
United States Patent 

UN 

[21} 
I22] 
I45] 
[73] 

[541 

[52] 

lmcnlor 

Appl. No. 
Filed 
Patented 
Assignee 

DISPLAY S 

James M. Kievil 
Des Phiues, Ill. 
824,653 
May I4, 1969 
July 13, I97] 
A.B. Dick Company 
Chicago. Ill. 

YSTEM 
12 Claims, [4 Drawing Figs. 

wr 3,593,310 

[56] References Cited 
UNITED STATES PATENTS 

3,422.420 1/1969 Clark ................ .. 

3,426,344 Zll 969 Clark ........... i. 

3,346,853 l0/I967 Koster et al.... 
3,364,473 l/l968 Reilz el al .... .. 

3,3 89,404 6/1968 Koslcr .............. .. 

Primary Examiner- Raulfe l3v Zache 
Attorneys-Samuel Lindenberg and Arthur Freilich 

340/324 
340/324 

340/1725 
340/1725 
340/1725 

US. Cl ...................................................... .. 340/l72.5, 

340/324 A ABSTRACT: A system is provided for enabling lhe'inl‘orma» 
Int. Cl ...................................................... .. 606i 3/14 lion being displayed‘on a cathode-ray tube of a display system 
Field of Search .......................................... .. 340/1725, to appear to move upward or downward vertically across the 

324 A;235/I57 faceofthe tube. 

E Tm COMP svmr, ‘8 sYNo nomz svNC. 
x NAL 

swc. mm: 20 SEPAQATOR \IERT Ewe 56F r5‘! 
Enema V\D’EO vmEo 3.2. 
souRCE mum 
\61 —" eunson f“ 

60 CURSOR Oil/(Xi GLNi 

‘ ‘=4, 1 124 '32 12s 
UJQSuu R 

_ mspuw 55 

'4 2, R6“ (.uRsOR DlsPiAv HNTE'R ’ DATA LHRSOR Am ARAClfRi CONTROL 

KEY LINE‘; LEFT COUNTER COUNTER ’ TV 
BOARD gm {1 MomWR! 

5 cuksoa 36 i154 M\XU§ 
U NEW LlNE x MATRUK 
a (.uRsOR 66 26 COUNTER 
6 Home 1 55 

‘2 bum D\5PLAY 
\u LINE ‘ CHARACTE ‘ CATA 0 UP c?li‘sgiz COUNTER GEN R E2 

TAPE UNES 4 cuasoe 
“- CD‘NTEQ 42 CHAR REAMR 51120“ g DOWN bio 
E {MWORY OuTPu?’ V‘ 
2 *- ADDQESS “56 
— 62 GEN 

K DATA ‘=7 CORP“ 
mvurr MEMORY 

L_| CONTROL 

l 
l 46 I 9 

CL tom UT 
:DETQCTOR DEVlCI: 



PATENTED JUL 1 a 197i 3. 593. 31 O 
SHEET 01 0F 10_ 

,‘4 )6 :'—--> {10 
TYPEWRVT‘ER 1 T V 
KEYBOARD D‘SPLAV MON lToR 

CONTROL 
(‘2 uNn- )8 

TAPE ( we‘ 2) UTILIZATION 
READER DEVICE 

‘{7- 1 
\04 1‘06 

H SYNC . 24 CouNT 

COUNTER 

I 

s c2 16 
VSYNC Pup ‘02 TO 

FLOP GATED CLOCK 
r‘: ' osc. \54 

I (He/4) 
HO 5 Q 

‘X DELAY Pup 
J CRCLLHT Hop 

Q 16 R 
‘08 n2’ F ‘M 

"" PUP / __ 
_ F ‘ 

W8 R Lop B 6 j'WO YMATRm 

COUNTER 

11'7- 5 

Y n 

y 10 

Y 
y a 
Y 7 

Y 6 
Y 5 

Y 4 
v 5 
Y 2 
Y I 

Y l4 
y|z> 

YQ 

INVENTOR. 
JAMES M K/EV/T 

BY 

ATTORNEYS 







PATENTED JUL 1 31971 3. 5 93. 31 O 
SHiU 0Q 0F 10_ 

TO COMPARATOR I70 TO COMPARATOR \62 
&,.To ADDRESS GEN. (Flea) 5T0 ADDRESS GEN Hes 

L 

WI WI wzW‘z we vTa E» E 52E we, ?e? 

H"'"H2e> i124 
__ D\€>PLAY __ D\5PLAY V 

YM __- LINE me —~_ CHARACTER 
COUNTER COUNTER 

129- 6 
CURSOR 
ON /OFF— 7% 

An A! + 

t 7 I f \62 *- l 
CURSOR \64 >_L / ‘68. 
LEFT_“__l CURSOR x 

xCouNTER ' 

cuRSOR (Ru/Emmi s2) W911 COMPARATORI ) 
\ HT 4 

R 6 \eq 2 cuRgoR 
CuRsoR EaK-aNAL 
HOME- To \/\DEO 
CURSOR?“ M\XER 
Niw — H616 Z\ Z! 
LANE _______ __ 

f T we 
CuRsOR C R R ‘ 
OWN I U 50 

D YCOUNTER Py 
CURSOR (REvERsuaLE \6) (0M ARATOR 
up \ 

‘ 66 
CURSOR 
HOME___ FROM 
CURSOR COUNTER 26 If _ 7 
NEW mm"; 
L He, \83 

INVENTOR. 
JAMES M K/EV/T 

Y 

ATTORNEYS 

B 



PATENTEDJUUSIQTI 3593.310 
saw us or 10_ 

f TO MEMORY 

INVENTGR. 
JAMES M K/EV/T 

BY 

22% .L 22x21 

ATTORNEYS 











PATENTED JUL] 38?! 

wrz m 
READ 

Wm 
READ 

5T ROBE _H 
WRITE 
$TROBE 

‘5U 
NORMAL MODE 7 

ONE SHOT 
‘*3 246 I I 

100F10_ 
3.593.310 

cumsorz 
uw' l I 

cuRsoR 
DN * 

511* [L 

as [L 

W 7____J_—__l___ V 
m m 
READ 
STROBE j 
WI? ITE 
STROBE 

ONE SHOT 
‘3 5 

CURSOR 
urw 

JUL 
11 

085202 R 
FL 

as [L 

H}. 15 

IL 
FL 
//V VENTO/Q 

JAMES M. K/EV/Tf 

sybéMvym 
A 7TOPNEY5 



3,593,3l0 
l 

DISPLAY SYSTEM 

CROSS-REFERENCES TO RELATED APPLICATION 

This application is directed to an improvement in an appli 
cation for a "Display System" by Kite et al., Ser. No. 704,967, 
?led Jan. 2, I968, and assigned to a common ass‘ignce. 

BACKGROUND OF THE INVENTION 

This invention relates to display systems which display data 
on the face of a television monitor, and more particularly to an 
arrangement for enabling such data to appear to be traveling 
vertically up or down across the face of the tube. 

It is often times desirable to insert a line of information into 
lines of data being displayed across the face of a cathode ray 
tube. This requires a means to shift all, or a portion, of the dis 
play up or down by an increment of one display line. Up shift 
deletes the line at the top of the displaced display and by dis 
placing information upward leaves information leaving room 
at the bottom of the displaced display to insert a line. 
Downshift deletes a line from the bottom of the display infor 
mation and by displacing information downward leaves room 
at the top of the displaced display to insert a line. 

OBJECTS AND SUMMARY OF THE INVENTION 

The feature of this invention is the provision of an upshift, 
or downshift arrangement whereby data is stored in the 
memory of a display systemris made to appear to move upward 
or downward across the face of a display tube. 
Another feature of this system is an arrangement whereby 

information is upshifted or downshifted across the face of a 
display tube in a display system which operates at commercial 
television frequencies. I 

Still another feature of this invention is to provide a means 
to shift all or a portion of a display up or down an increment of 
one display line whereby a line is opened up and new informa~ 
tion may be inserted therein. 
The foregoing and other features of the invention are 

achieved in an arrangement wherein a display system has a 
memory having a capacity for storing for each display location 
on the face of the display tube, a code representing an 
alphanumeric character. The addresses of the locations in the 
memory correspond to the addresses of the location on the 
cathode ray tube face as determined by a character counter, 
which counts the number of lines of characters displayed on 
the display tube. 

For an upshift operation, means are provided for reading 
the characters in a line of data out of memory one at a time 
and rewrite them into memory at an addres one line above. 
Means are provided, when a downshift operation is signalled 
to go from a given address to the next to the last line of the 
tube, then to read out characters from a line of memory, and 
rewrite them in memory one line below. This continues until 
the given line address is reached. 
The novel features of the invention are set forth with par 

ticularlity in the appended claims. .The invention will best be 
understood from the following description when read in con 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating the general layout of I 
display system in accordance with this invention. 

FIG. 2 is a detailed block diagram of a display control unit 
in accordance with this invention. 

FIG. 3 is a block schematic drawing of the display counter 
control circuit 32. 

FIG. 4 is a block schematic drawing of the X and Y matrix 
counters. 

FIG. 5 illustrates a character constructed of selected dots in 
a dot matrix in accordance with-this invention. 

FIG. 6 is a block schematic of the display line and character 
counters. 
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FIG. 7 is a block schematic diagram of the cursor generator 

and line and character counters. 
F IG. 8 is a block schematic diagram of the memory address 

generator. , 

FIGS. 9A, 9B, 10 and II are block schematic diagrams of 
the logic circuits required for upshift and downshift control in 
accordance with this invention. 

FIG. 12 is a timing diagram for the upshift function. 
FIG. I3 is a timing diagram for the downshift function. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Since the present invention is an addition to the invention 
described in the application for I‘Display System," previously 
mentioned, in order to understand the operation of this inven 
tion, it will be necessary to describe some of the display 
system. FIG. I illustrates a general arrangement of the display 
system which comprises a standard TV monitor 10, (more 
than one may be used if required,) which displays human 
readable data. Digital data may be entered into the system 
from any data source, illustrative of which there is shown a 
tape reader 12 and/or a typewriter keyboard 14. This data is 
fed into a display control unit l6 whose function it is to store 
the data in a manner so that it may be properly read out for 
display on the TV monitor or sent to some other utilization 
device 18, such as Keypunch, a printout device, etc. The dis 
play control unit also includes a novel character generator 
which, in response to the data representative code produces 
the video signals which are displayed as readable data on the 
TV monitor 10. 

FIG. 2 is a block schematic diagram illustrating details of 
the display control unit. A tape reader l2 or a typewriter 
keyboard I4 are well known, and commercially available 
pieces of hardware. For the purposes of this invention, and in 
_the manner that they function normally, the tape reader 
produces as an output 8 binary signals together with a strobe 
pulse, each time a character is read out. Seven of the eight bits 
represent an alphanumeric character. The eighth bit is parity. 
The keyboard [4, which can be a famimile typewriter, also 
produces at its output 7-bit character signal with an eighth bit 
having parity significance, together with a strobe pulse. In 
each of these cases, the signals are produced in parallel on 
eight data lines and a strobe pulse is produced on a ninth line. 
The signals are applied to interface circuits 60. 

Basic operating synchronization signals for the display con 
trol unit may be obtained from an external source of sync 
signals I6. This external sync signal source may comprise 
either a television station sync generator, or a composite video 
signal such as may be obtained from s video tape device. 
Signals from either of these may be processed to provide 
horizontal sync signals and vertical sync signals. If composite 
video is provided, this is applied directly to an OR gate 18 the 
output of which goes to a sync separator circuit 22. This func 
tions in well-known manner to separate the horizontal sync 
from the vertical sync. If composite video is provided by the 
external video signal source, then this is applied to a video 
blanking circuit 20, which constitutes welbknown circuitry for 
applying a blanking pulse to the composite video during the 
video interval. This leaves composite sync signals. These are 
applied to the OR gate 18 and thereafter to the sync separator 
circuit to be separated into horizontal and vertical sync 
signals. 
The composite sync signals, which are the output of the OR 

gate l8 are supplied, at the output of the display control unit, 
to the TV monitor which is used to reproduce the video 
signals. The vertical sync or vertical drive pulse which is the 
output of the sync separator 22, is used to reset a display 
character counter 24, and a display line counter 26, to assure 
that each field which is to be displayed starts properly. The 
display character counter has its count advanced by one, for 
each character being displayed on a line of characters. The 
display line counter 26 has its count advanced by one for each 
line of characters which is displayed. Thus, the address of the 
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last character being displayed is always available from the out 
put of these counters. Actual video display commences after 
the first 24 horizontal sync pulses which follow the vertical 
sync pulse and continues until l6 rows of character video are 
displayed. 
There are 32 characters on each line. The ?rst horizontal 

sync pulse initiates the operation of a display counter control 
circuit 32. _The counter control circuit can start a gated clock 
circuit 28 where frequency equals the picture element rate of 
8 megacycles. The start of the operation of the gated clock is 
delayed, following the horizontal drive pulse, by approximate 
ly l2 microseconds until the ?rst character position in a line of 
characters is reached. The clock turns on and then continues 
to operate until the ?nal character in a line is completed. Each 
character position is de?ned by a dot matrix in which only 
those dots are illuminated which form a desired character. 
Each character used 9 dot positions along a line for the actual 
character display plus 3 guard band positions. The total 
number of clock pulses generated per line is therefore 12 
times 32 (32 characters per line) or 384 pulses. 
The display counter control also receives vertical sync pul 

ses which are used for reset purposes. The gated clock output 
is used to drive an x-matrix counter 34, causing it to count 
through 12 counts, 9 counts ofwhich correspond to 9 horizon 
tal positions in a character dot matrix starting from left to 
right, and the three further counts provide for the guard band 
or character spacing. The x-rnatrix counter 34 therefore goes 
through a full cycle of operation for each character. Count 
output signals from XI to Xll are derived therefrom. Each 
time the .r-matrix counter completes a cycle of l2 counts, it 
overflows. Its overflow is applied to the display character 
counter 24 to cause it to advance one count. The display 
character counter has a count capacity totaling 32, can 
responding to the number of characters displayed in each row. 
Each time the display character counter overflows, it sends 
the overflow pulse back to the display counter control 32 
which in turn uses this over?ow pulse to turn off the gated 
click 28. The gated clock then waits from the next horizontal 
sync pulse before commencing operation again. The over?ow 
output pulse of the display counter control also enables a y 
rnatrix counter 36 to be advanced one count in response to the 
next horizontal sync pulse. 
The y-matrix counter has a total count capacity of l4 

counts. Eleven of these are used to count the vertical dot 
matrix locations ofa character. Three of these are for a guard 
band space between lines of characters. Count output s 
designated from —Y_l to W are derived therefrom. The over 
flow output of the y-matrix counter 36 is applied to the display 
line counter 26 to cause it to advance one count. The display 
line counter has a total count capacity of 16 corresponding to 
the l6 lines of characters which are displayed in one ?eld of 
this invention. 
A character generator 38 is provided which has applied 

thereto the count outputs of the x and y matrix counters. in 
response to these, the character generator generates video 
signals representing each one of the alphanumeric characters 
which the system is capable of displaying. in an embodiment 
of the invention which has been built and successfully 
operated, the character generated created 64 alpha numeric 
characters. The output of the character generator is applied to 
the video selector 30. This functions to select, in response to a 
7-bit alpha-numeric code derived form the core memory 40 of 
the system, a speci?c character from all of those being applied 
to the video selector, which ?ash is represented by that 
alphanumeric code. More speci?cally, the core memory 40 
supplies coded signals, one character at a time to an output rc 
gister 42, which in turn applies them to a data decoder 44 
which decodes them successively and enables the video selec 
tor to select the proper video character signals. In addition, 
the video selector 30 is capable of being modulated by a ?ash 
control circuit 46. The flash control circuit contains an oscil 
lating circuit that may be turned on by a ?ash code which is 
stored in the memory and which is a “nonviewable“ character. 
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The flash control 46 remains on until either the next following 
horizontal drive pulse appears or a space code which separates 
the following word appears. Operation of the flash control 46 
causes all characters of a word that are displayed thereafter to 
?icker and thus call attention to itself. 

After each character is displayed, an unload cycle of the 
core memory 40 is made to occur to place the alphanumeric 
signals corresponding to the next character of a row in the out 
put register 42. The address from which the character in core 
memory is read is provided by the count conditions of the dis 
play character counter and display line counter. A speci?c 
core memory address is provided for each of the S12 counts 
which these counters provide. The display character counter 
64 and display line counter 66 have their outputs connected to 
a memory address generator 67, which produces the address 
information for the core memory 40. 
The output of the video selector 30, which comprises the 

character video signals is applied to a mixer circuit 50 and to 
an output terminal 52. The mixer circuit combines character 
video signals with a cursor signal which is provided from a cur 
sor generator 54. The cursor video signal has approximately 
one-half of the intensity of the character signals. The cursor 
video signal indicates, on the pattern displayed on the face of 
the television monitor, the corresponding character signal ad 
dress in the memory into which the next input character 
digital signals will be placed when the system is in the write 
mode. The mixer output is applied to an output terminal 55. In 
addition, composite sync signals from the output of the OR 
gate 18 are made available at a terminal 56. These three 
signals, namely composite sync, character video with cursor, 
and character video without cursor are thus available at the 
three output terminals for being applied to a television moni 
tor for display. 
The tape reader 12 and the keyboard 14 have their outputs 

connected to the interface circuitry 60. The interface circuitry 
serves to check the incoming data lines from either of the two 
inputs upon receipt of its associated data strobe presented on 
the strobe lines. If the data is alphanumeric data to be dis 
played, the input strobe signal triggers a single load cycle of 
the core memory. This function is provided by the data input 
control circuit 62. In the load cycle operation, the input 
character is loaded into the core memory at an address which 
is determined by the count outputs of the cursor character 
counter 64 and the cursor line counter 66. The cursor genera 
tor 54 detects coincidence between the cursor counters and 
the display counters and causes the load operation to occur 
when these counters have the same count. As previously in 
dicated, this occurs at an address in memory corresponding to 
the position visually indicated by the cursor on the output 
monitor. Thus, the load operation into the core memory oc 
curs at a location which corresponds to the location of the cur 
sor. From the foregoing it will be appreciated that the memory 
should provide storage for Sl2 alpha numeric characters of 
eight bits per character. 7 _. 

Other signals from the interface circuit are provided in 
response to the incoming control codes. These speci?c control 
codes do not result in a memory load cycle but rather generate 
signals on appropriate lines out of the interface circuit. These 
lines perform such functions as cursor on-off, cursor right, 
cursor left, cursor new line, cursor home, cursor up, cursor 
down, etc. This will become more clear as this explanation 
progresses. 

During the write mode, as each character is loaded into the 
core memory, a single pulse advances the cursor character 
counter by one count. When the cursor character counter 
over?ows, its output advances the cursor line counter. Input 
load operations therefore, cause the cursor to be advanced 
character by character and line by line in a manner similar to 
the typing operation of a typewriter. 
The output register 42 may also be used if desired to trans 

mit data which is within the memory to an external utilization 
device 19 such as tape or a transmitter or an external printer. 
An "end of line“ or "end of message" circuit 69 driven by the 



3,593,310 
5 

cursor counters, may be used in conjunction with external 
transmission of data to signal their occurrences to external 
equipment. 

DISPLAY COUNTER CONTROL CIRCUIT 32 

FIG. 3 
FIG. 3 is a block schematic diagram of the display counter 

control circuit‘. This circuit arrangement functions to initiate 
operation of the gated clock oscillator at the proper time so 
that the subsequent matrix andv display counters may com 
mence to operate at the proper time and in the proper time 
sequence. In a television type display both a top margin as well 
as a left side margin must be provided for. Essentially the dis 
play counter control circuit provides for these delays. The ?rst 
vertical sync pulse which is delivered by the output of the sync 
separator 22 is applied to a flip-flop I02 to drive it to its set 
state. This causes the Q output of the flip-?op to become high. 
The 0 output of the ?ip-?op enables an AND gate I04 
whereby it can pass horizontal sync pulses which are received 
from the sync separator. These are applied to drive a 24 count 
counter I06. This counter provides a top margin delay. The 
24th count of the counter is used to reset the flip-flop I02 and 
sets a ?ip-?op 108. The next vertical sync pulse enables ?ip 
?op I02 again and simultaneously resets the 24 count counter 
so it can begin counting again. 
The Q output of ?ip-flop I08 enables an AND gate 110 to 

pass horizontal sync pulses. The output of the AND gate 110 is 
applied to a delay circuit II2. The delay circuit provides a 
delay whose duration is determined by the size of the desired 
left-hand margin on the display tube. The output of the delay 
circuit "2 sets a flip-?op 114. The 0 output of the flip<flop 
114, which is high in response to its set input being enabled, is 
applied to the gated clock oscillator to cause it to commence 
to produce clock pulses. 

Flip-?op I14 is reset by a ER output, which is received 
from the display character counter which counts the number 
of characters displayed on a line. After the last character has 
been displayed ?ip-flop I I4 is reset so that at the commence 
ment of the next line, signaled by the appearance of another 
horizontal sync pulse, a delay is provided on the left-hand side 
of the display tube. The ?ip‘llop I08 is reset by a W5 signal 
which is provided by the display line counter. This signal oc 
curs after the last character on the last line has been displayed. 
Accordingly, flip-flop I08 cannot be set again until the 
counter I06 has counted through its next 24 counts to provide 
the top magin delay. 
FIG.4 

FIG. 4 is a block schematic diagram of the x and y dot 
matrix counters. A character, in accordance with this inven 
tion, is made by illuminating selected dots in a dot matrix that 
extends nine dots in a horizontal direction and Il dots in a 
vertical direction. There are ?ve dot spaces allowed between 
characters on a line to serve as a guard band, and three dot 
spaces between lines of characters, also to serve as a guard 
band. Thus, the counter that counts for the horizontal dot 
placement will have a count capacity of I4 and the counter 
that counts for the vertical dot placement will have a count 
capacity of I4. 

In FIG. 4, there is shown a horizontal counter 116 which is 
made up of six flip-?ops, respectively II6A through II6F. 
Each one of these ?ip-flops is of the type known as “JK" ?ip 
?op. It is well known and commercially purchasable._ 

Each ?ip-?op has I, K and C inputs, and Q and Q outputs. 
When a clock pulse is applied to its C input the flip-?op will 
transfer to its outputs the state of its J and K inputs. Thus, if 
the J input is high and the K input is low when a C or clock 
pulse is applied to the C input, the 0 output will be high and 
the (_)output will be low. The J and K inputs are applied to the 
respective ?ip'flops from the 0 and 6 outputs of the respec 
tive flip-?ops through NAND gates. A NAND gate behaves 

‘like an AND gate followed by an inverter. Accordingly, when 
the two inputs to the NAND gate are high, its output is low 
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6 
and when the inputs to the NAND gate are low, its output is 
high. When one of the inputs is high and the other is low, the 
NAN D gate output is high. _ 
The counter 116 has the Q and O outputs of the respective 

?ip-flops I I6A through 1168 respectively connected to the .l 
and K inputs of the immediately following ?ip-flops through 
the respective NAND gates II‘IA and 117A’ through II7E 
and 1175'. NAND gates IIBA and II8A' are connected to 
the respective J and K inputs of ?ip-?op "6A. The NAND 
gate I ISA has one input connected to the aoutput of flip-flop 
II6F which is designated as R6. The NAND gate 118A has its 
inputs respectively connected to the Q outputs of respective 
flip-?ops 1168 and IMF. These 0 outputs are respectively 
designated as H5 and H6. 

It should be noted that whenever a designation is shown for 
only one NAND gate input, the other input of the NAND gate 
is connected to a bias source 120. As the result, a one input 
NAND gate acts as an in_v_erter to invert the input. 
The respective Q and O outputs of flip-flops I 16A and I 16F 

HS respectively designated as HI through H6 and “I through 
H6. These are collected by the 12 NAND gates respectively 
I21, through I35 to provide l4 output cognt indicatior?n 
their not form. These are designated by XI through XI4. 
Thus, upon the occurrence ofan HI and m inpgto NAND 
gate I21, it will produce an output dcsignated_a_s XI, which is 
the ?rst output count of the counter. H6 a_rlc_l_ H7 occu_r_r:i_ng at 
the input of NAND gate I26 produce an X6 output, HS and 
H6 occurrings_imultaneously at the input of NAND gate I32 
produces an X12 output or a not 12 count output. 
The manner in which the counter I16 functions is for each 

one of the flip-?ops to successively assume its one state or 
state with its 0 output high and thereafter each flip-flop suc 
cessively returns to the state with its 6 output high. The 
counter is cyclic and will repeat this operation in response to 
successive applications or clock pulses from the gated clock 
oscillator 134. This oscillator comprises a circuit which, in the 
presence of an enabling input from I'lipJlop 114 in FIG. 3, 
provides successive clock pulses, to the counter I 16. 
To illustrate how the counter works, assumejnitially that all 

the flip-?op stages are in their zero state. The Q output of flip 
llop 1I6F is high. Upon the occurrence of the ?rst clock pulse 
from the gated clock oscillator I34, ?ip-?op II6A will be 
driven to its one state with its 0 output high, since its J input is 
now high and its K inputis low. Upon the occurrence of the 
next clock pulse, flip-?op I168 assumes a one state. This 
progresses with succesive clock pulses until flip-flop [16F as 
sumes its one state. Since, the K input to ?ip-?op II6A is 
driven to its high state in response to H6 and HS which are 
connected to the NAND gate 1 18A being high, flip-?op "6A 
is driven to its zero state with its?) output high. This zero state 
of the counter 116A is successively pased with the occur 
rence of each clock pulse to all of the flip-flops in the counter. 
From an understanding of the operation of this counter, it 
should now be understood how the inputs to the NAND gates 
I21 through I32 operate to produce the indicated count out 
uts. 

p Counter I40 is identical in construction with counter I16. 
Accordingly, it can produce I4 count outputs. lt advances in 
respect to pulses obtained from the output of gate I I0 in FIG. 
3. These are essentially horizontal sync pulses. The NAND 
gates I41 through 150 are connected to the ?ip-?op outputs 
for the purpose of deriving the respective cou_r_rts I through I4 
which are in their “not" form. The Q and Q outputs of the 
respective ?ip-flops of the counter I40 a_r£ resEtiveIy 
designated from VI through V7 and from VI to V7. The 
counter I40, which counts for the vertical dot positions is 
given a count capacity of l4 counts. Since it is customary to 
reference the bottom line of a character as s ?rst position and 
the top of a character as the last position, assuming each loca 
tion or position of a line were given a number, the bottom of a 
character would be considered in the VI location and the top 
would be considered in the YII location. Therefore, while the 
present invention displays a character in television raster 
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form, where the top of the character appears ?rst and the bot 
tom last, the count output of the Y matrix counter is given a 
reverse count designation; That is, the ?rst count of the 
counter is designated as Y_I_l_the eleven count of the counter is 
designated as YI, VI and V7, which are generated when all of 
the stages of the counter are in their zero state, are combined 
to produce a Y" count. The reasoning for this arrangement 
will become more clear with adescriplion of FIG. 5. __ 

FIG. 4_sl5>ws how pulse signals XI through iii and Y1 
through ‘(I1 and W are generated. In addition to these 
signals, other logic signals are required for the operation of 
this inv?o?htisiin 4, a NAND gate I52 is used to 
collect xro, XI 1, x12, x13 sham together with the 0 out 
put ofa flip-fl_op_IS4. The 0 output of the ?ip-?op 154 is ena 
bled when a YI4 signal is applied to its clock input. The ?ip 
l'lop remains set until the occurrence of a Wi signal (Y5 and 
_Y_6). This is produced when counter I40 provides a W and 
V6 output to a NAND gate I56. Thus, ?ip-?op 154 is set at 
the end of a counting cycle of counter I40 and is reset upon 
the occurrence of the twelfth count output of the ?ip-?op I40. 
The output of NAND gate I52 is inverted by NAND gate I58 
to produce a signal designated as PPI. The W of "not I2“ 
count of the counter H6 is inverted by a NAND gate I60 to 
produce an XIZ count. 

EXAMPLE OF A DOT MATRIX CHARACTER 

FIG. 5 
FIG. 5 shows the appearance of a character, “A,“ con 

structed of selected dots in a dot matrix in accordance with 
this invention, with the appropriate designations applied to the 
possible dot locations which may be used for representing a 
character. There may be as many as 32 of these characters dis 
played in a line across the face of the display tube. There may 
be as many as [6 of these lines displayed vertically. These 
values are given by way of illustration ofan operative embodi 
ment of the invention which has been built, and are not to be 
construed as a limitation upon the invention. 

DlSPLAY LINE COUNTER AND DISPLAY CHARACTER 
COUNTER 

FIG. 6 
The display line counter and the display character counter 

respectively 26 and 24 are each the usual binary counters respective count capacities of l6 and 32. Each time an X10 

signal is generated by the X matrix counter 34, the display 
character counter is advanced one count. Each time a m 
signal is generated by the Y matrix counter 36, the display line 
counter is advanced one count. The display character _c_ounter 
has its respectili outputs designated BI, a, B2, B2, . . . 
through B16, Bl6._lhe display line count_el has its outputs 
designated as WI, WI, W2, W1 . . . W8, W8. The character 
counter is the one which keeps track of the n_u_rli_ber of charac 
ters on a line, for which 32 are allowed. The BIG output of the 
character counter, referring back to FIG. 3, is the output 
which turns off the gated clock oscillator. This occurs when 
the last character in a line has been displayed. The las_t_ output 
of the display line counter, which is designated as W8 is the 
one which turns off ?ip-flop I08 in FIG. 3. This occurs at the 
end of the last line which is displayed. 

CURSOR GENERATOR 54 AND COUNTERS 64, 66 

FIG. 7 
The cursor X counter 64 as shown in FIG. 7, is a reversible 

counter having any of the well-known reversible counter con 
structions. Its 32 outputs are respectively designated at Al, 
H through AI6, m. This counter is advanced by receiving a 
signal from whatever external data input device is employed. 
A signal for advancing the counter is supplied with each 
character when the display control is in its “write" mode. 
Such a signal is supplied from the typewriter to the "cursor 
right" input of the counter. The counter may be made to 
count in reverse by receiving an input signal on its "cursor 
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left" terminal, from the typewriter keyboard. The cursor 
signal, which by way of example has been indicated as a 
background display of half intensity for a character, will occur 
at the proper time, at a location along a line determined by the 
count output or by the address represented by the count out 
put of counter 64. 
A cursor Y counter, which is similar in construction and 

operation to the cursor X counter, has a I6 count capacity and 
is also reversible. This counter is advanced by signals from the 
keyboard applied to its "cursor down" terminal and is caused 
to count backwards in response to pulses received which are 
applied to its “cursor up" terminal. This counter establishes, 
by its output, the line address on which the cursor signal is dis 
playeiL The output of this counter is designated by Z1, E to 
Z8, Z8, with the Z8 signal being the l6the or highest count 
output of the counter. 
The cursor is displayed only when there is a concurrence in 

the address indicated by the cursor counters and the display 
counters. To achieve this operation, a comparator circuit I62 
compares the address outputs of the counter 64 and the 
counter 24, shown in FIG. 6, and when there is an identity it 
provides an output signal to a NAND gate I64. Another input 
to this NAND gate is the PPI signal which is generated by the 
logic shown in FIG. 4. This PI’I signal, in view of the presence 
ol'the inverter rss, (in FIG. 4), is present from RT through it?) 
time. From J(—I0 through iii time, the FPI signal is not 
present and no output is obtained from NAND gate I64. Upon 
the occurrence of a comparator signal and a PPI signal, 3 JK 
?ip-?op 166 is driven so that its Q§Iilgtll is high. This flip-flop 
is reset upon the occurrence of an signal. 
The occurrence of the cursor on a particular line is deter 

mined by the output of a comparator I70. This comparator 
compares the addresses provided by the output counts of the 
cursor counter 66 and the display line counter 26. The output 
of the y comparator 170 is applied to the NAND gate [68. The 
typewriter keyboard [4 will have a key which can be operated 

_ to actuate a circuit which can provide a voltage to a third 
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input to the NAND gate I68 designated as the "cursor on-ot'f" 
input. When this voltage is not present, no cursor is provided. 
This circuit is shown subsequently herein in FIG. I8. 

Therefore, NAND gate I68 functions to provide a cursor 
signal output when there is a concurrence in the addresses at 
the outputs of the cursor at and y counters and the display 
character and. line counters. Since the display counters are 
sequenced continuously through their count states, there will 
be concurrence of cursor and character counters only at one 
location over the entire face of the display tube. Accordingly, 
the cursor will be displayed at one character location only. 
The memory storage device which is employed with this em 

bodiment of the invention should be able to store, for readout 
onto the face of a display tube, as many characters as will be 
displayed across the face of the tube. The example given by 
way of illustration herein is 32 times 16 or 512 characters, or 
more correctly the code bits to represent 5 l 2 characters. Thus 
a total of at least 8X5 l2 or 4,096 bits is required. There should 
be a character location in the memory which corresponds to 
the location on the display tube face at which that character is 
to be displayed. The memory must be addressed successively 
for the purpose of successively reading out the characters for 
display. The successive addressing of the memory is a function 
of the display counters. 
The address of a location in the memory into which data is 

to be entered or read out (output data not display) is indicated 
by the address of the cursor. This address can be changed by 
applying signals to the cursor counters which establish the line 
and the location along the line desired for the cursor, and 
thereby the location in ‘the memory into which data will be in 
troduced. The cursor counters may be advanced by actuation 
of the typewriter keyboard in a normal manner for the pur 
pose of writing character by character into the memory. Provi 
sion may also be made for advancing the cursor counters when 
input of characters is from a tape reader or any other source. 
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MEMORY ADDRESS GENERATOR 67 

FIG. 8 

FIG. 8 is a schematic representation ofa memory address 
generator. By way of illustration, and not to serve as a limita~ 
tion, a magnetic core memory was employed with an embodi~ 
ment ofthis invention which was built and operated. 

The memory address generator addresses the memory for 
the purpose of reading out the data stored therein which is 
converted into video signals and then displayed. The address 
generator also provides the address of the locations into which 
incoming data or readout data is stored. The display character 
and line counters provide the address information for instruct 
ing the memory as to the location from which display readout 
is to occur. The cursor X and Y counters provide the address 
information for instructing the memory as to the location at 
which data is to be entered. 

As may be seen in FIG. 6, the memory address generator 
merely comprises a number of gates which are connected to 
the outputs of the respective display and cursor counters. The 
set ofgates connected to the display counters are enabled dur 
ing the process of display readout whereby the address 
presented to the memory is that indicated by the display coun 
ters. Alternatively, the gates connected to the cursor counter 
are enabled when write or readout operation for this invention 
is desired. The outputs from the ?ip-?ops making up the dis 
play character counter 24 are respectively applied to each one 
of the NAND gates "I through I75. It should be remem 
bered that the counter 24 is a binary counter and its output 
presents a binary code pattern representative of one of its 32 
counts. The inputs to these NAND gates are designated by the 
terminology BI, 82, B4, B8 and BI6, which corresponds to 
the outputs shown for the counter 24 in FIG. 6. Similarly, the 
WI, W2, W4 and W8 outputs of the line counter 26 are 
respectively applied to the NAND gates I76, I77, I78 and 
I79. 

The ?ve outputs of the cursor character counter 64 are 
respectively applied to the respective counter 26 are respec 
tively applied to the NAND gates I76, I77, I78 and 179. 
The ?ve outputs of the cursor character counter 64 are 

respectively applied to the respective NAND gates I80, I81, 
I82, 183 and I84. The outputs of the cursor line counter 66 
are respectively applied to the respective NAND gates 185, 
I86, I87 and I88. NAND gate I89 receives the output of 
NAND gates I7] and 180. NAND gate 190 receives the out 
put of NAND gates I72 and I81. NAND gate l9I receives the 
output of NAND gates I73, I82. NAND gate I92 receives the 
outputs of NAND gates I74 and I83. NAND gate 193 
receives the outputs of NAND gates 175 and I84. NAN D gate 
I94 has applied to it the outputs of NAND gates I76 and I85. 
NAND gate 195 receives the outputs of NAND gates I77 and 
I86. NAN D gate I96 receives the outputs of NAND gates I78 
and I87. NAND gate I97 receives the outputs of NAND gates 
I79 and I88. 

An inverter I99 receives a signal from a read-write signal 
source 200, shown on FIGS. 9A, 9B, which is actuated by the 
typewriter keyboard or other input data source, when in the 
write mode. Otherwise, and normally, a low signal is received 
from the read-write signal source. Accordingly, the output of 
inverter 199 is high when in the read mode and is low when in 
the write mode. The output of inverter I99 is applied to an in 
verter 20! as well as to all of the NAND gates 17! through 
I79. The output of inverter 201 is applied to all of the NAND 
gates I80 through I88. 

In the read mode, the output of inverter I99 is high whereby 
the NAND gates I71 through I79 are all enabled. The high 
input to inverter 20I results in a low output whereby NAND 
gates I80 through I88 are not enabled. Thus, the outputs ot 
NAND gates I89 through I97 will be the outputs of NAND 
gates I71 through 179 or the address data from the display 
counters. In the readout or WRITE mode of operation, a high 
signal is applied to the input of inverter 199. This is inverted 
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thus holding NAl‘lD gates "I through I79 disabled. How 
ever, the inverter 20I will provide a high or enabling input to 
the NAND gates 180 through I88. As a result the NAND 
gates I89 through I97 will provide an address to the memory 
which constitutes the count outputs of the two cursor coun_ 
ters. 

The memory which is to be employed with this invention 
may be any digital storage type memory. One that is preferred 
is the well-known magnetic core memory. The operations of 
addressing such a memory, entering data for storage and ad 
dressing such memory for writing and reading out the stored 
data are well known and accordingly need not be discussed 
here. 

SUMMARY 

As described thus far the display character counter 24 and 
the display line counter 26 provide an address which is used as 
the address of a character in memory as well as the location 
that that character is displayed on the face of the cathode-ray 
tube. The character read out of the core memory is entered 
into a display register where it is held for the purpose of being 
decoded and then applied to a video selector which selects the 
one of the video signals generated by a character generator, 
which corresponds to the character read from the memory. 
The output of the video selector is applied to a mixer circuit, if 
it is also desired to display the cursor on the CRT face. Other 
wise the video selector output may be directly applied to the 
face of the CRT. 

The timing problem is solved by the manner in which the 
display and matrix counters are driven. The display character 
counter has its count advanced once for every character to be 
displayed. The X matrix counter has its count advanced l2 
times for every character to be displayed. The display line 
counter has its count advanced once for every line of charac 
ters which are displayed. The Y matrix counter has its count 
advanced I4 times corresponding to l4 video lines for each 
line of characters to be displayed. Logic gates select from the 
X and Y matrix counters the addresses within a dot matrix 
which are to be illuminated whereby a character is displayed. 
The character displayed is the one selected by the address 
represented by the count outputs of the display character and 
line counters. 

The description given thus far is from the application for 
Display Device ?led for Martin Kite et al., as previously in 
dicated. The description of the present invention follows. 

SUMMARY OF UPSHIFT AND DOWNSHIFI‘ 
OPERATION 

A brief description of the upshift operation is as follows. 
The cursor is placed by means ofthe keyboard control, at a lo 
cation at which it is desired that an upshift operation com 
mence. Thereafter, the upshift key is depressed at the 
keyboard. The address of the readout from the memory is then 
no longer under the control of the character and line counter, 
but is completely under the control of the cursor character 
and cursor line counter. The logic provided reads the 
character from memory moves the cursor location from the 
one indicative of the character to be read out from memory to 
a location on the line immediately above the one where the 
character read out from memory would have been otherwise 
displayed. The character is written back into memory at this 
location. The cursor character counter is then incremented by 
one, causing the cursor to move one character position to the 
right, and the cursor line counter is then incremented by one 
causing the cursor line position to drop down one line. The 
memory is then addressed again by the cursor counters and 
the cycle just described is repeated. When the cursor reaches 
the end of the line, it is transferred to the beginning of the next 
line which is the address of the next line of characters to be 
read out from memory. 

The upshift operation continues until the end ot'line I6 has 
been read out and rewritten in line I5. At this time, the infor 
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mation stored for line I6 which has just been written on line 
15, is erased from line 16, and the cursor is transferred to the 
beginning of line 16 to await the entry of new information 
from the keyboard. 
On the downshift operation, an address at which downshift 

operation should terminate is stored. Upon application of the 
downshift signal, the cursor is stepped down until it reaches 
the line 15 address position. Readout of characters then com 
mences in a manner somewhat similar to the upshift manner of 
character readout. The data stored in line 15 is written on line 
I6. The data stored in line is is written on line 16. The data 
stored on line 14 is written on line l5, etc. This operation con 
tinues until the cursor reaches the stored address, when the 
operation terminates after erasing one line. 

UPSHIFT OPERATION DETAIL 

Reference will now be made to FIGS. 9A, 98, I0, and II 
and timing diagram 12. FIGS. 9A, 98, I0 and II are a block 
schematic diagram of the logical circuitry employed for the 
upshift operation. 
An upshift key 202, which is on the input typewriter 

keyboard or other input device, is actuated when the upshift 
operation is desired. This applies a positive pulse signal to an 
inverter 204, whose output is applied to a flip~flop 206. The 
flip~?op is set in resgnse to its input providing a US signal at 
its set output and a US signal at its reset output. The US signal 
from flip-flop 206 is applied to an OR gate 208. The output of 
the OR gate 208 is applied directly to the reset input of a ?ip 
?op 2H), and through an inverter 2I2 to the set input of the 
?ip-?op 2H]. This ?ip-flop is of the JK variety, and requires a 
clock pulse in order to assume the state established by its in 
puts. The clock pulse for this flip-?op is provided by the 
system vertical sync signals. In the presence of a US signal and 
upon the occurrence of the next vertical sync pulse, flip-flop 
2I0 is driven to its reset state or state where one of its outputs 
designated as_SH is high and the other of its outputs 
designated as SH is low. The SH output is applied to an AND 
gate 2“. This AND gate requires, as its second input, a DS or 
downshift signal. This signal is not present at this time, there 
fore no output is obtained from the AND gate 2“. 
The SH output is applied to an OR gate 2l6. The other 

input to this OR gate is the keyboard read/write signal source 
200. That is, these are the read/write memory address control 
signals which are generated in the normal mode of operation 
of the system which instructs the memory to display from the 
address provided by the character counters and to write or 
readout in the address provided by the cursor counter. The 
output of the OR gate 216 is applied to the inverter I99 in 
FIG. 8 to thereby cause the memory to be addressed for both 
read and write operations by the address in the cursor line and 
character counters. 
The gated multivibrator 218, is gated on in the presence of 

three signals. These are the reset output of flip-flop 220, and 
an SH signal, or a US of 08 signal. Since ?ip-?op 220 is in its 
reset state and SH and US signals are present, the multivibra 
tor commences _o_scillating and provides as its output alterna 
tively WR and WR pulses. The WR pulse is applied to a pulse 
shaper 220 to be squared, and then is applied to an OR gate 
222. The output of the OR gate is a read strobe signal, which is 
applied to the memory to cause it to read out a character from 
the address indicated by the memory address gates. The ad 
dress in this instance would be that indicated by the cursor X 
and Y counters. When the display device is not in upshift or 
downshift mode, the normally generated read strobe signal is 
applied to an AND gate 224, whose other input is a US+DS 
signal. An output of the AND gate 224 is applied to OR gate 
222 when the normal addressing operation of the memory is to 
take plasl 
The “IR output of the multivibrator 2"! is applied to a 

pulse shaper 226, whose output is thereafter applied to an OR 
gate 228. The output of the OR gate 228 is the write strobe 
signal for the memory to instruct it to write back into the 
memory a character which has just been read out. 
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For normal writing operation, an AND gate 230 has its out 
put connected to the OR gate 228. The two required inputs to 
this AND gate are the US+DS signal and the normal write 
strobe signal. 
To summarize the operations achieved thus far, upon actua~ 

tion of the upshift key, after the next vertical sync signal, the 
memory read/write addressing operation is now directed sole 
ly by the address displayed by the cursor line and character 
counters. Alternate reading and writing strobe signals for 
causing the memory to read and write in response thereto are 
initiated. 

In FIG. I0 there is shown a line address register 232. Upon 
the occurrence of the E signal, all l‘s are directly entered 
into this register representing the cursor line address in the last 
line of the display, or the l6th line. 

Referring now to FIG. II, at the beginning ofeach memory 
operation, (comprising either readout of a character or a write 
in of that character), a double pulse, as shown in FIG. 12, 
which is designated as SU is generated by an SU pulse source 
is applied to two NAND gates respectively 234, 236. The 
other input to the NAND gate 234 is a US+DS signal. The 
second input to the NAND gate 236 is a US-i-DS signal. In the 
normal mode of operation of the display system, the double 
SU pulses can pass through the AND gate 234 to an OR gate 
238. The output of this OR gate is applied to the cursor right 
terminal of the cursor X counter 64 shown in FIG. 7. The out 
put of OR gate 238 is also ap?ed to an AND gate 240, whose 
other required input in the WR signal. This effectively cor 
responds to the write strobe signal. Accordingly, no output is 
derived from AND gate 240 except when the display device is 
operating in either the upshift or downshift mode. 

In the upshift or downshift mode of operation, an AND gate 
240 output is achieved in the presence of the WR signal. This 
signal is slightly delayed by a delay network 242, and then ap 
plied to a trailing edge detector 244. The output of the trailing 
edge detector is a coincidence strobe signal hereafter 
designated at CS. 
The output of the NAND gate 236, which only occurs when 

the display system is operating in either the upshift or 
downshift mode, is a double pulse (corresponding to the SU 
double pulse). This is applied to a one shot pulse stretcher 
246. This circuit operates to convert the double pulse into a 
single pulse. The output of the one shot pulse stretcher is a sin 
gle broad pulse designated as SU. The trailing edge of this out 
put is applied to the NOR gate 238, and the actual broad pulse 
is applied to the one shot 248. The one shot 248 is inhibited in 
the presence of a WR signal, which is applied to the one sh_ot 
248. The one shot 248 is inhibited in the presence of a WR 
signal, which is applied to the inverter 250 whose output 
serves to inhibit the one shot. Accordingly, in ‘the absence of 
eat-WT! signal the output of the NOR gate 238 aga_ir_t consists of 
two narrow SU' pulses. In the presence of a WR signal the 
output consists of a single SU‘ signal. The timing of these 
signals as well as their waveforms may be seen in FIG. I2. 
Since a character is displayed in the next character time after 
the one during which it is read out of memory, the memory ad 
dress is ordinarily stepped back one count before a readout or 
write operation and the two SU pulses after that restore the 
addressing counters to their correct address for cursor display. 

In response to the SU' pulse train after a read operation the 
cursor character counter is advanced only one count, which 
compensates for the one count reverse which occurs in 
response to the read operation of the memory. The character 
cursor address is unchanged after the read cycle. The two SU‘ 
pulses which are applied after the writing operation, advances 
the count of the X counter by two counts, thus leaving it on 
the address of the next character to be read. 

In order to advance the cursor line counter or Y counter, 
the circuitry shown in FIG. 11 is employed. A NAND gate 252 
receives as a required input the SU signals, the US signal and 
the WR signal. In the presence of these signals an output is 
provided to an OR gate 254. The output of the OR gate 254 as 
indicated, is connected to the cursor down terminal of the Y 
counter, which is shown in FIG. 7. The OR gate 254 will pro 
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vide an output also when in normal operation a cursor down 
signal is applied from the keyboard. Another input to the OR 
gate 254 which can cause the cursor line counter to increase 
its count may be obtained from another NAND gate 258. Its 
output is applied to the OR gate 254. NAND gate 258 
produces an output in the presence of a W signal, a 05 
signal, or an HG signal. The derivation of the HG signal will be 
shown subsequently herein. It is sufficient to know however 
that it is obtained fro_rn_horizontal sync signals. The derivation 
of the DS and the DS signal will also be indicated in the 
description of the downshift mode of operation. 

For moving the display of the character up one line, a cursor 
up signal is generated. This is provided by a NAND gate 260, 
which requires as its input an SU signal, a US signal and a W 
signal. its output is applied to a NOR gate 262. The output of 
the OR gate is applied to the cursor up terminal of the Y 
counter as shown in FIG. 7. 

At the end of an upshift sequence, which occurs with the 
cursor in line I address, it is necessary to reposition the cursor 
to the first character position of line l6 after information has 
been erased. This function is carried out by the signal received 
when ?ip-flop 206 is reset whereby E signal is applied to an 
inverter 264, whose output is applied to the OR gate 262. This 
returns the cursor to the beginning of a line that becomes 
erased at the end ofthe upshift sequence. 
The input to the OR gate 262 from NAND gate 266 is em< 

played during the downshift sequence. This output is achieved 
in the presence ofan SU signal, a 05 signal and a WR signal. 

in summary of the foregoing therefore, upon the application 
of an upshift signal, the logic provided waits for the next verti 
cal sync pulse. A line address register has the address of the 
last line of the display tube inserted therein. Thereafter a 
character is read from memory. The cursor line counter count 
is reduced by one count causing the cursor to be displaced up 
ward by one lin_e._ This occurs because at the time of the read 
operation, the WR signal is high. This, as may be seen from 
FIG. ll, causes an output from the OR gate 262 which causes 
the cursor line counter to decrease one count. 

A WR signal is generated which causes the write strobe 
signal to occur. This is followed by the application of a count 
signal (an increase in the count of the counter) to the Y 
counter of the cursor also immediately followed by the cursor 
being shifted one character to the right. The next readout 
cycle occurs from that address. 

It should be noted that the character which is read out from 
a line, is written back into the memory at an address which is 
on the line immediately above the one from which it was read 
out. 

The address in the line address register 232 is compared 
with the address in the Y cursor counter by a coincidence de 
tector 270 in the presence of a CS pulse. When these ad 
dresses are identical, which happens when the downshift 
operation bringsthe cursor line counter down to the beginning 
of the bottom line, the coincidence detector provides a "coin 
cidence" output. An inverter 272, in well known fashion pro 
vides a coincidence output. The coincidence and CS signals 
are applied to a NAND gate 274. It should be noted that the 
CS signal appears only before a write strobe. AND gate 274 
applies its output to set a flip-?op 276. Since the cursor ad 
dress is set to line 16 each time just before the read signal, the 
CS and coincidence signals are obtained while the entire line 1 
is being written on line [6. Simultaneously AND gate 280 is 
enabled by set output of ?ip-flop 276 to insert null representa' 
tive signals (MC) into the input register of the memory. These 
are in place of the characters which would otherwise be writ 
ten back into memory. Accordingly, the line [6 or last line lo 
cation of the memory is emptied. 

After line [6 is completed, i.e. erased, the cursor line 
counter contains the address of line 1, immediately preceding 
a write strobe. At this time, the coincidence signal is generated 
and in the presence of CS resets ?ip-?op 276, which, in turn, 
results in the termination of the operation of the gated mul 
tivibrator 218, which generated the read/write strobes. At this 
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time, the upshift‘cycle ends and ?ip-flop 210 is reset by the 
next vertical sync pulse. 
From the point where upshift started all the information 

which remains in the memory has been shifted up by one line. 
The bottom line is available for entry of data thereinto. A 
power reset signal 28! is generated by power turn on to initial~ 
ize the system by applying a PR pulse to all ?ip-?ops. 

DOWNSHIFT OPERATION 

in order to enable downshift operation to occur, a downshift 
key 280 on the typewriter keyboard is actuated. This applies a 
pulse to an inverter 282, the output of which causes flip-?op 
278 to assume its reset position. This provides a 08 signal 
from the reset output of the flip-flop and a TITS signal from the 
set output of the ?ip»flop. The DS signal is applied through OR 
gate 208 to the flip-flop 2"). As before, upon the occurrence 
of the vertical sync pulse, ?ip~flop 2") assumes its reset state 
where upon there is an SH and S_l‘l output. Cursor control of 
the addressing for write in and read out is provided in response 
to the output of the OR gate 2l6. 
AND gate 214, in view of the presence of the DS and SH 

signals applies an output signal to a ?rst delay circuit 282. The 
output of the ?rst delay circuit is applied to a second delay cir 
cu it 284. The reason for using these two delay circuits is to in‘ 
sure that the address lines from the output of the cursor X and 
Y counters are stabilized. The output of the delay circuit 284 
is used both to set a ?ip-?op 286, and also to strobe into the 
line address register 232, the address which is in the cursor Y 
counter at this time. The set output of ?ip-?op 220 is applied 
to an AND gate 286. The other input to this AND gate com 
prises horizontal sync pulses which are applied therethrough 
an inverter 288. The output of the AND gate 286 comprises 
the HG pulses which have horizontal sync frequency. 
The HG pulses are applied to the OR gate 254 in FIG. II. 

The OR gate 254 applies these pulses to the cursor down ter' 
minal of the Y counter. 
As a result, the cursor is moved successively down each line 

until it reaches line 15. The output of the cursor line counter is 
applied to a line l5 detector 288, which simply comprises a set 
of gates which are enabled when the line counter obtains the 
count of 15. The output of these gates is applied to ?ip-?op 
220 to cause it to be reset. This terminates the HG pulse train 
and enables the gated multivibrator 218 to commence 
generating WR and WR pulses. 
The ?rst character to be read out of memory is the ?rst 

character on the l5th display line. This is written in the ?rst 
‘ character position of the 16th display line. The timing 
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sequence for downshift is very similar to upshift with the ex 
ception that cursor down operation follows read strobe and 
cursor up operation follows a write strot~~ This may be seen 
by the timing diagram shown in FIG. 13. The result of this is 
that the end of a display line is gone through immediately after 
a cursor up signal. The downshift sequence works its way from 
left to right on the screen and from bottom to top, as the cur 
sor line counter is incremented in an up direction. 
The logic circuits which have been described in connection 

with the upshift operation, operate to provide the SU, SU‘ 
signal, the CS signal, the WR and WT} signals, and the cursor 
counter signals to cause them to advance the display in the 
manner described. When the cursor line counter is advanced 
to the line at which the coincidence detector 270 detects coin 
cidence between the line address entered into the register 232 
at the beginning of the operation at the present line address, 
then a coincidence output signal is derived. Coincidence is 
now detected immediately preceding the write strobe, 
between the line address of the cursor counter and the line ad 
dress contained at the beginning of the operation. At this time, 
?ip-?op 276 is set, a: it we‘ in the case of upshift. Then, the 
MC‘ null signals are directed into the input register for the 
line on which the cursor started out. Finally, when the next 
line to be written yields a noncoincidence condition, flip-?op 
274 is reset, which in turn leads to setting ?ip-?op 27B, and 
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?ip-?op 210 is reset on the next vertical sync pulse. The 
downshift cycle is nowI completed. The result of a downshil't 
cycle operation from the point where the cursor started is to 
cause all of the date in memory to be downshiftcd one line 
leaving the line at which the downshift operation terminated 
blank. for entry of data thereinto. 
There has been accordingly described and shown herein a 

novel, and useful system for enabling the operation of a dis 
play system to provide a display of data downshifted one line 
from the position it normally would occupy. or upshifted one 
line from the position it normally would occupy. leaving provi~ 
sion for entering data into the top or bottom of the display or 
any line in-between after the completion of the downshil‘t or 
upshift operation. 

lclaim; 
I. In a continuous display system of the type wherein a 

memory stores data in the form of characters in predeter 
mined lines of characters and said data is read out of said 
memory to be displayed on the lace ofa display tube at line lo 
cations corresponding to the line locations of said memory, 
means for altering the display location of said data by a line 
comprising; 
means for establishing the address of the last line location at 
which it is desired to terminate the alteration operation, 

address means for establishing a character address in 
memory from which readout of said character is to occur. 

means for incrementing the address of said address means 
to sequence through the addresses of successive charac 
ters and successive lines ol‘characters. 

means for successively reading data character by character 
from one line of memory whose address is provided by 
said address means and for writing it back into memory at 
another line. 

detecting means for recognizing coincidence between the 
address established by said means for establishing and the 
address reached by said address means and producing a 
coincidence signal responsive thereto, 

means responsive to said coincidence signal for writing 
zeros into the last line location of memory from which 
readout occurs. and 

means responsive to said coincidence signal and the 
completion of the writing of zeros in the last line for ter 
minating operation of said previously recited means 
whereby said data upon subsequent readout is displayed. 
displaced by a line. 

2. in a continuous display system as recited in claim I 
wherein said address means includes: 
a ?rst counter means for indicating the line address of a 

character and a second counter means for indicating the 
address of the character along a line, 

said means for successively reading data includes means for 
generating alternate read strobe and write strobe signals. 

memory control means responsive to a read strobe signal 
and the address indicated by said ?rst and second coun 
ters to read a character out of said memory from said ad 
dress and responsive to a write strobe signal and the ad 
dress indicated by said ?rst and second counters to write 
the character read out of said memory back into memory 
at the address indicated by said ?rst and second counters. 

?rst address change means responsive to said read strobe 
signal to alter the count of said ?rst counter means before 
the occurrence of the succeeding write strobe signal, and 

second address change means responsive to said write 
strobe signal to alter the count of said second counter 
means before the occurrence of the succeeding read 
strobe signal. 

3. In a continuous display system as recited in claim 2 
wherein said ?rst address change means includes means for in 
creasing the count of said ?rst counter means. and said second 
address change means includes means for decreasing the 
count of said second counter means. 

4. In a continuous display system as recited in claim 2 
wherein said ?rst address change means includes means for 
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decreasing the count of said ?rst counter means. and said 
second address change means includes means for increasing 
the count ol'said second counter means. 

5. In a display system wherein characters of data are stored 
in a memory at address locations. each of which corresponds 
to an address location on the face ofa display tube upon which 
the data will be displayed, each character of said data having 
an address location in the form of a horizontal position along a 
line designated by Xa where “0" is a number indicating the 
position along a line and a vertical position designated by 
“Yb"where “b" is a number indicating the vertical position of 
said line. there being a cursor address means for providing ad 
dresses for write into memory. a display address means for 
providing addresses for readout of memory for display. and a 
memory address means for addressing said memory for write 
in responsive to said cursor address means or read out respon 
sive to said display address means, means for altering the ad 
dress of said data in said memory by a line and for enabling 
data display at said new line address comprising; 

means for applying only said cursor address means output to 
said memory address means for readout as well as write 
in. 

means for alternately ordering a readout ofa character from 
memory and a write back of said character in memory. 

means responsive to said means for alternately ordering for 
changing said cursor address means in sequence after a 
read out from Xn. Yb to Xa. Yb-l; and then after a write 
in to Xa+l , Yb. then after a readout to Xn+l, Yb-I , then 
after a write in to Xa-i-Z. Yb. . . . until the address Xa+n. 

Yb—-n has been reached, where Xa,+nis the X address of 
the last character in memory and Yb-n is the Y address 
of the last character in memory, . 

means for sensing when the address of a last line of charac 
ters in said memory is reached. 

means responsive to the output of the means for sensing for 
erasing said last line of characters after it has been read. 
and 

means responsive to the erasure of said last line of charac~ 
ters for terminating the operation of all of said aforesaid 
means. 

6. In a display system wherein characters of data are stored 
in a memory at address locations. each of which corresponds 
to an address location on the face ol'a display tube upon which 
the data will be displayed. each character of said data having 
an address location in the form of a horizontal position along a 
line designated by Xa where "a" is a number indicating the 
position along a line and a vertical position designated by Yb 
where "b" is a number indicating the vertical position of said 
line. there being a cursor address means for providing ad 
dresses for write into memory. a display address means for 
providing addresses for readout of memory for display, and a 
memory address means for addressing said "ten-0'}! for write 
in responsive to said cursor address means or read out respon 
sive to said display address means. 
means for altering the address of said data in said memory 

by a line and (or enabling data display at said new line ad 
dress comprising; 

means l'or applying only said cursor address means output to 
said memory address means for read out as well as write 

in. 
means for alternately ordering a’ read out of a character 
from memory and a write back of said character in 
memory. 

means responsive to said means for alternately ordering for 
changing the address of said cursor address means in 
sequence after readout from Xa, Yb to Xa. Yb+l. then 
alter a write in to Xa+l, Yb then after a readout to Xa+l . 
Yh+l. then after a write in to Xa+2,Yb. . . . until the ad 

dress Xa+n. Yb+n. has been reached where Xa+rr. Yb30 
n is the X, Y address of the character in memory at which 
it is desire" to terminate the operation. 

means for sensing when the address of a last line of charac 
ters in said memory is reached, 
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means responsive to the output of the means for sensing for 

erasing said last line of characters after it has been read, 
and 

means responsive to the erasure of the last line of characters 
for terminating the operation of all of said aforesaid 
means. 

7. In a continuous display system of the type wherein a 
memory stores data in the form of characters in predeter 
mined lines of characters, and said data is read out of said 
memory to be displayed on the face of a display tube at line lo 
cations corresponding to the line location addreses in said 
memory, means for shifting said data downward by a line com 
prising: 

means for establishing an address corresponding to a loca 
tion on said display tube at which it is desired to terminate 
a downshil't operation, 

means for reading data from said memory commencing with 
the address of data stored in the next to the last line in 
memory, reading each line of data above the next to the 
last line out of said memory and writing each line of data 
back into the line location immediately below the line 
from which readout has occurred, 

coincidence detecting means for detecting when the address 
of the line which is read from memory is the same as the 
address which was established and producing a signal, 

means for erasing the line of data which is stored at the ad 
dress for terminating said downshift operation responsive 
to said coincidence detecting means signal, and 

means rendered operative when said line of data has been 
erased for terminating further operation of all of the 
aforesaid means to terminate said downshift operation. 

8. In a continuous display system for successively reading 
data out of memory and displaying it, wherein a memory 
stores data in the form of characters in predetermined lines of 
characters and said data is read out of said memory to be dis 
played on the face of a display tube at line locations cor 
responding to the line location addresses in memory, 
means for shifting said data upward by a line comprising: 
means for storing an address Corresponding to the location 
of the last line of data displayed on said display tube, 

means for reading data from said memory commencing with 
a desired line address and successively reading each line 
of data below said desired line address and writing each 
line of data back in said memory at a line address above 
the location address from which a line of data is read out, 

coincidence detecting means for detecting when the address 
of the line which is read from memory is the same as the 
address which is stored, 

means for erasing the line of data which is stored at the ad 
dress of the last line of data in said memory responsive to 
said coincidence detecting means signal, and 

means for terminating further operation of all of the forego 
ing means after said line of data is erased to terminate 
said upshit't operation. 

9. In a continuous display system for successively reading 
data out of memory and displaying it wherein a memory stores 
data in the form of characters at addresses established by line 
and position along a line, said memory being addressed for 
write in and read out by a line counter means and a character 
counter means, and data read out of said memory is displayed 
on the face of a display tube at line locations and locations 
along a line corresponding to the line location addresses in 
said memory, means for shifting said data display and storage 
downward by a line comprising: 
means for establishing the address at which it is desired to 

terminate, 
means for causing said line counter means to increase its 
count until it indicates the address of the next to the last 
line in said memory, 

means for reading out of memory a character at the address 
indicated by said line and character counter means, 

means for increasing the count of said line counter means 
by one count, 
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means for writing said readout character back in memory at 
the new address established by said line and character 
counter means, 

means for decreasing the count of said line counter by one 
count and for increasing the count of said character 
counter means by one count, 

means for detecting when the address of the data being read 
out of said memory corresponds to said established ad 
dress and producing a coincidence signal output, 

means responsive to said coincidence signal for erasing the 
line ofdata from memory at said established address, and 

means responsive to a termination of said coincidence 
signal to terminate the operation of all of said foregoing 
means to terminate said downshift operation. 

10, In a continuous display system for successively reading 
data out of memory and displaying it wherein a memory stores 
data in the form of characters at addresses established by line 
and position along a line, said memory being addressed for 
write in and read out by a line counter means and a character 
counter means, and data read out of said memory is displayed 
on the face of a display tube at line locations and locations 
along a line corresponding to the line location addresses in 
said memory, means for shifting said data display and storage 
upward by a line comprising: 
means for reading out of memory a character at the address 

indicated by said line and character at the address in 
dicated by said line and character counter means, to be 
displayed on said display tube, 

means for decreasing the count of said line counter means 
by one count, 

means for writing said displayed character back in memory 
at the new address established by said line and character 
counter means, 

means for increasing the count of said line counter and of 
said character counter by one count, 

means for detecting when the address of data being read out 
of said memory has reached the last line in said memory 
and producing a coincidence output signal, 

means responsive to said coincidence signal for erasing the 
last line ofdata from said memory, and 

means responsive to a termination of said coincidence 
signal to terminate the operation of all of the aforesaid 
means to terminate said downshift operation. 

II. In a continuous display system of the type wherein a 
memory stores data in the fonn of characters in predeter 
mined lines of characters, and said data is read out of said 
memory to be displayed on the face ofa display tube at line lo 
cations corresponding to the line locations in said memory, 

the steps of downshifting said data downward by a line com 
prising: 

storing the address of a location on said display tube at 
which it is desired to terminate a downshit't operation, 

reading character by character from memory commencing 
with the next to the last line in memory and successively 
for each line of data above the next to the last line, read 
ing a line of‘ data out of said memory, writing each 
character read from memory back into memory on the 
line below the line from which data has been read out, 

detecting when the address of the line which is displayed is 
the same as the address which was stored and producing a 
coincidence signal, 

erasing the line ofdala which is stored at the address for ter 
minating said downshift operation responsive to said 
coincidence signal, and 

terminating further downshift operation at the termination 
of said coincidence signal. 

[2. In a display system of the type wherein a memory stores 
data in the form of characters in predetermined lines of 
characters, and said data is read out of said memory to be dis 
played on the face of a uispiay tube at line locations cor 
responding to the line locations in said memory, 
means for shifting said data downward by a line comprising: 
means for storing the address of a location at which it is 

desired to terminate a downshift operation, 




