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set is program alterable. A processor memory has two 
areas which control the display — a character buffer 
for representing the code of the character to be 
formed in each position of the display, and a dot pat 
tern storage area which includes the dot patterns for 
all of the characters. Slow and fast sweeps across the 
face of a CRT occur in synchronism with a display 
system counter. During each cycle, a ?rst address cor— 
responding to the position of a character to be dis 
played is transmitted to the memory and a code 
representative'of the character to be displayed is' 
returned to the display system. This code is then com 
bined with additional positional information derived 
from the counter to form a second address for trans 
mission to the memory. The data word received back 
from the memory determines the locations of dots to 
be displayed in one line segment. The data word is 
shifted out of a shift register in synchronism with the 
fast sweep across the face of the CRT, each 1 bit in 
the data word causing the display of a dot. The 
character set can be altered under program control 
simply by changing the dot patterns in the second area 
‘of the memory. Because the character information is 
not hard-wired, maximum ?exibility in the character 
set can be achieved. Provision is also made for select 
ing one of several character buffers and one of several 
character sets, both under program control. 

1 19 Claims, 8 Drawing Figures 
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DISPLAY SYSTEM 

This invention relates to display systems, and more 
particularly to low-cost display systems having pro 
gram-alterable character sets. 
At the present time, in many computer installations a 

display system provides visual information to the com 
puter user. In a typical installation, the display system 
includes some kind of hard-wired or permanent 
memory which contains the information necessary to 

I control the display of all of the characters in a predeter 
mined set (for example, the letters of the alphabet, the 
numerals and punctuation marks). The processor with 
which the display system is employed may maintain a 
record of the character required at each position on the 
face of a cathode ray tube. Whenever a character is to 
be formed at a particular position on the screen, the 
character identi?cation is transmitted from the proces 
sor to the display system. The character identi?cation 
is then used to retrieve the necessary information from 
the permanent memory in the display system for con 
trolling the writing of the character. 
One of the problems with prior art display systems is 

that they are very costly; the cost of the display system, 
separate and apart from the cost of the processor with 
which the display system is used, can be upward of 
several thousand dollars. Although high-cost display 
systems can be very sophisticated in several respects 
(resolution, dimensional accuracy, etc.), there are 
many situations in which the display system need do 
nothing more than communicate questions, answers or 
other word information to the user. In such cases, all 
that need be formed on the screen are letters and nu 
merals, for example, rather than architectural 
drawings, mask layouts, etc. Especially for use with 
low-cost processors, there is a great need for very low 
cost display systems. 

It is a general object of our invention to provide a dis 
play system of very low cost. 
Another problem with conventional display systems 

is that the character set cannot be changed easily. The 
character set which can be displayed is determined by 
the permanent memory in the system. This memory 
de?nes a dot pattern or line segment arrangement for 
each character to be depicted. In order to change the 
character set, it is necessary vto physically change the 
memory in the display. 

It is another object of our invention to provide a pro 
gram-alterable processor display system, that is, a 
system in which the characters which can be depicted 
can be altered under program control. 

In accordance with the principles of our invention, 
two areas of the processor memory are allocated to the 
display. The first area is a character buffer having one 
location associated with each character position on the 
face of the CRT. Each location in the character buffer 
contains a code which represents the identity of a 
character to' be displayed. The codes in the buffer are 
continuously changed under program control depend 
ing upon the information to be displayed at any time. In 
the illustrative embodiment of the invention, there are 
128 character positions on the screen and thus there 
are 128 locations in the character buffer area of the 
memory. There is a total of 64 different characters 
which can be displayed. Consequently, each of the 128 
locations in the-character buffer contains one of 64 dif 
ferent codes. 
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2 
The second memory area contains dot pattern codes 

for each character which can be displayed. Each 
character is formed on the face of the CRT by ?ve ad 
jacent line sweeps. In each line, a series of dots is 
formed. For each character to be displayed, the second 
storage area of the memory includes ?ve words, the l’s 
in each word corresponding to the dots which should 
be displayed on the screen in the respective line seg 
ment. 

The CRT itself is a conventional CRT used in a 
television receiver, although the yoke is rotated so that 
the fast sweeps are in the vertical direction. The fast 
and slow sweeps across the face of the CRT are 
synchronized to a counter in the display system. The in 
stantaneous count at any time is related not only to the 
position on the screen of the character through which 
the electron beam is passing, but also to the particular 
one of the ?ve lines which make up the character. To 
form a series of dots in a line segment of a character, 
the display system counter causes a ?rst address to be 
transmitted to the processor memory. This address is 
the address of a location in the ?rst area of the proces 
sor memory — the character buffer. The address 

identi?es the location in the character buffer which 
‘contains the code of the character to be displayed in 
the position on the face of the CRT through which the 
electron beam will sweep. The processor memory then 
transmits a ?rst data word to the display system which 
is a code identifying the particular character to be dis 
played. 
The display system then combines this character 

code with the identity of that one of the five possible 
line segments forming the character through which the 
electron beam will pass, and transmits a second address 
to the processor memory. This second address identi? 
?es a location in the second memory area —- the dot 

pattern storage area — which contains the dot pattern 
for the particular line segment in the character previ- - 
ously identi?ed. The processor memory then transmits 
a second data word to the display system, this data 
word representing the dot pattern which should be dis 
played. The display system then causes the electron 
beam to be pulsed on and off in accordance with the 
dot pattern data so that the required series of dots will 
be formed on the face of the CRT as the electron beam 
sweeps through the identified line segment in the 
character position under consideration. 

In order to change the character set, all that is 
required is to change the dot pattern codes in the dot 
pattern storage area of the memory. Since this can be 
accomplished under program control — the dot pat 
terns are nothing more than data words stored in the 
processor memory - it is apparent that the character 
set which can be displayed is program-alterable. 
The processor with which the display system of the 

invention is utilized ordinarily functions without regard 
to the display system when a display is not required. In 
order to turn on the display, a “CRT Enable” com 
mand must be executed. This command causes the 
processor to change its mode of operation. At the start 
of each processor cycle, the processor interrupts its or 
dinary operation and allows the display system to inter— 
rogate the processor memory twice in succession. Thus 
it is at the start of a processor cycle that the two address 
and data transmissions between the display system and 
the processor memory take place. Since the interrup 
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tions necessarily slow down the overall speed of the 
processor, they take place only when a display is 
required, that is, only after a CRT-Enable command is 
given. When the display is no longer required, a “CRT 
Disable" command is executed. At this time, the 
processor reverts to its normal mode of operation and 
does not allow communication directly between the 
display system and the processor memory. In this way, 
the processor operates at maximum speed when a dis 
play is not required. 

In the description above, it was assumed that the 
processor includes only a single character buffer (the 
first memory storage area). However, it may be desira 
ble to provide two or more character buffers in the 
memory. For example, a ?rst character buffer may be 
loaded with character codes to represent a particular 
display. While a particular message is thus being dis 
played on the face of the CRT, it may be necessary to 
compose another message. If it takes a considerable 
time to compose this other message, and if the 
complete message should be displayed in its entirety 
after it is formed, it is apparent that the message can be 
composed by writing the necessary character codes in 
the second character buffer. As soon as the message is 
fully composed and should be displayed, all that is 
necessary is for the ?rst address transmitted to the 
processor memory from the display system to identify a 
location in the second character buffer corresponding 
to the position of each character to be displayed on the 
screen, rather than a corresponding location in the ?rst 
character buffer. The ?rst address which is transmitted 
to the memory includes not only the address of a par 
ticular one of the 128 locations in a character buffer, 
but also the base address of the character buffer. It is 
the base address which selects a particular character 
buffer to the exclusion of all others. The display system 
includes a set of ?ip-?ops whose states represent the 
base address of the character buffer to be used. The 
CRT-Enable command, when executed, loads these 
display system ?ip-flops with the base address of the 
character buffer to be used. Thereafter, all of the ?rst 
addresses transmitted to the processor memory include 
the previously determined character buffer base ad 
dress. The use of multiple character buffers in the 
processor memory, and the transmission to the display 
system of a character buffer base address when a CRT 
Enable command is executed, permits instantaneous 
changes in the overall display and the saving of a previ 
ously composed message while a new message is dis 
played in the event the previous message will soon be 
needed once again. 
The ?rst CRT-Enable command not only turns on 

the display system (by causing the processor to inter 
rupt its operation at the start of each cycle so that the 
processor memory can be interrogated twice by the dis 
play system), it also selects the character buffer to be 
used. Each subsequent CRT-Enable command is 
operative to change the character buffer to be used; the 
display system is not turned on by the command since it 
is already on. The display system is only turned off by 
the execution by the processor of the CRT-Disable 
command. 

In the description above, a single dot pattern storage 
area was assumed. The dot pattern storage area con 
sists of ?ve dot patterns for each of 64 different charac 
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4 
ters. Although the character set can be altered simply 
by changing the various dot patterns (data words) in 
the dot pattern storage area, in some applications it 
may be necessary to provide for more than one 
character set of 64 different characters. For example, it. 
may be necessary to provide two 64-character sets. For 
this reason, an additional aspect of ?exibility is pro 
vided for in illustrative embodiment of the invention. 
Consider the case in which two dot pattern storage 
areas are utilized. The character buffer which is in use 
contains 128 character codes. it will be recalled that 
during any cycle, after the ?rst address is transmitted to 
the processor memory, a character code is sent back to 
the display system. This character code is then com 
bined with line information represented by the display 
system counter (the line information being the identity 
of one of the ?ve lines in the character position under 
consideration), and the second address which is thus 
formed and transmitted to the processor memory 
identi?es a location in a dot pattern storage area. If two 
dot pattern storage areas are utilized, it is necessary to 
identify in the second address transmitted to the 
processor memory not only a speci?c one of the loca 
tions in the dot pattern storage area to be interrogated, 
but also the identity of the dot pattern storage area it 
self. For this reason, the character code which is stored 
in each location of a character buffer includes two 
types of bit information. The first type represents the 
base address of the dot pattern storage area to be inter 
rogated. The second type is a code representative of a 
particular character stored in this area. The second ad 
dress transmitted to the processor memory from the 
display system thus fully identi?es the required line for 
any one of 128 different characters rather than only 64. 
It is thus possible to select a particular character set 
from several different character sets simply by storing 
the appropriate dot pattern storage area base address in 
every location of each character buffer. It is even possi 
ble to mix character sets (so that the resulting display 
may include some characters in one 64- character set 
and some characters in another) simply by storing dif 
ferent dot pattern storage area base addresses in dif 
ferent locations of the same character buffer. , 
The CRT itself is a modi?ed television unit. The yoke 

is rotated 90° and the sweep circuits are converted 
from synchronized to triggered circuits. That is, instead 
of the sweep circuits being synchronized to external 
sync signals, each retrace is triggered (under control of 
the display system counter). As will be described 
below, the time of the slow sweepjs the same as it is in a 
television receiver. The time of the fast sweep is 
lengthened although, as will be apparent to those 
skilled in the art, this simply entails the change of a 
time constant. The magnitudes of both sweeps are ad 
justed in accordance with the size of the desired dis 
play. It is the use of a conventional television unit, with 
minor modi?cations, that to a great extent contributes 
to the low cost of the overall system. As will ‘be 
described below, the rotation of the yoke by 90° so that 
the fast sweeps are in the vertical direction reduces the 
memory capacity required for each dot pattern storage 
area. 

It is a feature of our invention to provide, in a proces~ 
sor-display system, character buffers and dot pattern 
storage areas in the processor memory, the character 
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codes represented in a character buffer and the dot pat 
terns stored in a dot pattern storage area both being al 
terable under program control. 

It is a further feature of our invention to provide a 
counter in the display system which counts in 
synchronism with sweeps across the face of a CRT, the 
state of the counter at any time representing a 
character position on the display and a particular one 
of the line segments to be swept through the character 
position. 

It is a further feature of our invention to retrieve the 
dot pattern for each line segment in the display by in 
terrogating the processor memory twice in succession 
-— a ?rst time by interrogating a character buffer in ac 

cordance with the character position represented by 
the counter in order to derive a character code, and a 

second time by interrogating the dot pattern storage 
area in accordance with the character code and the line 
to be displayed at the character position in order to 
derive a dot pattern for the line. 

It is a further feature of our invention to allow the 
display system to be turned on (by permitting direct ad 
dressing of the processor memory by the display 
system) only subsequent to the execution of a CRT 
Enable command, the display system being turned off 
by the execution ofa CRT-Disable command. 

It is a further feature of our invention to provide two 
or more character buffers in the processor memory, the 
execution of a CRT-Enable command causing the dis 
play system subsequently to address an identified one 
of the character buffers during the ?rst interrogation of 
the memory in each cycle. 

It is a further feature of our invention to provide two 
or more dot pattern storage areas, with each location in 
a character buffer including a dot pattern storage area 
base address so that a selected one of the dot pattern 
storage areas can be interrogated during the second in 
terrogation in each cycle. 

It is a further feature of our invention to provide a 
special l-bit code in each character code data word 
transmitted to the display system for controlling the 
blanking of the CRT to thereby conceal a character. 

It is a still further feature of our invention to provide 
a'television-type display in which the fast sweeps are in 
the vertical direction, and both of the fast and slow 
sweeps are triggered sweeps under control of the dis 
play system counter. 

Further objects, features and advantages of our in 
vention will become apparent upon consideration of 
the following detailed description in conjunction with 
the drawing, in which: 

FIG. 1 depicts the form ofthe CRT display; 
FIG. 2 illustrates a character buffer area and a dot 

pattern storage area of the processor memory; 
FIG. 3 illustrates symbolically the manner in which 

7 the display is controlled; 
FIGS. 4 and 5, with FIG. 4 being placed to theleft of 

FIG. 5, is a timing diagram illustrating certain timing 
aspects of the display system operation; 

FIG. 6 depicts symbolically other aspects of the tim 
ing of the system operation; and 

FIGS. 7 and 8, with FIG. 7 being placed to the left of 
FIG. 8, depicts the illustrative embodiment of the in 
vention. 
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GENERAL DESCRIPTION — FIGS. 1-3 

As shown in FIG. 11, the CRT display consists of four 
rows RWO-RWB each having 32 character columns 
CCO-CC311. Each row comprises 16 horizontal grid 
lines and each character column consists of eight verti 
cal line sweeps LO-L’i. The CRT sweeps are the con 
verse of the conventional television sweeps; the fast 
sweep is in the vertical direction and the slow sweep is 
in the horizontal direction. However, as in the televi 
sion practice, an interlace scanning technique is util 
ized. 

Each vertical scan down the screen is synchronized 
to a clock. Each time a clock pulse is generated, a dot 
can be formed on the face of the screen. A total of 
16><4 or 64 dot positions appear in each column line of 
the display. However, in each row, no dots 
(represented by “X‘s” in FIG. 1) are generated as the 
electron beam sweeps through grid lines 0 and 8-15 of 
each row group 0—15. In other words, characters are 
formed only in grid lines 1-7 of each row. Similarly, the 
electron beam is blanked, that is, no dots can be 
formed, in vertical lines L5-L7 of each character 
column. This provides the necessary vertical and 
horizontal separation between letters or numerals. It is 
apparent that each letter or numeral comprises 
selected dots in a 5X7 matrix. The dot patterns for the 
letters A, N, T, G, K and Q are shown in FIG. 1. 

FIG. 2 depicts the overall organization of processor 
memory 82 (FIG. 8). The memory is a 2K, 8-bit 
memory; 11 address bits are required to specify any 
memory location. Memory addresses in FIG. 2 are writ 
ten in octal code. In octal code, an 11-bit binary ad 
dress provides a range of addresses from 0 through 
3777. The column numbers in FIG. 2 represent the six 
least signi?cant binary bits in each address (having a 
range in octal code from 0 through 77), and the row 
numbers represent the ?ve most signi?cant bits —- the 
hundreds and thousands digits in octal code. For exam 
ple, address 10010001 101 when written in octal code is 
2215. In memory location 2215 in FIG. 2 there is 
stored the octal number 024. (The various illustrative 
numbers shown stored in the memory of FIG. 2 are also 
in octal code. The octal number 024 in binary form is 
actually 00010100.) 

Consider the letter K shown in FIG. 1 in row RWl 
and character column CCl. The letter if formed, as are 
all letters, by sweeps through lines LO-L4 of the as 
sociated column. Of the seven positions in each vertical 
line which can be used to form part ofa character, let it 
be assumed that a 1 represents a dot and a 0 represents 
the absence of a dot. Since a maximum of only seven 
“l’s" is required to represent a line segment of a 
character and each memory word has eight bits, the 
most signi?cant bit is always a 0. The vertical line in the 
“It” in line L0 can thus be represented as 01111111, . 
where the rightmost portion of the 8-bit sequence cor 
responds to the top of the line. The dot pattern code for 
line LI in the letter “K” is 00001000. The dot patterns 
for the next three lines are respectively 00010100, 
00100010 and 01000001. 
The dot patterns for lines L0~L4 in the letter “K” are 

shown at the bottom of FIG. 2. The letter “K” can be 
seen by drawing lines through all of the 1’s in the pat 
tern. Of course, since the bit sequences are shown 
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horizontally rather than vertically, the letter “K" ap 
pears to be rotated 90°. Before the electron beam 
sweeps through line L0 in character column CCl in the 
upper half of row RWl, the bit sequence 01 l l l l l l is 
placed in a shift register, and bits are then shifted out in 
synchronism with the sweep. Consequently, seven dots 
are formed on the display as shown in FIG. 1. During 
the sweep through line L1 in the same character posi 
tiori, the bit pattern 00001000 is placed in the shift re 
gister and as shown in FIG. 1 only a single dot is 
formed. Similar remarks apply to the three other bit 
sequences shown in FIG. 2. 
The bit sequences (dot pattern codes) for the letter 

“I(" are contained in memory locations 2015, 2115, 
2215, 2315 and 2415 as shown in FIG. 2. For example, 
the dot pattern code 01 l l l l l l, which when written in 
octal code takes the form 177, is stored in memory lo 
cation 2015. As another example, the dot pattern 
01000001, which when written in octal code takes the 
form 101, is stored in memory location 2415. The dot 
pattern codes for the letters, A, N and G are also shown 
in FIG. 2 in respective S-location groups. 
As will be described below, the CRT includes a 

counter which controls the formation of addresses 
which in turn control the read-out of dot pattern codes 
from the dot pattern storage area (locations 
2000-2477). Three stages of the counter — H, I and G 
— determine the octal value in the hundreds positions. 
For example, if the six low-order bits in the 1 l-bit ad 
dress represent octal code 15 (for the character “I(”) 
and the two high-order bits represent the value 2 in the 
thousands position of the octal code (to identify the dot 
pattern storage area), the three bit values represented 
by stages H, I and G of the counter represent the digit 
in the hundreds position of the octal address. As will be 
described below, the three stages H, l and G are cycled 
such that they sequence in the order shown by the nota 
tions “first” through “eighth" in FIG. 2. (The stages 
are contained in the counter in the sequence H, I, G.) 
With interlaced scanning, during each odd sub-frame, 
sweeps are made through lines L0, L2, L4 and L6. Dur 
ing each even sub-frame, sweeps are made through 
lines L1, L3, L5 and L7. In order of signi?cance, as far 
as identifying a line is concerned, the stages are in the 
sequence IHG with stage I being the most signi?cant. 
When the ?rst vertical sweep in any character column 
is being made, the bits represented by stages IHG of the 
counter are 000. When the second sweep is being 
made, the stages represent 010, etc. The notations “ 
first" through “eighth" in FIG. 2 show the actual order 
in which lines Lo and L7 are traced. During the ?rst 
sweep, bits I, H and G represent the digit 0 in the hun 
dreds position of the dot pattern address. During the 
second sweep, they represent the digit 2. During the 
third sweep, they represent the digit 4, etc. In this 
manner, for the letter “I(" as shown in FIG. 2, the cor 
rect ones of the ?ve dot patterns are read out from 
memory locations 2015, 2215, 2415, 2115 and 2315 
during the first, second, third, ?fth and sixth line 
sweeps through each character column. During the 
fourth, seventh and eighth line sweeps, that is, the 
sweeps through lines L5, L6, and L7, bits I, H and G 
cause memory locations other than those comprising 
the dot pattern storage area to be identi?ed. (These 10 
cations have addresses in the range 2500-2777). How 
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8 
ever, no matter what 8~bit words are retrieved from the 
speci?ed locations, no dot patterns are formed on the 
screen because the video circuitry is blanked when 
lines L5, L6 and L7 are being traced. It will be seen 
from the I, H and G codes for lines L5, L6 and L7 that 
whenever the I bit is a l, together with either of the H 
or G bits being a l, the video should be blanked. The 
blanking signal cuts off the electron beam even though 
during the sweeps through lines L5, L6 and L7 8-bit 
words are actually transmitted to the CRT shift register 
and shifted out from this register in the ordinary 
manner; the three rightmost lines in each character 
column are always blanked. 

FIG. 2 also depicts a character buffer -- a l28-word 
area of the memory. Each word in the character buffer 
is associated with one of the 128 character positions in 
the display. Since there are 128 character positions in 
the display, 7 bits are required to identify them. The 
?ve low-order bits identify the columns CCo through 
CC31 and the two higher order bits identify rows RWO 

derived, the high-order stages precede the low-order 
stages. That is, the row identification cycles from 0 
through 3 before an advance is made in the column 
identi?cation. This is as desired since sweeps are made 
in the vertical direction. After four sweeps are made 
through lines L0, L2, L4 and L6 in any column, an ad 
vance is made to the next column where the same four 
line sweeps occur. After the odd sub-frame, the entire 
sequence is repeated but this time sweeps are made 
through lines L1, L3, L5 and L7 in each column. This 
will become apparent upon consideration of FIG. 3 
which shows how the two addresses required during 
each cycle are formed. 
The CRT unit includes a counter having 16 stages 

bearing the designations shown at the top of FIG. 3 and 
being ordered in the sequence A through G. The 
system clock pulses are applied to the input of stage A. 
The clock pulses are synchronized to the vertical 
sweeps down the face of the CRT. Stages A, B, C and D 
provide a total of 16 counts in the time that it takes to 
sweep vertically through one of the four rows 
RWO-RW3. The time period between successive clock 
pulses corresponds to the distance that the electron 
beam moves downward in FIG. 1 between two of the 
horizontal grid lines. 

Stages E and F represent one of the four rows 
RWO-RW3. It is thus apparent that the six stages A-F 
de?ne the position of the electron beam in the vertical 
dimension, that is, they de?ne one of the 16X4 or 64 
horizontal grid lines. - 

From a theoretical point of view, following a cycle of 
64 counts it would be possible to start counting another 
sequence corresponding to the next vertical trace. 
However, it takes time for the electron beam to retrace 
to the top of the display. For this reason, a “dummy" 
stage Q is introduced between stages F and H. After 
stages A-F cycle from O to 63, the count is returned to 
0 and stage Q is switched to the 1 state. Stages A-F 
then start their cycle once again, and shortly thereafter 
the sweep returns to the top of the display. A logic cir 
cuit in the CRT system determines when stages A-Q 
have counted to a maximum value of 96. At this time, 
all of stages A4.) are reset in the 0 state and the state of 
stage H is switched. In this manner, stages A-Q are ena 
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bled to cycle once again after stages H-G have been ad 
vanced to control a sweep through the next line. As will 
be described below, of each cycle of 96 counts (0-95) 
the fast sweep occurs during counts l0—87, and the 
retrace occurs during counts 88-95 of the cycle and 
counts 0-9 of the next cycle. The actual display is 
formed during counts 17-71. > 

It should be noted that the vertical sweep does not 
begin precisely when all of stages A—() are reset to 0. in 
fact, the sweep circuitry is synchronized to the counter 
only insofar as the start of the retrace begins. After 
stages A-F have represented a count of 63, with the 
generation of the next clock pulse they recycle to 0 and 
stage Q is switched to the 1 state. Shortly thereafter, 
with a total count of 88, the retrace begins. The actual 
flyback time depends on characteristics of the sweep 
circuit. The next vertical sweep actually starts at a 
count of 10 during the next cycle, and the next line dis 
play actually starts at a count of 17. Provided that the 
retrace time is constant during each cycle, stages A-Q 
will represent a count of 17 to start a new line display 
when every sweep is at the same horizontal position on 
the screen. 

It should also be noted that the blanking signal which 
turns off the electron beam is derived from various 
sources. For example, the video is blanked during the 
fast retrace, at the beginning and end of each vertical 
sweep when no, character segments should be dis 
played, while the sweep is passing between characters 
(horizontal grid lines 0 and 8-15 in each row), and 
while sweeps are made through lines L5, L6 and L7 in 
every character column. 
The system necessarily includes both vertical and 

horizontal sweep circuits. Stages H, l, J-N and G deter 
mine the horizontal position of each fast (vertical) line 
sweep. Stages J-N de?ne one of the character columns 
CCO-CC31 and stages H, I and G de?ne one of the 
seven lines L0-L7 within the column. Stages H and I 
precede stage J, while stage G follows stage N (for the 
moment stage 0 can be ignored). At the start of each 
odd sub-frame, all of stages H-G are reset in the 0 state. 
Consequently, the eight stages de?ne character column 
CCO and line L0. Following the ?rst line sweep, and 
after all of stages A-Q have been reset and stage H has 
been advanced to the 1 state,‘ character column CCO is 
still de?ned by stages J-N but now line L2 is de?ned 
rather than line L0. Of the three bits H, l and G which 
de?ne lines L0-L7, bit H has a binary weight of 2. Con 
sequently, at the start of the second line sweep, stages 
H, l AND G de?ne binary number 010. This represents 
decimal 2. The ?rst line sweep (when the three bits 
represent a decimal 0) corresponded to line L0. The 
second sweep corresponds to line L2. This is because 
with interlaced scanning every other line is swept 
through during any sub-frame as in conventional sweep 
circuits. 

‘After the second sweep (of line L2, line Ll being 
skipped during the ?rst sub-frame), stages H, l and G, 
in their weighted order of IHG, represent the binary 
number 100. Since this represents a decimal 4, follow 
ing the display of line L2 there occurs a display of line 
L4. At the end of the third sweep, stages H, l and G 
represent the binary number H0 (in the order IHG) 
and the fourth line which is swept is line L6. As shown 
in FIG. 2, the display is blanked at this time. 
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10 
Stages H and I are then reset to 00, and stages .l-N 

are advanced to represent 10000 (character column 
(3C1). Since stages H, l and G now represent the binary 
number 000, line L0 is swept in character column CCl. 
During the next three sweeps, stages H and l are ad 
vanced from 00 through 1 l lines L2, L4 and L6 are 
swept in character column CC2. Thereafter, stages J-N 
are advanced to represent 01000 while stages H, I and 
G are in the 0 state. The sequence begins all over again 
with lines L0, L2, L4 and L6 being swept in character 
column CC2. This process continues until stages H-l, 
J-N and G represent the binary numbers 1 l, 1 l l 1 1, 0. 
(Stage 0 is still reset.) At this time, line L6 in character 
column CC31 is displayed. 

Following the sweep through this line, since stages 
A-F represent 111111, they are reset and stage Q is - 
switched to the 1 state. The vertical retrace following 
the last sweep in the sub-frame begins. At a count of 
96, all of stages A-Q are reset and a trigger pulse is ex 
tended to stage H. Since stages H-N represent 1 l l l 1 1 l 
at the start of the sweep, the trigger pulse at the input of 
stage H resets all of them and stage 0 is switched to the 
1 state to signal that the horizontal (slow) retrace is 
required. At the same time, the video is blanked. 
Several vertical sweeps then take place and not only do 
stages A-I advance but so do some of the ?ve stages 
which represent the character column. When the count 
of stages H-O has reached a value of 136 and stages E 
and F have advanced to the 1 state as well, the slow 
retrace is triggered. When stages H-O represent a 
count of 153, they are all reset and a stage G is trig 
gered and switches to the 1 state to represent an even 
sub-frame. The ?rst sweep incharacter column CCO 
then begins and the video is unblanked. The sweep is 
through line L1 since stage G is in the 1 state. In every 
character column sweeps are made through lines L1, 
L3, L5 and L7. , 

Stage 0 serves a function similar to that of stage Q. It 
will be recalled that stage Q allows a count in excess of 
64 for each fast sweep to account for the fast retrace 
time. Stage 0 allows a count in excess of 128 for each 
sub-frame to account for the slow retrace‘time. Stage 0 
also serves to blank the video until the horizontal 
retrace is completed, and in fact until the slow sweep 
has actually begun and is in its linear region. 
During even sub-frames, lines L1, L3, L5 and L7 are 

swept in each column character. For proper interlac 
ing, the sweep for line L1 in character column CCO 
should begin at some point in the horizontal sweep 
which is slightly after that point in the horizontal sweep 
at which the sweep through line L0 in character 
column CCO began during the previous (odd) sub 
frame. The state of stage G determines the two respec 
tive counts through which stages A-O must cycle be 
fore a slow retrace trigger signal is generated and be~ 
fore all stages are reset (with stage G being triggered) 
to start the display of a new sub-frame. At the end of 
every even sub-frame, the retrace trigger is generated 
at an earlier count than in the case of the odd sub 
frame, and all stages are reset when stages H—O reach a 
count of 152 rather than 153 as in the case of the odd 
sub-frame. As will be described below, this provides for 
proper interlacing. Thus stage G not only controls 
whether odd or even lines are displayed in every 
character column, it also controls the generation of the 
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horizontal trigger pulses and the start of each sub 
frame display at different times during alternate sub 
frames so that proper interlacing will be present. 
A ?rst l l-bit character position register is provided 

for identifying a memory location in the character 
buffer. This register is shown symbolically on FIG. 3. 
The two most signi?cant bits (210 and 2”) in the register 
are 0, the next two bits are labeled P1 and P0, and the 
seven low-order bits are those represented by stages 
F-] in the overall counter comprising stages A-G. Bit 
positions PO and P1 represent the base address of the 
character buffer. In FIG. 2, the character buffer con 
sists of the 128 memory locations 200-377. Bit F distin 
guishes between the 64 locations 200-277 and the 64 
locations 300-377. To fetch a character code from the 
character buffer shown in FIG. 2, bits P1 and PO must 
be 1 and 0 respectively. Thus when bit F is a 0, bit posi 
tions 28-2“ represent octal base address 200 and when 
hit F is a l the three bits represent octal base address 
300. The six low order bits 5-] represent one of the 64 
columns in FIG. 2. 
Where the character buffer consists of locations 

200-377, bits P1 and PO must be a l and O respective 
ly. But it is possible to have additional character buffers 
in the processor memory. For example, it may be 
desirable to use one character buffer for actually con 
trolling the display while the system is preparing 
another character buffer with a new set of character 
codes. To control the display of the characters 
represented by the second character buffer, all that 
would be required is to change bits P1 and P0. The 
processor is provided with an instruction for changing 
bits P1 and P0 in the l l-bit character position register. 
If the character buffer shown in FIG. 2 is to be used, the 
bits 10 are stored in the character position register (in 
positions 28 and 27) by the processor. At some other 
time, if it is desired to use another character buffer for 
controlling the display, another processor command 
can be given with another one of the three remaining 
bit combinations (O0, O1 and l 1) being speci?ed. The 
four groups of memory locations which can be used as 
character buffers are 0-177, 200-377, 400-577 and 
600-777. 

Bit F in the register is used to identify the ?rst group 
or the second group of 64 locations in the character 
buffer being used to up-date the display. (Bit F controls 
a selection of the “hundreds” digit (200 or 300, in the 
example of FIG. 2). Since in the actual counter stage E 
precedes stage F, of the two stages E and F which 
identify rows RWO-RW3 of the display, stage F is the 
most signi?cant. It is for this reason that the bit 
represented by stage F identi?es either the ?rst group 
of 64 locations (row 200) or the second group (row 
300) in the character buffer. The bit represented by 
stage E represents the ?rst 32 or the last 32 locations of 
the 64 identi?ed by bit F. Finally, of the 32 locations 
identi?ed by bits E and F, the bits represented by stages 
J-N identify one location. 

Stages E, F and .I-N cycle in a sequence and are in 
corporated in the character position buffer in an order 
such that if the 128 characters in the display are num 
bered as 

l 2 3 .... ..32 

33 34 35 
65 66 67...96 
97 98 99.128 
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then the character representations should be stored in 
the character buffer in the sequence 

200: 1,2,3...32,33,34,35...64 
300:‘ 65,66,67...96,97,98,99...128. 
When stages A-D represent a count of 0000 during 

each l6-count cycle, the address represented in the l 1 
bit character position register is transmitted to the ad 
dress net of the processor. This occurs during a proces 
sor phase designated I01. It is the ?rst thing which oc 
curs during the phase, and the designation I01-A is 
used in FIG. 3 to show it. 
At the end of phase I01, as indicated by the notation 

[01-3, the processor transmits an 8-bit word to the 
CRT which is used to form the address of the location 
from which the next dot pattern can be retrieved. The 
dot pattern address register also has eleven stages, and 
the CRT data delivered during subphase I0l-B is 
stored in bit positions 2°-25, 29 and 2'“. The most sig 
ni?cant bits transmitted represent the character type 
and these bits comprise a dot pattern storage area base 
address. The dot pattern storage area in FIG. 2 has a 
base address of 2000. For an octal value of 2 in the 
thousands positions, the two most signi?cant bits in the 
overall address must be 10. Assuming that at most two 
dot pattern sets will be required, the most signi?cant bit 
in the dot pattern address register can always be a 1 (as 
shown in FIG. 3) with the bit in position 29 being set to 
a 0 or 1 depending on the type of character set to be 
displayed. If bit 29 is a I, rather ‘than a 0, then the dot 
pattern storage area will comprise memory locations 
3000-3477. Of course, if two dot pattern sets are 
stored in the memory, a considerable portion of the 
total memory is necessarily allocated to the storage of 
dot patterns. The important thing to note is that to con 
trol the display of a different character set all that is 
required is to control the processor to write the ap 
propriate 26 bit in each of the 128 locations in the 
character buffer in use. (Characters in different sets 
can be mixed in the display if different dot pattern base 
address bits are written in the two most signi?cant posi 
tions of the various words in the character buffer.) 
The second part of the CRT data transmitted back to 

the display system during sub-phase l01-B is a 6-bit ad 
dress which identi?es one of the 64 columns 0-77 in 
FIG. 2. For example, if the 6-bit address in octal code 
represents the number 15, then the letter “K” will be 
displayed; referring to FIG. 2, if the two most signi? 
cant bits in the dot pattern address represent octal 
value 2 (for the thousands position) and the six least 
signi?cant bits in the dot pattern address represent 
octal value 15 (for the units and tens positions), then 
depending on the value in the hundreds position (deter 
mined by stages I, H and G) one of the ?ve dot pattern 
codes for the letter “I(" will be called from the memory 
during phase I02 of the processor. As shown in FIG. 3, 
the two most signi?cant bits in the overall address in ef 
fect identify the character set, while the six least signi? 
cant bits identify one of 64 possible characters, and one 
of ?ve (actually eight, but three are not used) dot pat 
tern codes for this character. 
The eighth bit (2’) in the character code is not 

required for deriving a dot pattern address. Instead, as 
will be described below, it is used to blank the CRT in 
the case of a “concealed” character. This bit is not 
shown as being transmitted during sub-phase I0l-B on 
FIG. 3, although it is transmitted and used as will be 
described with reference to FIGS. 7 and 8. 



3,729,730 
13 

The bit values represented by stages I, H and G are 
actually used to specify the address of a particular dot 
pattern code — these three bits determine which line in 
the character is to be displayed. Referring to FIG. 2, 
since bit I is the most signi?cant and bit G is the least 
significant of the three bits which de?ne line numbers 
L0-L7, the bit values are represented in stages 23-26 of 
the dot pattern address register as shown. 
At the start of phase I02, as shown by the designation 

102-A, the dot pattern address formed during phase 
I01 is sent to the address net. This dot pattern address is 
used to retrieve the dot pattern code for the line seg 
ment to be displayed and in sub-phase I02—B the 8-bit 
word (the most signi?cant bit of which is always 0) is 
prepared for storage in the shift register. The clock pul 
ses are later used to shift the bits out serially through a 

gate to the video circuit. However, the gate operates 
only if a blanking signal is not developed. As will be 
described below, bits are shifted out of the register 
even when they are not to be displayed. It is for this 
reason that a blanking signal is required. 

It is the clock pulse which causes all of stages A-D to 
be reset that controls the transmission of an address to 
the memory to fetch a character code. By the time the 
character code comes back and is used to form part of 
the dot pattern address, the dot pattern address is sent 
to the memory and the dot pattern code is transmitted 
back to the CRT, stages A-D are no longer in the 0000 
state. The dot pattern code is stored in the shift register 
and is not shifted out of the register to the video circuit 
until the next cycling of stages A-D. Thus it would ap 
pear that the actual display lags behind the counter. In 
fact, this is true but it is of no moment; it simply means 
that the entire display is “moved” downward relative to 
where it would be were there no delay between the ini 
tial fetching of a character code and the actual forma 
tion of a character line. It should also be noted that 
each 8-bit dot pattern code results in a l6-dot position 
display, the last eight of which are always blanked. 
Each transmission back and forth between the CRT 
and the memory controls a single l6-dot position dis 
play even though only an 8-bit word is sent to the dis 
play system. This is because the last 8 bit positions of 
each 16-bit position display are blanked. The timing is 
controlled by stages A-D which cycle through a total 
count of 16 (not 8) each time that only 8 bits are 
shifted out of the shift register. 
The CRT itself is similar to commercially available 

television units except that the yoke is rotated 90° so 
that the fast sweep is vertical. Were the yoke not 
rotated, more memory would be required to store the 
dot pattern codes. For each character, seven (8-bit) 
words would be required, one word for each of the 
horizontal lines in the character. Three of the eight bits 
in each word would not be used since the last three bit 
positions of each 8 X 8 matrix are always blanked. On 
the other hand, by rotating the yoke, only five (8-bit) 
words are required, with only one bit in each word not 
being used. The fast and slow sweep rates of the CRT 
are adjusted to the frequency of the system clock, as 
will be described. Also, the sweep circuits are of the 
triggered type rather than of the synchronized type as 
in‘conventional television receivers. 
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SYSTEM TIMING _ FIGS. 4-6 

FIG. 6 depicts various timing aspects of the fast line 
sweeps which are made across the face of the CRT. The 
line sweeps are in the vertical direction from the top of 
the screen to the bottom of the screen; the slow sweep 
is from left to right. The border of the display itself is 
shown in heavy outline. FIG. 6 will be most helpful in 
an analysis of the slow sweep circuit and the manner in 
which the odd and even sub-frames are interlaced. But 
?rst the fast sweep timing will be considered. Although 
the timing circuits themselves will be described with 
reference to the illustrative embodiment of the inven 

’ tion shown in FIGS. 7 and 8, an understanding of the 
system timing insofar as the fast sweeps are concerned > 
can be appreciated from the symbolic drawing of FIG. 
3 and the timing diagram of FIGS. 4 and 5 (with FIG. 4 
being placed to the left of FIG. 5). 

It will be recalled that counter stages A-Q of FIG. 3 
are synchronized to the fast sweeps. These seven stages 
can cycle from 0000000 through 11 l l l l 1 (decimal 
127), a total of 128 counts. However, the system in 
cludes a logic circuit which controls the resetting of all 
stages in the 0 state as soon as a count of 96 is reached. 
Thus the stages actually cycle from a count of 0 
through a count of 95; the next count of 96 immediate 
ly causes all stages to be reset so that a new cycle begins 
with a count of 0. At the top of FIGS. 4 and 5, the states 
of stages A-Q are shown as successive clock pulses are 
applied to the trigger input of stage A, with each overall 
binary state depicted in the timing diagram being the 
state of the system following the leading edge of the 
clock pulse. Adjacent to each entry for the various re 
gister stages is a decimal number indicating the decimal 
state of the system, the decimal states ranging between 
0 and 95 during each complete cycle of the counter 
comprising stages A-Q. 
As soon as the counter represents a count of 88, a 

fast retrace trigger pulse is generated. This shown in 
FIG. 5 as controlling the start of retrace. Similarly, in 
FIG. 6 the fast retrace trigger at the end of each sweep 
is shown as occuring when stages A-Q represent a 
count of 88. 

During the retrace, stages A-Q are still cycled. After 
a count of 95, all of the stages are reset and they start 
counting from 0 once again. This occurs while the 
retrace is still in progress as is shown in FIGS. 4 and 5. 
At the same time that the retrace is taking place, a 

first call is made. The l l-bit address stored in the 
character position register is transmitted during phase 
I01 to the address net of the processor. With a clock 
rate of approximately 1 microsecond (the exact clock 
rate wil! be discussed below), it requires 8 
microseconds before the counter advances from a 
count of 0 to a count of 8. During these 8 
microseconds, the first CRT data is transmitted from 
the processor and stored in the dot pattern address re 
gister. The exact time when this is accomplished de 
pends on when phase I01 of the processor occurs but a 
call and a response are always made sometime between 
counts of 0 and 8. The call is controlled by the state of 
stage D in the counter. Whenever this stage is in the 0 
state, a call is made. The second call is thus made when 
the total count is somewhere in the range 16 through 
23. Similar remarks apply to calls 3—6. Of course, only 
four calls are required for each line sweep, namely calls 
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1-4. The last two are ignored as will be described 
below. 
Each of phases I01 and I02 of the processor requires 

1 microsecond for execution. Thus 2 microseconds are 
required for each complete call: I microsecond for 
phase I01 and another microsecond for phase I02, with 
the ?nal dot pattern being stored in a buffer register 
(not shown in FIG. 3) by the end of phase I02. While 
FIG. 3 shows the dot pattern received from the memory 
as being loaded in the shift register, in reality it is stored 
in a buffer. It is only when stage D switches to the I 
state that the shift register is loaded from the buffer as 
will be described with reference to FIGS. 7 and 8. Thus 
the shift register is loaded at counts of 8, 24, 40, etc. — 
whenever stage D switches from the 0 state to the I 
state. 

Although the shift register is loaded when stage D 
switches to the 1 state, no bits are shifted out of the re 
gister at this time. Instead, the bits in the shift register 
are shifted out to control the formation of dots in the 
display at the same time that a call is made for the next 
dot pattern. Thus between the successive calls, during 
counts 8 through I5, 24 through 31, etc., nothing 
should be displayed on the CRT and a blanking signal is 
generated. This blanking signal, controlled by stage D 
being in the I state, cuts off the electron beam in the 
CRT. It is only when stage D is in the 0 state that the 
CRT is unblanked and any l’s which are shifted out of 
the shift register can control the formation ‘of respec 
tive dots in the display. - 
The system is provided with ‘a shift ?ip-?op, the state 

of this ?ip-?op determining whether or not any bits are 
shifted out of the shift register under control of the 
clock pulses. Only when the shift ?ip-?op is set can bits 
be shifted out'of the register. The setting of the shift 
?ip-?op is controlled when stage D is in the 0 state and 
stage A switches to the 1 state. This occurs at counts of 
I,‘ I7, 33, etc. The resetting of the shift'?ip-flop is con 
trolled by stage D switching to the I state, at counts of 
8, 24, 40,-etc. Thus the shift ?ip-?op remains set only 
during 7 clock periods out of every l6-clock periods. It 

. will be recalled that although each data word in the 
memory is 8 bits in Iengtlnonly the ?rst 7 bits which are 
shifted out of the'shift register contain dot pattern in 
formation. The eighth bit is always a 0 as shown in FIG. 
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3. For this reason, only 7 clock periods are required for ‘ 
the shifting; the eighth-bit stored in the register need 
not be shifted out of the register since it never controls 
the display of a dot. It should also be noted that in FIG. 
I the top row in each 8X8 character position is shown 
as being blanked. This corresponds to the delay in the 
shifting by one clock period after stage D switches to 
the 0 state and the blanking signal controlled by this 
stage is removed. Following each character display, the 
CRT’is blanked for 8 clock periods, and an additional 
(ninth) clock period while the blanking signal con~ 
trolled by stage D is removed but the shift ?ip-?op is 
not yet set. 

In addition to the blanking signal controlled by the 
state of stage D, an additional blanking signal is con 
trolled by an F-blank ?ip-?op. This ?ip-?op is set when 
stage 0 is in the I state and stage E first switches to the 
I state. This occurs at a count of 80. The ?ip-?op 
remains set to blank the CRT until a count of 16 is 
reached - when stage 0 is in the 0 state and stage E 

50 

55 

60 

65 

?rst switches to the I state. Thus, despite the fact that 
the shift ?ip-flop is set during clock times 1 through 7, 
and 81 through 87, the bits which are shifted out of the 
shift register are not displayed because the CRT is 
blanked under control of the F-blank ?ip-?op. Effec 
tive shifting occurs only during clock periods 17-23, 
33-39, 49-55, and 65-71. During these respective time 
intervals, the bit patterns which are shifted out of the 
register correspond to those retrieved during calls 1 
through 4. This is as required because it is the ?rst four 
calls in each overall cycle which correspond to the four 
character rows of the display. The ?fth dot pattern 
retrieved is stored in the shift register and shifted out of 
it during clock times 81-87. But at this time the F 
blank ?ip-?op insures that the CRT is blanked. 
Similarly, the sixth dot pattern stored in the shift re 
gister toward the end of each cycle is shifted out of the 
register at the start of the next cycle, but once again the 
F-blank flip-flop blanks the CRT. The ?fth and sixth 
dotv patterns are actually the same as the ?rst and 
second dot patterns respectively since bits E and F 
identify the row containing the character to be dis 
played and by the second time that stages E and F start 
recycling at 00 during each overall count from 0 
through 95, the stages of the overall counter following 
stage vQ have not been advanced. Consequently, the 
same character positions are identi?ed during calls 5 
and 6 as are identi?ed during respective calls 1 and 2. 
While the same dot patterns are thus stored in the shift 
‘registenthey are not used because of the blanking of 
the CRT by the F-blank ?ip-?op. 

It should be noted that the retrace starts at a count of 
88 and terminates by the end of clock period 9 in the 
next cycle. The fast sweep starts with a count of 10. 
This ‘allows the fast sweep to progress until the counter 
represents a count of I7 before any part of the display 
is‘ actually formed since it is only at a count of 17 that > 
shifting out of the shift'register begins. Allowing the 
fast sweep to progress in this manner before the display 
starts insures that the sweep is most linear during the 
actual display portion of each cycle. The exact time 
that the retrace terminates and the fast sweep begins is 
not important. Starting the sweep earlier or laterwould 
simply shift the entire display up or down on the face'of 
the CRT. . ' 

_As shown in FIG. 5, when stages A-Q represent a I 
count of 95, the next clock pulse cycles them to 
represent a count of 96. Immediately, all of the stages 
are reset to represent 0’s, and a trigger pulse is ex 
tended to stage II. A count of 96 is detected when stage 
Q is in the I state and stage F switches from the 0 to the 
1 state. These stages are immediately reset and the suc 
ceeding stages of the counter are advanced. Since 
stages A-Q are as they were when call 1 was generated, 
another call is made for row I, but because stage H has 
now been triggered the call is for the next line in row 1 
in the sub-frame being displayed. 

FIG. 6 shows each fast sweep as starting when stages 
A-Q represent a count of 10 as depicted in FIG. 4. 
When stages A-Q represent a count of 16, the F-blank 
?ip-?op is reset so that dots can be displayed on the 
face of the CRT. It is when stages A-Q reach a count of 
17 that the first bit which can control the display of a 
dot is actually shifted out of the shift register. The 
upper bound of the display is thus controlled by stages 
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A-Q representing a count of 17. The last shift of a bit 
out of the shift register during each overall cycle occurs 
during clock period 71. Thus, when stages A—Q 
represent a count of 71 the last effective shift takes 
place; the lower bound of the display is coincident with 
the horizontal line on FIG. 6 labeled “last effective 
shift". The F-blank ?ip-?op is set at the start of count 
80 and nothing more can be displayed even if any bits 
are shifted out of the shift register and even if the 
blanking signal controlled by the state of stage D is not 
developed. Finally, when a count of 88 is reached, the 
retrace begins. The fast sweep thus takes place during 
counts 10 through 87 — for a total of 78 counts. The 

retrace takes place during counts 88 through 95 of one 
cycle and during counts 0 through 9 of the next cycle 
for a total of 18 counts. This is shown in FIG. 6: along 
the X-axis, the distances between the upper left end of 
each fast sweep and the lower right end, and between 
the lower right‘ end of each sweep and the upper left 
end of the next sweep in the same sub-frame, are in the 
ratio 78:18. . 

FIG. 6 shows the interlacing of the lines in the odd 
and even sub-frames. There are 153 line sweeps in each 
odd sub-frame (01-0153) and 152 line sweeps in each 
even sub-frame (El-E152) for a total of 305 line 
sweeps in each frame. The display itself consists of 256 
line sweeps (01-0128 and El-E128) with each even 
line following the same numbered odd line. The line 
number is determined by stages l-I-G. Stages J-N 
represent one of 32 columns, and stages H and I 
represent one of the four lines L0, L2, L4, L6, or L1, 
L3, L5, L7 (depending on the state of stage G). It is the 
state of stage G which- determines whether an odd or 
even sub-frame is taking place. Stages II-N cycle from 
a count of 0000000 through a count of 1 l l l l l l (127) 
after which they are reset and stage 0 is switched to the 
I state. Fast sweeps continue to be generated and at the 
end of each sweep stage H is triggered. Stages I-I-N 
start to cycle once again from their initial states. When 
a predetermined count is reached, a slow retrace pulse 
is generated. A different count generates the trigger 
pulse during odd and even sub-frames. During the 
retrace, stages H-N continue to cycle and when 
another predetermined count is reached (152 in the 
case of an even sub-frame, and 153 in the case of an 
odd sub-frame), all of stages I'I-O are reset and stage G 
is triggered to switch states. At this time, a sweep is 
made through the ?rst line of the next sub-frame. 

> . The leftmost and rightmost bounds of the display are 

along lines 01 and E128. Since stages H-N cycle from a 
decimal count of 0 through a decimal count of 127, 
stage 0 is switched to the 1 state after 128 lines have 
been swept in each sub-frame. Stage 0 is not reset until 
the last line in the sub-frame (E152 or 0153) is 
completed, at which time all of stages H-O are reset. 
Stage 0 is thus in the 0 state only when the lines which 
are being formed are within the bounds of the display. 
For this reason stage 0 is used to develop a blanking 
signal; when stage 0 is set in the I state, the lines sweep 
ing across the face of the CRT are to the left or the 
right of the display area and the CRT is blanked even 
though characters would otherwise be formed on the 
face of the CRT as determined by stages A-Q of the 
counter and as depicted in the timing waveforms of 
FIGS. 4 and 5. 
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During an even sub-frame, while stage G is in the I 

state, the CRT is blanked at the end of line sweep 
E128, but the slow retrace trigger signal is not 
generated until some time during the fast retrace fol 
lowing line sweep E136. During sweep E136, stages 
I-l-O represent a count of 135. Twelve counts after the 
end of the sweep, when the counter stages advance to 
represent a count of 136 (with stages A-Q being reset 
after they reach a count of 96 and a trigger pulse being 
extended to stage H), a slow retrace trigger pulse is 
generated to signify the end of the even sub-frame. This 
is shown in FIG. 6 by the dashed line extension of line 
sweep E136. The horizontal retrace begins but vertical 
sweeps still take place. These vertical sweeps, all the 
way to the left of the screen, are not shown on FIG. 6. 
Some of the vertical sweeps take place during the ac 
tual horizontal retrace and others take place after the 
slow sweep has begun once again, The last two line 
sweeps in each sub-frame are shown at the left side of 
FIG. 6. In the case of an even sub-frame, the last two 
lines which are swept are E151 and E152. While line 
E152 is being formed, stages H-O represent a count of 
151, and since an even sub-frame is still in progress 
stage G is in the 1 state. As soon as stages A-Q cycle to 
a count of 96 and then immediately are reset to a count 
of 0, all of stages l-I-O are reset and stage G is triggered 
so that it switches from the 1 state to the 0 state. This is 
indicated in FIG. 6 by the notation: “H—O=l5l, G=l; 
when A-Q —’ 96(0), I-l-O —* 0 and G —’ 0”. With all of 

stages H-O reset and stage G in the 0 state, it is ap 
parent that the next vertical trace is through line 01-- 
the first line in the odd sub-frame. In the usual manner, 
stages A-Q cycle from an initial count of 0 to a count of 
16 at which time the F-blank ?ip-?op is reset, and at a 
count of 17 effective shifting begins. 
The odd sub-frame now takes place but unlike the 

case of an even sub-frame the slow retrace trigger pulse 
is not generated 12 counts after the end of the 136th 
sweep in the sub-frame. Instead the slow sweep con 

' tinues and the initial portion of line 0137 is formed. At 
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this time, stages I-I-O represent a count of 136 and 
stage G is in the 0 state. It will be recalled that stages 
A-Q cycle from 0 to 96 each time that the count 
represented by stages I-I-O advances by unity. The slow 
retrace trigger pulse is not generated during an odd 
sub-frame until stages A-Q represent a count of 48. 
(This occurs when stages E and F are both first in the I 
state). It is only when stages A-Q reach a count of 4'3 
during the sweep through line 0137 in the odd sub 
frame that the slow retrace trigger pulse is generated. 
At this time the slow retrace begins even as the vertical 
sweep through line 0137 continues. (The CRT is of 
course blanked at this time since stage 0 is in the I 
state). As the vertical sweeps continue, the slow sweep 
begins once again; the last two vertical sweeps 0152 
and 0153 in the odd sub-frame are shown in FIG. 6. 
During the sweep through line 0153 stages H-O 
represent a count of 152 and stage G is still in the 0 
state. During the fast retrace following the sweep, when 
stages A—Q are reset to O and stages H~O are advanced 
to represent a count of 153, all of stages l-I-O are reset 
and stage G is switched to the 1 state. With stages I-I-O 
representing a count of 0 and stage G in the 1 state, an 
even sub-frame begins, with the next line sweep being 
E1 as shown in FIG. 6. 
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It is thus apparent that during odd and even sub 
frames there are two timing differences. The ?rst re 
lates to when the slow retrace trigger pulse is generated 
and the second relates to the total number of lines in 
the sub~frame. In the case of an even sub-frame, the 
slow retrace trigger pulse is generated 12 counts after 
the end of line sweep E136, and stages I-I-O are reset 
(with stage G being triggered to indicate the start of an 
odd sub~frame) after 152 line sweeps. In the case of an 
odd sub-frame, the slow retrace trigger pulse is not 
generated until 38 counts (48-10) after line sweep 
0137 has begun, and stages I-I-O are not reset (with 
stage G being triggered) until after 153 line sweeps 
have taken place. The odd sub~frarnes include an addi» 
tional line (line 0158 has no comparable even line); 
this extra line is necessary for line E1 to be displaced to 
the right relative to line 01. The reason for delaying the 
generation of the slow retrace trigger pulse in the case 
of an odd sub-frame by 48 counts (one-half of the fast 
sweep period) is that if the trigger pulse is delayed as 
indicated in FIG. 6, proper interlacing is achieved —— 
with even and odd lines being displaced from each 
other by the same distance in the horizontal direction. 

In a typical processor, each machine cycle is broken 
up into a number of phases. The number of phases in 
each cycle depends on the particular instruction to be 
executed; certain instructions require more phases dur 
ing certain cycles than other instructions. The proces 
501' with which the illustrative display system is utilized 
requires 1 microsecond for each phase. The maximum 
number of phases required during any cycle is seven. 
Ordinarily, the processor operates with no considera_ 
tion being given to the display system and there is no 
display. When a display is desired, a “CRT-Enable” in 
struction is executed. This instruction informs the 
processor that a display is to be formed. The CRT-Ena 
ble instruction also informs the processor to load the 
character position register (FIG. 3) with two bits (P1 
and P0) which identify the character buffer in the 
memory to be used to control the display. Following a 
CRT-Enable command, the processor adds two phases 
during each machine cycle — the phases designated as 
I01 and I02. During phases I01 and I02, the processor 
ceases to operate in its usual manner. Instead, two 1 
microsecond pulses are extended over two respective 
conductors to the display system to identify phases I01 
and I02. During these two phases, addresses and data 
are transmitted back and forth between the display 
system and the processor memory as described above 
with reference to FIG. 3. The processor memory can be 
directly accessed from an external source of addresses 
during phases I01 and I02, and is operative to transmit 
8—bit data words over a cable to the external system 
during these two phases. Such external addressing of 
the memory and direct transmission to an external 
system is well understood by those skilled in the art. 
With phases I01 and I02 now included in each cycle, 

a maximum of 9 microseconds are required for any cy 
cle. The display system clock is independent of the 
processor timing. Stage A, the ?rst in the l6-stage 
counter, is triggered at a fixed rate. Referring to FIGS. 
4 and 5, it is the switching of stage D to the 0 state that 
initiates a call. The succeeding stages at this time 
represent a certain count which will control the 
retrieval of a speci?c dot storage pattern. Referring to 
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FIG. 3, the state of stage E in part determines the posi 
tion in the character buffer which is examined to deter 
mine the character which is to be displayed. Stage E 
must not change state before phase I01 occurs because 
otherwise a call will be skipped. (Stage E can change 
state after phase I01 because during phase I02 the state 
of stage E is not required; the only stages of interest in 
the formation of the dot pattern address are stages I, H 
and G.) It is thus necessary that at least one I01 phase 
occur during the eight clock periods that stage D is in 
the 0 state. Since a maximum of 9 microseconds may 
elapse between I01 phases, the minimum clock period - 
for the display system is 9/8 microseconds, or 1.125 
microseconds. This corresponds to a maximum clock 
frequency of 888,888 Hz. Since there are 96 clock 
periods during each fast line sweep and there are 305 
line sweeps during each complete frame, the minimum 
time for each frame is (305)(96)(1.l25) microseconds 
or 32.94 milliseconds. This corresponds to a maximum 
frame rate of a little more than 33 frames per second. 
This allows a frame rate of 30 per second to be 
selected, which is that used in standard television 
receivers (a sub-frame rate of 60 per second). In the il 
lustrative embodiment of the invention, the basic clock 
frequency is 878,400 Hz to give rise to a frame rate of 
30 per second. Since each clock time is just under 1.14 
microseconds, each fast sweep (during which the 
counter cycles from 0 through 95) requires slightly less 
than 109.5 microseconds. This time is longer than the 
conventional fast sweep time in a television receiver 
but by little more than 50 percent. This allows the con 
ventional fast sweep circuitry to be used with an ap 
propriate change being made in the time constant. Of 
course, the sweep must be triggered rather than 
synchronized as in conventional television receivers. 

DISPLAY SYSTEM — FIGS. 7 AND 8 

In the illustrative system of FIGS. 7 and 8, various ca 
bles are shown by heavy lines. This is intended to in 
dicate that parallel transmission takes place over these 
paths. Similarly, several of the gates are shown in heavy 
lines to indicate that in implementing the system a plu 
rality of gates should be utilized. For example, an 8-bit 
word is transmitted over cable 92 from processor 60 to 
one input of gate 72. This gate is provided with another 
input connected to conductor I02. In reality, eight 
separate gates would be used instead of gate 72, each 
having one input connected to conductor I02 and each 
having its second input connected to one of the eight 
conductors in cable 92. When conductor I02 is pulsed, 
gate 72 on FIG. 8 operates to transmit the data word on 
cable 92 to cable I02-B. At this time, each bit is stored 
in a respective one of stages B0-B7 of buffer 74. The 
operations of the other gates shown in the heavy lines 
are similar to the operation of gate 72. 

Processor 60 is shown only symbolically as including 
an address net 80, a memory 82, an accumulator 84, 
and a control unit 86. As in conventional processors, 
the control is connected to all of the various units in the 
processor to govern their sequential operations. An ad 
dress transmitted through the address net to the 
memory determines the location in the memory into 
which a word is written, or out of which a'word is read. 
During the ordinary operation of the processor, words 
read from the memory are directed to accumulator 84 
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(typically, via other registers) and words in the accu 
mulator can be written into the memory. As described 
above, a maximum of seven phases are required during 
each machine cycle depending on the instruction being 
executed. (The instructions are contained in the 
memory and are read out in succession and stored in 
various registers, not shown, the contents of which 
determine the system operation.) 
One of the commands which the processor can ex 

ecute is a CRT-Enable command. When this command 
is executed, the control modi?es its own operation so 
that an additional two phases occur at the start of each 
machine cycle. During these phases — ltii and W2 —.~ 
the processor ceases to operate in the ordinary fashion. 
Instead, an address appearing on cable Qt) is directed 
through the address net to the memory and the 8-bit 
word stored at that address in the memory is trans 
mitted directly over cable 92 to the display system. 
Also, during each of phases I01 and MP2, l-microsecond 
pulses are applied by control 86 in the processor to 
respective conductors I01 and T02. 
The CRT-Enable instruction includes a speci?cation 

for bits P0 and P1. (See the character position register, 
FIG. 3.) The processor causes the accumulator to 
transmit these two bits over CRT Enable cable %8 to 
?ip-?ops F/F-PO and F/F-Pl. These two flip~flops are 
set appropriately in order to identify the base address in 
memory 82 of the character buffer to be used. Either 
the 0 or the 1 output of each ?ip-?op is energized to 
form two of the 11 address bits on the 11 respective 
conductors in cable 94. In order to select a new 
character buffer, all that is required is to execute a new 
CRT-Enable command with new values speci?ed for 
bits P0 and P1. 
Once the CRT~Enable command is executed, the 

processor injects phases I01 and W2 in each machine 
cycle until a CRT~Disable command is executed. It is 
only at this time that the CRT display is turned off and 
phases I01 and 102 are no longer executed during each 
machine cycle. In this manner, the extra time required 
to control the display, during which time the processor 
does not function in its ordinary mode, is not wasted. 
Clock 10 applies clock pulses to the trigger input of 

?ip-?op F/F-A. The 16 ?ip-?ops F/F-A through F/F-G 
form a counter and function as described with 
reference to the counter depicted at the top of FIG. 3. 
Each time a stage switches from the 1 state to the 0 
state, a trigger pulse is applied to the input of the suc 
ceeding stage. 
The cathode ray tube 50 is shown only symbolically 

as including a fast sweep circuit 56 and a slow sweep 
circuit 54. Each of these circuits functions to generate 
a sweep voltage as is known in the art and as described 
with reference to FIG. 6 responsive to the application 
of a pulse to its trigger input. The trigger pulse ?rst 
causes a retrace which is then followed by a sweep. The 
display of a dot is controlled by gate 46. Whenever the 
output of the gate is energized, the electron beam is 
turned on. One input to gate 46 is connected to the out 
put of gate 44. The output of this latter gate is high 
whenever the display is not to be blanked. The other 
input to gate 46 is connected to the output of shift re 
gister 78. This register comprises eight stages 
SRO-SR7. Each pulse applied to the shift input of the 
register shifts the contents of the register to the right 
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with the rightmost bit being shifted out to the input of 
gate as. Every bit of value 1 shifted out of stage SRO of 
the register causes gate 4% to pulse its output and a cor 
responding dot to be displayed on the face of the CRT. 

Referring to F168. 4 and 5, it will be recalled that 
whenever stage D switches to the 0 state a call is made 
to the processor memory. The 0 output of stage D is ex 
tended to the S input of request flip-flop 68. This ?ip 
?op is set in the 1 state when a positive step is applied 
to its S input to indicate that a call must be made. In the 
event the processor cycles are very short, it is possible 
for there to be two and even three I01 phases during 
the eight clock times that stage D is in the 0 state. The 
purpose of the request flip-?op is to control only a sin 
gle call in such a case. When the 1 output of the request 
flip-flop goes high, it causes one input of gates 70 and 
72 to be energized. During phase I01, conductor I01 is 
energized to enable the operation of gate 70. Any data 
which appears on cable 92 from memory 82 are trans 
mitted through the gate to cable I01-B. At the end of 
phase ltil conductor I02 is pulsed, and since this con 
ductor is connected to the R input of ?ip-?op 68, the 
flip-flop is reset. Consequently, gate 70 cannot operate 
again until the request ?ip-flop is switched to the 1 
state when stage D is switched from the O to the 1 state 
once again. Although an address may be transmitted to 
the address net several times during successive I01 
phases which occur while stage D is in the 0 state, the 
data which are returned by the processor are not trans 
mitted through gate 7Q. 

Cable 941} is connected to the outputs of ?ip-?ops 
F/F-E, F/F-F, and F/F—.i through F/F—N. The CRT ad 
dress (character position) which is transmitted to the 
processor during phase I01 of each cycle, as shown in 
FIG. 33, consists not only of the bits represented by 
these seven ?ip-?ops, but also of the P1 and P0 bits, 
and 0’s in positions 29 and 21°. Thus cable 94 is shown 
as also being connected to the outputs of flip-?ops 
F/F—Pll and lF/lF-PQ and to two grounded conductors. 
These conductors are merely symbolic and serve to in 
dicate that the two most signi?cant bits in the CRT ad 
dress are O’s. 

Cable 94 is one input to gate 58. The other input to 
the gate is connected to the 0 output of flip-flop F/F-D. 
Consequently gate 58 is enabled during the eight clock 
times comprising each call period in FIGS. 4 and 5. The 
third input to gate 58 is connected to conductor I01. 
Thus, it is during the l-microsecond I01 phase that the 
CRT address is transmitted through gate 58 and over 
cable mil-A to one input of OR gate 62. The CRT ad 
dress is then transmitted over cable 90 to the address 
net of the processor. 

The identity of the character to be displayed is also 
transmitted during phase I01 from the memory over 
cable $92 to one input of gate 70. During the ?rst I01 
phase that occurs during the call time, the input of gate. 
70 connected to the 1 output of ?ip-?op 68 is ener 
gized. Since the third input of gate 70 is connected to 
the I011 conductor, it is during the latter part of the I01 
phase that the data from the memory is transmitted 
through gate 741) over cable I01-B to dot pattern ad 
dress register 98. As shown in FTG. 3, the six low-order 
bits of the 8-bit memory word are stored in the low 
order positions of the register, namely, in ?ip-flop 
stages S41) through 3-5. The 26 bit in the data word is 






















