. 
US. Pat. Nos. relating to the above types of display 

systems include Strout, 3,396,377; Okuda et al, 
3,836,902; and Schwartz et a1, 3,906,480. 

SUMMARY OF THE PRESENT INVENTION 

Brie?y, the preferred embodiment includes a 
2048x2048 random access raster memory for storing 
data to be displayed, a raster memory control unit for 
writing data into the raster memory and causing such 
information to be displayed on a CRT display screen, a 
micro control unit for controlling the function and tim 
ing of the raster memory control unit and the video 
control unit, and a computer channel adapter for facili 
tating data exchange between the micro control unit 
and a host computer. A 416x312 raster is displayable 
on the CRT from the memory. 
The displayed image can have extremely high com 

plexity (much higher than any previously available 
device) with essentially no problem of display ?icker. 
The brightness of the display far exceeds that of direct 
view storage tube apparatus and tube life is at least ?ve 
times greater. Zoom and pan features allow the use of a 
very complex stored image in a flexible manner, and a 
split-screen technique enables an operator to work on a 
very complex picture at a detail level while still having 
an overview of the total picture (or any portion thereof) 
simultaneously presented before him. The split-screen 
feature also allows the simultaneous display of alphanu 
meric messages such as prompts, menus, or X-Y read 
outs to be added to the graphics display and a small area 
of the raster memory is usually reserved for this pur 
pose. An XOR feature allows a selective erase superior 
to those of any prior art raster device especially if the 
XORed feature is to be moved or “dragged” into place 
in an existing drawing. 
These and other objects, features and advantages of 

the present invention will no doubt become apparent to 
those of ordinary skill in the art after having read the 
following detailed disclosure of the preferred embodi 
ment, which is illustrated in the several figures of the 
drawing. 

IN THE DRAWING 

FIG. 1 is a block diagram illustrating the principal 
components of a computer graphics display system in 
accordance with the present invention; 
FIGS. 2a and 2b are diagrams illustrating organiza 

tion of the raster memory shown in FIG. 1; 
FIGS. 20 and 2d, respectively illustrate prior art 

raster scan lines and background hashed scan lines in 
accordance with the present invention; 
FIGS. 2e and 2f demonstrate the skip pattern mem 

ory feature of the present invention; 
FIG. 3 is a block diagram illustrating the principal 

components of the computer channel adapted shown in 
FIG. 1; 
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4 
FIG. 4 is a block diagram illustrating the principal 

components of the micro control unit shown in FIG. 1; 
FIG. 5a is a block diagram illustrating the principal 

components of the raster memory control unit shown in 
FIG. 1; 
FIG. 5b is a block diagram illustrating the principal 

components of the skip pattern control unit shown in 
FIG. 5a; 
FIG. 6 is a block diagram illustrating the principal 

components of the video control unit shown in FIG. 1; 
FIGS. 7a and 7b, and 8a and 8b, respectively, illus 

trate graphics changes without and with XORing in 
accordance with the present invention; 

FIG. 9 illustrates XORing and even/ odd skip features 
of the present invention; 
FIGS. 10a and 10b illustrate possible relationships 

between raster memory data location and display per 
mitted in accordance with the present invention; 

FIG. 11 is a block diagram illustrating the principal 
components of a hardwired pan control circuit in accor 
dance with the present invention; and 

FIG. 12 is a block diagram generally illustrating alter 
native components for use in the video control unit to 
provide color video signals. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to FIG. 1 of the drawing, there is 
shown a computer-graphics system including a pro 
grammed host computer 10 with its associated graphics 
input apparatus 12 and keyboard input 14, and a display 
system 16 in accordance with a preferred embodiment 
of the present invention. The host computer 10 and its 
associated input equipment may be any of a variety of 
well known devices capable of responding to input 
controls and developing corresponding signals for driv 
ing one or more visual display systems 16. In the illus 
trated preferred embodiment the visual display means is 
a conventional cathode ray tube (CRT) device 18 but 
could alternatively take the form of any standard televi 
sion monitor or display device capable of responding to 
the raster output developed by the system 16. 

In addition to the CRT 18, the control system shown 
generally at 16 includes a computer channel adapter 20, 
a micro control unit (MCU) 22, a raster memory 
(RMEM) control unit 24, a video control unit (V CU) 26 
and a raster memory (RMEM) 28. The function of the 
channel adapter 20 is generally to serve as an interface 
between the host computer 10 and the MCU 22 and its 
respective address and data buses 30 and 32. The infor 
mation received from the host computer 10 is of a ?xed 
format that is universally used for all graphics to be 
displayed. However, as is well understood to those 
skilled in the art, changes can be made to the format if 
required. It is immaterial what type of computer is used 
for the host computer since the channel adapter 2|] is 
designed to make any adjustments that are necessary in 
the data to render it compatible with the display system 
16. 
MCU 22 takes information from the host computer 10 

through channel adapter 20 and translates it into infor 
mation that it can itself utilize and/or pass to the 
RMEM control unit 24 and the VCU 26. In addition, it 
generates and sends out function control information 
which will cause the RMEM control unit 24 to begin 
writing display information into the RMEM. It also 
sends out instructions to the VCU 26 to cause it to start 
reading information out of the RMEM 28 and to trans 
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mit such information to CRT 18 for display. VCU 26 
also functions to send interrupt signals back to MCU 22 
to indicate that it is at the end of a trace of the video 
scope and to request more information. 

In the preferred embodiment RMEM 28 is a 
2048x2048 random access memory (RAM) which is 
adapted to store bits of data corresponding on a l-to-l 
basis to the data contained on a graphic document such 
as, for example, might be drawn on the board 12. In 
other words, each storage situs in RMEM 28 could 
correspond to a unique location on the board 12. How 
ever, as will be pointed out below, in the preferred 
embodiment, part of the RMEM is reserved for non 
graphics information such as alphanumerics and miscel 
laneous notes and instructions. In addition, transforma 
tions of stored data, i.e., shifts, zooms, rotations, etc., 
may be performed by the host computer 10. As illus 
trated in FIGS. 2a and 2b RMEM 28 is broken up into 
an array of 16 boards with each board consisting of a 
512 X 512 memory unit. Actually, the memory units are 
comprised of random access memory chips which have 
been arranged on 16 boards to be addressed as a square 
matrix of sixteen 5l2><5l2 storage modules. This ar 
rangement allows the memory to be considered some 
what of a map of the graphics information to be dis 
played. 
The primary function of RMEM control unit 24 is to 

write graphics information into RMEM 28, and the 
primary function of video control unit 26 is to read out 
information stored in RMEM 28 and to cause it to be 
displayed in any of several modes by CRT 18. RMEM 
control unit 24 receives information from the MCU 22 
in the form of a certain number of bytes of data which 
will tell it to perform certain operations. It then ad 
dresses RMEM 28 via X and Y addressing lines con 
tained within the bus 34 and addresses a unique bit in the 
RMEM 28 and writes either a “1", and “0” or comple 
ments (XOR’s) the data presently stored at that site via 
an exclusive OR function. The data transfer from 
RMEM control unit 24 to RMEM 28 is via the data bus 
36. The particular block or blocks of RMEM 28 to be 
addressed are designated by board select data conveyed 
via bus 38. 
Video control unit 26 reads out and displays in the 

selected form the information contained in RMEM 28. 
The data is received in parallel form and converted to 
serial form for input to CRT 18. Split and zoom control 
information is conveyed to VCU 26 from microcom 
puter unit 22 and in response thereto this unit selects 
and conveys the designated data in RMEM 28 to CRT 
18 for display. As indicated previously, every bit in 
RMEM 28 normally represents one bit to be displayed 
on the screen, but alternatively, the display can be mod 
i?ed so that every bit stored in RMEM 28 represents 
some multiple of data positions on the CRT screen. This 
in effect provides for an expanded or zoomed view of 
the stored information. Video control unit 26 also gen 
erates grid and cursor signals and enables the cursor to 
be positioned on the screen in any of several splits dis 
played. VCU 26 conveys one write function to RMEM 
control unit 24 and that is an ERASE control. 
CRT 18 is capable of operating in a raster scan, nonin 

terlaced mode and can display approximately 9 levels of 
grey. However, the present invention only uses 6 levels 
of grey; the background is one level, the grid is two 
levels, the cursor is still another level, the data is a ?fth 
level, and the split margins are a sixth level. These levels 
are of course effected by different analog voltages ap 
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6 
plied to CRT 18. The dot resolution of the display 
screen is 416 dots across a horizontal line and 312 lines 
in the vertical direction. 
Among the novel features of the present invention to 

be discussed in detail below are its ability to display a 
selected portion of the data contained in RMEM 28 on 
either a l-to-l scale as compared to the original graph 
ics information, or at any of several predetermined 
enlarged scales (although not yet included in the pre 
ferred embodiment, scale reductions could also be im 
plemented); its ability to cause the display on CRT 18 to 
appear to pan across the data contained within RMEM 
28; its capability of overlying graphics information with 
additional data without destroying the original informa 
tion; its capability of splitting the screen, to simulta 
neously display two or more different areas of RMEM 
28; its ability to simultaneously display a background 
grid which corresponds scalewise to the displayed data; 
and its ability to make changes or additions to the dis 
played graphics data without requiring that the entire 
display be erased and rewritten each time a change is 
made. 
The present display system is essentially an add-on 

device which can be adapted for use with any computer 
graphics system so as to take the data format used in the 
system and convert it into a particular form that can be 
displayed on a CRT screen rather than on the com 
monly used direct view storage tube. In addition, it 
includes expanded controls of information, whereby for 
example, the data can be split across the screen in the 
horizontal direction, vertically down screen, or in seg 
ments of the screen. The present invention makes it 
possible to easily modify data and to pan a displayed 
“window” across the overall graphic layout. It essen 
tially makes it possible to move the equivalent of a 
window around a very large data base. An instruction 
to move the “window” to a new position advances the 
address registers in the video control unit and causes a 
new section of the memory to be read out and displayed 
on the screen. This can be accomplished in large steps 
or it can be done in very small steps to give the illusion 
of continuous movement over the data base, thus pro 
viding a panning motion. 
Channel adapter 20 provides the interface to the host 

computer, and the buffer to the MCU 22, the RMEM 
control unit 24, and the video control unit 26. It pro 
vides a path for high speed data interchange between 
the host computer 10 and the MCU 22. Whereas the 
host computer 10 transmits information over the data 
channels in the form of a binary message, the MCU 22 
is programmed to recognize the data and set up the 
CRT screen to display the selected splits, the proper 
zoom factor and the data in the selected area of RMEM 
28. The data is then input to the RMEM 28 through 
RMEM control unit 24 and video control unit 26 is 
caused to constantly read RMEM 28 and display the 
select portions of the data on CRT 18. 
Once the data is input to RMEM 28, MCU 22 has no 

further function to perform on the data, but any time 
that the video control unit 26 needs additional informa 
tion, it will, during the CRT retrace period, interrupt 
MCU 22 and request the needed information. MCU 22 
will then process the information and update VCU 26. 
During the time following the loading of VCU 26, 
MCU 22 can supply the control information to RMEM 
control 24. For example, if data is input to the system 
from the host computer 10 instructing it to go to some 
position X-Y and to draw a line of a certain character, 
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this information will be digested by MCU 22 and corre 
sponding instructions will be issued and input to the 
RMEM control unit 24. The RMEM control unit 24 
will go BUSY and will perform its function and input 
data to RMEM 28 until its instruction is complete. 
As will be explained in more detail below, data can be 

input into RMEM 28 in either of two modes: the ?rst is 
in effect where it draws a line into the memory; the 
second is where it draws a solid block of data into the 
memory in what is identi?ed as the zig-zag mode of 10 
operation. The zig-zag mode is primarily used to input 
alphanumeric information. However, it could be used to 
draw a rectangular block of any type of data. For exam 
ple, the RMEM control could be set up to zig-zag 
through an area of memory P number of bits in the X 
direction and Q number of bits in the Y direction. 
Turning now to FIG. 3 of the drawing, the principal 

operative components of channel adapter 20 are illus 
trated in block diagram form and include the direct 
memory access (DMA) address registers 50, a computer 
channel control module 52, a bidirectional data buffer 
and control module 54, a data buffer 56, a tristate data 
buffer 58, a device decode module 60, and a buffer 62. 
As indicated peviously, this unit is designed to ?t the 
particular type of host computer that is used with the 
system. The DMA address registers 50 are coupled to 
the host computer 10 through a computer DMA ad 
dress bus 11. The channel control unit 52 and bidirec 
tional data buffers and control unit 54 are coupled to the 
host computer by a computer data and I/O control bus 
13. The external CPU address bus 30 communicates 
with the channel adapter 20 through the device decode 
module 60 while the external CPU data bus 32 commu 
nicates with the channel adapter 20 through the data 
buffer 56 and tristate data buffer 58. Channel adapter 20 
also communicates with MCU 22 via buffer 62 and bus 
33. 
The units 50, 52, and 54 primarily perform the func 

tion of receiving data from the host computer and 
breaking it down into a suitable format for input to 
MCU 22, and conversely, perform the function of con 
verting MCU data to the host computer data format. 
The DMA address registers 50 permit the present sys 
tem to communicate with host computer 10 using cy 
cle/stealing techniques so as not to interfere with its 
operation. This prevents the host computer from con 
stantly having to "handshake” with the present display 
system. As a result the host computer 10 can easily 
handle up to sixteen display systems simultaneously. 

In order to accomplish an interchange of data, host 
computer 10 can merely deposit information into a spe 
ci?c location in its memory and alert the display system 
to that deposition. The present system can then periodi 
cally communicate with the host computer's memory to 
update and otherwise use the information. This permits 
computer 10 to be used by other devices for other pur 
poses while the present system is simultaneously 
hooked up to it and is using it. Accordingly, computer 
channel control unit 52 is primarily comprised of logic 
dictated by the demands of the two computers and 
functions to control the bus going from MCU 22 to the 
host computer 10. This prevents the display system 
from attempting to use the bus 13 when host computer 
10 is using it for some other purpose internally. 0on 
versely, it prevents host computer 10 from interferring 
with operation of the MCU buses. 
The tristate data buffer 58 is a device which permits 

data to be both sent and received over the same bus 
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without imposing a load on either the sending or receiv 
ing end when no data is being transferred. 

Device decode unit 60 operates to decode both data 
in and data out of the channel adapter so as to enable 
MCU 22 to provide certain speci?ed operations. Device 
decode 60 also functions to alert a particular component 
of the system that information is coming down the line 
and is for that particular component. It also serves to 
notify a particular component that it should send infor 
mation back out. 

Buffer 62 operates in conjunction with the bidirec 
tional data buffer 54 to determine whether or not the 
tristate data buffer 58 can be actuated to transfer data 
between host computer 10 and MCU 22. Unit 54 also 
determines whether the data coming in is speci?cally 
for the computer channel control unit 52 and if so, loads 
it directly thereinto or loads it into the DMA address 
registers 50 or the bidirectional data buffers. Unit 54 is 
comprised of a set of tristate buffers along with various 
control logic and storage registers. 

In FIG. 4 of the drawing, the principal components 
of MCU 22 are illustrated. This unit includes three buff 
ers, 70, 72, and 74, which serve as level translators and 
isolators for a central processing unit (CPU) 76. The 
buffers serve to isolate any externally caused perturba 
tions from the CPU. In the preferred embodiment the 
CPU 76 is comprised of an INTEL 8080 Microproces 
sor but any other suitable type of microprocessor, mi 
crocomputer, minicomputer, computer, or even hard 
wired logic could alternatively be used in place of the 
8080, the main consideration being speed of picture 
modi?cation versus cost of the computer. 
The status latch 78 is comprised of a series of com 

mercially available latching devices and is used in moni 
toring the CPU data bus. The CPU memory read/write 
(RN) and refresh unit 80 is comprised of a number of 
small scale integrated circuits which are used to moni 
tor the CPU data bus, the CPU status, and the external 
memory control. If for example, it becomes necessary 
for the CPU to take some particular byte of information 
out of its memory, it will pass such information to the 
read/write and refresh circuit via the bidirectional data 
buffer 82 and the data bus 32. Such information will also 
pass to the CPU memory 84 through the data bus 32 and 
cause the desired information to be read out of the mem 
ory back through data bus 32 and bidirectional data 
buffers 82 to the CPU 76 where it will be digested. If 
during a particular interval T1 of its cycle (such period 
being de?ned in the device operation manual Intel 8080 
Microcomputer System Manual January 1975). CPU 76 
needs information from the memory 84, such informa 
tion will be output in the status word and the R/W and 
refresh unit 80 will go to the memory 84 via the address 
that is sent out at the same time on the data bus 32. It 
will then address certain ones of the bytes of memory 84 
and cause them to be passed back out via the bidirec 
tional bus 32 and through the bidirectional data buffer 
82 to CPU 76. CPU 76 will then digest the information 
internally and proceed with its function for that cycle. 
Being a dynamic RAM, memory 84 must be refreshed. 
This is accomplished by the refresh logic in unit 80 by 
incrementing the refresh address register 86 and actuat 
ing the memory address multiplexer 88 so that it selects 
the output of register 86 which in turn cycles the mem 
ory 84 once. In other words, following every Tl input 
of the requested data to CPU 76, the R/W and refresh 
unit 80 will cause memory 84 to be refreshed. Although 
memory 84 is constantly being read by CPU 76, it is also 



Re. 31,200 

being refreshed on a cycle sharing basis by the refresh 
unit 80. The speci?cations for how rapidly the refresh 
operation must be accomplished is dictated by the par 
ticular RAM used for the memory. 
The memory address multiplexer 88 predominantly 

couples the external CPU address bus and memory 
address lines, but since the memory 84 must be periodi 
cally refreshed, there must be some way to periodically 
disconnect the address bus from the input to memory 84 
and instead connect the refresh address register 80 10 
thereto. This is precisely the role that address multi 
plexer 88 plays in response to a refresh signal developed 
on line 89. The refresh address registers 86 are a series 
of registers that increment from 0 through 64 and con 
tinuously cycle to refresh CPU memory 84. Tristate 
address buffer 90 enables CPU 76 to address a particular 
location in its memory 84 but prevents the CPU from 
being loaded by an external signal on address bus 30. 
The major operative components of RMEM control 

unit 24 are shown in block diagram form in FIG. 5a of 20 
the drawing. As indicated, the components include a 
CPU data buffer 100, a busy logic unit 102, a device 
decode unit 104, a buffer 106, and a subassembly en 
closed within the dashed lines 108 generally including 
RMEM control registers and read-modify-write control 
logic. In addition, a l6-to-l bit multiplexer 110, address 
registers 112, refresh address registers 114, a one-of-six 
teen select or erase l6 module 116, a tristate data buffer 
118, and a tristate 2-to-l multiplexer 120 are included in 
RMEM control unit 24. Subassembly 108 includes a 
zig-zag and bit stream control logic unit 122, an octant 
control register 124, an X-Y address register count con 
trol unit 126, a data direction buffer register 128, a data 
direction shift register 130, a write control register 132, 
and a bit modi?er ROM 134. 

10 
Data buffer 100 merely isolates CPU 76 from this unit 

so that any perturbations in either unit will not get back 
to the other. The busy logic unit 102 performs a pro 
gramming function to synchronize the sending of data 

5 from the MCU 22 to the RMEM control unit 24. The 
operating CPU program will instruct the RMEM con 
trol unit to modify a certain bit or number of bits of data 
in some fashion, and when it gives that instruction, it 
must be able to isolate itself and not be interrupted until 
its operation is ?nished. In other words, once an instruc 
tion is issued, a busy flag will be set to prevent the CPU 
from issuing further instructions until the RMEM con 
trol unit is ?nished modifying the particular bit or bits 
designated. However, following completion of the op 

15 eration, the busy flag will be reset to enable the CPU to 
‘again issue instructions. The busy logic 102 essentially 
serves the RMEM control unit’s handshaking logic 
with the CPU to indicate that the RMEM control is 
either busy or able to receive further instructions. 
The device decode unit 104 includes one or more 

commercial decoders which are connected to the exter 
nal CPU address bus 30 and which function to decode a 
signal input thereto, and select a particular output de 
vice for receiving data communicated over the data bus 

25 32. For example, if the decoded output of unit 104 were 
to in effect be “output device X” where X is one of 
several devices included within unit 108, that device 
will be enabled and data on the data bus 30 will be input 
thereto. In other words, through this decoding opera 

30 tion it is made possible for CPU to load all of the neces 
sary control information out to the RMEM control unit 
and into the respective control or address registers of 
unit 24. 
The particular decoding scheme utilized in the pre 

35 ferred embodiment is given in Table 1. 

TABLE 1 

RMEM CONTROL UNIT CONTROL REGISTER ASSIGNMENTS 

Device Codes Buffered 8080 Data 

DEVO 70 D7 D6 D5 D4 D3 D2 DI D0 This device code will load the lower 8 bits of the X address 
X7 X6 X5 X4 X3 X2 X1 X0 ‘7' (H2) as assigned. 

DEVO 71 D7 D6 D5 D4 D3 D2 D1 D0 This device code will load the upper 4 bits of the X address 
L _l""—i_'-i_ I X11 1 XlO I X9 I X8 I register (I12) as assigned. 

DEVO 72 D7 D6 D5 D4 D3 D2 D1 D0 This device code will load the lower 8 bits of the Y address 
Y7 Y6 Y5 Y4 Y3 Y2 Y] ‘[0 register (112) as assigned. 

DEVO 73 D7 D6 D5 D4 D3 D2 D1 D0 This device code will load the upper 4 bits of the Y address 
L ——-l——+——l—— l Yll 1 v10 | Y9 ] Ysj register (112) as assigned. 

DEVO 74 This device code will load the WRT control register 132 
as assigned. 

G-Only applies when in 
1 : zigzag mode zig-zag mode (ZZM). 

1 = allout mode 

DEVO 75 D7 D6 D3 This device code will load the octant control 
BIT 

D5 D2 D1 D0 

STRMI — IXUD IXAO IXAl IYUD I ‘1A0 lYAl I register 124 as assigned 

1 = Bit stream mode 

1—-—-——->Y act on 0; 1 = act ifD/D? = 0,13/07 = 1, NOP 

—_>Y direction: 1 = UP, 0 = DWN 
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TABLE l-continued 
RMEM CONTROL UNIT CONTROL REGISTER ASSIGNMENTS 

Device Codes Buffered 8080 Data 

DEVO 76 D7 D6 D5 D4 D3 D2 D1 D0 This device code will load the data/direction 
I I I I I I I register l28 as assigned 

DATA 
l l l l l l l 

D/D7: Data is shifted out left, 0 ?ll 

DEVO 7'7 D7 D6 D5 D4 D3 D2 D1 D0 This device code will load the Y length counter of 
YL7 YL6 YLS YL4 YL3 YL2 YLl YDO logic (122) as assigned. 

Note: This counter is used in zig-zag mode only 

DEVO 78 D7 D6 D5 D4 D3 D1 D0 This device code will load the Bit stream length counter of 

DEVO 79 D7 D6 D5 D4 JD3 D2 D1 

——%SKP bit MOD on EVEN main axis 

D2 
IEMIE‘IIEIEZIIEEIIEIIEIIEEI logic (122) as assis?ed~ 

Note: This counter is used for X length in zig-zag mode only. 

D0 This device code will load the skip memory address 
MEN ODD s’xs sT<4 5K3 sxz s1<1 sxo register (1S4)asassigned. 

SKP bit MOD on ODD main axis 

Coming out of the X-Y address registers 112 is a 
24-bit bus 113 with an 8-bit bus going into tristate buffer 
118. Similar tristate buffer in the video control unit 26 
allows the use of the same line for communication with 
the RMEM 28. The 2-to-l multiplexer 120 is a tristate 
device which has 12 lines driving it from the XY ad 
dress register 112 and 6 lines are input from the refresh 
address register 114. The bus 140 includes approxi 
mately 30 lines going in both directions. Some lines 
handle control signals from the RMEM control unit 24 
to the video control unit 26 and some handle RMEM 
control signals being returned to the RMEM control 
unit. The bus lines 140 set up the priorities for use of the 
bus 142 which is used in common by the RMEM con 
trol and the video control units. 
The 144 bus is a 7-line bus which selects those por 

tions of the RMEM to be addressed by the registers 112. 

25 

35 

The address registers 112 address a word of 16 bits in 
length within RMEM 28. The l6-to-1 bit multiplexer 
11!) serves as a data output bit selector which enables a 
particular bit of the 16-bit word to be selected for modi 
?cation. The types of modi?cation which can be exe 
cuted are (l) to force the bit to assume a “1” status 
which in a normal display mode will show up as a dark 
dot on a white background, (2) “erase,” which will 
make the dot go to a background color (if the back 
ground is white, then it becomes a white dot or disap 
pears), and (3) XOR the dot if the screen presently has 
a black spot on it (an XOR of a black spot, a logic “1", 
will cause the spot to go white, a logic “0”, and con 
versely if the spot is white and it is XORed the white 
spot will go black). These write controls are performed 
by a bit modi?er ROM 134 which is coded as described 
in Table 2. 

TABLE 2 

W 
DEVO 74 

ZZM D/D7 DATA IN BIT 2 BIT 0 DATA OUT 

0 0 o o 0 o o WRT BLOCK (NOP) 1 
1 0 0 o o o 1 COMP (x011) 0 
2 u o o o 1 o ERASE 1 
3 0 o o o 1 1 WRT 1 0 
4 0 o o 1 o o WRT BLOCK (NOP) 0 
s 0 o o 1 0 1 COMP (XOR) 1 

22 0 o o 1 1 o ERASE 1 
7 0 o o 1 1 1 WRT 1 o 

ZZM #0 0 1 o o o WRT (NOP) 1 
BLOCK 

9 0 0 1 o 0 1 COMP (XOR) 0 
10 0 0 1 o 1 0 BRASE 1 
11 0 0 1 o I 1 1 WRT 1 0 
12 0 0 1 1 0 0 war BLOCK (NOP) o 
13 o 0 1 1 0 1 COMP (x011) 1 
14 o 0 1 1 1 0 ERASE 1 
1s 0 0 1 1 1 1 WRT 1 0 
l6 0 1 0 0 0 0 WRT BLOCK 1 
17 o 1 0 0 u 1 COMP 1 
1s 0 1 0 o 1 0 ERASE (NOP) 1 
19 o 1 0 o 1 1 WRT 1 1 
20 o 1 0 1 o o WRT BLOCK 1 
21 o 1 0 1 n 1 COMP 0 
22 o 1 0 1 1 o ERASE } (N0?) 0 

ZZM 23 0 24 0 1 1 1 WRT 1 0 
124 o 1 1 o 0 0 WRT BLOCK 0 
2s 0 1 1 0 0 1 COMP (XOR) o 
26 o 1 1 0 1 o ERASE 1 
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TABLE Z-continued 
BIT MODIFIER ROM CODE 

DEVO 14 
ZZM D/D7 DATA IN BIT 2 BIT 0 DATA OUT 

27 0 l l 0 l 1 WRT l 0 
28 0 l l l 0 0 WRT BLOCK 0 
29 0 l 1 l 0 l COMP (XOR) 1 
30 0 l I l l 0 ERASE l 
31 0 l 1 l l 1 WET l 0 

In Table 2 the vertical column designated “ZZM" 
represents the logic states of signals developed on the 
“3" output of write control register 132, “D/D?” repre 
sents the signals input to ROM 134 from shift register 
130 on line 111, “Data In” represents the signals input 
from multiplexer 110 on line 107, and “Bit 2” and “Bit 
0” represent the signals input from the least signi?cant 
bit positions of write control register 132. The column 
entitled “Data Out” represents the modi?ed data output 
by ROM 134 on line 109. The ?rst 16 codes correspond 
to nonzig-zag mode operations, while the second six 
teen codes correspond to zig-zag mode operations. 
When operating in the normal write mode ROM 134 

takes data in on its line 107 from multiplexer 110 and by 
its code and code received from the write control regis 
ter 132 determines whether or not it will modify the 
data out on line 109, totally ignore the data, and put out 
a “1" or a “0,” or look at the data in and send out modi 
?ed data out which is opposite thereto, i.e., is XORed. 

In operating in the zig-zag mode, an entire block of 
data contained within the memory may be modi?ed. 
This mode allows the modi?cation of a particular block 
of data which only need be addressed at its upper left 
hand corner. Once addressed, the zig-zag mode control 
electronics causes the memory to be addressed starting 
at a particular X~Y location identifying the upper left 
hand corner of the block and to count down in the Y 
direction until it reaches the end of the Y count speci 
?ed and then increment the X count by one, count up in 
the Y direction until it reaches the speci?ed Y count, 
increment the X count by one, count down in the Y 
direction, etc., until both the X and Y lengths of the 
block are exhausted, at which time the operation is 
stopped. This allows the drawing of a zig-zag of lines 
through the memory to paint in the block. 
For example, using a zig-zag mode block the letter A 

could be made in a small size, e.g., a matrix of 5 X7 bits, 
or could be made the size of the entire display screen. 
However, if an alphanumeric-coded ROM chip were 
used, the 5X7 matrix could not easily be expanded to 
make it cover the entire display screen. Accordingly, 
with the scheme of the present invention, there is no 
limitation as to the size of the alphanumerics. The only 
limitation is that should the stored numerics be too 
small, for example, smaller than 3X3 bits, it would be 
difficult to properly portray the character. Accord 
ingly, nearly total freedom of size of the alphanumeric 
character painted on the screen is permitted and this 
mode makes it reasonably easy for the control program 
of the MCU to generate such characters. In this mode, 
the same data can also be used to generate either a black 
character on a white background or a white character 
framed by a black background by just drawing a black 
rectangle and XORing the matrix character data. 
An additional advantage of the XORing capability of 

the present invention is that if a character line or shaded 
block is written over another line or another ?gure the 
erasure of the character will cause the other line or 
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?gure to reappear. For example, one may choose to put 
in text over a drawing with the text overlapping some of 
the lines in the drawing. The only effect would be that 
where a line crosses the data it would be complemented; 
however, upon removal of the text the original drawing 
would be reconstituted to its original form. This is a 
major advantage of the present invention. 
Data direction buffer register 128 is a holding register 

which permits the information in register 130 to be used 
and reused without destroying it. Such register is re 
quired for operation in the bit stream mode so as to 
enable the data direction shift register 130 to be loaded 
only once by the CPU but to be used over and over. 
The zig-zag and bit stream control logic 122 includes 

an 8-bit register 121 which receives the Y length from 
data buffer 100 and a second 8-bit register which re 
ceives the X length from buffer 100. The combination of 
these two registers indicates the maximum area that is to 
be covered by the zig-zag mode operation. In other 
words, how large the area is in the X direction and how 
large it is in the Y direction. When the zig-zag operation 
begins, it starts at the upper left-hand corner of the 
stored data. 
The information contained in register 123 serves a 

dual purpose. In the zig-zag mode it provides the X 
length of the zig-zag block; however, in the bit stream 
mode, it indicates how many hits of information are to 
be modi?ed. For example, a count of one in register 123 
will cause only one bit of information to be modi?ed 
after which CPU 22 will be noti?ed that the operation 
is complete. Likewise, if the count is 8 then following 
modi?cation of those 8 bits CPU 22 will be noti?ed that 
the operation is complete. 
The X-Y address register count control unit 126 is 

loaded with information from both zig-zag and bit 
stream control unit 122 and octant control register 124. 
The bus 127 coupling unit 122 to unit 126 includes a 
zig-zag mode Y-up line, a zig-zag mode Y-down line, 
and a zig-zag mode X-up line. The Y-up line when 
raised instructs count control 126 to count the Y regis 
ter up, the Y-down line when raised instructs the regis 
ter to count the Y register down and the X-up line when 
raised causes the register to count the X register in the 
up direction. There is no X-down for the zig-zag mode. 
The octant control register 124 is loaded with data on 

data bus 33 in response to a control received from de 
vice decode unit 104 on line 119. The 6 least signi?cant 
bits of this register will control when the apparatus is 
not operating in the zig-zag mode, i.e., will indicate how 
the X-Y address registers 112 are to be counting. For 
example, are they counting in the Y~up, Y-down, or the 
X-up, X-down directions. 
The most signi?cant bit of register 124 is output on 

line 125, and when that bit is set, it causes unit 122 to 
operate in the bit stream mode. Another of the bits out 
of control register 124 is the X up/down (Xu/d) bit 
which when set/cleared indicates that the register is to 
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count in the up/down direction. ,When the bit desig 
nated XAO is set, it will cause the X register to count up 
or down depending on the state of the Xu/d bit in regis 
ter 124 if there is an “0" on bus 111, i.e., XAO means act 
on a zero on bus 111 as speci?ed by Xu/d. Conversely, 
XAl means act on a “1” on bus 111 as speci?ed by 
Xu/d. If both bits are set, then there will always be a 
command to act on the X register depending on the 
state of Xu/d. The Yu/d has the same control function 
relative to the YAO and YAl bits as the XAl] and XA1 
has to the Xu/d. 
The purpose of this function is not just to allow a 

unique bit to be addressed in the RMEM 28 but to allow 
the control program of the CPU 22 to indicate that it 
wishes to modify a certain number of bits in the 
RMEM, and it wants to start at a particular address and 
go in any direction from that point. This makes it possi 
ble to draw any connected ?gure without giving any 
more X and Y addresses. Accordingly, substantial time 
is saved because whereas a reloading of X, Y, coordi 
nates requires 32 data bits, the above method only uses 
one data bit. Thus, the octant control register 124, in 
conjunction with the data direction register 130, will 
permit, under the control of the Xu/d and its associated 
X actions and the Yu/d and its associated Y actions, a 
counting of the X-Y address registers, and under con 
trol of the write control, register 132 will modify a bit at 
the location arrived at by the action just described. 
The skip pattern control unit 138 responds to the 

address and data inputs to produce a signal on line 115 
for input to unit 116 which will inhibit the RMEM bit 
modify operation in a speci?ed pattern. This operation 
simpli?es the generation of a wide variety of broken 
lines to be written into RMEM 28. The use of broken 
lines in mechanical drawings is one application of such 
use; another is two lines that are coincident as in a 
printed circuit board top and bottom view. When the 
latter is drawn as two different patterns, the overlaying 
of the two lines will be distinct from the two lines not 
overlayed. 

Brie?y, the skip pattern control unit 138, which is 
shown in more detail in FIG. 5b, includes an 8-bit mem 
ory unit 150 that has the pattern in it as a series of 7-bit 
count values which will be accessed and loaded into a 
counter 152 that is counted overflow. At over?ow, the 
8th bit of the memory is examined and if it is a “1”, this 
terminates the pattern and the skip pattern memory 
address in register 154 is set back to the value that was 
loaded by MCU 22. If the 8th bit is ”0”, the skip pattern 
memory address register 154 will be incremented by 
one and a new count value will be loaded into counter 
152. 
The inhibit input (on line 115) to unit 116 is set to not 

inhibit by MCU 22 when it loads the skip pattern start 

. 
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ing address into register 154. After that, every count _ 
overflow will cause logic unit 156 to toggle the inhibit 
signal ?ip-?op 158 ON and OFF until an 8th bit equal to 
“1" is found. At that time the inhibit signal is set to not 
inhibit. This pattern will continue until the MCU 22 sets 
a new starting address. The counter 152 is incremented 
by one for every RMEM bit modify attempt. 

Therefore, it can be seen that by having a series of 
count values in the skip pattern memory, the last one of 
which is the 8th bit equal to “1”, it is possible to write 
a line in RMEM 28 that has a variable modulo of miss 
ing bits. The result of this operation is shown in FIG. 2e 
for the skip pattern memory values shown in FIG. 2f. 
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To overcome the problem of erasing a ?gure from the 

RMEM and having an overlapping ?gure partially 
erased, a modulo 2 skip technique can be incorporated 
wherein lines can be written as a series of dots occupy 
ing only the even (or odd) storage locations. If this is 
done, that line will never con?ict with another overly 
ing line written only on odd (or even) storage locations. 
As indicated in FIG. 5b, the MCU loads the modulo 

2 holding register 160 via bus 33 to create an even skip 
(remainder=0), odd skip (remainder=l), or no skip. 
Using the X, Y addresses on lines 113 the major mux 
unit 162 selects either the X axis or the Y axis as the 
major axis according to the value of the X-Y major 
signal developed on lines 164 by octant control register 
124. The modulo 2 remainder logic 166 divides the 
major axis value by 2 and outputs its remainder for 
comparison with the output of register 160. The com 
parator 168 develops a modulo inhibit signal on line 169 
when the remainder has a value called for by the mod 
ulo 2 remainder holding register 160. This modulo in 
hibit signal is ORed with the skip pattern inhibit in gate 
170. The scheme is easily expandable to modulo N=3, 
4, etc. 
The present invention is frequently used to lay out 

printed circuit board designs wherein circuit layouts are 
made on both top and bottom of the board. This feature 
thus has particular applicability in that it enables the 
lines on both sides of the board to be depicted in a single 
display without any con?ict. 
More particularly, by assigning even storage loca 

tions to the top of the board and odd storage locations 
to the bottom side, a top circuit line and a bottom circuit 
line can coincide and each be independently modi?ed or 
erased without affecting the other. This is a very appro 
priate application for PCB design because wires on the 
same side of the board do not ever cross or coincide. 
This feature could also be generalized for three sides or 
more by using modulo arithmetic. 

Since the RMEM is two-dimensional and since the 
present invention deals with stick ?gures made of 
straight line segments (even cirles are made of straight 
line segments), either the X or Y direction is chosen as 
the major axis simply by using the larger delta distance. 
More precisely, if a line segment has end points X0, Y0, 
and X1, Y1, the major axis is X if IX?-Xll Z lYo-Y? 
otherwise Y is the major axis. The skipping of odd or 
even dots takes place with respect to the value along the 
major axis. The result of this operation is shown in FIG. 
9 wherein rectangles and lines are drawn at A, B, and C 
to illustrate, respectively, a no skip application, an even 
skip application, and an odd slip application. 

In FIG. 6, a block diagram is presented showing the 
principal components of the video control unit 26 ex 
cluding many of the various timing control blocks. The 
function of video control unit 26 is to address RMEM 
28, read data therefrom, take the 16 bits of parallel data, 
convert it into serial form, and then through a video 
mixer 150 drive the CRT 18. This particular unit in 
cludes the basic oscillator and sync circuits for the dis 
play system. In the center of the diagram the block 152 
entitled “Oscillator and Video Sync Circuits” includes a 
40 MHz oscillator and a number of rather straight for 
ward counters which divide down the output of the 
oscillator into the various speci?ed horizontal and verti 
cal retrace signal frequencies and timing frequencies 
needed for operation of the CRT in a raster-scan, nonin 
terlaced mode. For example, since the device must 
generate 416 dots (picture elements) for each line drawn 
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across the CRT screen and there are to be 312 lines 
from top to bottom of the screen, this number of ele 
ments makes up a l- to-l look at a particular area of 
RMEM 28. So in essence, in the l-to-l zoom mode 
every bit of data in the scanned area of the RMEM will 
correspond to a dot on the CRT screen which is either 
illuminated or not illuminated. 
The bits read out of the RMEM are fed into a buffer 

register 154 under control of the RMEM read/write 
control and timing unit 156 which controls access to the 
RMEM according to the speci?cations of the particular 
chips used therein. Each time it is ready to receive data 
it will generate a load signal for input to the buffer 
register 154. And after the buffer is loaded and settled 
unit 156 will generate a shift signal for input into the 
?rst-in ?rst-out (FIFO) unit 158. The FIFO 158 is a 
device which will upon receipt of the shift signal re 
ceive 16 bits from the buffer register 154 and cause 
those bits to automatically propagate to the output end 
of the register so that they can be taken out independent 
of the speed at which new blocks of data are input to the 
FIFO. This is required in this case because in real time 
there is a unique time within which the date must be 
taken out and read onto the screen. But at the same 
time, words must constantly be reloaded into the buffer 
154 so that the FIFO does not go empty during a dis 
play line. The FIFO’s characteristic of allowing certain 
slack times eliminates any possibility of con?ict be 
tween input and output of data. 
The video dot clock generator 162 controls the data 

readout on a dot-by-dot basis to develop each horizon 
tal line displayed. It causes the output of FIFO 158 to be 
generated in real time as a function of the selected 
zoom, and in addition generates dot cycle control sig 
nals on line 163 for input to gate 167. Generator 162 is 
driven by the sync circuits 152 by means of signals input 
over the bus 153. Bit counter 164 responds to the output 
of generator 162 and develops a shift out from the FIFO 
and a load to the buffer register 160. The bit counter 
output on line 165 performs the same function in the 
horizontal direction that the zoom control ROM 170 
performs in the vertical direction, namely, for a zoom of 
say 2, the dot (in the memory) in the horizontal or X 
direction is expanded to two dots so that the data in 
register 166 is shifted out only every other dot time. 
Similarly, the dot duty cycle signal on line 163 performs 
the same function in the horizontal direction that the 
zoom control ROM performs in the vertical direction, 
namely, for a zoom of two and a 50% dot duty cycle, a 
particular dot is only allowed to be displayed for one 
dot period. 

If counter 164 has been set to zero, then converter 
166 will ?rst output the least signi?cant bit of the 16 bits 
contained therein. This means that if a particular frame 
falls on a word boundary there will be no offset. How 
ever, if the device is to be capable of scanning the video 
display smoothly through the RMEM, it must have the 
capability of being able to cross word boundaries, and 
this can only be done on an offset basis insofar as the 
very ?rst word is concerned. This in effect means that 
the data transmitted to video mixer 150 must start with 
a particular bit selected, such bit not necessarily being 
the ?rst bit in a word, and the rest of the l6-bit word 
must likewise be displayed serially. The next l6-bit 
word is then received from the FIFO 158 and the bits 
are displayed serially until the split is reached at a bit 
count speci?ed in the X-‘[ split logic 178. This opera 
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18 
tion is repeated for each X split (one or two allowed) 
and for each video line. 
The data control logic 167 gates the output of con 

verter 166 under control of the inhibit signal from zoom 
control ROM 170 and the dot duty cycle signal from 
generator 162. The video hashing logic 169 gates the 
data output from logic 167 with a 10 MHz signal gener 
ated by the sync circuits 152. 
The zoom control ROM 170 is used to control data 

displayed in the vertical direction and has the effect of 
causing the data read out to correspond to something 
other than a l-to-l dot position on the screen. For exam 
ple, it may cause a single dot in the memory to represent 
3 dots on the screen. It gets information (control word 
2) from the V1 and V2 control memories 172 and 174 at 
the top of the ?gure, another set of inputs from the 
vertical line counter of the oscillator video and sync 
circuits 152, another set of inputs which are generated 
by the V1-V2 read/ write control unit 176, and still 
another set of inputs from the modulo 3 counter 171. 
The buses leading into the zoom control ROM wil set 
up its address register so that a zoom of any particular 
magni?cation can be speci?ed. More precisely, the 
zoom ROM inputs an 8-bit address formed as follows: 3 
bits of zoom value (from control word 2), l-bit dot duty 
(100% or 50% from control word 2), 2 bits from the 
mod 3 counter, and the 2 least signi?cant bits of the 
vertical line counter. 
The ROM has two outputs used for control purposes. 

One of the outputs is called “inhibit data.” Its function 
is to inhibit the FIFO data output on a line-by-line basis 
as a function of the zoom/dot duty cycle. For example, 
a zoom of two with a 50% duty cycle will cause every 
other line to be inhibited. Since a zoom of two implies a 
dot in the memory has been expanded to two dots both 
in the horizontal as well as vertical direction, and a 50% 
duty cycle implies that the dot is to be only on for one 
dot period in both the horizontal and vertical directions, 
then the “inhibit data” line would inhibit the FIFO data 
on every other line. The other control output is “inhibit 
Y address count.” For the previous example, it would 
not allow the Y address to be incremented every line 
but rather every other line, since the data to be dis 
played has been expanded to two dot positions in both 
the horizontal as well as vertical directions. 
One of the problems, however, is that if a single dot 

in the memory is to correspond to two dot positions in 
the X and Y directions on the screen, the simple result 
will be a very large dot. Accordingly, the zoom control 
logic contains registers that specify zoom magni?cation 
and separately specify the optimum dot duty cycle. In 
other words, a selectible range is provided for allowing 
the dot to be on for two normal dot periods or to be on 
for only one dot period. This scheme is obviously ex 
pandable to more than two periods. If it is set to be on 
for just one period, it will reproduce a single dot. For 
example, if a horizontal straight line is magni?ed to a 
zoom of two with a single dot duty cycle, it will appear 
as a series of dots twice as long as the original line. But 
if a two-dot duty cycle is selected, the larger dots will 
merge and will appear as a solid line twice as thick and 
twice as long as the original line. Basically, this function 
of the zoom control logic, in effect, says how is this 
particular magni?ed information to be represented? Is it 
to be represented as produced, basically with a 100% 
duty cycle, or is it to be represented as produced by a 
50% of other duty cycle? Internally, the zoom control 




























