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Attorney, Agent, or Firm—Fitch, Even, Tabin, Flannery puter system before the pixel data is stored in a random
& Welsh access memory to effectively increase the speed or data
[57) ABSTRACT handling power of the system.

A home computer system provides a video processor
for use with a television receiver. The video processor
can selectively perform a variety of modifications to
pixel data under the direction of the CPU of the com- 36 Claims, 167 Drawing Figures
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1
HOME COMPUTER AND GAME APPARATUS

This application is a continuation-in-part of co-pend-
ing application Ser. No. 812,662, filed July 5, 1977,
which is a streamline continuation of co-pending appli-
cation Ser. No. 635,406 filed Nov. 26, 1975, abandoned.

The present invention relates to computers and more
particularly to home computers and game apparatus
adapted for use with cathode ray tube display appara-
tus, such as television receivers or monitors.

Video games typically employ a television receiver
or monitor (hereinafter often referred to as merely “tel-
evision”) to display the game symbols and figures. Each
player usually has a control which may be manipulated
to cause the game symbols on the screen to interact in
accordance with the rules of the particular game being
played, often under the direction of a small computer,
or microcomputer, Similarly, the television may be used
as a display for a computer used as a calculator.

Each frame of the picture displayed on the television
screen is comprised of a plurality of picture elements
(pixels) which are rapidly and sequentially displayed in
a raster scan of the television screen. One type of video
game employs a random-access-memory (RAM) to
store digital data representative of each picture element
to be displayed on the screen. The digital data stored in
the RAM is read synchronously with the raster scan-
ning of the picture elements of the television screen.
The digital data is converted to signals suitable for the
television receiver or monitor and supplied to the televi-
sion to define the particular pixels being displayed. A
programmed microprocessor (a type of computer) may
be used to update or modify the data stored in the RAM
and hence modify the picture displayed on the televi-
sion screen in response to signals transmitted from the
player controls, in accordance with the microprocessor
program.

It is an object of the present invention to provide an
improved computer particularly adapted for home use
and having the capability of performing various game
functions as well as normal computer and calculating
functions. It is a further object to provide such a com-
puter that is economical to manufacture. It is a still
further object to provide such a computer adapted for
use with interchangeable program storage devices.

These and other objects of the invention are more
particularly set forth in the following detailed descrip-
tion and in the accompanying drawings of which:

FIG. 1is a perspective view of a specific embodiment
of the present invention;

FIG. 2 is a block diagram of a computer system of the
embodiment of FIG. 1;

FIGS. 3A and 3B are charts illustrating the memory
address allocations for low and high resolution alterna-
tive modes of operation,;

FIGS. 4A and 4B are diagrams illustrating the corre-
spondence between the memory address locations in the
display memory with the pixels of the display screen for
the low and high resolution modes, respectively;

FIG. § is a diagram illustrating the correspondence of
color registers 0-7 with particular display screen areas;

FIG. 6 is a diagram illustrating examples of modifica-
tions performed on pixel data;

FIGS. 7A and 7B illustrate further examples of modi-
fications performed on pixel data;

FIG. 8 is a diagram illustrating the particular data
that can be read at a plurality of input ports;

20

25

30

35

40

45

50

55

60

63

2

FIG. 9 is a block diagram of a microcycler interface
employed in the system;

FIGS. 10A, 10B and 10C are a schematic diagram of
the interconnections of the integrated circuit chips of
the system;

FIGS. 11A-11F are a block diagram of the data chip
of the video processor of the system;

FIGS. 12A-12G are timing diagrams of various con-
trol signals of the system for various read and write
operations;

FIGS. 13A-Z and 13AA-EE illustrate an example of
a circuit implementing the block diagram of FIGS.
11A-F;

FIG. 14 is a composite diagram illustrating the rela-
tionship of FIGS. 13A-EE viewed as whole;

FIGS. 15-39 are diagrams showing blocks of FIGS.
13A-EE in greater detail.

FIG. 40 illustrates the pixel data contained in regis-
ters of a rotator circuit of the video processor;

FIGS. 41-43 illustrate the relationship among con-
trol, clock and synchronization signals of the system;

FIG. 44 is a block diagram of the address chip of the
video processor;

FIGS. 45A-J show a more detailed circuit of the
address chip;

FIG. 46 illustrates a composite view of FIGS. 45A-J;

FIGS. 47-70 are diagrams showing blocks of FIGS.
45A-] in greater detail;

FIGS. 71A~C are block diagrams of the input/output
chip;

FIG. 72 illustrates a circuit for the generation of an
input signal;

FIGS. 73A-M show a more detailed circuit of the
input/output chip;

FIG. 74 is a composite view of the FIGS. 73A-M;
and

FIGS. 75-97 are diagrams showing blocks of FIGS.
73A-M in greater detail.

The preferred embodiments of the present invention
are hereinafter described. In general, the system com-
prises a display for providing discrete picture elements
for presentation of movable symbols and a display mem-
ory for storage of digital signals representative of pic-
ture elements of the display. The system further com-
prises a computer having a program memory for receiv-
ing digital input signals and supplying digital output
data signals and other digital output signals representa-
tive of picture elements in response to the input signals
and program memory. A video processor means is oper-
atively connected to the computer and display memory
for selectively performing a plurality of modifications
to the picture element output signals from the computer
in response to the output data signals and also for trans-
ferring the modified picture element signals to the dis-
play memory. The video processor means is also opera-
tively connected to the display for supplying signals
thereto in response to the digital picture element signals
stored in the display memory whereby the picture ele-
ments represented therein are displayed.

The system shown in FIG. 1 comprises a computer
console 18 having four player-operated control handles
12a-d connected by coiled line cords 14a-d, respec-
tively, to the computer console 10. Thus, the console 10
can accommodate up to four players at a time. Each
control handle has a trigger switch 16 and a top
mounted joy-stick 17 for actuating four directional
switches. The joy-stick 17 has a rotatable knob mounted
thereon which controls a potentiometer. The console 10
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further has a keypad 18 which has a plurality of keys or
push-buttons such as indicated at 20, and a slot 22 for
receiving a removable cartridge or cassette 24 contain-
ing stored programs. The console 10 further has a cas-
sette eject button 26 for ejecting the cassette whereby
the cassette 24 may be easily replaced with a different
cassette containing different programs.

A display for presenting movable symbols is shown as
a standard color television receiver 28 which is con-
nected to the computer console 10 by a line 30. The
television (TV) has a cathode ray tube screen 32 on
which a plurality of movable symbols such as the cow-
boys 36 and 38 are presented for a "Gunfight” game.
The picture presented on the screen 32 is made up of the
cowboy symbols 36, 38, and a cactus symbol 40 super-
imposed on a background each in one or more of a
variety of color and intensities and comprises a plurality
of discrete picture elements or pixels.

A symbol's action is controlled in part by a control
handle. For example, the cowboy 36 may be moved up,
down, left, right, up and to the left, up and to the right,
etc., by proper movement of the joy-stick 17. The direc-
tion of the cowboy’s shooting arm may be controlled by
rotating the potentiometer control knob of the joy-stick
17 and the gun may be fired by pulling the trigger 16.
Should the bullet 41 strike the cowboy 38, the cowboy
38 will be caused to fall by a computer system contained
within the console 10. In addition, suitable music such
as the “Funeral March” will be played by the computer
through the television 28.

A schematic block diagram of the computer system
of FIG. 1 is shown in FIG. 2 to comprise a display
memory for storage of digital signals representative of
picture elements of the display (or pixel data) which is
shown as a display random-access-memory (RAM) 42.
The system further comprises a digital computer 44
which is shown to include a central processing unit
(CPU) 46 which may be a microprocessor, for example.
The computer 44 has a program memory which in-
cludes a system read-only-memory (ROM) 48 and a
cassette ROM 24 connected to the CPU 46. The pro-
gram memory contains instructions to direct the CPU
46 and the symbols and figures stored in digital form for
the particular computer functions and games.

The cassette ROM 24 may be easily removed by
pressing the ejector button 26 (FIG. 1) and replaced by
another cassette in order to change a portion of the
program memory. This greatly enhances the flexibility
of the system in that a potentially endless variety of
games and functions may be performed by the computer
console 10 and TV display 28.

The computer 44 is operatively connected to an in-
put/output (L/O) chip 50 and a video processor 52 com-
prising an address chip 56 and a data chip 54 through a
microcycler interface 60. The control handles 12a-d
and the keypad 18 are connected to the 1/0 chip and
provide signals in response to manipulation by the play-
ers or operators to the 170 chip 50. The digital com-
puter 44 receives the input signals from the 1/0 chip 50
in digital form and supplies digital output data signals
and digital pixel data signals in response to the input
signals and the program memory. The 1/0 chip 50 has
a music processor which provides audio signals in re-
sponse to output data signals from the computer to play
melodies or generate noise through the TV 28.

The data chip 54 of the video processor 52 selectively
performs a plurality of modifications to the pixel data
signals from the computer in response to the output data
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signals from the CPU. The video processor is opera-
tively connected to the display RAM 42 and transfers
the modified or unmodified pixel data to the display
memory 42 at address locations corresponding to ad-
dress signals transmitted by the address chip 56. The
computer 44 transmits the addresses to the address chip
56 which relays the addresses to the display RAM 42.

The video processor 52 is also operatively connected
to the TV display 28 to supply signals to the display
modulated by a radio frequency (RF) modulator 58 in
response to the pixel data stored in the display RAM 42.
The address chip 56 internally generates addresses for
sequentially reading the pixel data stored in the display
RAM 42 whereby the pixels represented in the display
memory are displayed.

The microcycler 60 interfaces the computer 44 to a
peripheral device such as the video processor 52 and the
input/output chip 50. The computer provides a plural-
ity of address signals on a plurality of address lines, a
plurality of data signals on a plurality of data lines, and
a plurality of control signals on a plurality of control
lines to the microcycler 60. The purpose of the micro-
cycler 60 is to combine the address lines and the data
lines from the CPU 46 into one data bus 66 to the video
processor 52 and the 1/0 chip 50.

The computer system is shown having an additional
input device light pen 62, which provides an additional
input signal to the computer 44. The light pen 62 is
sensitive to light and may be used as a pointer by a
player or operator to identify points on the TV screen
32 as will be more fully explained later.

The illustrated apparatus is a full-color video game
and home computer system based on a mass-RAM-
buffer technique in which two bits of the display RAM
42 are used to define the color and intensity of the pixel
on the screen 32. The display RAM 42 has eight bits or
a byte at each memory address or location at which data
may be read or rewritten. In this manner, the picture on
the screen is defined by the contents of the display
RAM which can be easily changed by modifying the
contents of the display RAM. Data which defines pixels
will be referred to as “pixel data”.

The specific system of the illustrated embodiment
uses a Zilog Z-80 microprocessor as the CPU 46 of the
computer 44. The system ROM 48 contains software or
programming for a plurality of games. The cassette
ROM 24 is a solid state cassette which provides addi-
tional memory whereby additional games may be
played. These ROM’s also contain pixel data which
represents various game figures and symbols.

The system may be operated in a high resolution or
low resolution mode. The high resolution mode gener-
ates a greater number of pixels per unit screen area
resulting in a higher resolution. In both the low and
high resolution modes, the operating system ROM 48 is
allocated the first 8K of memory space; that is, approxi-
mately the first eight thousand memory addresses corre-
spond to the system ROM 48 as shown in F1GS. 3A and
3B. Thus, addresses 0000-1FFF (hexadecimal) are ad-
dresses for the memory locations of the system ROM.
The cassette ROM 24 has the next 8K of memory space,
or memory addresses 2000-3FFF (hexadecimal, herein-
after “H") in both modes. The display RAM memory
space begins at 16K or memory address location 4000H.
In the low resolution mode, the display screen RAM
has 4K bytes; in the high resolution, 16K bytes.

The CPU can transfer the pixel data of a pattern or
figure stored in either the system or cassette ROM to
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the display RAM via the video processor. As noted
before, the video processor may perform a variety of
modifications to the pixel data before it is written into
the display RAM. The modifications are performed by
what will be called a “function generator” which is
located on the data chip 54 of the video processor 52.
The modifications are performed by the function gener-
ator when the address bit A14 of the address of the data
is a 0. Thus, the address of data to be modified by func-
tion generator and written into the display RAM will be
less than 214 or 3FFF H. Consequently, the address of
the data to be modified will be between 0000 H and
3FFF H for the high resolution embodiment and be-
tween 0000 H and OFFF H for the low. However, when
the data is written the system actually writes the modi-
fied data in the display RAM at locations corresponding
to addresses 4000- and 4FFF H for the low resolution
model and 4000 H-7FFF H for the high resolution
model. The system distinguishes a memory read from
ROM addresses 000-1FFF H from a memory write to
modified data display RAM addresses 0000-1FFF by
circuitry external to the ROM and RAM chips shown in
FIGS. 10A and B.

All memory space above 32K (memory location 8000
H) is available for expansion. In the low resolution
mode, memory addresses 5000-8000 H are also avail-
able for expansion.

In the illustrated computer system, two bits of display
RAM 42 are used to define a pixel on the screen. Thus,
an 8-bit byte of the display RAM defines 4 pixels on the
screen. In the low resolution mode, 40 bytes are used to
define a line of data as shown in FIG. 4A. This gives a
horizontal resolution of 160 pixels. The vertical resolu-
tion is a 102 lines. The areas 610 of the screen defined by
the display RAM 42 therefore requires 102 x 40=4080
bytes. More of the RAM 42 can be used for scratch pad
by blanking the screen before the 102nd line is displayed
as will be described more fully later.

In the high resolution mode, there are 80 bytes or 320
pixels per line as shown in FIG. 4B, The vertical resolu-
tion is 204 lines thus requiring 16,320 bytes of display
RAM. This leaves 64 bytes of RAM for scratch pad
memory.

In both the high and low resolution modes, the first
byte of the display RAM 42 (address 4000 H) corre-
sponds to the upper lefthand corner of the area 610 of
the display screen 32 defined by the display RAM. The
last byte of the first line in the low resolution mode has
address 4027 H with the last byte of the first line in the
high resolution mode having address 404F H. In the
low resolution mode, the highest display address (4FFF
H) corresponds to a byte which corresponds to the
lower righthand corner of the screen. Thus, as the
RAM addresses increase, the position on the screen
associated with the addressed bytes moves in the same
directions as the TV scan: from left to right and from
top to bottom.

The address chip 56 of the video processor 52 sequen-
tially generates the addresses 4000 H to 4FFF H (7FFF
H for the high resolution mode) as the screen is being
scanned so that each byte defining 4 pixels is read in
order to supply information necessary to display the
corresponding 4 pixels of the picture. The 4 pixels asso-
ciated with each byte are displayed with Pixel 3 defined
by bits 6 and 7 shown on the left displayed first. Thus
bits 6 and 7 of byte 4000 H define the pixel in the ex-
treme upper lefthand corner of the screen area corre-
sponding to the display RAM.
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As noted earlier, two bits are used to represent each
pixel on the screen. These two bits, along with a left/-
right bit (which will be more fully explained later) map
the associated pixel to one of eight different “color”
registers 0-7. Thus, two bits from the display memory
together with the left/right bit identify or select one of
the eight different color registers. If the two bits from
the display memory have the binary value 00, the color
register selected will be color register 0 or 4 depending
upon the left/right bit. Similarly, bits having the binary
value 01 select register 1 or 5 depending on the left/-
right bit, etc.

Each color register is an 8-bit register for storage of
output data from the computer. The binary bits in a
selected color register define the color and intensity
characteristics of the associated pixel to be displayed on
the screen. The intensity of the pixel is defined by the
three least significant bits of a color register, with 000
for darkest and 111 for lightest. The colors are defined
by the 5 most significant bits. Thus each color register
can define 1 of 23 intensity levels and 1 of 25 different
colors. The CPU can change the data stored in the color
registers which will cause the colors and intensities of
subsequent pixels displayed to also change.

A horizontal color boundary register defines the hori-
zontal position of an imaginary vertical line 64 on the
screen 32, referring now to FIG. 5. The boundary line
64 can be positioned between any two adjacent bytes in
the low resolution mode. The line is immediately to the
left of the byte whose address is sent to the horizontal
color boundary register. For example, if the horizontal
color boundary is set at 0 by the computer, the line will
be just to the left of the byte 0 if it is set to 20, the line
will be between bytes 19 and 20 which corresponds to
the center of the screen.

The left/right bit is an additional register identifying
signal supplied by the video processor in response to the
data stored in the horizontal color boundary register. If
a byte is to the left of the boundary, the left/right bit of
the four pixels associated with that byte is set to 1. The
left/right bit is set to O for pixels associated with a byte
to the right of the boundary line 64. Color registers 0-3
are selected by a left/right bit=1, i.e, for the pixels to
the right of the boundary line, and registers 4-7 are
selected for the pixels to the left of the boundary. Thus,
if a byte read from the display RAM 42 has the values
00 11 10 00, and was to the right of the boundary line,
for example, the four pixels will be defined by color
registers 0, 3, 2, and 0, respectively. However, if the
byte was located to the left of the horizontal color
boundary line, the four pixels will be defined by color
registers 4, 7, 6, and 4 respectively.

In the high resolution mode, if a value X is sent to the
horizontal color boundary register, the boundary line
will be between bytes having addresses 2X and 2X-1
which corresponds to the same position on the screen as
the low resolution mode but between different bytes.
Thus, for example, if the value 20 is sent, the boundary
will be between 39 and 40, corresponding to the center
of the screen. To put the entire screen, including the
rightside background, to the left of the boundary line
64, the horizontal color boundary line register should be
set to 44.

If just four color registers are used, all the informa-
tion necessary to generate the color and intensity of a
particular picture may be stored utilizing only two bits
of storage together with the color registers. However,
the left/right bit and eight registers give added flexibil-
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ity. The color and intensity pattern of a picture stored in
memory may be quickly modified in one step by selec-
tive placement of the horizontal color boundary. For
example, if the entire screen is to the right of the hori-
zontal color boundary, the colors and intensities of the
pixels will be selected from color registers 0-3. One the
other hand, placing the entire screen to the left results in
the colors and intensities of color registers 4-7 being
utilized. In this manner, the colors and intensities of the
entire picture may be altered by merely changing the
address of the horizontal color boundary.

On most television screens, the area 610 defined by
the display RAM will be somewhat smaller than the
total screen area. Thus there will generally be extra
space on all four sides of the display screen not defined
by the display RAM. The color and intensity of this
area is defined by a two-bit “background” color regis-
ter. These two bits along with the left/right bit combine
to identify one of the 8 color registers which determines
the color and intensity of the particular background
area. For example, if the two bits contained in the back-
ground color register have the value 00 the color and
intensity of the background area to the right of the
boundary line 54 will be defined by the color register 0,
with the area to the left defined by the color register 4,
as shown in FIG. 8.

As described earlier, the function generator is en-
abled to modify pixel data when the data is to be written
to a memory address “X" less than 4000 H (A14=0)
and that a modified form of the data is actually written
to memory location X +4000 H in the display RAM. A
register hereinafter called the function generator regis-
ter determines how the data is modified.

The functions performed on the pixel data are: “ex-
pand”, “‘rotate”, “shift”, “flop”, “logical-OR” and “ex-
clusive OR”. As many as four of these functions can be
used at any one time and any function can be bypassed.
However rotate and shift as well as logical-OR and
exclusive OR are not done at the same time. The modi-
fied pixel data is stored in the display RAM whereby
the pixels associated with the pixel data appear similarly
modified when displayed.

Referring back briefly to FIG. 2, the microcycler has
an 8-bit data bus 66 connecting the microcycler to the
video processor 52 and 1/0 chip 50. The expand func-
tion expands the 8 bits contained on the microcycler
data bus into 16 bits where each bit of the 8 bits repre-
sents one pixel. In other words, it expands 1-bit pixel
data into 2-bit pixel data. For example, a 0 on the data
bus is expanded into one 2-bit pixel data value and a 1on
the data bus into another 2-bit pixel data value. Accord-
ingly, the pixel data before being expanded is encoded
at a first level which can be decoded into pixel data
encoded at a second level. Thus, the pixel data on the
8-bit microcycler data bus is encoded at the first level as
1-bit pixel data and when expanded, it is encoded into
pixel data at the second level, i.e., 2-bit pixel data. In this
manner, two-color patterns can be stored in a ROM in
half the space.

The generator functions shift, flop and rotate can be
thought of as operating on the pixel data as a whole
rather than the individual bits of each pixel. Each byte
of the display RAM 42 can be though of as four 2-bit
locations, each location corresponding to a pixel and
storing one of four pixel data values (0-3) although the
pixels are, of course, actually elements of the picture
displayed on the screen. The four pixel data values of
the first byte, byte 0, will be referred to as PO, P1, P2
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and P3. PO is composed of the first two bits (or least
significant bits) of the byte.

The shift function shifts the pixel data 0, 1, 2 or 3 pixel
locations to the right. FIG. 6 illustrates the effect of the
above mentioned shifts upon the 3 bytes. The pixel data
values are shifted relative to each other wherein the
pixels that are shifted out of one byte are shifted into the
next byte with the corresponding pixels on the screen
appearing shifted a similar amount when displayed.
Zeros are shifted into the first byte of a sequence.

The output of the flop function is a mirror image of its
input, the original data. The pixel locations interchange
pixel data values relative to each other, i.e., the first and
fourth pixel location of each flopped byte exchange
pixel data values as to the second and third as shown in
FIG. 6. The four pixels associated with the flopped byte
will similarly appear flopped relative to each other
when displayed on the screen.

The rotate function rotates a four pixel by four pixel
block of data 90° in clockwise direction such that the
pixel data values are rotated relative to each other.
FIGS. 7A and 7B illustrate an example of rotation. The
sixteen pixel data locations correspond to sixteen con-
tiguous pixels displayed on the screen.

The logical OR and exclusive OR functions operate
on a byte as 8 bits rather than four 2-bit pixel data.
When the OR function is used in writing pixel data to
the display RAM, the input pixel data is logical OR-ed
with the contents of the display RAM location being
accessed. The result of the logical OR is sent to the
display RAM at the above location. The exclusive-OR
function operates in the same way except that the data
is exclusive OR-ed instead of logical OR-ed.

The illustrated system can accommodate up to four
player control handles 12a-12d (FIG. 1) at once. Each
handle has five switches (i.e., the trigger switch, and
four joy-stick directional switches) and a potentiometer.
The switches are ready by the CPU 46 via input ports
through the 1/0 chip 50 (FIG. 2). These input ports are
diagrammatically shown in FIG. 8 as input ports 10-1F
H where the port number indicates its hexadecimal
address. Thus the port at which the player control han-
dle switches for player 1 are read has a hexadecimal
address of 10H.

The trigger switch for each player control handle is
read at bit 4 and the four directional switches of the
joy-sticks are read at bits 0-3. The signals from the
potentiometers are converted to digital information by
an 8-bit analog to digital converter (FIG. 71A). The
four potentiometers are read at input ports 1C-1F H
(FIG. 8). All zeros are fed back when the potentiometer
is turned fully counterclockwise and all 1's are fed back
when turned fully clockwise.

The 24-button keypad 18 is read at bits 0-5 of ports
14-17H. The input data is normally zero and if more
than one button is depressed, the data should be ig-
nored.

The microcycler functions as an interface between
the CPU and the peripheral devices. The CPU 46 of
FIG. 2 has a 16-bit address bus and an 8-bit data bus
connecting the CPU to the microcycler 60. Referring
now to FIG. 9, the microcycler 60 combines the 16-bit
address bus, AD-A15, and the 8-bit data bus, D0-D7,
from the CPU 46 into one 8-bit microcycle data bus 66,
MXDO0-MXD7, connected to the address chip 56, the
data chip 54, and the 1/0 chip 50. One advantage of the
microcycler is that the number of connector pins of the
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integrated circuit chips may be reduced since there are
fewer connecting lines.

The microcycle data bus can have any of four modes
which are defined by the contents or data carried by the
microcycle data bus 66. Its mode is controlled by con-
trol signals MCO and MC1 which are generated by the
data chip from a plurality of CPU control signals which
will be more fully explained later. The microcycle data
bus mode is also controlled by a CPU control signal
RFSH which indicates that the lower 7 bits of the ad-
dress bus contains a “refresh” address for refreshing the
RAM dynamic memories. The CPU control signals are
discussed more fully in the Zilog Z80-CPU Technical
Manual and is hereby incorporated by reference as if
fully disclosed herein. The microcycle modes are
shown below:

TABLE |

=
m
%]
o

MCl1 MCO0 Microcycle Data Bus Contents

0 AO0-A7 from the CPU
AO-A7 from the CPU
A0-A7 from the CPU
A0-A7 from the CPU
AU0-A7 from the CPU
A8-A1S from the CPU
DO0-D7 from the CPU
D0-D7 to the CPU

—_————oooo

—_—_— O O m—O O
—_— OO — O -

As can be seen above, when the RFSH signal is a
logical zero or low state, the microcycler will allow the
address bits A0-A7 from the CPU to be conducted
through regardless of the state of MCO or MC1 in order
to refresh the RAM. However, when RFSH is a logical
1 (inactive), MCO and MC1 determine the contents of
the microcycle data bus MXD0-MXD?7.

The microcycler as well as the interconnection of the
various integrated circuit chips of the low resolution
mode system are shown in greater detail in FIGS. 10A-
C. The microcycler 60 comprises two 8-line to 4-line
multiplexers 70 and 72, having four output lines MXD4-
MXD7 and MXDO0-MXD3, respectively, and each hav-
ing 4A and 4B input lines, an enable input E and a select
input S.

The address lines A0-A3 and A8-A11, from a CPU
address bus 73 from the CPU 56 are connected to the A
and B input lines of the address multiplexer 72, respec-
tively. Similarly, the address bus lines A4-A7 and A12-
A15 are connected to the 8 input lines of the address
multiplexer 70. The address multiplexers 70 and 72 can
selectively conduct either the “low address” bits A0-
A7, or the “high address” bits A8-A1S, to the microcy-
cle data bus MXD0-MXD7 when enabled. The multi-
plexers have common industry designation number
741.8257.

The microcycler further comprises an 8 line bidirec-
tional data gate 74 having 8 input/output lines con-
nected to a CPU data bus 75 from the CPU 56, 8 input-
/output lines connected to the microcycle data bus
MXD0-MXD?, a direction input DIR and an enable
input CD. The data gate 74 can conduct data either
from the CPU data bus 75 to the microcycle data bus 66
or from the microcycle data bus 66 to the CPU data bus
75 as determined by the state of the DIR input when
enabled.

These three logic elements 70, 72, and 74, function as
a 24-line to 8-line multiplexer to sequentially conduct
groups of address signals and groups of data signals to
the microcycle data bus, in response to the control
signals MCO and MC1 and the CPU control signal
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RFSH. Alternatively, the gate 74, of the microcycler
further functions as a gate for conducting data signals
from the microcycle data bus to the CPU data bus.

The microcycle data bus 66 is connected to the
MXD0-MXD7 inputs of the address chip 56, data chip
54 and 1/0 chip 50. The microcycler 60 had input lines
76, 78, and 80 for the control signals RFSH, MC1 and
MCO respectively. The input line 76 operably connects
the CPU 56 RFSH output to the inputs of a pair of
NAND gates 81 and 82. The output of the NAND gate
81 is inverted by an inverter 84 whose output is con-
nected by a line 85 to the enable input ‘E’ of the multi-
plexers 70 and 72 and is also connected to the input of a
NAND gate 86 whose output is connected to the enable
input CD of the gate 74. Thus, when the CPU 56 pre-
pares to refresh the RAM, the refresh control signal,
RFSH, will go to the low state causing the output of the
NAND gate 81 to go high which is inverted by the
inverter 84. A low state at the enable input E of the
multiplexers 70 and 72 causes these logic elements to be
enabled whereby address signals can be conducted to
the microcycle data bus 66. A low state on the line 85
also causes the output of the NAND gate 86 to go high
which is presented to the enable input CD of the gate
logic element 74 causing the gate 74 to be disabled
whereby the outputs of the logic gate 74 are forced to
an off state.

The output of the NAND gate 82 is connected to an
inverter 88 having an output line 90 connected to the
select inputs S of the multiplexers 70 and 72. Thus,
when the refresh multiplexer control signal RFSH is
low, the output of the NAND gate 82 is high. Conse-
quently, the output of the inverter 88 is low. A low state
presented at the selector input S causes address bits
presented at the A inputs to be conducted to the multi-
plexer data bus. Thus when RFSH is low, the low ad-
dress, A0-A7, is conducted to the microcycle data bus
for use in the refresh cycle.

The input lines 78 and 80 connect data chip 54 MC1
and MCBO outputs to the inputs of NAND gates 81 and
82, respectively. When the control signal RFSH is high,
ie, a refresh is not being done, the outputs of the
NAND gates 81 and 82 are determined by the microcy-
cler control signals MC1 and MCO, respectively, from
the data chip 54. Thus, when the control signal MC1 is
in a low state, the output line 85 is also in a low state
which enables the multiplexer logic elements 70 and 72
and disables the gate logic element 74 as wnen the
RFSH signal is low. Thus, either the low address or the
high address will be conducted onto the microcycler
data bus as determined by the control signal MCO.
When the control signal *‘MCO’ is in a low state, the
output line 90 is also low which causes the low address
to be conducted onto the microcycler data bus. If MCO
is at a high state, the high address is conducted to the
microcycler data bus.

Control signal MC1 (and RFSH) at a high state re-
sults in a high state at control line 85 which disables the
multiplexers 70 and 72 and enables the gate 74. Thus,
the data on the data bus 75 for bits D0-D7 from the
CPU 56 will be gated onto the microcycler data bus
MXDO0-MXD7, or the data on the microcycler data bus
will be gated onto the data bus of the CPU, depending
upon the direction input DIR. The direction input DIR
is connected by a line 92 to the output of the NAND
gate 82. Thus, the state of the control signal MCO (with
RFSH high) determines the direction that the gate 74
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will gate the data. For example, if MCO is in a low state,
the output of the NAND gate 82 will be high resulting
in the contents of the data bus D0-D7 being gated onto
the microcycler data bus; if MCO0 is high, the contents of
the microcycler data bus will be gated onto the data bus
D0-D7 to the CPU 56.

A power supply indicated generally at 93 supplies
+15 v, +10 v, +5 and —5 v to the system. A clock
circuit 94 comprising a 14.31818 MHz oscillator 96 and
divider stages 98, provides a 7 MHz clock signal 7M,
and an inverted 7 MHz clock signal 7M, to the 7TM and
7M inputs, respectively, of the data chip 54. A clock
signal ®G, generated by the data chip 54 from the ™
and 7M clock signals, is outputted to a buffer 100 having
output lines for clock signals $ and ®. The clock signals
®1 and P2 are connected to the ® and @ inputs of the
address, data and 1/0 chips.

The CPU address bus 73 and data bus 75 are con-
nected to the system ROM 48 having inputs A0-A12
and DO0-D7 for the address and data bits, respectively.
The address bus 73 and data bus 75 are also connected
to the cassette ROM 24 (not shown) and the extension
plug 77 (for expanding the system).

The system ROM chip 48 has a chip select input CS
connected to the output of the chip select logic indi-
cated at 792 and b with the cassette ROM chip select
input TCS also connected to the output of the chip
select logic 79a and 4. The outputs of the logic 79a and
b are functions of the CPU control signals MEMORY
REQUEST (MREQ) and READ (RD), the address bits
A13-A15 and the memory disable signals SYSEN,
CASEN, AND BUZOFF from the extender plug 77.

DATA CHIP

The CPU control signal lines MEMORY RE-
QUEST, INPUT/OUTPUT REQUEST, READ, and
MACHINE CYCLE 1 are operatively connected to the
data chip inputs MREQ, IORQ, RD, and M1, respec-
tively, from the CPU 56. Two more control lines carry-
ing control signals generated by the address chip 56 are
connected to the data chip inputs LTCHDO, and
WRCTL, respectively. The data chip had a VDD input
connected to a +5 volts source, a VGG input con-
nected to a -+ 10 volt source, and a DVSS input con-
nected to ground. Two more inputs SERTAL 0 and
SERIAL 1 are grounded since they are used in the high
resolution mode.

The data chip 54 has a plurality of outputs including
the memory data inputs and outputs MD0-MD7, con-
nected by a memory data bus 102 to the display RAM
42. The data chip input/output MDO is operatively
connected to the data input, D1, and data cutput DO,
ports of the RAM chip 104a, with other memory data
input/outputs, MD1-MD?7 of the data chip similarly
connected to seven RAM chips 1045-A. The data chip
also has analog video outputs R-Y, B-Y, VIDEO and
+2.5 volts reference operatively connected to the RF
modulator 58 (not shown). The data chip has clock
signal outputs, VERTICAL DRIVE (VERT. DR))
and HORIZONTAL DRIVE (HORZ. DR)), con-
nected to the address chip 56. Finally, the data chip has
control signal outputs MCO and MC1 connected to the
microcycler (as noted before) and an output | DATEN
used to generate the write enable signal, WE, for the
RAM chips.

A schematic block diagram of the data chip 54 is
shown in FIGS. 11A-11F. The microcycle generator
106 of FIG. 11A generates the microcycle control sig-
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12 .
nals MCO and MC1 from the CPU control signals
IORQ, MREQ, RD, and Mi. Also generated are micro-
cycle decoder control signals LOAD LOW (LDL1)
and LOAD HIGH (LDH1) for loading the low and
high address bits respectively.

A more detailed schematic diagram of the data chip is
shown in FIGS. 13A-EE with a composite diagram of
these figures shown in FIG. 14. The microcycle genera-
tor has an input line 108 for the MREQ control signal
and an input line 110 for the IORQ control signal, both
of which are connected to the inputs of a NAND gate
112 whose output is connected by an inverter 114 to the
inputs of a pair of NOR gates 116 and 118. The micro-
cycle generator has an input line 120 for the CPU con-
trol signal RD which is connected to the other input of
the NOR gate 116. The output of the NOR gate 116 is
connected by an inverter 122 to the input of an AND
gate 124,

The output of the NOR gate 118 is connected to the
input of a NOR gate 126 whose output is connected to
the input of a NOR gate 128 with the output of the
AND gate 124 connected to the other input of the NOR
gate 128. The output of the NOR gate 128 is connected
by a gating transistor 130 which acts as a delay to the
input of a NOR gate 132. The gate of the transistor 130
is connected to the clock signal line ®2. $2 is the com-
plement of the clock signal ® and a clock signal ®1 is &
uncomplemented.

The output of the NOR gate 132 is connected by a
gating transistor 134 (which also acts as a delay) to an
inverter 136 having an output line 138. The gate of the
“delay” transistor 134 is connected to the clock signal
Pl

The output line 138 is connected to the inputs of the
AND gate 124 and the NOR gate 126 and is also con-
nected by a delay transistor 140 to the input of a NOR
gate 142. The gate of the transistor 140 is connected to
the clock signal 7M. The output of the NOR gate 142 is
connected by a delay transistor 144 to an inverter 147
having an output line 148. The gate of the transistor 144
is connected to the TM clock signal.

The output line 148 of the inverter 146 is connected
to an input of a NOR gate 150 whose output is con-
nected to an inverter 152. A transistor 154 is connected
to the voltage source VDD and to ground by a transis-
tor 156. The gate of the transistor 154 is connected to
the output of the inverter 152 and the gate of the transis-
tor 156 is connected to the output of the NOR gate 150.
The junction of the transistors 154 and 156 at the line 80
carries the microcycle control signal MCO.

The MREQ and IORQ input lines, 108 and 110, are
connected to the input AND gate 160 whose output is
connected to a NOR gate 162. The output line 138 of
the inverter 136 is also connected to the input of a NOR
gate 164 whose output is connected to the input of the
NOR gate 162. The output of the NOR gate 162 is
connected by a delay transistor 166 to a NOR gate 168.
The gate of the transistor 166 is connected to the $2
clock signal. The output of the NOR gate 168 is con-
nected by a delay transistor 170 to an inverter 172 hav-
ing an output line 174. The gate of the transistor 170 is
connected to the ®1 clock signal.

The output line 174 is connected to an input of the
AND gate 160 and inputs of the NOR gates 118 and 164
and is also connected by a delay transistor 176 to a NOR
gate 178. The gate of the transistor 176 is connected to
the TM clock signal. The output of the NOR gate 178 is
connected by a delay transistor 180 to an inverter 82
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having an output line 188. The gate of the transistor 180
is connected to the clock signal 7M.

The output line 188 of the inverter 182 is connected
to a NOR gate 190 whose output is connected to an
inverter 192. A gating transistor 194 is connected to the
voltage source VDD and to a transistor 196 which is
connected to ground. The output of the inverter 192 is
connected to the gate of the transistor 194 and the out-
put of the NOR gate 190 is connected to the gate of the
transistor 196. The junction of the transistors 194 and
196 at the line 78 carries the microcycle control signal
MC1.

The state of the control signal MC1 is the same as the
output of inverter 192 since a high state (logical 1) out-
put of the inverter 192 will turn on the transistor 194
causing the MCI line 78 to also go high. Similarly, a
high output from the NOR gate 190 (when inverter 192
is at a low state) causes the transistor 196 to turn on
which causes the MC1 control signal line 78 to also go
low. The state of the MCO control line 80 is similarly the
same as the state of the inverter 152.

The microcycle generator has another input 200 for
the CPU control signal M1 which is connected to the
input of a NOR gate 202 having another input con-
nected to the input line 110 for the CPU control signal
IORQ. The output of the NOR gate 202 is connected to
the inputs of the NOR gates 168, 132, 178, 142, 190 and
150.

The M1 CPU control signal is active when low (logi-
cal 0) and indicates that the current machine cycle is an
operation code fetch cycle of an instruction execution.
Thus, the M1 control signal is normally high (logical 1)
whenever the CPU is accessing a peripheral device
such as a video processor. Hence, the NOR gate 202
having a logical 1 presented at the input will output a
logical 0. This logical 0 is presented at the inputs of the
NOR gates 132, 168, 142, 178, 150 and 190 resulting in
these NOR gates operating as inverters whenever the
M1 control signal is high.

Similarly, whenever M1 goes low indicating that the
current machine cycle is the fetch cycle of an instruc-
tion execution, JORQ will normally be high with the
same effect upon the above-mentioned NOR gates with
an exception. IORQ and M1 will both go low during an
“interrupt acknowledge” cycle. With these two control
signals both at a low state, the NOR gate 202 will output
a high state causing the NOR gate 150 to produce a low
state forcing the control signal MCO to a high state or 1.
In a similar fashion, the output of the NOR gate 190 is
forced to a low state which also forces the control sig-
nal MC1 to a high state.

Referring back to the microcycle modes set out in
Table I, it is seen that where MC0 and MC1 are both a
logical 1, the microcycler will gate data from the micro-
cycler data bus to the CPU data bus. This data was
placed on the microcycler data bus by the peripheral
device initiating the interrupt and will be used by the
CPU in its response to the interrupt signal.

The “MEMORY REQUEST” control signal,
MREQ, is active when low and indicates that the ad-
dress bus of the CPU holds a valid address for a mem-
ory read or a memory write operation. The “INPUT-
/OUTPUT REQUEST” control signal TORQ, is also
active when low and indicates that the lower half of the
address bus holds a valid I/0 address for a I/0 read or
write operation. The read control signal, RD, is active
when low and indicates that the CPU wishes to read
data from the memory or an 1/O device. When high,
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RD indicates the CPU wishes to write data to memory
or an 1/0 device.

The generation of the microcycler control signals
MC0 and MC1 as a function of the CPU control signals,
MREQ, TORQ, and RD together with clock signals ©1
and 7M, are illustrated for a plurality of read and write
operations in FIGS. 12A-G. An example of MC0 and
MC1 as functions of MREQ RD, and the clock signals
®1 and 7M, is shown for a memory write operation in
FIG. 12A.

A clock state, T, is defined by one complete period of
the clock signal ®. At the beginning of the initial clock
state T1, the CPU control signals MREQ RD are at the
same state as the previous clock state which is a high
state with the microcycler control signals MCO and
MC1 also at the same state as the previous clock state
which is a low state. During T1, after the clock signal ¢
goes low, MREQ goes low which indicates that the
CPU address bus holds a valid address for the memory
write operation.

Referring to FIG. 13, the NAND gate 112 has the
control signals MREQ and TORQ presented at its inputs
which are both inactive or alogical 1 at the beginning of
T1. When MREQ goes low, the output of the NAND
gate 112 goes high which is inverted by the inverter 114
presenting a low state to one input of the NOR gate 118
and to one input of the NOR gate 116. The other input
of the NOR gate 118 is connected by the line 174 to the
output of the inverter 172.

Since M1 is at a high state, the NOR gates 142, 178,
150 and 190 function as inverters. Thus the output of the
inverter 172 at line 174 is at the same state as the previ-
ous MC state since there are an even number of “in-
verters” between the line 174 and the gate of the output
transistor 194 (except insofar as the 7M and 7M delay
transistors 176 and 180 delay any change in MC1 result-
ing from a change in the output of the inverter 172 of
line 174).

Thus since MC1 is at a low state, the line 174 con-
nected to the input of the NOR gate 118 is at a low state
with the other input of the NOR gate 118 at a low state,
as noted before. This produces a high state at the output
of NOR gate 118 which results in a low state at the
output of the NOR gate 126.

The control signal RD is at a high state indicating a
write operation which causes the NOR gate 116 to
output a low state which is inverted by the inverter 122
to produce a high state. The line 138 is at the same state
(except for a delay) as the previous MCO state (in a
manner similar to that for the line 174) which causes the
output of the AND gate 124 to be low. The NOR gate
128 thus has a low state presented at both of its inputs
which results in a high state produced at its output.

This output is conducted when the clock signal $2
goes high and is inverted by the NOR gate 132. The
transistor 134 conducts this output when the clock sig-
nal $1 goes high resulting in the output of the inverter
136 going high. Thus the output of the inverter 136
assumes the same state as the NOR gate 128 on the
positive edge 200 (i.e., going from a low state to a high
state) of the clock signal ¢ (FIG. 12A).

The high state at the output of the inverter 136 is
conducted by the transistor 140 when the clock signal
T™ goes high which is inverted by the NOR gate 142
and conducted by the transistor 144 when the clock
signal 7M goes high. The logical O is then inverted by
the inverter 146, NOR gate 150, and inverter 152 to
produce a high state at the output of the inverter 152
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which turns on the transistor 154 to produce the high
state at the line 86 which is the MCQ control signal line.
Referring back to FIG. 124, it is seen that the control
signal MCB goes to a high state on the positive edge 202
of the clock signal 7M which follows the positive edge
200 of the clock signal ® occurring after the CPU con-
trol signal MREQ goes low.

When MCO changes from a low state to a high state,
the contents of the microcycle data bus changes from
the low address, AD-A7, to the high address, A8-A1S.
Thus the 16 address bits from the CPU are transmitted
to the video processor and 1/0 chip in 2 eight-bit
groups or slices.

The output of the inverter 136 rising to a high state
causes the NOR gate 164 having an input connected to
the output line 138 of the inverter 136 to fall to a low
state. The output of the AND gate 160 is also low since
MREQ is low causing the output of the NOR gate 162
to go high. This high output appears at the output of the
inverter 172 at the line 174 on the positive edge 204
(FIG. 12A) of the clock signal ¢ marking the start of
the clock state Tw.

The high state then appears at the gate of the transis-
tor 194 on the positive edge 206 of the clock signal 7M
(FIG. 12A) causing the control signal MC1 to rise to a
logical 1. The RD signal is at a high state (indicating a
write operation) which causes the NOR gate 116 to
output a “zero” which is inverted by the inverter 122.
The output of the inverter 136, which is at a high state,
is returned to the AND gate 124 causing the AND gate
to output a “‘one” which causes the NOR gate 128 to
output a “zero”. This low state appears at the output of
the inverter 136 on the positive edge 204 of the clock
signal ® (FIG. 12A). The low state then appears at the
MCO control signal line 80 on the positive edge 206 of
the TM clock signal (FIG. 12A)}.

With MCO at a low state and MC1 at a high state, the
contents of the CPU data bus are gated onto the micro-
cycle data bus. Thus data placed on the CPU data bus is
transmitted to the peripheral devices on the microcycle
data bus.

During clock state T3, MREQ returns to a high state.
Since MREQ as well as the output of the inverter 172 at
line 174 and TORQ are at a high state, the output of the
AND gate 160 is high which causes the output of the
NOR gate 162 to go low. This low output appears at the
line 172 on the positive edge 208 of the ®1 clock signal
at clock state T1. The low state at line 172 appears at the
gate of the output transistor 194 (with a high state at the
gate of the transistor 196} at the positive edge 210 of the
clock signal 7M causing the microcycle control signal
MCI1 to go low. The microcycler is now ready to trans-
mit the low address of the next address presented at its
inputs. The relationship of the microcycler control
signals MC0 and MC1 to the CPU control signals and
system clock signals ® and 7™ is shown for a variety of
other read and write operations in FIGS. 12B-G.

The microcycler further comprises a NOR gate 201
having inputs connected to outputs of the inverters 146
and 182 and to the clock signal #1. A NOR gate 203
also has inputs connected to the output of the inverter
182, to the output of the inverter 146 by an inverter 205,
and to the clock signal input ¢. An output line 226 of
the NOR gate 201 carries the microcycle decoder con-
trol signal LDL1 which is a logical 1 when the outputs
of the inverters 146 and 182 are a logical 0 {(correspond-
ing to both MCO and MC1 a logical 0), together with
&1 a logical 0. An output line 228 of the NOR gate 203
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carries the signal LDL1 which is a logical 1 when MCO0
is a logical 1, MC1 a logical 0 and ®1 a logical 0.

Each of the address, data, and I/0 chips has a plural-
ity of registers. Each of these registers is individually
addressable by the CPU for inputting or outputting data
contained in the register.

The data chip is shown in FIG. 11B to the microcycle
decoder 212 which assembles 11 address bits A0-A10
from the low address bits, A0-A7, and high address bits,
A8-A15, transmitted from the microcycle data bus. The
microcycle decoder 212 has an eight bit input line con-
nected to all the bits of an eight-bit data chip data bus
66a and a three-bit input line connected to the lower 3
bits of the data bus 66a. The microcycle data bus 66 is
connected to the data bus 66a by a tristate buffer 273
(FIG. 11C). (Other buffers shown in the more detailed
schematic FIG. 13 are omitted from the FIGS. 11A-F
for clarity).

The microcycle generator 106 (FIG. 11A) generates
control signals LDL1 and LDH1 to signal that the
microcycle data bus contains the low address bits or the
high address bits, respectively. The microcycle decoder
212 is operatively connected to the microcycle genera-
tor to input these control signals such that the decoder
latches up the low address bits from the eight bit input
lines when LDL1 is high and subsequently the high
address bits A8-A10 on the three bit input line when the
control signal LDH1 is a high. The 11 bits latched in the
microcycle decoder are utilized to address the registers
on the data chip. The microcycle decoder has an 11 bit
output bus A0-A10 which is connected to an address
decoder 214 which decodes the address bits to activate
one of a plurality of register select lines 216-222. Regis-
ter select line 216 actually represents eight register se-
lect lines for eight different “color” registers 224.

In addition to the proper address, the register select
lines 216-221 require the concurrence of a data chip
generated control signal, OUTPUT, in order to be acti-
vated. The eight color register select lines 216 further
require 2 CPU generated control signal TIORQ. The
register select line 222 requires the concurrence of an-
other data chip generated control signal INPUT, to be
activated. The INPUT and OUTPUT signals are func-
tions of Z-80 CPU control signals including MREQ,
TORQ, RD and M1 and are generated to compensate
for any delay caused by the microcycler.

The register select lines 216-221 are operatively con-
nected to eight color registers 0-7 , an “expand” regis-
ter, “function generator’ register, “vertical blank” reg-
ister, “horizontal color boundary” and *background
color” register and “low/high resolution mode” regis-
ter, respectively. The line 222 is operatively connected
to a multiplexer, which when activated causes the mul-
tiplexer to select the output of an “intercept” register.
In this manner, the CPU may select any particular regis-
ter of the data chip by transmitting an address corre-
sponding to the register which is transmitted in two
groups, the low and high addresses, by the microcycler
to the microcycle decoder which reassembles the ad-
dress bits into address bits A0-A10. These bits are then
decoded and the corresponding register select line is
activated which enables the addressed register to input
or output data to the CPU via the microcycle data bus.

The microcycle decoder 212 and address decoder 214
are shown in greater detail in F1G. 13. The microcycle
decoder 212 comprises an 11-bit latch with the eight
least significant bits A0-A7 each having an input con-
nected to the D0-D7 lines, respectively, of the data bus
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66a. Each of the A0-A7 bits of the latch also have an
input connected to the LDL1 control signal line 226
and an input connected the line 226 through an inverter
227. The most significant bits A8-A10 each have an
input connected to the D0-D2 lines, respectively, of the
data bus 664 and each has an input connected to the
LDHI1 control signal input line 228 directly, and an
input connected to the line 228 through an inverter 229,

The A0 bit has output lines A0 and its complement
AD with the Al bit having outputs Al, A1, etc. all
connected to the address decoder 214.

An example of a bit circuit of the latch of the micro-
cycle decoder is shown in FIG. 13. The input of the A0
bit circuit of the latch is connected to a gating transistor
230 whose gate is connected to the LDL1 control signal
line 226. The 1 input is also connected to the DO line of
the data bus 66z which carries (among others) address
bits A0 and A8. Transistor 230 is connected to an in-
verter 232 whose output is the AD output line of the A0
latch which is also connected to an inverter 234 whose
output is the A0 cutput line. The output of the inverter
234 is connected to a gating transistor 236 whose gate is
connected to the output of inverter 227 (FIG. 13) which
carries LDL1. The output of the transistor 236 is con-
nected to the input of the inverter 232.

The bit on the DO line of the data bus 66a is presented
to the input of the transistor 230 which is gated by the
LDL1 control signal when the D0 line carries the ad-
dress bit A0. The inverter 232 inverts the address bit A0
and outputs the bit as address bit A0. The output of the
inverter 232 is inverted by inverter 234 whose output is
the address bit A0. The bit A0 is stored in the A0 bit of
the latch in this manner.

The address decoder is shown in FIG. 13 to comprise
a programmed logic array (PLA) having a plurality of
input lines A0-A10 and A0-A10 connected to the cor-
responding output lines of the microcycle decoder 212.
A plurality of output lines 217-222 and 238-253 are
selectively coupled to the PLA input lines by a plurality
of pull-down transistors, each of which is represented
by a small circle 254,

An example of these pull-down transistors, the tran-
sistor coupling the input line A10 to the output line 238
is shown in greater detail in FIG. 16. If the address bit
A10 equals 1, i.e., a high state, the A10 address line will
cause the pull-down transistor 254 to turn on which
“pulls down” the output line 238 to ground.

Each output line 217-222 and 238-253 is connected to
the voltage source VDD by a pull-up transistor 260
referring back to FIG. 13. A logical 1 on any address bit
input line coupled to an output line will cause that out-
put line to be grounded which is a low state or logical
0.

The input lines of the PLA are selectively coupled to
the output lines by the pull-down transistors 254 such
that a particular output line will produce a logical 1
only when a predetermined address consisting of a pre-
determined combination of 1’s and 0’s are presented on
the address input lines A0-A10 and A0-AT0.

__The output lines 217-221 are coupled to the OUT-
PUT control signal line 262 by pull-down transistors
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264 so that in addition to the proper address, the OUT-
PUT control signal must be low in order for one of
these control lines to output a logical 1. For example, if
the address bits A7, A6, A5, A4, A3, A2, Al and A0
(A7 being the most significant) have the values 0,0, 0, 1,
1,0, 0 and 1, respectively, the control line 217 will be a
logical 1, if the OUTPUT control signal is alsc low.
Since the PLLA output line 217 is the “expand” register
select line, the expand register will be selected if the
address bits A7-A0 have the value 00011001 or 19H.
Thus 19H is the hexadecimal address of the expand
register. If any of the address bits A7-A0 are different
from the values just listed, the expand register will not
be selected. For example, if the address bit A7 is a 1
instead of a 0, the pull-down transistor 254 associated
with the A7 input line and the PLA output line 217 will
be turned on which pulls the output line 217 to a logical
0.

The output line 222 has an associated address 8H and,
as seen in FIG. 11B, is the “intercept” register select
line. The intercept register select line 222 is coupled to
an INPUT control signal line 266 by a pull-down tran-
sistor 268 so that in addition to the address 8H, the
INPUT control signal must be low in order for the
register select line 222 to be at a logical 1 state which
will select the intercept register.

The output lines 238 and 239 are connected to the
input of a NOR gate 270 whose output is connected to
a NOR gate 272. The other inputs of the NOR gate 272
are the control signal line 262 and a IORQ control sig-
nal line 270. Thus, either of two hexadecimal addresses,
BH or OH, will cause the output of the NOR gate 270
to go low which will cause the output of the inverter
272 to go high if the control signal OUTPUT and the
control signal IORQ are both low.

The output lines 240 and 241, 242 and 243, etc. are
also connected to a plurality of NOR gates 271 which
are connected to a plurality of NOR gates 272 which
also have inputs connected to the OUTPUT control
signal line 262 an TORQ control signal line 270. The
output lines 216 of the NOR gates 272 are the register
select lines for the color registers 224, as seen in FIG.
11B.

Thus, either the hexadecimal address 8H or BH will
select color register 0. There is an extra address for each
color register to accommodate a color block transfer
operation which will be described in more detail later.

Thus, the CPU may address or select a particular
register in order to input or output data from or to that
register by transmitting the register’s associated address
together with the proper CPU control signals. The
microcycler transmits this address in two groups, the
low and high addresses, which are then reassembled by
the microcycler decoder 212. The address latched in the
microcycler decoder is decoded by the address decoder
214 which activates a register select line. The register
select line enables the associated register to input from
or output data to the microcycle data bus. The hexadec-
imal addresses for the inpui and output ports or registers
for the Address, Data and I/O chips are set forth in
Table II below:

TABLE 11
OUTPUT INPUT
PORTS PORTS
PORT PORT
ADDRESS FUNCTION ADDRESS FUNCTION
¢H Color Register & 8H Intercept Fecdback
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ADDRESS FUNCTION

Multiplexer

Vertical Feedback
Register
Horizontal Feedback

Register

(left)

19
TABLE II-continued
OUTPUT INPUT
_PORTS _PORTS
PORT PORT
ADDRESS FUNCTION
1H Color Register 1
EH
2H Color Register 2
3H Color Register 3 FH
4H Color Register 4
1¢H
SH Color Register §
11H
6H Color Register 6
TH Color Register 7 12H
8H Low/High Resolution 13H
Register
14H
9H Horizontal Color
Boundary Register
Background Color 1SH
Register
16H
AH Vertical Blank
Register 17H
BH Color Block Transfer
CH Function Generator
Register
DH Interrupt Feedback
Register
EH Interrupt Enable and
Mode Register
FH Interrupt Line Register
1¢eH Master Oscillator Register
1TH Tone A Frequency Register
12H Tone B Frequency Register
13H Tone C Frequency Register
14H Vibrato Register
ISH Tone C Volume, Noise Modulation
and MUX registers
16H Tone A Volume and Tone B
Volume Registers
17H Noise Volume Register
18H Sound Block Transfer
19H Expand Register

Player 1 Handle
Player 2 Handle

Player 3 Handle
Player 4 Handle

Keypad Column ¢
(right)

Keypad Column 1
Keypad Column 2

Keypad Column 3

The functional generator of the video processor can
perform a variety of functions or modifications to the
pixel data as the data is written to the display RAM by
the CPU from the system or cassette ROM. The func-
tion generator is enabled when the address of the data is
less then 4,000H (address bit A14 equal to 0). The func-
tion generator is contained on the data chip 54 and is
shown in FIG. 11C to comprise a 7-bit function genera-
tor register 274 which is connected to the data bus 66a
by a 7-bit input line 276. The data chip data bus 66a is
operatively connected to the microcycler data bus 66
by the tri-state buffer 273 shown in FIG. 13 to comprise
8 units 273a2-A. (Buffer unit 273a, typical of the units
273a-h, is shown in greater detail in FIG. 17). The
output 1 of each unit is connected to the data bus 66a by
a buffer 611 (logically similar to that shown in FIG. 18).

The data contents of the register 274 determine how
the pixel data is to be modified. The CPU 46 (FIG. 2)
may output data to the register 274 by transmitting the
address CH to the microcycle decoder 212 and address
decoder 214 of FIG. 11B which activates the function
generator register select line 218. When the register
select line 218 is activated, the function generator regis-
ter 274 is enabled to input (or latch up) the 7 bits of data
transmitted by the CPU. The bits of the data contained
within the function generator register 274 relate to dif-
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ferent modifications of the pixel data as shown below in
Table III:

TABLE III

Least Significant Bit of Shift Amount
Most Significant Bit of Shift Amount
Rotate

Expand

OR

Exclusive-OR

Flop

Bit

U p LN —O

The order in which the functions are performed is as
follows: expansion is done first; rotating or shifting;
flopping; and logical-OR or exclusive-OR. The video
processor performs the modifications in response to the
data stored in the function generator register. A logical
0 or 1 in the bits 2-6 determine whether or not the
corresponding function is performed. Bits 0 or 1 of the
function generator register determine the amount, if
any, of the shift. As many as four of these functions can
be used at any one time and any function can be omit-
ted. However, rotate and shift as well as logical-OR and
exclusive-OR cannot be done at the same time.

The expand function expands the 8 bits contained on
the microcycle data bus 66 four bits at a time into 16
bits. It expands a 0 on the microcycle data bus into one
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2-bit pixel and a 1 into another 2-bit pixel. Thus, two-
color patterns can be stored in the system or cassette
ROM in half the memory space.

The expand function is performed by an expander
indicated generally at 278. During each write operation
to the display memory using the expander 278, either
the upper half (D4-D7) or the lower half (D0-D3) of
the data bus 66a is expanded but the expand function
may be bypassed, as will be more fully explained below.
The half that is expanded is determined by an expand
flip-flop 282 having a reset input connected to the func-
tion generator register select line 218 and an output
connected to a multiplexer 282. The flip-flop 280 is reset
by an output to the function generator register 274 and
is toggled after each write operation to the display
RAM in which the function generator is utilized. The
multiplexer 282 is responsive to the flip-flop to select
either the upper half, or lower half, of the bits contained
on the data bus 66¢ and output the selected bits on a
4-bit multiplexer data bus 284 for expansion. The upper
half of the data bus 66a is expanded when the flip-flop
280 is at a low or zero state, and the lower half is ex-
panded when the flip-flop toggles to the high state.

A 4-bit “expand” register 286 having a 4-bit output
line 288 determines the pixel values into which the data
contained on the multiplexer data bus 284 can be ex-
panded. A 0 on the multiplexer data bus will be ex-
panded by an expand decoder 290 connected to the
expand register output bus 288 and multiplexer output
bus 284 into the pixel value determined by bits 0 to 1 of
the expand register 286. A 1 on the multiplexer data bus
will be expanded into the pixel value determined by bits
2 and 3 of the expand register 286. Thus, the pixel data
on the multiplexer data bus is encoded at the first level
to identify either the O and 1 or 2 and 3 bits of the ex-
pand register. In this manner, the data from the com-
puter is decoded into pixel data encoded at the second
level, i.e., the pixel data stored in the expand register,
which is transmitted when the particular bits of the
expand register are selected and identified. The second
level pixel data is stored in the display RAM after other
modifications, if any, are performed. The pixel data
stored in the RAM, when read, is utilized together with
the left/right bit to select a color register to generate
the pixels of the display as explained hereinbefore.

The expand register 286 has an address 19H at which
the CPU may access the expand register in order to
change the contents. The address 19H (together with an
OUTPUT signal) transmitted to the address decoder
214 (FIG. 11B) causes the expand register select line
217 to be activated which enables the expand register
286 to receive data on the data bus 66a. In this manner,
the pixel data values into which data is expanded may
be changed.

The expander 278 is shown in greater detail in FIG.
13. The expand flip-flop 280 has a reset input R con-
nected to the function generator register select line 218
so that the flip-flop is reset with each output of data to
the function generator register 274. The flip-flop has a
clock input C connected to a clock input line 292 and a
clock input C also connected to the clock signal input
line 292 through an inverter 294. (The line 292 carries a
clock signal, SHIFT, which will be more fully ex-
plained hereinafter.)

An output Q is connected to a D input of the flip-flop
280 so that the flip-flop toggles with each clock signal
which occurs with each write to the display RAM. The
output Q is also connected by a line 296 to the gates of
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four transistor switches 298a-d of the multiplexer 282.
An output Q of the flip-flop is connected by a line 300
to the gates of four transistor switches 302¢-d. (The
flip-flop 280 is shown in greater detail in FIG. 19).

The inputs of the transistor switches 298a-d are con-
nected to the four most significant bits (the upper half)
of the data bus 66z with the transistor switches 302a-d
connected to the four least significant bits (the lower
half) of the data bus 66a. If the state of the expand flip-
flop 280 is a logical 1, the transistor switches 302a-d
will conduct the lower half of the data bus 66a to the
expander. Otherwise, a logical 0 will cause the transis-
tor switches 2984-2984 of the multiplexer 282 to con-
duct the upper half of the data bus 66a.

The output of the transistor switches 302d and 2984
are connected by an inverter 304 to the gates of a pair of
transistor switches 3062 and 3065 of the expander de-
coder indicated generally at 290. The output of the
inverter 304 is also connected by an inverter 308 to the
gates of a pair of transistor switches 310q and 31064.

A line 3124 is connected to grond by a transistor 314
whose gate is connected to the output of bit 0 of the
expand register 286. (The logic design of each bit of the
expand register is similar to that of the bit of the latch of
the microcycle decoder 212 shown in FIG. 15). The line
312q is connected to the voltage source VDD by the
transistor 306¢ and a pull-up transistor 316.

If the state of bit 0 of the expand register 286 is a
logical 1, the transistor 314 is turned on which pulls the
line 312 to ground or logical 0, otherwise it is a logical
1. Thus the contents of bit 0 of the expand register
controls the logic state of the line 312 wherein the logic
state of the line 312 is the complement of bit 0 of the
expand register 286. In a similar manner, the logic state
of a line 3125 connected to the transistor switch 3065 is
the complement of the value of bit 1 of the expand
register 286,

Also the logic state of a pair of lines 3182 and 3185 are
the complements of the bits 2 and 3, respectively, of
expand register 286. The lines 318¢ and 318) are con-
nected to the transistor switches 310a and 310, respec-
tively.

If the input of the inverter 304 (either bit 0 or bit 4 of
data bus 66e, depending upon flip-flop 280) is a logical
0, the transistors 3062 and 306b ae turned on, which
selects the lines 3122 and 3124 which contain the com-
plemented values of bits 0 and 1 of the expand register.
On the other hand, if the input of the inverter 304 isa 1,
the transistors 310g and & are turned on which selects
the lines 318z and 3185 containing the complemented
values of the bits 2 and 3. The transistors 306z and 310a
are connected to a common output line referred to as
expand data bit 0 or EDBO. Similarly, the transistors
3065 and 3105 are connected to output line EDBI; thus
a bit from the multiplexer 280 at inverter 304 is ex-
panded into the logic states of lines ED0 and ED1, or
simply bits ED0 an ED1. A 0 is expanded into bits ED(Q
and ED1 which are defined by the complement of bits
0 and 1 of the expand register and a 1 is expanded into
bits ED0 and ED1 defined by the complement of bits 2
and 3 of the expand register 386.

In a similar manner, the remaining bits of the lower
half of the data bus 664, (or remaining bits of the upper
half if the upper half of the microcycler data bus is
selected by the multiplexer 282) are expanded into the
expand data bits ED2 and ED3, ED4 and EDS, and
ED6 and ED7 which are also defined by the comple-
ment of either bits 0 and 1 or 2 and 3 of the expand
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register. For example, if the expand register bits 0 and 1
contain the values 1 and 0, respectively, the expand
register bits 2 and 3 contain the values 0 and 0, respec-
tively, and the half of the microcycler data bus being
expanded has the values 0, 1, | and 0. These values will
be expanded into the pixel values 01, 00, 00 and 01,
respectively.

A pixel is generally represented by 2 bits so that a
byte of pixel data having 8 pixel data bits or
PDB7-PDBAO, represents four pixels with the first pixel
represented by pixel data bits PDBO and PDB]1, the
second pixel by PDB2 and PDBI, etc. The pixel data bit
PDB6 will be referred to as the low bit of the first pixel
with PDB7 as the high bit. Similarly, the second pixel
has low and high bits PDB4 and PDBS, etc.

-The functions shift, rotate, and flop can be thought of
as operating on pixels as a whole rather than as individ-
ual bits. Accordingly, there is provided a shifter, rota-
tor, and flopper for both of the two bits of data repre-
senting pixels. Thus, referring to FIG. 11C, there are
provided shifter circuits 320¢ and 4, rotator circuits
322a and b, and flopper circuits 324a and b, for the low
pixel data bits (PDB6, PDB4, PDB2 and PDB0) and the
high bits (PDB7, PDBS, PDB3 and PDB1), respec-
tively, of a byte of pixel data.

The expand function, as with all the other functions,
may be bypassed. Accordingly, the expand decoder 290
has a 4-bit output line 326a for the low pixel data bits
connected to inputs of a 2-to-1 multiplexer 328z and a
four-bit output line 3264 for the high pixel data bits
connected to inputs of a 2-to-1 multipiexer 3285 The
other four inputs of the multiplexer 328a are connected
to the low bits (D6, D4, D2 and D0) of the data bus 66a
by a 4-bit input line 330z with the other 4 inputs of the
multiplexer 3286 connected to the high bits D7, DS, D3
and D1 by a line 3306

The output of the function generator register 274 is
connected by a 7 bit output line 332 to a latch 334 hav-
ing a control input line for address bit A14 connected to
the address bus 75 of the CPU. When address bit A14 is
low, the contents of the function generator register are
gated through the latch 334, The output of the latch 334
corresponding to bit 3 of the function generator register
is connected to the select inputs of the multiplexers 3282
and 3286 by a line 336. Thus, bit 3 of the function gener-
ator register controls the multiplexers 328q and 328b.

If bit 3 is a 0, for example, the multiplexer 328a will
conduct the low bits of pixel data from the expand
decoder 290 but if bit 3 is a 1, the multiplexer 328z will
conduct the low bits of pixel data from the data bus 66a.
The multiplexer 3285 operates in a similar manner for
the high bits of pixel data. In this manner, the expand
function may be bypassed by placing a 1 in bit 3 of the
function generator register.

The output of the multiplexer 3284 is connected to
the inputs of the shifter 320z and to the inputs of the
rotator 322z with the output of the multiplexer 3285
connected to the inputs of the shifter 3200 and rotator
322b6. As noted before, the shift and rotate functions are
not performed at the same time. Bits 0 and 1 of the
function generator register 274 control the amount of
shift, if any, performed by the shifters 3202 and b. The
outputs of latch 334 corresponding to the bits 0 and 1
are connected to the shifter 3202 and 3204 by a 2 bit line
338.

Bit 2 of the function generator register controls
whether a rotate is performed and its corresponding
latch output is connected to rotators 322a and 3226 by
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a line 340. The output of the shifter 320q and the rotator
3224 are connected to the inputs of the flopper 324¢
with the output of rotator 3226 and shifter 3206 con-
nected to the input of flopper 324b. The output of the
latch 334 corresponding to bit 6 of the expand register
274 is connected to the floppers 324a and d by a line 342
and controls whether a flop function is performed.

The function generator register 274 is shown in FIG.
13 to comprise a 7-bit register having 7 inputs con-
nected to the D6-D0 bits of the data bus 66a. (The logic
design of each bit of the register 274 is also similar to the
bit of the latch of the microcycle decoder 212 shown in
FIG. 15). The latch 334 comprises NOR gates 3340-g
each having an input connected to the address bit line
Al4 and an input connected to an output of bits 6-0 ,
respectively, of the function generator 274. The func-
tion generator register select line 218 is connected by a
buffer 385, and by an inverter 346, to the function gen-
erator register 274.

The multiplexer 3286, rotator 322b, shifter 3206 and
flopper 3245 for the high pixel data bits are constructed
and operate in a manner similar to the multiplexer 3284,
rotator 322q, shifter 3202 and flopper 324q, for the low
pixel data bits. Therefore, only those modifiers for the
low pixel data bits (PDB6, PDB4, PDB2 and PDB0 )
will be described in detail. The high and low pixel data
bits are modified at the same time and reassembled be-
fore being written to the display RAM.

The output of the NOR gate 3344 (corresponding to
bit 3 of the function generator register) is connected by
line 336 to the select input A of the 4 units 328q0, 32822,
32804 and 32846 of the multiplexer 328a. The line 336 is
also connected to the select input B of each multiplexer
unit by -an inverter 348.

One such multiplexer unit, 32840, is shown in greater
detail in FIG. 20. The multiplexer unit 32840 has an
input 1A, connected to the unexpanded MDO bit of the
data bus 664 and an input, 1B, connected to the bit EDO
of the expand data bus 326a. The EDO input is con-
nected to a D type flip-flop shown generally at 349
having outputs 4 and 5, by a transistor switch 350 hav-
ing a gate connected to the line 336 (not shown). The
MDO input is connected to the D flip-flop 348 by a
transistor switch 351 whose gate is connected to the line
336 through the inverter 348 (also not shown). Thus if
the line 336 is logical 1 (which is controlled by bit 3 of
the function generator register when the address bit
AT4 is a logical 0), the EDO bit from the expander is
conducted to the D flip-flop. The output of this D flip-
flop defines pixel data bit PDBO0. The output of the eight
flip-flops of the multiplexer 3284 and 4 for the low and
high pixel data bits, respectively, together define
PDB7-PDBO. Thus if the line 336 is logical 1, the pixel
data bits PDB7-PDBO0 will be determined by expand
bits ED7-EDAQ. But if the line 336 is a 0, the unexpanded
bit from the data bus 664 is conducted to the D flip-flop
and PDBO is defined by MD@. In such a manner, bit 3 of
the function generator register determines whether the
expand function is utilized or whether the pixel data
from the microcycle data bus is transferred directly.
Each multiplexer unit of multiplexer 328z has an output
line 352a-d, respectively, and carries the low pixel data
bits PDB0, PDB2, PDB4 and PDB6, respectively.

The output line of each multiplexer unit is connected
to the shifter for the low pixel data bits, indicated gener-
ally at 320g and the rotator for the low bits, indicated
generally at 3224 in FIG. 13. The shifter 320q comprises
a programmed logic array (PLA) 321 having a plurality
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of input lines selectively coupled to a plurality of output
lines 368a-p by a plurality of pull-down transistors 350.
The output lines 352a-d of the multiplexer 328a are four
of the PLA input lines.

The shifter 320q further comprises a register 354a
having 4 bits 35420, 354a2, 35434 and 35426 which are
connected to the inputs 356a-d of the PLA 321, respec-
tively, (with bit 35420 shown in greater detail in FIG.
21.) The register 354a stores the 4 low bits of the last
pixel data byte from the CPU to be written to the dis-
play RAM which may be the previous byte of the se-
quence of bytes (such as those shown in FIG. 6) to be
shifted. The register 354q is also clocked by the signal
SHIFT.

The NOR gate 344a (corresponding to bit 0 of the
function generator register) of the latch 334 is con-
nected by a line 358 to another input of the PLA 321.
The line 358 is also connected to an input 359 by an
inverter 360. NOR gate 3445 (corresponding to bit 1 of
the function generator register) of latch 334 is con-
nected by a line 362 to an input of the PLA, with the
line 362 also connected to an input 364 by an inverter
366. Bits 0 and 1 of the function generator register de-
fine the least and most significant bits of the shift
amount performed by the shifter 320a. Each of the
output lines 368a-p is connected to the voltage source
VDD by one of a plurality of pull-up transistors 370.

The actual amount of the shift performed by the
shifter 320a is the complement of the bits contained
within bits 0 and 1 of the function generator register
since the NOR gates 344 and & invert the outputs of
bits 0 and 1 when the address bit A14 is low. Thus, if bits
0 and 1 have the value “11”, this is complemented to the
values “00” resulting in a shift of O pixel positions.

A shift of 1 position shown in FIG. 6 will be ex-
plained to illustrate the operation of the shifter 320a. If
the bits 1 and 0 of the function generator register have
the value ““10”, the complement of this is “01” indicat-
ing a shift of 1 pixel position. Thus, the line 358 will
have the logic value of 1 with the line 362 at a logic
value 0. The lines 359 and 364 will, of course, be a
logical 0 and 1, respectively. As seen by the placement
of the pull-down transistors 350, a logical 1 on the line
358 and the line 364 results in all the output lines being
pulled down to logical 0 except output lines 368¢, 368g,
3684 and 3680 since these lines do not have a pull-down
transistor coupled to either the input line 358 or 364.
The output line 386c does have a pull-down transistor
350a coupled to the input line 3526 which carries pixel
data bit PDB2 from the multiplexer 328a. Thus the
logic state of the output line 368¢ is the complement of
the logic state of the input line 3526 (or PDB2) from the
output of the multiplexer unit 32822. The pixel data bit
PDBO output of the shifter corresponds to output lines
368a-d and the particular value of PDB0 depends upon
which of the lines 368¢-d are selected by the input lines
358 and 362. Here, output line 368¢ was selected, there-
fore the pixel data bit PDBO output of the shifter is
defined by the PDB2 output of the multiplexer (but
complemented). Since PDB0 is the low bit of the two
bits representing the first pixel of a byte of pixel data
and PDB2 is the low bit of the two bits representing the
second pixel, it is seen that the pixel data values output-
ted by the multiplexer have shifted one pixel position.

Output lines 368e-A of the shifter correspond to
PDB2 with output lines 368i-! and 368m-p correspond-
ing to PDB4 and PDB6 respectively. The output line
368g is coupled by a pull-down transistor 3505 to the
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line 352¢ which carries the bit PDB4 from the multi-
plexer. Thus output line 368g (PDB2 of the shifter) has
the complement of the logic state of PDB4 from the
multiplexer. Output line 3684 (PDB4) has the comple-
ment of the bit PDB6 from the muitiplexer.

The output line 3680 of the shifter corresponding to
PDBS is coupled by a pull-down transistor 3504 to the
output bit 354a0 of the register 354a. Register 354a
stores the low pixel data bits of the previous pixel data
byte from the CPU to be written to memory. Bit 35440
contains the pixel data bit PDBO0 of the previous byte.
Thus the logic state of the output line 3680 (PDB6) is
the complement of the bit PDBO of the previous byte to
be written.

Thus, for example, if the output bits PDB6, PDB4,
PDB2 and PDB#@ of the multiplexer 328z are the low
bits of the 8 bits representing the pixel values P7, P6, P5
and P4, respectively, of byte 1 of the sequence of bytes
to be shifted shown in FIG. 6, and the output of the
register 35440 is the low bit of the 2 bits representing
pixel vale PO of the prior byte of the sequence, it is seen
that the low pixel data bits PDB6, PDB4, PDB2 und
PDBO of byte 1 (together with the high pixel data bits
PDB7, PDBS5, PDB3 and PDB1) represent pixel data
values PO, P7, P6 and PS5, respectively, after a shift
operation of 1 pixel position.

It is assumed that the first byte of pixel data of a
sequence of bytes to be shifted is the first byte to be
written to the display RAM after an output by the CPU
to the function generator register. Accordingly, each
bit of the register 354a has a reset input connected by a
line 372 to the function generator register select line 218
such that the register 3544 is reset to 0 with each output
to the function generator register. Thus zeros are
shifted into the first byte of a sequence as shown in FIG.
6. Each sequence is initialized by an output to the func-
tion generator register and therefore data should not be
sent to the function generator register in the middle of
the sequence.

The output pixel data of the shifter are in comple-
mented from (whether shifted or not) and will be re-
complemented by the flopper indicated generally at
324a. The NOR gate 344g has an input connected to the
A14 address bit and an input connected to bit 6 of the
function generator register 274 which determines
whether the flop function is performed when A14 is
low. The output of the NOR gate 344g is connected by
a line 374 to the gates of four transistor switches 376a-d.
The logic state of the input line 374 is inverted by an
inverter 378 whose output is connected to the gates of
transistor switches 380a-d of the flopper 324a. The
output lines 368a-p of the shifter 320a are the input lines
of the flopper 324a. The flopper 324a also comprises a
programmed logic array having output lines 382a-#
coupled to the input lines 368a--p by a plurality of pull-
down transistors 384.

The output lines 382¢ and & are connected by the
switches 376a and 380a, respectively, to a buffer 385
having an output line which is the flopper PDBO ouiput
line 377a. (A typical buffer 385 logic circuit is shown in
FIG. 22).Lines 382c and d are connected by switches
3764 and 3804, respectively, to a buffer 385 having the
flopper PDB2 output line 377b, with the lines 382¢ and
JS connected by switches 376¢ and 380c, respectively, to
a buffer 385 having the flopper PDB4 output line 377¢,
and the output lines 302¢g and # connected by switches
3764 and 380d, respectively, to a buffer 385 having the
flopper PDB6 output line 377d. The input line 368¢



4,301,503

27

(containing the complemented output pixel data bit
PDBO of the shifter when set for a shift of 1 pixel posi-
tion) is coupled to the output line 3826 by a pull-down
transistor 384a and to the output line 382g by a pull-
down transistor 38456 wherein the logic state of the
complemented shifter output bit PDBO is recomple-
mented and carried uncomplemented on the flopper
output lines 382 and 382g. A logical 1 state on the input
line 374 turns on the transistor switch 3764 whereby the
shifter output bit PDB0 is conducted to the flopper
PDB6 output line 377d. Thus, the PDBO output of the
shifter 320z is flopped to the flopper 324¢ output bit
PDB6 when the input line 374 is a logical 1. On the
other hand, if the logic state of line 374 is 0, the output
of the inverter 378 is a logical 1 which turns on the
transistor switch 380a which conducts the shifter PDBO0
bit to the flopper PDBO line 3774 and is not flopped.
Thus when the logic state of the input line 374 is 0, the
output of the shifter is not flopped. The other inputs of
the flopper 3244 for the bits PDB2, PDB4 and PDB6
are handled in a similar manner.

As an example, if the byte of pixel data being written
to the display RAM represents pixel values P7, P6, P5
and P4 as for the byte of original data of FIG. 6 and the
shifter is set for zero shifts so that the shifter does not
shift the data, then the PDB6, PDB4, PDB2 and PDB0
output bits of the shifter 320z are the low bits of the bits
representing pixel values P7, P6, PS5 and P4, respec-
tively, (but complemented). When bit 6 of the function
generator register is a logical 0, the logic states of the
pixel data bits will be recomplemented and flopped so
that the PDB6, PDB4, PDB2 and PDBO output bits of
the flopper 324a (together with the PDB7, PDBS,
PDB3 and PDB1 output bits of the flopper 3245) repre-
sent the pixel data values P4, P5, P6 and P7 after the
flop operation as shown in FIG. 6.

The rotation function is performed on the low pixel
data bits by a rotator indicated generally at 3222 and
comprises a programmed logic array 386 having 4 input
lines connected to the register 354 PDB0, PDB2, PDB4
and PDB6 output lines 356a-d and 12 input lines con-
nected to the 12 outputs of four 3-bit shift registers
388-391. The input of the first bit 3884 of the shift regis-
ter 388 is connected to the PDBO input line 356a with
the inputs of the first bits 389a-391a of register 389-391
connected to the PDB2, PDB4 and PDB6 lines 3560,
respectively. (A typical bit circuit 388a of the bits of the
shift registers 388-391 is shown in greater detail in FIG.
23).

The rotator is used to rotate a four by four pixel
image 90° in a clockwise direction. The four-by-four
pixel image represented in FIG. 7A is shown with the
individual pixel data bits PDB0-PDB7 of each of the
four data bytes labeled. The rotator is initialized by an
output to the function generator register and will reini-
tialize itself after every 8 writes to the display RAM. To
perform a rotation, the following procedure is per-
formed. The top byte or byte 0 of the unrotated image
is written to a location in the display RAM. The next
byte, byte 1 is written to the first location plus 40, byte
2 to the first location plus 80, and the last byte, byte 3 to
the first location plus 120. These four locations corre-
spond to 16 contiguous pixels since 40 bytes represent
one line of pixels on the display screen. The process is
then repeated with byte 0 rewritten to the first location,
byte 1 to the first location plus 40, byte 2 to the first
location plus 80 and byte 3 to the first location plus 120.
After these 8 writes, the data will appear in the display
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RAM and (subsequently) the image on the screen ro-
tated 90° from the original as shown in FIG. 7B.

The low 4-bit rotator 322¢ further comprises a 3-bit
counter 394 for counting the 8 writes completed in a
rotate sequence. (The logic circuitry of the bits 0-3 is
shown in greater detail in FIG. 24 with bit 3 excluding
that portion shown in phantom.) The counter 394 has a
“clear” input, 2, connected to the function generator
register select line 218 so that the counter is initialized
to 0 with each output to the function generator register
274. A NOR gate 400 having a “DATEN" control
signal input and an address bit A14 input is connected
by series connected inverters 396 and 398 to the toggle
input of the counter 394. The DATEN control signal is
generated by a memory control circuit (FIG. 11F) of
the data chip and is activated during memory write
cycles. The NOR gate 400 has the input connected to
the address bit A14 so that the counter is toggled only
during memory write cycles in which the data written is
to be modified by the function generator.

The output of the third bit (bit 2) of the counter 394
is connected to the input of a NOR gate 402 which also
has an input connected to the output of the inverter 396.
The output signal of the NOR gate 402, SHIFT is con-
nected to the shift inputs of the shift registers 388-391
and clock inputs of register 354 (as well as flip-flop 280
of the expander). During the first four memory writes of
a rotate sequence, the third bit of the counter 394 is 0
(since the counter counts from 000 to 011) therefore, the
NOR gate 402 performs as an inverter wherein the
DATEN signal from the inverter 396 generates a shift
signal at the output of the NOR gate 402 with each of
the first four writes to the display RAM of a rotate
sequence. With the next or fifth write, however, the
third bit of the counter 394 goes to a logical 1 which
drives the output of the inverter 402 low for the last
four memory writes of a rotate sequence. The SHIFT
clock signal is activated with each write to the display
RAM (except for the last four writes of a rotate opera-
tion) whether or not the rotate function is utilized in a
write of data to the display RAM. Thus the SHIFT
signal is also used to clock the Expand flip-flop 280 so
that the flip-flop 280 toggles with each write opertion to
the display RAM.

Each low bit of the first three bytes of a rotate se-
quence are shifted into the shift registers 388-391 of the
low bit rotator 322a. Shift register 388 stores the pixel
data bit PDBO of pixels PO, P4 and P8 of the first three
bytes, respectively, of the rotate sequence of FIG. 7A.
Similarly, shift register 389 contains the low pixel data
bit PDB2 of pixels P1, PS and P9 after the first four
memory writes of the rotate operation. The particular
pixel data bits for each of the registers 388-391 are
shown in FIG. 40.

The programmed logic array 386 of the rotator 3222
further has inputs 404a-404¢ connected to the outputs
of bits 3884-388¢, respectively, of the shift register 388.
The output of bits 389a-c¢ of the shift register 389 are
connected to the input lines 406a~c with the output of
bits 390a-c and 391a—c of the shift registers 390 and 391
connected to the input lines 408a-c and 410a—c, respec-
tively. The input lines 356a-d from the register 354 are
coupled to output lines 412a-d, respectively, by four
pull-down transistors 414. The output lines 412¢-d are
connected by four transistor switches 416a-d to the
voltage source VDD by a pull-up transistor 418 and
also to a common output line 420 which carries the pixel




4,301,503

29
data bit PDB6 output of the rotator in complemented
form.

The input lines 404a, 406a, 40842 and 410z (from the
LSB of the shift registers 388-391) are coupled to out-
put lines 422a-d, respectively, by four pull-down iran-
sistors 424. The output lines 422a-d are connected by
four transistors switches 426a-d, respectively, to a com-
mon output line 428 and to voltage source VDD by a
pull-up transistor 430. The output line 428 carries the
pixel data bit PDB4 output of the rotator in comple-
mented form. The input lines 4045, 4065, 4085 and 4105
and input lines 404¢, 406¢, 408c and 410c are coupled to
output lines 432a-4 and output lines 434a-d, respec-
tively, by pull-down transistors 436 and 438 respec-
tively.

The output lines 432a-d are connected by four tran-
sistor switches 4402-d to a common output line 422 (for
pixel data output bit PDB2) and to the voltage VDD by
a pull-up transistor 444. The output lines 434a-d are
connected by four transistor switches 446a-d to a com-
mon output line 448 (for pixel data output bit PDBO0)
and to voltage source VDD by a pull-up transistor 450,

The rotator 322a¢ has a second programmed logic
array 452 having four output lines 454-457 which con-
trols the transistor switches 416, 426, 440 and 446. The
output line 457 is connected-to the gates of the transistor
switches 416a, 4264, 440a and 4464 with the output line
456 connected to the gates of the transistor switches
4165, 4265, 4405 and 4465, etc.

The program logic array 452 has an input line 460
connected to the output Q of the third bit of the counter
394. The input line 460 is coupled to each of the output
lines 454-457 by four pull-down transistors 462. Thus,
when the third bit of the counter 394 is a logical 0 (i.e.,
during the first four writes to the display RAM of the
rotate sequence) the output Q of the third bit is a logical
1 which pulls down the four output lines 454-457 of the
PLA 452 which turns off the transistor switches 416a—d,
422a-4d, etc. These switches are turned off since during
the first four writes, the four shift registers 388-391 are
being loaded with the proper pixel data bits of the first
four writes. The PLA 452 has an input line 463 con-
nected by an inverter 464 to the output of the NOR gate
344c of the latch 344. The input line 463 is coupled to
the output lines 454-457 by four pull-down transistors
466, respectively. If bit 3 of the function generator reg-
ister 274 is a logical 1, the logic state at the input line 463
will also be a logical 1 which pulls down the output
lines 454-457 to a logical 0 turning off the transistor
switches 4162-d, 426a-d, etc. of the programmed logic
array 386. The rotate function may be bypassed in this
manner.

The PLA 452 has inputs 468 and 470 connected to the
Q outputs first and second bits, respectively, of the
three-bit counter 394. The input line 468 is connected to
a second input line 469 by an inverter 472. The input
line 470 is connected to still another input line 471 by an
inverter 474. The input lines 468-471 are coupled to the
output lines 454-457 by a plurality of pull-down transis-
tors 476 such that as the counter 394 counts from 4 (100
Binary or B) to 7 (111 B) the output lines 454457 are
successively activated. Thus, when bits 1 and 2 of
counter 394 are both 0, the output line 454 is enabled
and with bits 1 and 0 equal to 01, respectively, output
line 455 is enabled, etc.

As noted before, during the first writes of the rotate
sequence, the shift registers 388-391 are loaded with
their respective bits of the first three bytes of the rotate
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sequence of data with the last byte being stored in regis-
ter 384. This corresponds to counts 0-3 of the counter
394. For counts 4-7 data is no longer shifted into the
registers while the CPU re-transmits the four pixel data
bytes of the sequence to be rotated. At count (100 B) in
which byte 0 is transmitted, the output line 454 is en-
abled which turns on the transistor switches 4164, 4264,
4404 and 446d.

Since output line 4124 is coupled to input line 4564
from register 384, pixel data bit PDB6 of the previous
(and last) data byte of the sequence (i.e., byte 3), appears
on the output line 420 (PDB6) of the rotator in comple-
mented form. The pixel data bit PDB6 of byte 3 of the
sequence is the lower bit of the pixel value represented
by P15. The lower pixel data bit representing the pixel
data value P11 stored in the 391a bit of the shift register
391 connected by the input line 410z is complemented
by a pull-down transistor 424 and conducted by the
transistor switch 4264 to the PDB4 output line 428 of
the rotator 322a. In a similar manner, the low pixel data
bits representing pixel data values P7 and P3 stored in
the shift register 391 appear on the rotator 322a pixel
data outputs PDB2 and PDBO, respectively, since the
transistor switches 4404 and 446d, respectively, are
turned on. Thus, although the CPU transmits byte 0 at
count 100 B, the byte representing pixel data values
P15, P11, P7 and P3 is actually written to the display
RAM at the first location as shown in FIG. 7B.

On the next write to the display RAM, the count of
the counter 394 changes to 101 B wherein the PLA 452
in turn causes the transistor switches 4165, 4265, 440b
and 4464 to turn on. The low pixel data bit representing
pixel data value P14 carried by input line 356¢ from the
register 354 appears in complemented form on the rota-
tor 322q output PDB6 line 420. Also, the low pixel data
bits representing pixel data values P10, P6 and P2 stored
in the register 390 appear in complemented form on the
rotator 322¢ PDB4, PDB2 and PDBO output lines 428,
442 and 448, respectively, and are stored in the first
memory location plus 40, as indicated in FIG. 7B. After
the last two writes, the low pixel data bits (as well as the
high pixel data bits from the rotator 322d) representing
the pixel data values will appear in the display RAM as
shown in FIG. 7B. The flopper 3244 recomplements the
pixel data bits from the rotator 322a so that the pixel
data bits are stored in uncomplemented form in the
display RAM.

Thus, the pixel data that will be written to the display
RAM is transmitted by the CPU in the first four
“writes” to the display RAM of the four bytes of the
rotate sequence and is latched up in the registers
388-391 and 354. The rotate sequence is then re-trans-
mitted (but any data could actually be sent) to the same
four addresses of the display RAM with the pixel data
latched up in the registers 354 and 388-391 actually
being written to those four display RAM addresses
represented in FIG. 7B. The rotator, shifter and flopper
circuits for the high pixel data bits (PDB7, PDBS,
PDB3 and PDB1) are indicated generally at 3225, 3205
and 324), respectively, in FIG. 13. The modifications to
the high pixel data bits PDB7, PDBS, PDB3 and PDB1
are performed by the rotator 3225, the shifter 3206 and
the flopper 3245 simultaneously with the modifications
performed on the low pixel data bits. Each pixel data
value, represented by a high and a low pixel data bit,
can be shifted, flopped, or rotated as shown in FIGS. 6
and 7a and b.
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The OR and exclusive-OR functions are performed
by an OR/exclusive-OR circuit 480 shown in FIG. 11C
to have a four bit input line 482a connected to the out-
put of the low pixel data bit flopper 324¢ and a four bit
input line 4826 connected to the output of the high pixel
data bit flopper 324b. The OR/exclusive-OR circuit 480
has two further inputs connected by a two-bit input line
484 to the latch 334 which latches the complement of
bits 4 and 5 of the function generator register 274 when
the address bit A14 is low. These bits determine
whether or not the OR or exclusive-OR functions, re-
spectively, are performed.

These functions can be thought of as operating on a
byte of pixel data as 8 bits rather than as 4 pixels. When
the OR function is used in writing data to the display
RAM, the input to the OR/exclusive-OR circuit is
ORed with the contents of the display RAM location
being accessed by the addressed chip. Accordingly, the
OR/exclusive-OR circuit 480 has 8 inputs connected by
an 8-bit input line 486 to a tri-state buffer 488 which is
connected to an 8-bit memory data bus 490 from the
display RAM which carries the memory data bits MDO-
MD7.

Pixel data that was stored in the display RAM which
is to be used in an OR or exclusive-OR operation, is
latched up in the OR/exclusive-OR circuit 480. The
OR/exclusive-OR circuit 480 has an 8-bit output line
492 connected to the tri-state buffer 488 on which the
resultant pixel data is carried to be stored at the display
RAM location from which the pixel data was accessed.

The OR/exclusive-OR circuit 480 is shown in greater
detail in FIG. 13 and comprises 8 units 480a-A. Each
OR /exclusive-OR unit can perform an OR or exclusive-
OR (as determined by bits 4 and 5 of the function gener-
ator register 274) on a pixel data bit from the flopper
and from the display RAM and can store the resultant
pixel data bit in the display RAM.

A typical unit 480q is shown in greater detail in FIG.
25. The unit 480a has an input connected to the output
line 377a (which is one of the input lines 482a in FIG.
11C) which carries the pixel data bit PDBO output of
the flopper 324¢ and an input 4862 which carries the
pixel data bit PDBO0 from the display RAM. The unit
has an input 484a connected to the output of the NOR
gate 344e of the latch 334 associated with bit 4 of the
function generator register 274. Bit 4 determines
whether or not the OR function is performed. The input
line 484« is also connected to an inverter (not shown)
having an output connected to an input 494. The unit
has an input 4845 connected to the output of the NOR
gate 344f associated with bit 5 of the expand register
which controls whether or not the exclusive-OR func-
tion is performed. The input line 3845 is also connected
to an input line 496 by an inverter 498.

The input line 3772 (the PDBO bit from the flopper) is
connected by an inverter 500 which is connected to a
line 502. The input line 486a (for the PDBO bit from the
display RAM) is connected to a latch indicated gener-
ally at 504 which latches up the pixel data bit from the
display RAM until the pixel data bit from the flopper
arrives for the OR or exclusive-OR function. The latch
504 has an output line 506 which is connected to a line
508 by an inverter 510.

The unit 480a further comprises a programmed logic
array indicated generally at 512 which performs either
the OR function or exclusive-OR function {or neither)
as determined by bits 4 and § of the function generator
register. The PLA 512 has output lines 514a-¢ selec-
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tively coupled by a plurality of pull-down transistors
516 to the lines 500, 502, 508, 377a, 4944, 494, 484b, and
496. The lines 514a-e are connected to a NOR gate 516
having an output connected to an inverter 518 which
has an output 492z (of lines 492 FIG. 11C).

To illustrate the operation of the unit 480q, it will be
assumed that bits 4 and 5 of the function generator
register have the values 0 and 1, respectively, which
indicates an OR function is to be performed. When bit 4
is a logical 0, line 4844 is a logical 1 which pulis-down
the lines 514a, 514b and 5144 to a logical 0. The PDBO
bit from the flopper carried on the line 3772 is inverted
by the inverter 500 and recomplemented by the pull-
down transistor 516a so that line 514¢ carries the PDB0
bit from the flopper in the uncomplemented form. The
PDBO bit from the display RAM is complemented by
the inverter 510 and recomplemented by the pull-down
transistor 5164 so that the line 514e carries the PDBO bit
from the display RAM in the uncomplemented form.
Thus, if either the line 514¢ or line 514¢ is a logical 1, the
output of the NOR gate 516 will be a logical 0 which is
inverted by the inverter 518 to a logical 1 on line 492a.
However, if both the lines 514¢ and e are logical 0, the
output of the NOR gate 516 is a logical 1 and the output
of the inverter 518 is a logical 0. Thus, the logical OR
function is performed on the PDBO bits from the display
RAM and from the CPU transmitted through the flop-
per.

To perform an exclusive-OR function, bits 4 and § of
the function generator register are set to 1 and 0, respec-
tively. The input line 494 then is a logical 1 which pulls
the lines 514¢ and 514¢ to a logical 0. Also, the line 4845
is a logical 1 which pulls the line 5144 in addition to a
logical 0. The line 377a which carries the PDBO bit
from the CPU (transmitted through the flopper 3244) is
coupled to the line 5145 by a pull-down transistor 516¢.
The line 508 which carries the complemented PDBO bit
from the display RAM is coupled to the line 5145 by 2
pull-down transistor 5164, Thus, if the PDBO0 bit from
the CPU is a logical @ and the complemented PDB8 bit
from the display RAM is a logical 0 (i.e., the PDBO0 bit
from the display RAM is a logical 1) the logic state of
the line 5146 will be a logical 1 resulting in the output of
the NOR gate 516 being a logical 0 and the output line
492¢ of the OR/exclusive-OR unit 480z being a logical
1. Otherwise, the logic state of the 5144 line is a logical
0 and the logic state of the output line 4922 depends
upon the logic state of the line 514a.

The line 502 which carries the complemented PDB0
bit from the CPU is coupled to the line 514¢ by a pull-
down transistor 516e. The line 506 which carries the
PDBO bit from the display RAM is coupled to the line
514a by a pull-down transistor 516f Thus, if the com-
plemented PDBO bit from the CPU is a logical 0 (i.e.,
the PDBO bit from the CPU is a logical 1) and the PDB0
bit from the display RAM is a logical 0, the logic state
of the line 514a will be a logical 1 causing the output of
the NOR gate 516 to be a logical 0 and the output of the
OR/exclusive-OR unit 480z at the output line 492a to
be a logical 1.

If both the PDBO bit from the display RAM and from
the CPU are both 0 or alternatively are both 1, the logic
state of both lines 514¢ and b will be a logical 0 causing
the output of the NOR gate 516 to be a logical 1 and the
output line 4924 of the OR/exclusive-OR unit 480¢ to
be a logical 0. Thus, the exclusive-OR function may be
performed on the PDBO bits from the display RAM and
the CPU.
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In a similar manner, a logical OR or exclusive-OR
function can be performed on the PDB1-PDB7 bits
from the CPU and the display RAM by the units 4805-4
shown in FIG. 13. The output line 492 of each OR/ex-
clusive-OR unit 4802-4 is connected to the tri-state
buffer indicated generally at 488 which is in turn con-
nected to the memory data bus 490. The tri-state buffer
488 has 8 units 488a-A.

A typical tri-state buffer unit 4880 is shown in greater
detail in FIG. 26. The unit 4884 has an input/output line
522 connected to the MDO bit of the memory data bus
490. The tri-state buffer unit 488z also has an output line
524, and an input line 526 connected to the DATEN
control signal. When the DATEN control signal is low,
the logic state of the output line 522 is the same as the
data bit carried on the input line 492z from the OR /ex-
clusive-OR unit 480z. In this manner, the pixel data
outputted from the OR/exclusive-OR unit may be
transmitted to the display RAM at an address supplied
through the address chip.

The CPU may read an intercept register 528 (FIG.
11C) having address 8H to determine if an intercept
occurred during a write to the display RAM in which
the OR or exclusive-OR function is utilized. An “inter-
cept” is defined as the writing of a non-zero pixel data
value at a location in the display RAM that previously
contained a non-zero pixel data value. The intercept
register 528 has an input connected to the 4-bit output
line 4825 of the flopper 3245 and an input connected to
the 4 bit output line 482a of the flopper 324a by which
the pixel data bits from the CPU may be inputted. The
intercept register 528 also has an 8-bit input line 530
connected to the OR/exclusive-OR circuit 480 by an
8-bit line 530. The output of the intercept register 528 is
connected by an 8-bit output line 532 to the input of a
2-to-1 multiplexer 534.

The intercept register 528, shown in greater detail in
FIG. 13, comprises 8 units 528a-4. A 1 in a particular
intercept register unit means that an intercept has oc-
curred. Since a pixel is represented by 2 bits of data, a
byte of pixel data represents 4 pixels and thus has 4 pixel
positions. Intercept register units 528a-d indicate
whether an intercept has occurred in any of the 4 pixel
positions in the last write to the display RAM in which
the OR or exclusive-OR functions were utilized. The
unit 528q indicates whether an intercept has occurred in
the first pixel position with the unit 5286 indicating
whether an intercept has occurred in a second pixel
position, etc.

The unit 5284, typical of the units 52824, is shown in
greater detail in FIG. 27. The unit 528a comprises a
NOR gate 536 having an input 538 (connected to one of
the lines 4824, FIG. 11C) for the PDBO pixel data bit
and an input 540 (connected to one of the lines 4825,
FIG. 11C) for the PDB1 pixel data bit from the CPU.
PDBO0 and PDB1 represent a pixel that is being ORed or
exclusive-ORed with pixel data contained in the display
RAM. The unit 5284 further comprises a NOR gate 542
having an input 530z for the PDBO bit from the display
RAM latched up in the unit 480a of the OR/exclusive-
OR circuit 480 and an input 5306 for the PDB1 pixel
data bit from the display RAM latched in the unit 4805
of the OR/exclusive-OR circuit.

The output of the NOR gate 536 and the NOR gate
542 are connected to NOR gate 548 having an output
line 550. Line 550 is connected by a transistor switch
$52 to an inverter 554 having an output line 556.

15

20

35

45

50

55

60

65

34

If the pixel transmitted from the CPU via the flopper
524q and b and represented by pixel data bits PDBO0 and
PDB1 is a non-zero pixel, that is, the logic state of the
lines 538 or 540 is a logical 1, then the output of the
NOR gate 536 is a logical 0. Similarly, if the pixel from
the display memory latched up in the OR/exclusive-OR
unit is a non-zero pixel, the output of the NOR gate 542
is a logical 0. If the output of both NOR gates 536 and
542 is a logical 0 (i.e., an intercept has occurred in the
OR or exclusive-OR operation) the output of the NOR
gate 538 is a logical 1 at the line 550. The other intercept
register units 5285-d operate in a similar manner to
indicate whether an intercept has occurred in the other
3 pixel positions.

The intercept register units 528¢-4 give the intercept
information for all OR and exclusive-OR writes since
the last read or input from the intercept register 528 by
the CPU. An input from the intercept register resets the
outputs of these units. Thus, each of the 4 intercept
register units 528e-% is set to 1 if an intercept occurs in
the corresponding pixel position and will not be reset
until the next intercept register input.

The unit 528¢, typical of the units 528¢-4, is shown in
FIG. 28 to have an input 558 which is connected to the
output 550 of the unit 5284. The input 558 is connected
to the input of an AND gate 560 which has another
input 562 for a clock signal. The output of the AND
gate 560 is connected to the input “S” of an SR flip-flop
indicated generally at 564 and having an output line 566
(which is one of the lines 532 of FIG. 11C). The SR
flip-flop 564 has a reset input “R” line 568 connected to
input 2.

If an intercept occurs in the first pixel position, the
input line 558 will assume a logical 1 state since it is
connected to the output of the intercept register unit
5284. When the clock signal on line 562 is a logical 1 the
flip-flop 564 will be set. The flip-flop will remain set
even though subsequent OR or exclusive-OR opera-
tions do not result in an intercept in the first pixel posi-
tion. The unit 528¢ will remain set until the flip-flop is
reset when the data is input from the intercept register
528. The intercept register select line 222 is connected
to a delay indicated at 569 (FIG. 13) whose output is
connected to the reset input ‘2’ of each unit 528e-A.

Referring back to FIG. 11C, the output of the inter-
cept register 528 is connected by the 8-bit output line
532 to the multiplexer 534. The §-bit line 532 comprises
the output lines 556 from the intercept register units
§528a-d and the output lines 566 from the intercept regis-
ter units 528e-4 (FIG. 13). The multiplexer 534 has a
select input connected to the select line 222 from the
address decoder 214 (FIG. 11B) so that when the line
222 is enabled (corresponding to address 8H) the input
lines from the intercept register 528 are selected. The
multiplexer further has inputs connected to outputs of
the OR/exclusive-OR circuit 480 by an § bit line 570.
The OR/exclusive-OR circuit latches up data as it is
read from the display RAM which may be data other
than pixel data for OR or exclusive-OR operations such
as instructions to be executed from the display RAM
which are to be transmitted to the CPU.

The output of the multiplexer 534 is connected to the
tri-state buffer 273. [As seen in FIG. 25, the line 570a of
the input line 570 (FIG. 11C) is connected to the line
506 of each unmit of the OR/exclusive-OR unit by the
inverter 510].

The multiplexer 534 is shown to comprise 8 units
534a-+ in FIG. 13. Each unit selects either a bit of data
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from the intercept register 528 or a bit of data from the
display RAM latched up in the OR/exclusive-OR cir-
cuit 480 depending upon the logic state of input select
signals.

A typical multiplexer unit 534a is shown in FIG. 29 to
comprise an AND gate 572 having an input 5322 (one of
the 8 bit input lines indicated as 5§32 in FIG. 11C) con-
nected to the complemented output of the intercept
register unit 528« at line 556 (FIG. 27) and a select input
576 connected to the intercept registers select line 222.
An AND gate 578 has an input 570a (which is one of the
input lines indicated as 570 in FIG. 11C) connecting the
complemented latch output of exclusive-OR unit 4804
and a select input 582. The outputs of the AND gate 572
and 578 are connected to a NOR gate 584 having an
output line 588z which is the output line of the unit 534
(and is one of the 8 lines indicated at 588 in F1G. 11C
connecting the multiplexer 534 to the tri-state buffer
273).

If the select signal line 582 is a logical 0, then the
output of the AND gate 578 is a logical 0. And, if the
intercept register select line 222 is a logical 1, then the
input line 576 is also a logical 1 and the output of the
AND gate 572 will be the same as the logic state of the
input line 5322 carrying the complemented data bit
from the intercept register. The NOR gate 584 will then
recomplement the data. Since the data from the inter-
cept register is in complemented form, the data appear-
ing on the output line 588 will be uncomplemented.
Conversely, if the intercept register select line 221 is a
logical 0 and the select input 582 is a logical 1, then the
complemented data from the display RAM latched up
in the OR/exclusive-OR circuit 480 will appear in un-
complemented form on the output line 588. The data on
the output line 588 will be transmitted to the CPU via
the microcycle data bus 66.

The select line 582 is shown in FIG. 13 to be con-
nected to a line 583 which carries the select signal
MENB1 which generated by the logic elements indi-
cated generally at 585. The inputs to the elements 585
include the CPU control signal M1.

The Z-80 CPU requires instruction data to arrive in
an M1 cycle (instruction fetch) at a different time than
data during non-M1 cycles. The data latched up in the
OR/exclusive-OR circuit may be instructions that were
stored in a scratchpad portion of the display RAM. The
elements 585 which generate MENB1 which loads the
instruction onto the microcycle data bus 66 (via the
output lines 588 and tri-state buffer 273), insert a delay
so that the instructions arrive at the CPU at the proper
time.

It should be noted that non-M1 cycle data from the
RAM may be transferred directly from the memory
data bus 490 to the microcycle data bus 66 via tri-state
buffer 273 on the clock signal ZIP. ZIP is a function (as
is MENBI1) of the CPU control signals MREQ, RD and
some address bits (so that it can be determined that
RAM is being accessed) and is generated by the logic
elements indicated generally at 589 and 591 which in-
clude a latch 593 (FIG. 13 with each bit of the latch
logically similar to that shown in FIG. 15) for the ad-
dress bits.

Briefly summarizing the operation of the function
generator of the data chip, the CPU can update the pixel
data stored in the display RAM by transferring pixel
data from the ROMs to the display RAM at addresses
sent to the display RAM via the address chip. However,
numerous modifications to this pixel data can be per-
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formed by the function generator before the pixel data
is stored in the display RAM. Thus, depending upon the
data sent to the function generator registor 274, the
pixel data may be expanded, shifted or rotated, flopped,
and exclusive-ORed or ORed with the data already
stored in the memory location being addressed.

Referring back briefly to FIG. 2, the dispiay RAM 42
has stored therewithin, pixel data representative of the
pixels of a picture displayed on the screen of the TV 28.
Each pixel is represented by two bits of data which
select a color register which defines the color and inten-
sity of the associated pixel. An additinal function of the
video processor 52 is to sequentially read the pixel data
stored in the display RAM 42, decode the pixel data
into color and intensity data signals, convert these sig-
nals to analog signals, and supply the signals to the RF
modulator 58 which converts the signals to a form suit-
able for the TV set 28. The address chip 56 sequentially
reads the pixel data from the display RAM 42 synchro-
nously with the raster scan of the TV 28 which will be
more fully described later.

Each byte of pixel data read is conducted on the
memory data bus 490 (FIG. 11C) to the tri-state buffer
488. The 8-bit output line 486 of the buffer 488 is con-
nected to an 8-bit line 590 which divides into two 4-bit
lines 592a and 592b. The line 592« is connected to a 4-bit
shift register 594 with the line 592b connected to a 4-bit
shift register 595. The shift register 594 stores the low
pixel data bits PDB0, PDB2, PDB4 and PDB6 and shift
register 595 stores the high pixel data bits PDB1, PDB3,
PDBS and PDB?7, of the 4 pixels represented by a byte
of pixel data read from the display RAM. The output of
the shift registers 594 and 595 are connected by lines
596a and 5965, respectively, to the inputs of a multi-
plexer 598.

The multiplexer 598 has inputs “SERIAL 1” and
“SERIAL 0” and two inputs from a background color
register 600. The muitiplexer 598 has 2 select inputs 602
and 604 to output 2 pixel data bits from either the shift
registers 594 and 595 or the SERIAL 0 and SERIAL 1
inputs, or the background color register 600. The multi-
plexer 598 will operate to select pixel data bits from the
background color register 600 when the pixels to be
displayed on the display screen are located in the back-
ground area indicated at 608 (FIG. 5) of the display
screen. The multiplexer 598 will select the pixel data
bits from the shift register 594 and 595 (low resolution
mode) when the pixels being displayed are located in
the area indicated at 610 of the display screen (FIG. §).
Pixel data bits SERIAL 1 and SERIAL 0 will be se-
lected for the area 610 when the video processor is
operated in the high resolution mode.

The inter-connection of the shift registers 594 and 595
within the data chip is shown in FIG. 13. Each bit of the
shift registers 594a-d and 595¢-d has an input P con-
nected to the tri-state buffer 488 by a buffer indicated at
611, (The buffers 611 are logically similar to that shown
in FIG. 18). Also each bit has clock inputs C and C, a
load input L, and an input D from the previous register
bit (except bits 5942 and 5952 which have their D input
grounded) and an output Q to the succeeding register
bit. The shift register 594 latches up the low pixel data
bits of the 4 pixels represented by a byte of pixel data
read from the display RAM and the shift register 5945
latches up the high pixel data bits. Thus, register bits
5944-d latch up pixel data bits PDB0, PDB2, PDB4 and
PDB6.



4,301,503

37

The output of the register bit 594d is connected by
the line 596a to the multiplexer 598. The data stored in
the shirt register 594 is shifted one bit position upon the
activation of the clock signals such that pixel data bit
PDBO is shifted to the register bit 5944, pixel data bit
PDB2 is shifted to the register bit 594¢, pixel data bit
PDB4 is shifted to the register bit 594d and PDB6 is
shifted to the multiplexer 598. The high pixel data bits
are loaded and shifted in the shift register 595 at the
same time as the low pixel data bits in a similar manner.
(A typical shift register bit is shown in greater detail in
FIG. 30).

The clock signals for the clock inputs C and C of the
shift registers are PXCLK and PXCLK which are the
outputs of the buffer shown at 621 in FIG. 13. The input
signal of the buffer 621 is a clock signal PX which is
generated by the clock generator in FIG. 11D. PX
occurs synchronously with the display of the pixels on
the display screen. The generation of the clock signal
PX will be described more fully later.

The load signal for loading pixel data into the shift
registers 594 and 595 occurs once every four PX pulses
since a byte of data from the display RAM represents
four pixels. The generation of the load signal will also
be more fully described later.

The multiplexer 598 is shown in FIG. 13 to have the
input lines 5964 and b from the shift registers 594 and
595, the input lines 608 and 610 for the SERIAL 0 and
SERIAL 1 pixel data bits and the input lines 612 and
614 from the background color register 600 selectively
coupled by pull-down transistors 616 to transistor
switches 618. The output of the transistor switches 618
are selectively coupled to the output lines 620 and 622
by the two buffers 385. (A typical buffer 385 is shown in
FIG. 22.) The output lines 620 and 622 carry the pixel
data bits “Z” and “Y”, respectively, which (together
with the left/right bit) select a color register. The gates
of the transistor switches 618 are selectively coupled to
the outputs of a plurality of logic gates 623. The inputs
of the logic elements 623 are selectively coupled to the
input line 604 so that when the logic state of the line 604
is a logical 0, the pixel data bits from the background
color register are conducted to the output lines 620 and
622. The logic elements 623 are also selectively coupled
to the input line 602 from the low/high resolution mode
flip-flop 606 (FIG. 13) such that when the logic state of
the line 602 is a logical 0 (and the logic state of the input
line 604 is a logical 1) the pixel data bits on the input
lines 5964 and & from the shift registers are conducted to
the output lines 620 and 622. Otherwise, the pixel data
bits SERIAL 0 and SERIAL 1 are conducted to the
output lines 620 and 622 when the logic state of the
input line 602 is a logical 1.

Referring back to FIG. 11C, the background color
register 600 is a 2 bit register having inputs connected to
the data bus 66a by a 2-bit line 624. The 2 bits stored
therewithin (together with the left/right bit) identify
one of the 8 color registers which determines the color
and intensity of the background area indicated as area
608 in FIG. 5. The background color register 600 has
the address 9H which activates the register select line
220 by which these 2 bits may be changed. (The cir-
cuitry of the storage unit for each bit of the background
color registers is logically similar to that shown for the
latch in FIG. 15).

In order to determine when the multiplexer 604
should select the pixel data bits from the background
color registers 600, the data chip further comprises a
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vertical position counter 626 and a horizontal position
counter 628 shown in FIG. 11B. The vertical position
counter 626 counts the number of lines of pixels as they
are displayed in a raster scan. A “HORIZONTAL
DRIVE” signal occurs with each line of pixels dis-
played. A “VERTICAL DRIVE?” signal occurs once
every field. Both the HORIZONTAL DRIVE and
VERTICAL DRIVE signals are generated in another
portion of the data chip circuitry to be discussed later.
The vertical position counter 626 has inputs for the
HORIZONTAL DRIVE and VERTICAL DRIVE
signals and counts each HORIZONTAL DRIVE sig-
nal (corresponding to a line of pixels displayed) and
resets with each VERTICAL DRIVE signal. There is
further provided a vertical “blank” register 630 having
an 8-bit input line 632 connected to the data bus 66a.
The vertical blank register 630 has address AH and
contains the line number at which the background color
(indicated by the background color register 600) will be
displayed to the bottom of the screen. Through input-
ting this vertical line number to the vertical blank regis-
ter 630, the bottom border line 634 (FIG. 5) may be set.

The vertical position counter 626 continues counting
even after the raster scan has reset to the top of the
screen. Hence the pixels at the top of the screen will
continue to be defined by the background register.
When the counter 626 reaches 162, it will reset which
causes the next line of pixels to be defined by the display
RAM and defines the top border of the background
area.

The vertical blank register 630 further allows display
RAM that would normally be utilized to store pixel
data for the area 610 to be used for scratch pad memory.
Thus, if the vertical blank register is set to 0, the entire
display RAM can be used for scratch pad. In the low
resolution embodiment, the register should be set to 101
or less in bits 1-7; in the high resolution system it should
be set to 203 or less in bits 0-7.

The line number contained within the vertical blank
register 630 is compared to the current line number
indicated by the vertical position counter 626 by a “les-
s-than-compare” 634 having inputs connected by lines
636 to the output and complemented output of each bit
of the vertical blank register 630 and also has inputs
connected to the output and complement of the output
of each bit of the vertical position counter 626 by the
lines 638. The output of the less-than-compare 634 goes
to a logical 0 when the vertical position counter 626
reaches the number contained within the vertical blank
register 630. The output of the less-than-compare is
connected by a line 640 to a decoder 642. The decoder
642 further has inputs selectively coupled by a line 644
to the output and complemented output of the bits of
the horizontal position counter 628.

The horizontal position counter 628 counts the pixel
positions of a line as the pixels are being displayed. The
horizontal position counter 628 has an input for the
clock signal ¢ which changes synchronously with the
scanning of the pixel positions of the raster scan. The
horizontal position counter 628 has an additional input
for the HORIZONTAL DRIVE signal and resets uti-
lizing the HORIZONTAL DRIVE signal. The de-
coder 642 has set and reset lines 646 connected to the
inputs of a flip-flop 648. The flip-flop 648 has an output
line 604 which is connected to a select input of the
multiplexer 598 (FIG. 11C).

The decoder 642 decodes the output from the hori-
zontal position counter 628 such that the flip-flop 648 is
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set when the horizontal position counter reaches a first
number which defines the left margin of the back-
ground area. The output of the flip-flop 648 when set,
causes the multiplexer 598 to switch from background
color register 600 to either the shift register 594 and 595
or the SERIAL 0 to SERIAL 1 inputs. When the hori-
zontal position counter 628 reaches a preset second
number (corresponding to a second position in each line
of pixels on the display screen and defining the right
margin) the decoder 642 resets the flip-flop 648 causing
the multiplexer 598 to switch back to the background
color register 600 such that the pixels being displayed
on the screen are then defined by the background color
register 600.

In this manner, the pixel data defining the pixels of
each horizontal line may be drawn from first the back-
ground color register then from the shift registers
which shift data from the display RAM and then back
to the background color register as shown in FIG. 5.
When the vertical position counter 626 reaches the line
number stored in the vertical blank register 636, the
less-than-compare 634 inhibits the decoder 642 from
setting the flip-flop 648 for the remaining lines of the
frame. Since the flip-flop 648 is not reset, the multi-
plexer 598 (FIG. 11C) will not switch from the back-
ground color register so that the remaining pixels to be
displayed will be defined by the pixel data bits stored
within the background color register 600. Since the
vertical position counter does not reset until after the
top background area has been scanned, these pixels will
also be defined by the background register.

FIG. 13 details the interconnection of the vertical
position counter 626 within the data chip and shows the
counter 626 to comprise a 9 bit counter. (The logic
circuitry of the least significant bit 626a is shown in
FIG. 24). Logic circuitry typical of the bits 626b-# is
similar to that shown in FIG. 24 with the addition of the
elements shown in phantom. Logic circuitry typical of
the 626: is similar to that for bits 6266-# excluding the
NOR gate 650.

The vertical blank register 630 is shown in FIG. 13 to
comprise an 8-bit register (with the logic circuitry of
each bit similar to that shown in FIG. 15.) The logic
circuitry of the less-than-compare 634 is indicated gen-
erally at 634 and comprises a plurality of NOR gates 652
and a PLA comprising pull-down transistors 654 and
pull-up transistors 656 selectively coupled to the verti-
cal blank register 630, vertical position counter 626, and
output line 640 connected to the decoder indicated
generally as 642.

The horizontal position counter indicated generally
at 628 comprises an 8-bit latch 658a¢-4 and a plurality of
pull-down transistors 660 and a plurality of pull-up
transistors 662. (The logic circuitry of the least signifi-
cant bit 658a of the binary counter 628 is shown in
greater detail in FI1G. 31 with the logic circuitry of bit
6584, typical of bits 6586-4, shown in greater detail in
FIG. 32)) The horizontal position counter 628 is con-
nected by 10 output lines indicated generally at 644 to
the decoder 642 which comprises a plurality of pull-
down transistors 664 and pull-up transistors 666. The
decoder 642 has additional inputs “PX” and $2 clock
signals. The set and reset output lines 646 are connected
to the inputs of the flip-flop indicated generally at 648.
Flip-flop 648 has an output line 604 which is connected
to a select input of the multiplexer 598 (FIG. 11C).

The Q output of the least significant bit 6584 of the
horizontal position counter 628 is connected to the
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output of a NOR gate 667 whose output is the load
signal for the shift registers 594 and 595. The other input
of the NOR gate 667 is connected to the clock signal
$2. Since the counter 28 is clocked by the clock signals
®1 and $2 which have half the frequency of PX, the
output of bit 6584 has one fourth the frequency of PX.
Therefore, a load signal will occur for every four PX
pulses, or for every four pixels displayed.

The output of 6 bits of the horizontal position counter
628 is shown in FIG. 11B to be connected by line 668 to
the inputs of a “compare” circuit 670. The other inputs
of the compare 670 are connected to the output of a 6 bit
horizontal color boundary register 672 by the line 674.
The horizontal color boundary register 672 has inputs
connected to the data bus 66a by the line 676. The out-
put of the compare 670 is connected to a flip-flop 678 by
a line 680 with the flip-flop 678 having an output 682
which carries the “left/right” bit.

The horizontal color boundary register 672 defines
the horizontal position of the imaginery vertical line 64
on the screen 32 of FIG. §. As noted before, for pixel
positions associated with a byte of pixel data to the left
of the boundary, the left/right bit of the four pixels
associated with that byte is set to one. The left/right bit
is set to zero for pixels to the right of the boundary line
64. Color registers 0-3 are selected by a left/right bit
equal to O and registers 4-7 are selected for the pixels to
the left of the boundary.

The address sent to the horizontal color boundary
register 672 is compared with the current address of the
byte of pixel data being displayed as indicated by the
horizontal position counter 628. If the state of the
counter 628 is less than the address contained within the
register 672, the pixel locations to be displayed are tc
the left of the horizontal boundary line and the flip-flop
678 is set such that the left/right bit is a logical 1, other-
wise the pixel locations are to the right and the left/-
right bit is reset to 0.

The inter-connection of the horizontal color bound-
ary register 672 is shown in FIG. 13 wherein the regis-
ter comprises a 6-bit register having the address 9H (the
same as the background color register). (A bit of the
horizontal color boundary register is logically similar to
that shown for the latch in FIG. 15.)

The “compare’ circuit connected to the horizontal
color boundary register 672 and horizontal position
counters 628 is indicated generally at 670 and comprises
6 exclusive-OR units 684a-f (with the logic circuitry of
a typical exclusive-OR unit 684a shown in greater detail
in FIG. 33.) The output of each exclusive-OR unit is
coupied to an output line 686 by a plurality of pull-
down transistors indicated generally at 688. The line
686 is coupled to the voltage source VDD by a puli-up
transistor 690 and to the left/right output line 682 by an
inverter 692.

As previously discussed, two pixel bits are used to
represent each pixel on the screen. These bits, referred
to as Y and Z, may be read from the display RAM or
from the background color register. These two bits,
along with the left/right bit which is set by crossing the
horizontal color boundary, map each pixel to one of the
8 different color registers. The value in the color regis-
ter then defines the color and intensity of the pixel on
the screen associated with the pixel data bits. The inten-
sity of the pixels is defined by the 3 least significant bits
of each color register, 000 for darkest and 111 for light-
est. The colors are defined by the 5 most significant bits.
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The color registers have addresses 0-7H; register 0 hav-
ing address OH, register 1 having address 1H, etc.

Referring back to FIG. 11B, a serial data decoder 694
decodes the bits Y and Z, and the left/right bit to deter-
mine to which of the color registers 224 the bits point.
The serial data decoder 694 comprises a gate indicated
generally at 696 in FIG. 13 and has the Z input line 620,
the Y input line 622 and the left/right input 682 with the
clock signal inputs 7M and 7M. The serial data decoder
694 further comprises a PLA 698 having pull-down
transistors 700 and pull-up transistors 702. The PLA 698
and 8 output lines indicated generally at 704 with one
each connected to one of the color registers 224. A
particular logic state of the pixel data bits Y, Z, and
left/right activates a particular output line 704 which
enables the corresponding color register to output its
contents. In this manner, these pixel data bits point to a
unique color register.

When a color register is selected or identified, the
contents of the color register is outputted to a latch 706
shown in FIG. 11B which has five output lines 708
connected to a color decoder 710 for the five color bits
and 3 outputs connected to serially connected latches
712 and 714 by the line 716, for the 3 intensity bits. The
output of the latch 714 is connected to an intensity
decoder 718.

The intensity decoder 718 has further inputs for the
“SYNC” and “BLANK” NTSC standard signals.
These signals, together with the 3 intensity bits from the
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the signal “VIDEO” at output line 720 together with a
reference voltage of 2.5 volts at line 722.

The color decoder 710 further has inputs for the
NTSC standard signals “BURST” and “BLANK”
which, together with the 5 color bits from the selected
color register, determine the analog values of the “R-Y”
signal on line 724 and the “B-Y” signal on line 726.

The 8 color registers, shown in greater detail and
indicated at 224a-h, each comprise an 8 bit register
having register select lines 2162-4, respectively, and
output enable lines 704a-h, respectively. Each color
register is connected to the 8-bit data bus 66¢ so that any
particular register may be addressed when its corre-
sponding register select line is enabled in order to load
the register with the color and intensity data. (A regis-
ter bit 24060, typical of the other register bits of the
color registers 224 is shown in greater detail in FIG.
34)

The Q output of each bit of the color registers is
connected to the 8 bit latch indicated generally at 706.
The latch 706 has five outputs connected by a buffer 728
to the color decoder indicated generally at 710. (The
unit 7282 typical of the five units of the buffer 728 is
shown in greater detail in FIG. 35.)

The color decoder 710 converts the 5 digital bits from
a color register into the analog color video signals R-Y
and B-Y. The color decoder 710 comprises a PLA 730
(for the R-Y signal) and a PLA 740 (for the B-Y video
signal) the outputs of which are coupled to the gates of
a plurality of transistor switches 742 and 744, respec-
tively. The inputs of the switches 742 and 744 are selec-
tively coupled to a plurality of series-connected resis-
tors 746. The output of the switches 742 are connected
to the output line 724 for the R-Y color video signal and
the switches 744 are connected to the output line 726 for
the B-Y color video signal.

The 3 outputs of the latch 706 for the 3 intensity bits
from the color registers 224 are connected to the latch
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indicated at 712 whose outputs are connected to the
latch 714. The output of the latch 714 is connected to
the intensity decoder indicated generally at 718. The
additional latches 712 and 714 provide a timing delay.
The intensity decoder 718 decodes the 3 intensity bits
from a color register and converts them into the analog
intensity signal “VIDEO”. The intensity decoder 718
comprises a PLA indicated generally at 748 whose
output is coupled to the gates of the plurality of transis-
tor switches 750. The input of the transistor switches
750 are selectively coupled to the series-connected re-
sistors 752 with the output of these switches 750 con-
nected to the VIDEO signal line 720. The intensity
decoder 718 further supplies a 2.5 reference voltage on
the line 722 from the series-connecied resistors 752.

A clock generator 754 shown in FIG. 11D uses the
TM and M clock signals (7.159090 MHz square waves)
to generate PG and PX. These are the clock signals for
the system. The frequency of PX is half that of 7M and
the frequency of ®G is half that of PX.

The clock generator 754, shown in greater detail in
FIG. 13, comprises a divide-by-2 counter indicated
generally at 756 having inputs 7M and 7M. The divide-
by-2 counter 756 has an output line 758 which carries
the clock signal PX. The clock generator 754 further
comprises a second divide-by-2 counter indicated gen-
erally at 760 which has inputs 7M and 7M and the input
PX from the divide-by-2 counter 756. The cutput of the
divide-by-2 counter 760, line 762, is connected to a
buffer indicated generally at 764 which has the output
line 766 which carries the clock signal ¢G. The output
line 762 is also connected to an inverter and buffer
indicated generally at 768 which has the output line 770
for the clock signal ®1 which is the same as ®G and the
output 772 for the clock signal ®2 which is the inverse
of clock signal ¢G.

The clock generator 754 has an input 774 connected
to the output of a third signal generator indicated gener-
ally at 776 which has inputs 7M, 7M and the HORI-
ZONTAL DRIVE signal on the input line 778. The
generator 776 generates a clear signal as a function of
the HORIZONTAL DRIVE, M and ™M clock signals
which clears the clock generator 764.

The relationship between 7M, HORIZONTAL
DRIVE, ®G and PX is illustrated in FIG. 41. The
frequency of PX is half that of 7M and the ®G clock
signal is } of 7M. There are 455 cycles of 7M per hori-
zontal line of pixels displayed and 113 and § of G
cycles per horizontal line. Because of the extra § cycle,
®G must be resynchronized at the beginning of each
line. This is done by the clear signal generator 776
which “stalls” ®G for 3 cycles of 7M and is initiated by
clock signal HORIZONTAL DRIVE. PX is also
stalled for the same amount of time.

FIG. 11E shows a television sync generator 780
which also uses the clock signal 7TM and TM to generate
NTSC, SYNC, BURST and BLANK signals to be sent
to the intensity decoder 718 and color decoder 710
(FIG. 11B). Also generated are the HORIZONTAL
and VERTICAL DRIVE signals. The TV sync gener-
ator comprises a PA and ®B generator 782 having the
7™ and TM clock inputs. The generator 782 has output
lines 784 and 786 for the ®A and ®B clock signals,
respectively, connected to a horizontal counter 788.
The counter 788 has output lines 790 connected to input
of a vertical counter 792 and outputs 794 connected to
the inputs of a decoder 796. The horizontal counter 788
counts the ®A and ®B clock pulses and the decoder 794
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decodes the output of the counter 788 to provide a
HORIZONTAL BLANK signal on a line 800, a
BURST signal on a line 802 and a HORIZONTAL
DRIVE signal on a line 804. A decoder 806 is con-
nected to the output of the vertical counter 792 and
provides a VERTICAL BLANK signal on a line 808,
two signals related to a VERTICAL SYNC signal on
lines 810 and 811 connected to inputs of the decoder 796
and a VERTICAL DRIVE signal on a line 812.

An OR gate 818 has inputs connected to the HORI-
ZONTAL BLANK signal line 800 and to the VERTI-
CAL BLANK signal line 808 and has an output line 820
for the BLANK signal. The decoder 786 decodes the
input lines 810 and 811 as well as the count of the
counter 788 to produce the SYNC signal on line 798.

The SYNC, BLANK and BURST signals are NTSC
standard timing signals and are utilized to generate the
R-Y, B-Y and VIDEO signals. The HORIZONTAL
DRIVE and VERTICAL DRIVE signals are used to
synchronize the data chip with the address chip as well
as to provide clock signals for the vertical position
counter 626 and horizontal position counter 628 (FIG.
11B). The HORIZONTAL DRIVE signal occurs once
every horizontal raster scan line (63.5 microseconds),
and VERTICAL DRIVE occurs once every field (16.6
milliseconds).

The ®A and OB generator 782 is shown in FIG. 13 to
comprise a counter 822 which is connected to an output
buffer (indicated generally at 824) having output line
826 for the ®A clock signal and output line 828 for the
®B output signal, which are 2.045 MHz. (The counter
822 is shown in FIG. 36 to comprise a “divide by 33"
counter having the input clock signal 7M and 7M.)

The counter 788 has 8 bits, 7884-~ and a pro-
grammed logic array, or PLA indicated generally at
830. (The logic circuitry of the counter bits 788a-g are
logically similar to those shown in FIGS. 31 and 32 for
the horizontal position counter 628 with the logic cir-
cuitry of the bit 7884 shown in greater detail in FIG.
37.) The horizontal counter 788 is a divide-by-130
counter and has a frequency of 63.5 microseconds. The
Q and Q outputs of the bits 628a-h of the counter 788
are connected to the decoder indicated generally at 786
which comprises a programmed logic array 832. The
output of the PLA 832 is selectively coupled to 3 flip-
flops 834-836 either directly or by logic elements 838.
(The flip-flop 834 is typical of the flip-flop 834-836 and
is shown in greater detail in FIG. 38.)

The flip-flop 836 has an output line 808 which carries
the HORIZONTAL BLANK signal and is connected
to the OR gate 818 which comprises a NOR gate 840
and an inverter 842. An output line 802 of the flip-flop
835 (via a buffer 385) carries the BURST signal with the
output line 798 of the flip-flop 834 (via a buffer 385
carrying the SYNC signal.) An output line 804 of the
delay elements 839 from the decoder PLA 786 carries
the HORIZONTAL DRIVE signal.

The Q output of the bit 7885 of the counter 788 is
connected to the input 2 of a flip-flop 850 (shown in
greater detail in FIG. 39.) The outputs C and C of the
flip-flop 850 have a frequency of half that of the hori-
zontal counter 788 and are connected to the clock in-
puts of the counter 792 having bits 792a—j. The counter
792 is a divide-by-512 counter and has a period of 1/30
of a second. (The counter bits 7925~/ are logically simi-
lar to those shown in FIG. 24 with the bit 792a also
logically similar but excluding those elements shown in
phantom.) The Q and Q outputs of the bits of the
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counter 792 are selectively coupled to a programmed
logic array indicated generally at 852 of the decoder
806. An output line 853 of the PLA 852 is connected to
a flip-flop 856 (shown in greater detail in FIG. 38) hav-
ing an output line 857. The output line 857 carries the
VERTICAL BLANK signal and is connected to an
input of the NOR gate 840. An output line 854 is con-
nected 1o a shift register bit 858 (shown in greater detail
in FI1G. 23). The output of the shift register 858 is con-
nected to a plurality of logic elements 859 having addi-
tional clock signal inputs ©1 and $2 and an output line
860 which carries the VERTICAL DRIVE signal. The
line 860 is connected by a buffer 862 to the VERTICAL
DRIVE pad 864.

FIG. 42 illustrates the relationship between SYNC,
VERTICAL BLANK and VERTICAL DRIVE sig-
nals. Each division represents 1 horizontal scan of the
raster scan.

FIG. 43 illustrates the relationship between the sig-
nals HORIZONTAL DRIVE, HORIZONTAL
BLANK, SYNC and color BURST with each horizon-
tal division equal to 3% cycles of the clock 7M. The
pattern repeats every 455 cycles of TM. The shaded area
voltages are determined by the pixel data bits from the
display RAM. The color BURST signal time occurs
when B-Y is at 1.7 v and the SYNC signal time occurs
when VIDEO is at 0 v. The relationship between the
HORIZONTAL DRIVE and VERTICAL DRIVE
signals is illustrated in FIG. 41.

In memory write cycles, in which data is written to
the display RAM, a control signal WRCTL (generated
by the address chip) is activated and a memory control
circuit 882 (FIG. 11F) of the data chip generates the
DATEN control signal. The function generator (FIG.
11C) takes the data from the CPU from the microcycle
data bus 66 and transfers it to the memory data bus in
conjunction with the DATEN control signal. Of
course, if the data is to be modified, the function genera-
tor will modify the data as required as it places the data
on the memory data bus. The memory control circuit
882 has an additional input for another address chip
generated control signal LTCHDO and an output line
884 at which the memory control circuit 882 outputs a
second control signal which is a function of the
LTCHDO control signal. The relationship between the
data chip control signal DATEN and the address chip
control signal WRCTL is shown for two memory write
operations in FIGS. 12A and D.

The memory control circuit is shown in greater detail
in FIG. 13 and is indicated generally at 882. The mem-
ory control circuit has an input line 886 for the
WRCTL control signal which is connected by a plural-
ity of logic elements 888 to a flip-flop 890 having an
output line 892 which carries the DATEN control sig-
nal. The logic elements 888 include the transistor switch
889 which has a clock signal line 891 connected to the
gate of the switch 889. The clock signal on the line 891
is a function of the clock signals @1, PX and PX. The
output line 892 (which carries the DATEN control
signal is connected to a DATEN pad 896 by a buffer
385 and a buffer 894. The buffer 385 also has an output
line 898 which also carries the DATEN control signal.

The memory control signal 882 further has an input
line 900 for the LTCHDO control signal from the ad-
dress chip. Line 900 is connected by a resistor and an
inverter 902 to a NOR gate 904 having an additional
input connected to the control signal line 891 and an
input connected to the control signal ®2. The output of
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the NOR gate 904 is connected by a buffer 385 to an
output line 884. The LTCHDO control signal from the
address chip indicates to the data chip when valid data
from the display RAM is present on the memory data
bus. The OR/exclusive-OR circuit 480 (FIG. 13) uti-
lizes the control signal on the output 884 which is a
function of the control signal LTCHDO to latch-up
data from the memory data bus which is utilized in the
OR and exclusive-OR operations.

Referring now to FIG. 13, the data chip generates
two further control signals, INPUT on a line 908 and
OUTPUT on a line 910. These control signals are gen-
erated by the logic elements indicated generally at 912
which have an input line 914 for the IORQ CPU control
signal, an input line 916 which carries the CPU control
signal M1, and an input line 918 which carries the CPU
control signal RD. The signals INPUT and OUTPUT
indicate when an input or output operation is requested
by the CPU and have a duration which is longer than
that of the CPU control signals to compensate for delay
due to the microcycler.

ADDRESS CHIP

The address chip 56 of the video processor 52 is
shown in FIG. 10 to have inputs MXD0-MXD?7 from
the microcycle data bus 66 with memory address out-
puts MAO-MA7 connected to a latch 950 whose output
is connected to the display RAM address bus 952. The
address chip relays addresses transmitted by the CPU
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the display RAM, sequentially generates addresses for
reading the display RAM synchronously with the dis-
play of pixels on the screen represented in the display
RAM and handling and generating interrupts.

The address chip further has clock inputs ¢ and $
from the buffer 100, CPU control signal inputs M1, RD,
TORQ, MREQ and RFSH and CPU control signal
outputs INT and WAIT from and to, respectively, the
CPU. Outputs carrying the address chip generated sig-
nals LTCHDO and are connected to the cor-
responding inputs of the data chip 54 with inputs con-
nected to the data chip outputs VERT. DR. and HOR.
DR. The address chip address bit has inputs A12-A14
connected to the CPU address bus 73, input LIGHT
PEN from the light pen 62 (FIG. 2). Finally, inputs
TEST, VDD, VGG and VSS are connected to +5 v,
+35 v, +10 v, and ground with the row address strobe
signal RASO connected to an input of the logic ele-
ments indicated generally at 954 which generate the
write enable (WE), column address strobe (CAS), chip
select (C8) and row address strobe (RAS) signals.

The address chip 56 of the video processor 52 is
shown in a block diagram in FIG. 44. The address chip
56 has a microcycle decoder 1000 which selects 12 bits
of address from the data from 8-bit data bus 665 con-
nected to the microcycle data bus 66 by a buffer 1001.
The microcycle decoder 1000 is similar to the microcy-
cle decoder 212 of the data chip and need not be dis-
cussed in detail.

A detailed circuit implementing the block diagram of
the address chip is shown in FIGS. 45A-J with a com-
posite diagram of FIGS. 45A-J shown in FIG. 46. The
interconnection of the microcycle decoder 1000 within
the address chip is shown in FIG. 45 (with an address
bit unit A0 typical of the units AO-A7, shown in greater
detail in FIG. 47 and address bit unit A8, typical of
address units A8-A12 shown in greater detail in FIG.
48). The address bit units A0-A7 of the microcycle
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decoder 1000 have an input line 1002 which carries the
control signal LDL1 by which the low address bits
AO0-A7 are loaded. Similarly, the address bit units
A8-A13 of the microcycle decoder 1000 have an input
line 1004 which carries the control signal LDH1 by
which the high address bits A8-A13 are loaded. The
address bits are carried on the address chip data bus 665
which is connected to the microcycle data bus 66 by the
tri-state buffer 1001 comprising units 1001e¢-4 (with
buffer unit 10014, typical of the buffer units, shown in
greater detail in FIG. 49). The control signals LDL1
and LDHI are generated by the logic element indicated
generally at 1006 in a manner similar to that for the
LDL1 and LDH1 control signals generated by the
microcycle generator 106 of the data chip shown in
FIG. 11A.

Referring back to FIG. 44, the outputs of the addess
bit units A0-A7 of the microcycle decoder 1000 are
connected to an address decoder 1008 also logically
similar to the address decoder 214, (FIG. 11B) of the
data chip. Thus the address decoder 1008 decodes the
addresses transmitted by the CPU to activate an associ-
ated select line 1010-1018. As indicated in Table II, the
address decoder 1008 will decode the address FH
(when the INPUT control signal is present) which is
operably connected to the horizontal feedback input
register. As another example, address decoder 1008 will
activate the line 1013 which is operably connected to
the interrupt enable and mode registers when the ad-
dress EH and the control signal OUTPUT are present.

The address decoder 1008 is shown in FIG. 45 to
comprise a programmed logic array having input lines
connected to the complemented and uncomplemented
outputs of the address bit units A0-A7 of the microcy-
cle decoder 1000, and input line 1020 for the OUTPUT
control signal and an input line 1022 for the control
signal INPUT. The select lines 1010-1017 of the address
decoder 1008 for the horizontal feedback register, a
vertical feedback register, an interrupt line register, the
interrupt enable and mode register, an interrupt feed-
back register, a function generator register, a vertical
blank register, a low/high resolution mode register, and
an output line 1018 to the memory cycle generator,
respectively, are also indicated.

The address bits A0-A7 from the microcycle decoder
1000, together with the address bits A8-A13 are con-
ducted to a multiplexer 1024 which has 12 outputs as
shown in FIG. 44. A scan address generator 1026 gener-
ates a 12-bit address which is used to read pixel data
from the display RAM. The scan address is generated
synchronously with the raster scan of the display and
incrementally increases from OH to FFFH once every
field (1/60 seconds).

The multiplexer 1024 sends either the scan address or
the address from the CPU (via microcycle decoder
1000) to its 12 outputs. The outputs of the multiplexer
1024 are connected to a second multiplexer 1026 which
multiplexes its 12 inputs to 6 address bits, MAO-MAS, in
two “time slices” required for the 4K <1 16 pin RAMs
which comprise the display RAM.

When the multiplexer 1024 sends the address bits
from the CPU to its 12 outputs, the 12 address bits
A0-A11 of the 14 input address bits A0-A13 from the
microcycle decoder 1000 are selected in the low-resolu-
tion mode. In the high resolution mode, the 12 address
bits A2-A13 are selected. The mode of operation,
whether low or high resolution, is set by the logic state-
ment of a low/high resolution mode flip-flop or register






