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@ A multiport memory and source arrangement for pixel information.

@ The present system includes, in a preferred em-
bodiment, a plurality of bit map memory units which
together define a large bit map memory. For each
bit map memory unit there is also included a mask
means and four extended shift registers. The shift
registers can be loaded in parallel with pixel informa-
tion through bidirectional data transmission channels
which include bidirectional mask means. The pixel
information can be routed through said bidirectional
mask means to different address locations, or to the
Esame address location, with certain of the pixel bits
removed by the mask means. The shift registers
&F have both serial and parallel input and output mans
and are clocked at different speeds to accommodate
different peripherals. At least a first shift register is
I'ﬂdesigned to be serially read out at a relatively high
q.rate which can be advantageously used by a video
display device or the like. Information signals from
the other shift registers are transferred at high speed
Q.. (in parallel) into and out of the large bit map memory
Lo said first shift register whereby pixel information
signals are settled down before being routed from
said first shift register. The bidirectional mask means

and the bidirectional data transmission channels
along with the multiplicity of shift registers permit the
present system to handle many varied operations
which operate at different speeds.

[, K]

1 g
3 3y

===

2 '
KTl L
a 3 g

~=="

o KX

T 4

ST T

PROCESSIR : T8 g
%

1

15

1]

—4

L-43

—Fig.1

Xerox Copy Centre



1 0 245 564 ' -2

A MULTIPORT MEMORY AND SOURCE ARRANGEMENT FOR PIXEL INFORMATION

The invention is described with reference o its
use in a video display device but other output
devices, such as printers which handie serial in-
formation, can employ the present invention.

it is generally the practice in the video display
art (in order to display information on a video
screen), to store information in a memory device
and read said information therefrom. into a shift
register. The shift register is stepped in synchro-
nism with the scan rate of an electron beam in the
CRT. If the pixel information indicates that a dot
should be present on the CRT, the beam will be
turned on and if the pixel information indicates that
a dot should not be present, then the beam will be
turned off. In the prior art, video display manufac-
furers have employed bit map memory devices
and in particular bit map memory units formed on

integrated circuit chips. The bit map memories

have the advantage that for each pixel location on
the face of the display means, there is a pixel
location in memory. Hence, the pixel information in
the bit map memory can be read out to paint the
picture, or o paint an alpha-numeric display, on the
screen, without necessitating a great number of
manipulations of information, and accordingly very
rapidly. However, the state of the art has advanced
such that pixel information is available (and desir-
able) from a number of pixel information input
means. A major problem is that the pixel informa-
tion sources operate at different speeds and very
often the information signals are burdened with
phase distortion, jitter, timing irregularities and the
like. If such information is transmitted directly from
the source io the video display, the picture pro-
vided to the viewer is often unsatisfactory. In addi-
fion, with the introduction of high-resolution display
devices (including means that provide varying char-
acter intensities and color presentations), the oper-
ational speeds of the shift registers and memories
have been limiting factors. Further, as video display
systems have become more sophisticated, demand
has increased for high-resoiution devices; full-
screen scrolling operations; window scrolling oper-
ations; the use of multiple video information sour-
ces, and the like. Heretofore there has not been a
compact, flexible arrangement {o accommodate the
foregoing demands, particularly an arrangement
with the capability of being disposed on an in-
fegrated circuit chip. The present system provides
a multiport memory means as well as a flexible
signal roufing means which enables the operations
enumerated above, as well as other operations, to
be effecied. The present system is compact
enough to be disposed on an integrated circuit
chip.
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The present invention provides a large bit map
memory to accommodate a high-resoiution display
means. In a preferred embodiment, the large bit
map memory is made up of a plurality of bit map
memory units, each disposed on an integrated
circuit chip. For each bit map memory chip (in a
preferred embodiment) there is included- a bidirec-
tional mask means and four shirt register units,
each of which is designated to handle pixel in-
formation for different purposes. Each of the shift
register units has several information input means
and output means. The shift register units asso-
ciated with each bit map memory unit and which
are assigned fo the same purpose are coupled to
one another to form extended shift register means,
to accommodate the large bit map memory. Con-
necting the extended shift register means fo the
large bit map memory is a plurality of bidirectional
data transmission channels, including bidirectional
mask means. Accordingly pixel information can be
loaded in paralle!l form from the bit map memory
over said bidirectional channels, and alternatively
can be read from the shift register means in par-
allel form fo be tfransferred back into said bit map
memory. The exiended shift register means can be
stepped to be read out serially t0 a peripheral
device or to change the position of the pixel in-
formation held therein. Accordingly the pixel in-
formation read from the extended shift register
means can be returned in a different arrangement
to the large bit map memory. In addition, such
pixel information can be masked en route and thus
only certain pixel bits are loaded into the bit map
memory. Alternatively, only certain pixel bits are
read from the bit map memory to effect such
operations as window scrolling or a split-screen
presentation. The present system further includes
an arrangement whereby the shift registers are
clocked at different speeds to accommodate dif-
ferent input sources, such as different speed pe-
ripherals. Through this arrangement, pixel informa-
fion signals from a peripheral source which are
infirmed with phase distortion, jitter, timing ir-
regularities and the like can be loaded into a suit-
able one of said shift registers. Thereafter the in-
formation, in befter form, can be transferred
through said large bit map memory into a particular
shift register which is used o provide signals to a
video display device. In a preferred embodiment
said particular shift register is designed to be read
out at a rate which is very much higher than the
shift register units that make it up. This last-men-
tioned extended shift register operates to be read
out at very much higher rates than the remainder
of the extended shift register means. The foregoing
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high-speed readout enables the extended shift reg-
ister to refresh and/or paint pictures on a high-
resolution display device. At the same time the
information read into the high-speed exiended shiift
register can be read into a slower-speed extended
shift register and used to provide information to a
slower-speed peripheral. The bidirectional mask
means enables the sysiem to effect a split-screen
presentation, window scrolling, or the like.

The features and objects of the present inven-
tion will be better understood in view of the foliow-
ing description taken in conjunction with the draw-
ings wherein:

Figure 1 is a block diagram of the present
system;

Figure 2 is a block diagram schematic of the
elements found on an integrated circuit chip em-
ployed in the present system;

Figures 3A and 3B depict a block diagram -
schematic showing four bit map memory units in

one plane and the accompanying shift register ar-

rangements therefor;

Figures 4A and 4B depict, in far less detail,
the arrangement of three other rows of four bit map
memory units and the accompanying shift register
arrangements associated therewith;

Figure 5 shows the arrangement of Figures
3A, 3B, 4A and 4B;

Figure 6 depicis the arrangement of a shift

register unit used in making up the extended high-
speed shift register of Figure 3B;

Figure 7 shows the relationship between 80,
40 and 20 MHz clock signals;

Figure 8 shows the relationship between
control signals during a read cycle and a write
cycle;

Figure 9 shows the relationship between
control signals during a "register to memory” cycle
and a "memory to register” cycle; and

Figure 10 shows circuitry {0 generate certain
clock signals.

The preferred embodiment of the present in-
vention is formed on an integrated circuit chip. The
technique for producing integrated circuit memory
devices, logic devices, active and passive elements
and shift registers is well understood in the art of
fabricating integrated circuits. insfruction informa-
tion for fabricating such circuits can be found, for
instance, in the text "Physics and Technology of
Semiconductor Devices" by Andrew Grove, as well
as in the text "Introduction to VLS| Systems™ by
Carver Mead and Lynn Conway. The present in-
vention resides in the architecture of the circuitry
and not in the fabrication of the integrated circuit
chip per se. However, since the architecture en-
ables the circuitry to be readily made part of an
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integrated circuit and enhances the data handling
of pixel signals, the use of the present invention as
provided in integrated circuit form is a substantial
advance in the art.

In the following description, the circuitry and its
operation will be described as if the components
were hard-wired on a circuit board. Indeed the
present system could be a hard-wired.set of com-
ponents, or one or more hybrid circuit boards, and
could employ core memories, transistor logic
memories, etc. In Figure 2, the elements of the
present system which are mounted on an inte-
grated circuit chip are shown. By way of limited
explanation of the fabrication of the integrated cir-
cuits employed in the present system, it should be
pointed out that in order for 256 lines to be ar-
ranged as input/output channels, to and from a bit
map memory unit, it was necessary io extend the
digit lines beyond the physical positions of the
decoder circuits found on a commercially availabie
chip. The foregoing is accomplished by employing
a technique of etching a polysilicone layer whereby
the digit lines are extended.

Figure 1 shows a large bit map memory 11, a
data processor 13 and a block of logic and control
circuitry 15. In addition, four extended shift regis-
ters 17, 19, 21 and 23 are provided, each of which
has an input means and an output means as de-
picted by the double-arrowed channels 25, 27, 29
and 31. Channels 25, 27, 29 and 31 are respec-
tively connected to peripherals 33, 35, 37, and 39
(denoted by dashed lines to indicate that they are
not part of the invention).

The overall system of Figure 1 operates as
follows. Information to be shown on a high-resolu-
tion video display 33, can be transmitied from the
data processor 13 by way of the logic circuitry 15
to the large bit map memory 11. Said information
thereafter can be addressed by the data processor
13 and transferred along channels 41 and 43,
through logic circuitry 45, along channel 47, to the
shift register 17. Shift register 17 is conditioned to
accept said information by control signals on chan-
nel 49. Thereafter the shift register 17 serially
transfers said information along channel 25 to the
high-resolution video display 33.

If the information just described represents
window information, i.e. less than a whole screen
display, then some of the information bit signals
are inhibited by logic circuitry 45 and other bit
signals are passed. This partial inhibition is effec-
ted by masking information in the mask register 51.
Prior to passing the information from the large bit
map memory 11 to the shift register 17, the sys-
tem, under the direction of the data processor 13,
transters masking data from the bit map memory
11 to the masking register 51 along channels 41
and 53. Thereafter, and in response to control
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signals from the logic circuitry 15, the masking
information is transferred to logic circuitry 45-and
controls certain gates therein to inhibit the flow of
ceriain bit signals therethrough, to effect the win-
dow display.

The shift register 19 is arbitrarily assigned fo
handle pixel information for a slow-speed video
display 35. Information to be shown on the slow-
speed video display can be loaded into the shift
register 19 from the data processor 13 by way of
the bit map memory 11 from any of the shift
registers 17, 21 and 23, a transfer of said informa-
tion into and out of the large bit map memory; or
from an outside peripheral connected to its serial
input means.

The shift register 21 has been arbitrarily as-
signed the role of accepting information signals
from a slow-speed source, such as a disk, camera,
tape or the like. If the information received by the
shift register 21 were to be displayed on the low-
speed video, it would be transferred to the shiit
register 19 along a route (composed of channels
55, 47, 43 and 41) info and out of the bit map
memory 11, in a fashion similar to that just de-
scribed. If that information were burdened, as often
_ is the case, with phase distortion, jitter or fiming
irregularities, such information would be loaded info
~ the shift register 21 and held there momentarily
while the irregularities settled down. Thereafter that
same information would be iransferred in good
form as just described, to be sesn on the low-
speed video display 35. If such information were
intended to be seen on the high-resolution video
display, the information would be transferred to the
shift register 17.

The shift register 23 has been arbifrarily as-
signed to handle information which is going to be
used in scrolling presentations or window presenta-
tions. The shift register 23 can be activated to shift
right or left, and hence information bits which need
to be located in new positions in the right or left
sense are manipulated in this shift register. As will
be explained in more detail hereinafter, to effect a
scrolling operation, information is loaded into the
shift register 23 from a certain address in the bit
map memory 11 and is retumned to the bit map
memory at a new address so that the viewer sees
the text, or picture, gently moving up (and possibly
off) the screen.

Figure 2 shows the system elements coupled
together on an integrated circuit chip. The ele-
ments shown in Figure 2 are the same as those
shown in Figures 3A and 4A to be discussed
below. However, some differences should be
noted. Figure 2 shows a mask register 57 asso-
ciated with the shift register units 64, 65, 67 and
69. In the system there is one mask register for
each chip and hence for each vertically (in the
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drawings) associated set of four shift register units.
However, in the description of figures 3A and 4A
only one mask register is discussed. Only one
mask register is shown fo simplify the drawing but
theoretically the system operates in the same man-
ner with the one mask register as it would with four
mask registers. Each chip also has an RA lafch, a
CA latch and a decoder. The description of Figures
3A and 4A discusses only one such RA latch 59,
CA latch 61 and decoder 63, however the arrange-
ment would be the same if four of each were used.
Figure 3A shows a preferred embodiment with
four bit map memory units 71, 73, 75 and 77,-
which are similar to the iniegrated circuit chips
manufactured by Micron Technology Corporation
and designated as MT4264 but are altered as de-
scribed above and as shown in Figure 2. Each bit
map memory unit has 256 columns and 256 rows.
In the present system a tfotal of sixteen bit map
memory units are employed, as shown in Figures
3A and 4A. Figure 4A shows bit map memory units

"78 through 89. The bit map memory units 71, 73,

75, 77 and 78-89 together represent a large bit
map memory having 1024 rows and 1024 coiumns.
Actually, the preferred embodiment accommeodates
a high-resolution display device 91, shown in Fig-
ure 3B, which has 1024 column positions and 660
row positions. [t should be apparent that the large
bit map memory formed by the interconnecting of
the bit map memory uniis actually has some posi-
tions which are "offscreen”. In other words, rows
661 through 1024 contain information which does
not appear on the screen during a display. That
information is used to effect operations such as
masking and font character storage.

As can be seen in Figures 3A and 4A, the bit
map memory units each contain two logic means
for decoding as well as a logic means to effect
read/write (write enable) operations. As depicted in
Figure 3A, the logic circuitry to the right decodes
the column addresses, while the logic circuitry to
the left decodes the row address information. The
decoding logic circuitry, as well as the write enable
logic circuitry, is part of the commercially available
bit map memory {mentioned above) and no further
description of such an operation is deemed neces-
sary. Although the embodiment presented herein is
related to a high-resolution display having 1024
columns and 660 row positiens, in accordance with
the invention other configurations could be used.
Also other bit map memory unit sizes could be
employed.

The data processor 93 may be any well-known
data processor having the capability of being prog-
rammable, handling such programs, and providing
data information, instruction information, and ad-
dress information. If we assume that the data pro-
cessor has been programmed to fransfer informa-
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tion into the large bit map memory, then the in-
formation will be loaded into the bit map memory
at some column address and some row address
and accordingly the data processor 83 will transmit
both column address signals and row address sig-
nals to the buffer 95. Part of the address signals
will be transmitted from the buffer 95 to the row
address (RA) laich 59 and fo the column address
(CA) latch 61 through the multiplexer (MUX) 97.
Two bits of the row address are sent directly to the
decoder 99 while three bits of the column address
are sent to decoder 101. MUX 97 can .be any well-
known multiplexer such as a 74F157 manufactured
by Fairchild Semiconductor Corporation.

The multiplexer 97 separates the column ad-
dress signals and the row address signals. The
column address signals are transmitted to the CA
latch 61, whiie the row address signals are trans-
mitted to the RA latch 59. The latiches 59 and 61
can each be a 74F374 manufactured by Fairchild
Semiconductor Co. or a similar device. A row ad-

dress strobe (RAS) signal is transmitted from the’

timing generator to the RA latch 59 and a column
address strobe (CAS) signal is transmitied to the
CA latch 61. in a preferred embodiment the ad-
dress information comprises a 20-bit address on
line 107. Bits O through 6 of the address are
decodable to provide ‘the column address. Bit 7
indicates whether the system is in a random ac-
cess mode or a register mode of operation. Bits 8
and 9 used to determine which of the bit map
memory units is to receive the column address
information. The second ten bits of the address
information include bits 10 through 17 to determine
the row address within the bit map memory, and
bits 18 and 19 to determine which one of the rows
of bit map memory units, such as the rows starting
respectively with bit map memory units 71, 78, 82
and 86, is to receive the row address information.
The system needs only 7 bits to determine the
column address but needs 8 bits to determine the
row address because the data processor 93 irans-
mits {(or reads) two bits for two column positions, at
one time, in response to a single column address.
In other words, if the column address is "zero",
one bit in column 1 and one bit in column 2 will be
transmitted to or selected from the bit map mem-
ory. If the second column address is "one”, a bit
would be transferred to or from both selected col-
umns 3 and 4. The two-column bit patiern contin-
ues throughout the column addressing. Hence, if
there are 1024 column bits to be accommodated, it
is only necessary that 512 addresses be available,
which requires only 7 bits.

The 20-bit address signals are transmitted on
line 107 to the MUX 97. The MUX 97 is controlled
by a delayed RAS signal. When the delayed RAS
signal is not present, bits 10 through 17 are trans-
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mitted to both latches 59 and 61. However, only
latch 59 will be enabled to store the bits 10 through
17. lLaiches 59 and 81 only respond to leading
edge changes in control signals. When the delayed
RAS signal is present, bits 0-7 are transmitted to
both latches 59 and 61. However,.only latch 61 will
be enabled (by the leading edge of the CAS sig-
nai) to store bits 0 through 7. Bits 7, 8 and 9 are
transmitted on line 109 to the decoder 101. If the
bit 7 is high, then all of the column lines are
activated because bit 7 in its high form indicates a
regisier mode and hence every bit in the row
selected by the row address should be transferred
from the bit map memory unit. If the bit 7 is low,
the system is in a random access mode and the

"~ column of bit map memory units selected by de-

coding bits 8 and 9 receives the column address
signals from latch 61. Accordingly the decoder 101
transmits one of four signals on the lines H, J, K
and L, which lines respectively go to logic gates
111, 113, 115 and 117. Hence one of those gates
is fully enabled and passes the CAS signal, which
in turn causes the logic within the bit map memory
unit fo permit bits 0-6 to select a column address
in the correct bit map memory unit.

In a similar manner the eight bits 10 through 17
which make up the row address are transmitied to
the latch 59 as described above. The bits 18 .and
19 are separately transmitted on line 119 to the
decoder 99. In a manner similar to that described
for the column address signais, the row address
signals are transmitted from RA latch 59 to the
decoders of the respective bit map memories 71,
73, 75 and 77. At the same time such row address
information is transmitted to similar logic gates
associated with the bit map memory units 78
through 89. The same row address information will
be sent to each of the bit map memory units in a
row. The large bit map memory includes
(collectively) the 256 bits of each of the bit map
memory units 71, 73, 75 and 77 to provide 1024
column positions.

The decoder 99 provides enabling signals A, B,
C and D to the bit map memories, which signals
determine which one of the rows of bit map mem-
ory units will respond to the row address informa-
tion. For instance, the A signal to logic circuit 121
permits the RAS signal to pass to the internal logic,
which causes the bit map memory unit 71 to re-
spond to the row address signals at decoder 123.

Two lines 125 are connected to the data pro-
cessor 93. The designations D01 and DI/02 stand
for data input/output one and data input/output twao.
The present system uses a two-bit simuitaneous
input from the data processor for two reasons.
First, the data processor is a 16-bit word data
processor. Second, in the preferred embodiment,
instead of one plane of bit map memory units (as
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shown in Figures 3A and 4A), there are eight
planes in order {0 accomodate variations in picture
intensity and the need to provide color presenta-
tions. Since there are eight planes and there are
sixteen bits available in a single word transmission,
it follows that two bits are available for each bit
map memory plane. As staied before, for a single
column address two bits can be written or read as
directed by the data processor. In Figure 3A, the
DI01 and- DI/02 signals are transmitted over the
lines 125 to the lines 127, 129 and 131, and then to
each bit map memory unit. The information from
lines 125, going to the bit map memory units, is
. available to each pair of column lines in each bit
map memory. However, only the column lines se-
lected by the column address actually participate in
the read or write operation. This procedure is well
understood in the data processing art and no fur-
ther description of that operation is necessary. In
the large bit map memory there is a position for
every pixel position on the high-resolution screen

of device 91. The information to paint that display

can be read into the bit map memory from the data
processor through the DI/01 and D02 lines.

. Channels 133, 135, 137 and 139 are respec-
tively connected o bit map memories 71, 73, 75
and 77. Each of these channels is made up of 256
lines so that during readout from a bit map mem-
ory unit, 256 bits can be read onto the channel and
fransmitted therefrom {o the shift register structure
as shown in Figure 3B. If readout of the row of bit
map memory units in Figure 3A is to be effected,
then the row address signals will be transmitted to
the bit map memory, in particular to decoder 123
as well as the column address bit 7, equal to a
logic ONE. The write enable signal fransmitted to
the logic circuitry 141 will be high to effect the
readout. In addition, the logic circuitry 121 will be
fully enabled. The 256 bits will be transmitted over
channel 133 to the two logic circuit blocks 143 and
145. If the information read from the bit map mem-
ory unit 71 is "mask information”, then logic cir-
cuitry 143 will be enabled by a signal on line 147,
and the 256 bits will be fransmitted into the mask
register 57. Such mask information will be used to
condition a plurality of gates (during the presence
of a control signal on line 149). in the logic circuit
145 o enable certain of the signals on channel 133
to be transmitted therethrough and to inhibit the
remaining signals. While the same information is
fransmitted through the gates 145 and along the
channel 151, none of the logic circuits 153, 155,
157 and 159 will be enabled to transmit that in-
formation therethrough to the associated shift regis-
ter units.
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If, on the other hand, the readout from the bit
map memory unit 71 is for some other purpose
(e.g.. to siore information in the shift register unit
64), then logic circuit 153 would be conditioned by
a signal on line 161 fo iransmit that information
therethrough and the 256 bits would be loaded, in
parallel, into shift register unit 64.

The 8-bit address signals (bits 0-7). fransmitted
to the column address latch 61 serve a multiple
purpose. In one mode these signals are column
address signals, while in another mode these sig-
nals are decoded to determine which shift register
will receive information; whether the mask register
57 will receive mask information; whether the mask
information is to be used at logic circuit 145; and
which direction, right or left, shift register 163 is to
be shifted. Seven lines 165 leave decoder 63. The
signals on those lines are generated in response to
the decoding of bits 0-7 of the column address
information which are transmitted to the column
address laich 61. If bit 7 is a ONE, decoder 63 wiil
provide signals on lines 165. The bit 7 signal also
renders all of the column lines active. When the
data processor is effecting a readout from the bit
map memory to the shift register, it also takes into
consideration which shift registers that information
is to be transmitted to. For instance, if such in-
formation is to be fransmitted to shift register unit
64, then the bits transmitted to decoder 63 will be
decoded to provide a signal on the enable line 161
which will enable logic circuitry 153 to transmit the
256 bits to shift register 64. The enabling or control
signals on lines 147, 149, 167, 189, 171, and 173
are generated in a similar manner to that described
for the enabling signal on line 161. The decoder 63
is shown as having output lines to each of the logic
gates connected to the shift register units. There is
a decoder 63 on each integrated circuit chip, as
shown in Figure 2. Each integrated circuit chip also
has its own RA latch 59 and CA latch 61.

The shift register units are arranged to form
extended shift registers. The extended shift register
made up of shift register units 64, 175, 177 and
179 is the high-speed extended shift register 181.
Adijacent shift register units are coupled by two
lines. The structure of one of the shift register units
is shown in Fig. 6. A 20-MHz clock signal is trans-
mitted on line 183. (Figure 7 shows the relationship
between the 20, 40 and 80 MHz clock signals.)
Figure 6 shows four shift register subunits, each of
which has 64 bits of information therein. Together
the four shift register subunits act as one shift
register unit which is capable of handling 256 bits.

The contents of shift register subunits 185,
187, 189 and 191 can be read out in response to a
20-MHz clock signal on line 183. The shift register
subunits 185 and 191 respond to the leading edges
197 of the 20-MHz clock signal (see Figure 7) by
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shifting one bit position at a time, respectively, onto
lines 193 and 195. The trailing edge 198 of the 20-
MHz clock signal (Figure 7) is inverted at the
inverter 199 (Figure 6) to provide a leading edge
signal to the shift register subunits 187 and 189, in
response to which one bit position is shifted at a
time, respectively, onto lines 201 and 203. A bit
signal on line 201 is immediately transmitted
through the MUX 205 to output line 207 at the time
when the leading edge 197 arrives. The MUX 205
receives the bit signals present on line 193 at the
time when the trailing edge 198 arrives so that the
signals output on line 207 appear at a rate of 40
MHz, as indicated by the trailing edges 209 and
211 in Figure 7. The times of the trailing edges 209
and 211 are the times that respective signals from
shift register subunits 185 and 187 appear on line
207. Accordingly shift register subunits 185 and
187, although they are clocked out at a 20-MHz
rate (in the arrangement shown in Figure 6), pro-
vide a 40-MHz output train of signals on line 207.

in a similar manner the shift register subunits 189’

and 191 are clocked to provide a train of bits on
line 213 which are transmitted at a 40-MHz rate.
Figure 6 also shows terminals 215 and 217.
Terminal 215 is connected to transmit information
to shift register subunits 185 and 187. The informa-
tion is clocked into those subunits by the 20-MHz
clock signal as just described. In a similar manner
terminal 217 is connected to transmit information to
subunits 189 and 191, which information is clocked
into those shift register subunits as described
above. The output signals on lines 207 and 213 are
connected to terminals in the next shift register unit
similar to terminals 215 and 217. The above-de-
scribed arrangement can be seen in Figure 3B1 in
which shift register unit 64 is shown connected
through two lines to shift register 175, which is in
turn connected through two lines to shift register
unit 177, and so forth. The two lines in Figure 3B1
are similar to lines 207 and 213. Hence signals
being transmitted into the shift register subunits are
being transmitted at the rate of 40 MHz, but since
they are only clocked at 20 MHz, the train of bits
coming in at 40 MHz is actually clocked into the
respective subunits at 20 MHz. The bit signals are
clocked out of those subunits, as just described, at
40 MHz through the respective MUX devices. In
Figure 3A, each shift register units inciudes the
MUX device as well as the inverter of Figure 6. The
final output signals on lines 219 and 221 (in Figure
3B2) are transmitted to an ECL shift register 223
(for example 10141 manufactured by Fairchild
Semiconductor Company). The ECL shift register
223 operates such that in response to the leading
edge of a signal on the F terminal, with the E
terminal low, the ECL logic will load a bit signal
from line 219 onto the output line 225. On the other
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hand, in response to the leading edge of a signal
on the F terminal, with the E terminal high, a bit
signal from line 221 will be shifted onto line 225.
The signal connected to the F terminal is at 80
MHz and that connected to the E terminal is at 40
MHz. The EGCL shift register wili load bit signals
from line 219 as well as from line 221, via the logic
within the block, onto the output line .225. At the
leading edges 227 and 231, the bit signals from
line 219 are transferred to line 225, whereas at the
leading edges 229 and 233 the bit signals from line
221 are transferred to line 225. Hence the output
on line 225 is an 80-MHz train of bit signals, which
is a rate sufficient to accommodate the high-resolu-
tion display device 91.

Figure 4B shows the other three high-speed
extended shift registers, which provide the same
kind of outputs as are available on line 225 (Figure
3B2) on lines S, U, and W. The 80-MHz output
signals on line 8, U, and W are transmitied to the
MUX 235 and therefrom to the high-resolution dis-
play device 91. The MUX 235 is controlied by the
output of decoder 237 by way of latch 238, which
passes the control signals in response to the en-
able signal on fine 161. The output from decoder
99 selects which of the rows of bit map memory
units is to be operative. Hence, the output from
decoder 99 selects which of the lines S, U or V is
to be selected by MUX 235. The enable signal on
line 181, as explained above, indicates that the
high-speed shift register is addressed. Accordingly,
although the extended shift register is clocked at a
20-MHz rate, it has an output at 80-MHz which
provides bit signals having the density necessary
to accommodate the high-resolution display device
1.

The output signals on channel 133 from bit
map memory unit 71 will be discussed by way of
example, although the other bit map memories
operate in a similar manner. If the user of the
system decides, through the data processor, that
the information should be transmitted into shift reg-
ister unit 85 (Figure 3B1), then the 256 bits trans-
mitted along channel 151 are routed to the logic
circuit 155. Logic circuit 155 is enabled by enabling
signal 167 and hence the 256 bits are parallel
loaded inio shift register unit 65. Each of the ex-
tended shift registers has a different clock input
labelled G, P, N or M, these clock signals being at
different clock rates depending upon the use of the
extended shift register. In a preferred embodiment
the clock signal P, N, and M have respective rates
of 22, 14 and 25 MHz. The clock signais P, N, and
M are generated by timing circuits 239, 241, and
243 (Figure 4B), which can be similar to the circuit
shown in Figure 10. Timing circuit 241 generates a



13 0 245 564 - 14

sync 1 signal which can be used with an input
device connected fo terminal 245 (Figure 3B1).
Timing circuit 239 generates a sync 2 signal which
is used with display device 247.

The shift registers 249, 251, 253 and 255 are
series-connected to form extended shift register
257, which is in general assigned the job of provid-
ing relatively low-speed output information fo a low-
resolution data display device 247. Corresponding
sets of slow-speed shift registers provide video
output signals to low-resolution device 247. The
oufput from these other low-speed shift registers
are input on lines R, T, and V to MUX 259, which is
conirolled by the ouiput of decoder 261 passed to
latch 262. Latch 262 provides the conirol signals in
response i the enabling signal 167. The control
operation is similar to that discussed with respect
1o the control operation of MUX 235.

If the same information is transmitted to the
high-speed extended shift register 181 as well as
the low-speed extended shift register 257, then the
resulting displayed information can be viewed on
both the high-resolution device 91 and the low-
resolution device 247.

Shift register units 67, 263, 265, and 267
(Figures 3B1 and 3B2) are serially connected to
form extended shift register 269. The shift register
units are shifted in response to the clock signals N.
The shift register unit 67 has an input line con-
nected to terminal 245. The extended shift register
269 recsives video input information from a video
tape recorder, disk, or camera, and makes that
information available o the low-resolution display
device 247, the high-resolution device 91, or the
data processor 93. As previously mentioned, in-
formation coming from a video tape recorder, disk
or camera has time relationship problems and by
loading such information into the extended shift
register 269, before transferring it for ultimate use,
these problems can be overcome. since channels
133 and 151 and logic circuitry 153, 155, 157, and
159 are bidirectional devices, input information
from terminal 245 which is serially loaded into shift
register units 67, 263, 265, and 267 can be paralle!
transferred into and out of the bit map memory to
other shift regisiers. For instance, if the information
in shift register unit 67 is to be transferred to the
low-resolution device 247, the logic circuit 157 will
be conditioned to iransfer in parallel the 256 bits
from the shift register unit 67 onto channe! 151,
through the bidirectional mask gate 145, and back
to the bit map memory unit 71, where the bits are
loaded at addresses determined by the row ad-
dress information on line 60. Thereafter in a subse-
quent cycle, the information will be read from the
bit map memory unit 71, along channel 133,
through the bidirectional mask logic 145, along
channel 151, to the gate 155. The gate 155 is
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enabled to load the information into the shift regis-
ter unit 65. Hence the information which was in the
shift register unit 67 has been loaded into the shift
register unit 65 and can be serially clocked there-
from to the low-resolution display device 247. All of
the shift register units and equivalent logic devices
in Figures 3 and 4 operate in this manner.

Finally, the shift register units 69, 271, 273, and
275, which can shift the information held therein to
the right or left, form an extended shift register 163
which effects a scrolling operation. Thesé shift reg-
isters may, for example, be the 745239 type manu-
factured by Texas Instruments Corporation, which
are tri-state, bidirectional shift registers having an
output enable terminal, a load terminal, a clock
terminal, and a serial input terminal. When a
"memory to register™ cycle is in effect, the load
terminal receives a signal from decoder 63 while
the ouiput enable terminal receives a high WE
signal. During a "register to memory™ cycle the
load terminal again receives a signal from decoder
63 while the WE signal to the output enable termi-
nal goes low. The logic circuitry shown associated
with each shift register is part of the circuit design
of such an integrated circuit chip.

In a scrolling operation the viewer sees, for
instance, a line of text on the screen of a CRT and
that line of text gently moves up and possibly off
the screen. Sometimes this is a necessary opera-
fion if the screen cannot accommodate a full docu-
ment to be viewed. The scrolling operation is ac-
complished by having the information rows, which
are going to be moved up on the screen, read from
the present bit map memory locations. That in-
formation is transferred along the channels (e.g.
channels 133 and 151) to the shift registers 69,
271, and 275. Obviously in order to effect that
transfer, the logic gates (e.g. logic gate 159) must
be conditioned to permit the 256 bits to be trans-
ferred from channel 151 to shift register unit 69.
The foregoing would also be true for the shift
register units 271, 273, and 275. The next step
would be to fetch the information from the ex-
tended shift register 163 and return it to the next
higher row address in the bit map memory. This
procedure would continue for each row of informa-
tion of the text which is being scrolled. Accordingly
the viewer will see text on the screen, each line of
which was at a lower line a moment earlier. In the
present system the time required to transfer 256
bits from the bit map memory unit 71 to the shift
register unit 89 and back to the bit map memory at
a new location is approximately 800 ns. Accord-
ingly a whole page of text can be readily scrolled.

If the system were required by the user,
through the data processor, to effect a window
scroll, that is, a scrolling of only a part of a text or
graphic display, then only the rows of information
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corresponding to that portion of the display to be '

window-scroiled would be transmitted from the_ bit
map memory o the extended shift register 163.
However, prior to transmitting that -information to
the extended shift register 163, the mask register
57 would be loaded with a pre-determined set of
mask bits so that only a portion of the row informa-
tion, i.e. only the "window", made up of certain bits
in certain columns, would pass through the logic
circuitry 145. The window bits would be transmitted
to the correct shift register units of extended shift
register 163. Accordingly when the selected bits
(i.e. the window bits) are returned from the ex-
tended shift register 163 to the bit memory unit 71,
they are located at new addresses to effect scrol-
ling and therefore the viewer would see only the
window bits being scrolled. A similar operation
would take place if a split-screen presentation were
to be performed. For instance, if there were a
window on the screen which was to have a different
display than was-present in the bit map memory,
then
ferred (from some location in memory such as from
the off-screen section) to the extended shift regis-
ter 163. The new information to be displayed as
the split-screen or window presentation could be
read from the extended shift register 163 back into
the addresses corresponding to the window.

Although the extended shift registers have
been assigned specific tasks, they can be inter-
changed because they have similar hardware ar-
rangements.

Figure 8 depicts the relationship between the
RAS signals, the CAS signal, the address signals,
and the WE signal for both the read and write
cycles. As is shown in Figures 2 and 3A, each bit
map memory unit has internal logic circuitry which
responds to the WE, RAS and CAS signals. While
a number of operations can be accomplished in
response to different combinations of these signals,
in the present description we shall only be con-
cerned with the read, write, register to memory and
memory to register cycles. If a WE signal is high
before the CAS signal goes low, then the logic
circuitry of a bit map memory unit (such as logic
circuitry 141 of bit map memory 71) will cause the
bit map memory unit to read out information. If at
the time of a read cycle bit 7 of the column
address is low, then the read-out is on the DI/O1
and DI/02 lines. The relationship of the WE signal
to'the CAS signal is shown in the upper haif of
Figure 8. On the other hand, as shown in the lower
half of Figure 8, if WE goes low before CAS goes
iow, then a write cycle is in effect. If bit 7 of the
column address is low, the information written into
the bit map memory unit comes from the DI/01 and
DI/02 lines.

"new" window information couild be irans-
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In Figure 9 the relationship between the RAS,
CAS, and WE signals and the address signals
"ROW" and "Register" is shown to effect a trans-
fer of information from the shift registers to the bit
map memory units and vice versa. According to
Figure 9, if the WE signal goes low before the CAS
signal goes low, there is a transfer of information
from the shift register to the bit map memory. Such
an operation would be a write-in fo memory. How-
ever, in a register to memory cycle shown in Fig-
ure 9 the address available is the register address,
i.e., the address signals from the column address
latch 61 as decoded by decoder 63. At the time of
the register to memory cycle, bit 7 is high which
enables the decoder 63 to provide the register
address signals (i.e. the enabling signals).

The lower half of Figure 9 shows the waveform
for a memory to register cycle. If WE goes high
before CAS goes low, then there is a transfer of
information out of the bit map memory units (read
out) to the registers. The register address is
present because bit 7 of the column address is
high.

Figure 10 depicts a timing signal generator to
provide the signals RAS, CAS, WE and Sync 3, as
well as the 80-, 40-and 20-MHz ciock signals. Fig-
ure 10 shows a crystal oscillator 275 which irans-
mits' an 80-MHz signal to counters 277 and 279. A
plurality of output signals (taps) from counter 277
are transmitted to the ROM 281. By virtue of a
well-understood technique, the ROM 281 decodes
the counter position of counter 277 and provides
the gate signals RAS, CAS, WE and Sync 3 as
shown in Figures 8 and 9. The WE signal is either
high or iow depending upon the state of the con-
trollable inverier 283 shown in Figure 3A.

The 80-MHz signal is tapped from line 285 and
provided fo terminals such as terminal F of the
ECL shift register 223 (as described earlier). The
80-MHz signal is transmitted to drive counter 279
to generate the 40-MHz signal through OR gate
287 and the 20-MHz signal through OR gate 289.

The present system advances the art of provid-
ing pixel signals by arranging a plurality of ex-
tended shift registers to be used with an enlarged
bit map memory and by having the shift registers
operate at different speeds. At least one of those
shift registers in a preferred embodiment is de-
signed to operate at very high speeds. The tech-
nology does not provide shift registers of different
speed (particularly on the same integrated circuit
chip) to be used with a common bit map memory.
In addition, the present system advances the ari of
providing pixel signals by including a bidirectional
mask device which can mask out any selected bits
out of 256 bits or any bits out of 1024 bits, and by
interconnecting extended shift registers and a bit
map memory so that information can be entered
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into the system from peripheral devices as well as
read out of memory simultaneously by low-and
high-resolution devices, and can be repeatedly
transferred between shift register units and the bit
map memory io effect window scrolling presenta-
fions and the like.

Claims

1. A circuit arrangement for storing pixel in-
formation and outputting signals representing said
stored pixel information for display, comprising a
data memory having an array of row and column
positions for storing said pixel information thereat,
said data memory having a plurality of data ports, a
first control circuit connected to said data memory
to enable inputting and outputting of signals repre-
senting said stored pixel information respectively to
and from said data memory at predetermined loca-
tions, a first shift register having a plurality of data

ports connected in paralle! to said plurality of data’

ports of said data memory, a first timing circuit
connected to said first shift register, said first tim-
ing circuit outputiing clock signals at a first pre-
determined clocking rate, a first gating arrange-
ment connected between said first shift register
and said data memory for gating the flow of signals
representing pixel information therebetween;, @ sec=

ond control circuit connected to control the gating .

of said first gating arrangement, said first shift
register being connected to shift and output signals
representing pixel information in series to a first
peripheral device at a first predetermined clocking
rate for display, characterized in that said circuit
arrangement further comprises a second shift reg-
ister having a plurality of data ports connected in
parallel to said plurality of data ports of said data
memory, a second timing circuit connected to said
second shift register, said second timing circuit
outputting clock signals at a second predetermined
clocking rate, a second gating arrangement con-
nected between said second shift register and said
data memory for gating the flow of signals repre-
senting pixel information therebetween, said sec-
ond gating arrangement being connected to said
second control circuit which confrols the gating
thereof, said second shift register being connected
to shift signals representing pixel information at
said second predetermined clocking rate.

2. The circuit arrangement of claim 1, char-
acterized in that said data memory comprises a bit
map memory.

3. The circuit arrangement of claim 1, char-
acterized in that said second shift register has a
data port for receiving signals representing pixel
information in series at said second predetermined
clocking rate.
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4. The circuit arrangement of claim 1, char-
acterized in that said second shift register has a
data port for outputting signals representing pixel
information in series to a second peripheral device
at said second predetermined clocking rate for
display. :

5. The circuit arrangement of claim 3, char-
acterized in that a third shift register-is provided
having a plurality of data ports connected in par-
allel to said plurality of data poris of said data
memory, a third timing circuit is connected to said
third shift register, said third timing circuit output-
ting clock signals at a third predetermined clocking
rate, a third gating arrangement is connected be-
tween said third shift register and said data mem-
ory for gating the flow of signals representing pixel
information therebetween, said third gating arrange-
ment being connected to said second control cir-
cuit which controls the gating thereof, said third
shift register being connected to shift and output
signals representing pixel information to a second
peripheral device at said third predetermined cloc-
king rate for display.

8. The circuit arrangement of claim 3, char-
acterized in that said first and second gating ar-
rangements are connected to a masking gating
arrangement, a masking register is connected io
said data memory by way of a masking register -
gating arrangement for receiving masking informa-
tion therefrom and is connected o said masking

-gating arrangement for controlling said masking

gating arrangement in dependence on said mask-
ing information, said masking register gating ar-
rangement being connected to said second control
circuit.

7. The circuit arrangement of claim 6, char-
acterized in that the transmission circuits connect-
ing sald data memory and said masking gating
arrangement are capable of transmitting data in
either of two directions, the data ports of said
second shift register being capable of outputiing
signals representing pixel information in paralle! to
said data memory, and the data ports of said first
shift register being capable of receiving signals
representing pixel information in parallel from said
data memory.

8. The circuit arrangement of claim 6, char-
acterized in that said data memory, said first and
second control circuits, said first and second shift
registers, and said masking register are formed as
an integrated chip.

9. The circuit arrangement of claim 4, char-
acterized in that said first and second shift regis-
ters receive signals representing pixel information
in parallel from said data memory, and said first
and second shift registers respectively output said
signals representing pixel information in series fo
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said first and second peripheral devices at said first
and second predetermined clocking rates respec-
tively.

10. The circuit arrangement of claim 5, char-
acterized in that a fourth shift register is provided
having a plurality of data ports connected in par-
allel to said plurality of data ports of said data
memory, a fourth timing circuit is connected to said
fourth shift register, said fourth fiming circuit out-
putting clock signals at a fourth predetermined
clocking rate, a fourth gating arrangement is con-
nected between said fourth shift register and said
data memory for gating the flow of signals repre-
senting pixel information therebetween, said fourth
gating arrangement being connected to said sec-
ond control circuits which controls the gating there-
of, said fourth shift register being capable of receiv-
ing signals representing pixel information in parallel
from said data memory, shifting said received pixel
information in either of two directions, and output-

ting signals representing said shifted pixel informa-

tion in parallel to said data memory.

11. The circuit arrangement of claim 11, char-
acterized in that said data memory, said first and
second control circuits, said masking register and
said first, second, third and fourth shift registers are
formed as an integrated chip.

12. The circuit arrangement of claim 11, char-
acterized in that sixteen of said integrated chips
are arranged to form a four-by-four array of data
memories and four groups of four extended shift
regisiers, each exiended shift register comprising
four shift registers connected in series, shift regis-
ters of each group being connected to a cor-
responding one of said data memories, the ex-
tended shift registers of said first group being
connected to serially output signals representing
pixel information at said first predetermined rate to
said first peripheral device and the extended shift
registers of said third group being connected to
serially output signals representing pixel informa-
tion to said second peripheral device.

Amended claims in accordance with rule 86(2)
EPC. '

1. An integrated circuit chip for storing pixel
information and outputting signals representing said
stored pixel information for display, comprising bit
map memory means having an array of row and
column positions for storing said pixel information
thereat, said bit map memory means having a
plurality of data ports, first control means con-
nected to said bit map memory means for enabling
the input and outpout of pixel and masking informa-
tion to and from predetermined addresses in said
bit map memory means, first shift register means
for shifting pixel information stored therein, said
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first shift register means having a plurality of data
ports connected to said piurality of data ports of
said bit map memory means by way of first gating
means, a mask register means for storing masking
information, said mask register means being con-
nected to said plurality of data ports of said bit
map memory means by way of a second gating
means, and said first and second gating means
being connected to a second control means for
controlling the gating of said first and second gat-
ing means, and said mask register means being
connected to said first gating means,

wherein said second conirol means is capable of
outputting a first control signal to said second gat-
ing means for enabling the transfer of masking
information from said bit map memory means to
said mask register means and a second control
signal to said first gating means for enabling the
transfer of pixel information from said bit map
memory means to said first shift register means,
said masking register means being capable of
transferring said masking information to said first
gating means for masking predetermined bits of
said pixel information.

2. An integrated circuit chip for storing pixel
information and ouiputting signals representing said
stored pixel information for dispiay, comprising bit
map memory means having an array of row and
column positions for storing said pixel information
thereat,: said .bit map memory means having a
plurality of data ports, first control means con-
nected to said bit map memory means for enabling
the input and output of pixel and masking informa-
tion to and from predetermined addresses in said
bit map memeory means, first shift register means
having a plurality of data ports connected in par-
allel to said plurality of data ports of said bit map
memory means by way of first gating means for
gating the flow of pixel information between said bit
map memory means and said first shift register
means, second shift register means having a plu-
rality of data ports connected in parallel to said
plurality of data poris of said bit map memory
means by way of second gating means for gating
the flow of pixel information between said bit map
memory means and said second shift register
means, said first and second gating means being
connected to second conirol means for controlling
the gating of said first and second gating means,
wherein said second control means is capable of
outputting a first control signal to said first gating
means for enabling the transfer of pixel information
between said first gating means for enabling the
transfer of pixel information between said bit map
memory means and said first register means and a
second control signal to said second gating means
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for enabling the transfer of pixel information be-
tween said bit map memory means and said sec-
ond shift register means.

3. A circuit arrangement for storing pixel in-
formation and outputting signals representing said
stored pixel information for display, comprising bit
map memory means having an array of row and
column positions for storing said pixel information
thereat, said bit map memory means having a
plurality of data ports, first control means con-
nected to said bit map memory means for enabling
the input and output of pixel and masking informa-
tion fo and from predetermined addresses in said
bit map memory means, first shift register means
for shifting pixel information stored therein, said
first shift register means having a plurality of data
ports connected 1o said plurality of data ports of
said bit map memory means by way of first gating
means, a mask register means for storing masking
information, said mask register means being con-
nected to said plurality of data ports of said bit

map memory means by way of a second gating

means, said first and second gating means being
connected to a second control means for control-
ling the gating of said first and second gating
means, and said mask register means being con-
nected to said first gating means,
wherein said second conirol means is capable of
ouiputling a first control signal to said second gat-
ing means for enabling the transfer of masking
information from said bit map memory means to
said mask register means and a second control
signal to said first gating means for enabling the
transfer of pixel information from said bit map
memory means to said first shift register means,
said masking register means being capable of
transferring said masking information to said first
gating means for masking predetermined bits of
said pixel information.

4. The circuit arrangement as defined in claim
3, further comprising third gating means connected
between said first shift register means and said first
gating means, and second shift register means for
shifting pixel information stored therein, said sec-
ond shift register means having a plurality of data
ports connected io said piurality of data ports of
said bit map memory means by way of fourth
gating means and said first gating means in serties,
wherein said second conirol means is capable of
outputting a third control signal to said third gating
means for enabling the fransfer of pixe! information
between said first shift register means and said first
gating means and a fourth control signal to said
fourth gating means for enabling the transfer of
pixel information between said second shift register
means and said first gating means.
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5. The circuit arrangement as defined in claim
4, wherein said circuit arrangement is formed as an
integrated chip.

6. The circuit arrangement as defined in claim
4, further comprising third and fourth shift register
means connected to said first gating means by way
of fifth an sixth gating means respectively.

7. The circuit arrangement as defined in claim
4, further comprising a first clocking means con-
nected to said first shift register means for sup-
plying clock signals at a first clocking’ predeter-
mined rate and a second clocking means con-
nected to said second shift register means for
supplying clock signals at.a second predetermined
clocking rate different than said first predetermined
clocking rate.

8. The circuit arrangement as defined in claim
7, wherein said first shift register means has an
output port for supplying pixel information in series
to a first peripheral device at a first rate dependent
on said first predetermined clocking rate, and said
second shift register means has an output port for
supplying pixel information in series to a second
peripheral device at a second rate dependent on
said second predetermined clocking rate.
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