United States Patent

(113,593,310

172}
[21]
{22}

(45]
73]

[54)

(52}

(51}
(50]

Inventor

Appi. No.
Filed
Patented
Assignee

James M. Kievit
Des Plaines, Iil.
824,653

May 14, 1969

Juily 13,1971

A.B. Dick Company

Chicago, 1li.

DISPLAY SYSTEM
12 Claims, 14 Drawing Figs.

[56] References Cited

UNITED STATES PATENTS
3,422,420  1/1969 Clark......c.cocoveeeeeenen.n.. 340/324
3,426,344  2/1969 Clark.......... 3407324
3,346,853 10/1967 Kosteretal. 340/172.5
3,364,473 1/1968 Reitzetal...... 340/172.5
3,389,404 6/1968 Koster..........cooo........ 340/172.5

Primary Examiner—Raulfe B. Zache
Attorneys—Samuel Lindenberg and Arthur Freilich

US. Claeoiceeeeee 340/172.5,
340/324 A ABSTRACT: A system is provided for enabling the informa-
Int.Ch . GO06f 3/14 tion being displayed on a cathode-ray tube of a display system
Fieldof Search.............................. . 340/172.5, to appear to move upward or downward vertically across the
324 A;235/157 face of the tube.
TXTER COMP SYNC [¥=3 e, HORIZ SYNC
XTERNAL
Syne  lcome 20 S EPARATOR|VERT S¥NC Sér 57
SIGNAL  IVIDED  {VIDEC L22
SOURCE BAANK
v ) Cursor | T#
60 CURLOR On/OFF| GEMN.
] o4, T 24 32 28
CAARSOR| R
DISPLAY
RIGHT GATED 5%
[ 2 CURSOR OiSPLAY UNTER
4 DATA CURGOR 144 ARACTER] controL| | SO
KEY [UNES LEFT | COUNTER COUNTER] 1 TV
BOARD [ conyl MO TOR
5 feursor 36 ]154 MIXER]
U [NEWLINE Y matRix|  [x Mavrix
v lcurson 66 26 COUNTER COUNTER
U [RomE . I~ 2a
12 a ke urson| DisPLAY
! Data | M U | CURSOR LINE | CHARACTER
TAPE [ONES| € lcurior SINE SONTR SEn >2
R
READERlsmom & [DOWR | o ] -, 42 )
E b= MEmORY outpurl” VIDEO
z t—ded ADDRESS REG
= 62 GEN »0
<
o o7 CORE. DATA viDEO |
e MEMORY | | |DECODER[ ™ sELECTOR]
s_l CONTROL | aa”
|
Fa % & L kil
OL % EOM ur
DETECOR DEVICE




PATENTED JuL1 3197 3,593,310
SHEET 01 0F 1Q

4 16 :’“" Ale
TYPEWRITER 4' T V.
KEYROARD CDO‘ SFT,L Ay MONITOR
NTROL
A2 UN T AL
TAPE (Fle.2) UTI LI ZATION
READER DEVICE.
‘ig. L
104 [o6
H SYNG . 24 CouNT
COUNTER |
)
Q |a
S
Y SYNC rup 9% 1o
FLOP GATED ClLock
K3 ™ ooc. 134
l (P 4)
o ) Q
A DELAY Fup
|/ CIRCuYT FLOP
Q|G 7 R
S 2 14
™1 FLIP /‘08 __r
e FL !
W& = op BI6 o JO YMATRIX
COUNTER
iy 3
XXX XXX I 1% I I Ix | x
121314| 5| 6] 7|8l 9)oln |12
Yol
Y 10
Y 9
Yy 8
Y 7
Y 6
Y 5
Y 4 z;—
Yy 3 t?- 5
Y 2
Y
Y14
Y1y
Y12
o0 -~ oFF INVENTOR.
JAMES M AK/EVIT
BY

Zoicintory t Freiliat

AT7ORNEYS



3,593,310

PATENTED JuL1 397

SHEET 02 OF 10

ID1A3q ¥yo1o3taa \l
NdLNO wois 103 c'2xz
6 2t 69’
OBLNOD
M Hsva
m P 1ouINOD
L3V3S | [93A00Aq] | {vowa AN N
oA [T wiva mm_OUE Lo, vivd
o¢ } N3D 29’ _
O3AN mmmﬂﬂod z
O1q\A Jindino (] Aowaw u _
Ayrd (A% 7 NMOQ] A RBOWISH3 qg3y
ot N T
=] v - auw_ﬂ,.wuuowasu P [sannm| FdvL
NNOD
AWILDVAUYHD TR 1oSynD|___an m vava 7
“ AYI4S1a BOSHN -4 14
3% } | al—; T awow| O
92 99 X
ALNNOD|  [dainne AoSUND| A
9 Xraiww X XIRALAY A AN M3IN 0
¥oLINOW - 7 %5 quvom
N f NILNNCD AUNNOD| 4T SINMY AIA
To2UNOD AL LA Y HD) LOVIVH dossr ivg
. POV L la3innod ANTdSia HOSAM =
$S Aaivwo AV 1oy
- 7 7 7 [ 4 wadj.U
82 2¢ ¢ b2 ) L
‘WID [430/N0 ¥OSAHND oL ]
54 20S34ND 9\
_ WNVIQ IDANOS
4 - 9 2727 CIAIN| OIan| rwnoig
DMNAS ZI\2OH DNAS AWOD

INVENTOR,

JAMES M. KIEVIT

BY

& Zelind

AT7ORNEYS



PATENTED JuL 1 3197

SHEET Q3 OF 10
5 F oz S| 5
o b4 I
¥ [N S o0 0 ‘Q\ [N Tv
v 0 {0 .
E’J—_’?x YR e 4 &M R 4
- w U X| i
. Ele L O
¥ =S + | I+
—* ﬁl\? 24 ! 2
:‘EN
[ 7
e o
= % ’;L(L( < lg\'>° @
5 + | Is
T *LE — e Zj 2
a) ’x , ’
g — N
24 0wl ow
o 71 T2 T & B
"r‘jﬁ Ly L LW
. m 0
i TTERRE @
~ C
‘-“: '+ §+ Q g
T ' 2
Q0 o L< lx l x
4"l L
~ .
— b= ST o
I —I|t i o
N RT3
¥ T rlx
ZlouX
A ho
= fT\Q 50 tis
L - G
2P | xR R 9
9 «Sﬁ%& ARIE %ﬁ
ud ot
§ |ziegRamamee 5 py
2 g
g &
Z‘- 850 + n
al2Qw f rﬁn-
- __(0
g [PV o o
I— ~ Nl aAg
[v4 ~ qY
> o|=e¢ A d
2 Nlag ]
- l‘-u.g

3.593.310

BY

GATE VIO

(FIG. )

INVENTOR.
SAMES M KEVIT

é;;dbuQ?pt.Zﬁéﬁaf

ATTORNEYS



PATENTED JuL 1 34871

SHEET

TO COMPARATOR

& To ADDRESS GEM, (Fies)

3.593,310
04 OF 10

170 TO COMPARATOR \62

£TO ADDRESS GEN V6 52,
A

Wl Wi w2w2 ws Wa Bl Bl B2B2 Bl BI6
H'"Hze jfz4
. DISPLAY DISPLAY é
Y14 — LINE X0 —f CHARACTER
COUNTER COUNTER
Zig.6
CURSOR
ON /OFF
= Fie 18
T -
62 . 66
CURSOR \64 >L L
LEFT ™  CURSOR x 7: JoQ 168
X COUNTER . c ,
CURSOR (REVERSIBLE 32)| FRom | COMPARATR = J
RIGHT 52 K pQ
N oq R CURSOR
CURSOR SIGNAL
HOME ——— = ’l— To \/\DEO
CURSOR — X MIXER
NEW z zZr 78 78 PPI F16.16
LINE O . T
{70
CURSOR £
DowN T CURSOR ™~ v
Y COUNTER P
CURSOR (REVERSIBLE 16 ) (OMPARATOR|
up <
1 66
CURSOR
HOME. FROM
CURSOR. COUNTER 26 Fre. 7
NEW LINE
(RG\8)Y
INVENTOR,
SAMES M. KIEVIT

BY

Znon &2,. & Fnellok

AT TORNEYS



PATENTED JuL 1 3197 3.593.310
SHEET 05 OF 10

B,Mj;' 189\
180 *

Al DDF
®
RY. D‘:‘z 190
A2 ’}_]“7
]
B 173 51
®
182 .
A4 DO__rﬁ
®
B8 ) V74 192
183 e
FROM A8 3}_{“
FIG. 9A
B6 V5 193
®
19 184 ¢
’ %‘g)l . ﬁ TO MEMOPRY
SRR
+
Wi 76 194
185 %
Z\
®
w2 T \95
186 .
z2 R
e \ T8 56
\&7 .
74
179
Ws—_t:i:jb‘ 197
z38 )

INVENTOR.
JAMES M KIEVIT

BY
Wt Freilion’

A77TORNEYS



3.593.310

PATENTED JuL1 31971

SHEET 06 OF 10

Sk 3
‘b KS ! 2
] Ve ery I m ¢
S NMOQ _P W K S _H
o) 0 & SRS
et
an SinNoL93)  xOW 5w 3
o1z ANaN $3D204 pp— SN
—o 93 RE q
S+ | _ |
I YW 2991 =A % S U AT
[ O.NJ A GQ - a AN\ = d41HS
13y ! ﬂ ; 141HS Nmoa NMOQ
S g+ 4 - NwN 6 7
HS 34 m‘Jm L7 =72
S 2Q s ) NIOD
L2 . = QI D14 WoRl4
- 2d
HS u aail.\,@ g Ulmu 11 914 world
3 .
- 212 T S02 ] oy O 94 woa4
MMNQE B v ¥ - 9.2 vie” n
oL 3 sn ~—ad N
INAS 44 o A2
IVDILAIAN SN~ = AN 1 Hs
7 LAHS N an
@
J_u. 3
90! 3ivs ﬁ ANNOSIYNSIS 13533
= Id oL TAMS Qv dd=—" Jamod
912 4 4

o002

IBe




3,593,310

PATENTED Jut 1 3197

SHEET 07 OF 10

QQ . m& SA+5n
ANY (35¥4u3LIN)
320ULS ALI2M
ol ¥
Sa+Sn avay
* w.cd\c_, |
32031 - L L]
AVHS
TLAM A5N4
e L o357
TOMLNOD auam AM | 908
AJOWIW ¢ AW
1% o<w-, Q3Lvo
I . UM
v S =17
IgoULS a ol
avial
,NN\ LIF%JI
e Suom __5
avia
<Sa +sn
INV (IDVAAILNID
3IB0ALS avI
ee
ANy
T 1_T1_ o9y
9=

Q1 D14
e oL

INVENTOR

SAMES M. Krevrir

BVKAJ-? thadk

U
- W

AN
612

ATTORNEYS



3.593.310

PATENTED JuL 1317

08 0F 10

SHEET

—

—

Sq+sn
5d+5nN

» D =~
|
!
[
|

(2315193
1NdanNL)
TQAIANOD
AJOWIW
oL

[
I
I
!
]
[
_

-

JOo1o3T3s
4Na Ny
vivAa

r-——— Sd L
—_— 2o

v6 914 ol
DNIANOD

cLe

do1oa13a

Veoid Ol ==

ADNIAAIDNIOD

d3is 193
dNdino

(AL~ AJOWIW

S _1NdNI Yiva

IDNIAIDND

f

[

_

|

!

i

_ AU 19T
_ $s3xaay
“ AN
|

|

_

!

_

[

]

oLe

J ce? [

Sn

a6 914
022 44 WO+

’

INVENTOR

JSAMES M. KIEVITT

8y

{g '2 u!

ATTORNEYS

Ol 914
A3LN NoO A
HOSAYTD
WO~
(s32aaY 3N
AJOWIW



3,593.310

PATENTED JuL 1 3197

09 0F 10

SHEET

%)
4 Q_m "
EF bry e 3
Ny 2
5§ 8§
308
L o4 NI A\
AALINNOD A 4O A
TIYNIWRAL NMOA Wy
20S2AND oL S
I,
qQ
doln3alaag
2243
N
e e .
992
SO v AV13Q = L <d a0
(gomie AALNNOD A 2O ~——N<
3
DHNIAONIGD) 4w._,n,vzmww%nnﬁ. mo.llll 7 nosam
292 am
.llmwj
— N
Qany M NOUDNN 7
- firtivi I e o9¢ 3nos
e 351N
oz 0S? d
4 Q\.f.fjp.. ns
2 L Be OMNu T ¢
AIHOINIS .5a+5n =gt
L 914 L= 10HS aND 3514 TOULNOD
AILNNOD X 40 2l 1OHS 3N | 30w J W3IW wod4
SYNIWARL IHOWY - Sd+sn| ANV ns  — rr
Fosand oL ¥y 4030g3 |, 9WT J%.Tllmafms |
NS —=— A0 SNAival '3 '3 o g O1q
3AOW IYW2ION



=3

PATENTED UL 1387
SHEET 10 OF 10

WRITE

3,593,310

WR 1 ]

READ

WR | |

READ
STROBE _ﬂ

WRITE
STROBE I—L

Su
NORMAL MODE

L

o=

ONE SHOT
246

[

CURSOR
up *

[

CURSOR
DN *

SUu*

I L
S

JL
Fig. 22

WR—L |
wR |

READ
STROBE _ﬂ

et
— 5

WRITE

STROBE M

Su

ONE SHOT
® 7

CURSOR
up*

CURSOR
DN *

Su*

I

Cs

1

FFg. 43

INVENTOR
JAMES M. KI1EVITT

Byl;ﬁdL7¢5QL£J

ATTORNEYS



3,593,310

1

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,
filed Jan. 2, 1968, and assigned to a common assignee.

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.

Itis 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 system is 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. '

Still another feature of this inveation is to provide & 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 onc at a time
and rewrite them into memory at an address one line above.
Means are provided, when a downshift operation is signalled
to go from a given address to the next to the last linc 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 gencral layout of a
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. J 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. § 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.

FIG. 8 is a block schematic diagram of the memory address
generator, )

FI1GS. 9A, 9B, 10 and 11 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. 13 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 “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. 1 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 16 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 12 or a typewriter
keyboard 14 are well known, and commercially available
pieces of hardware. For the purposes of this invention, and in

.the maoner that they function normally, the tape reader

produces as an output B binary signals together with a strobe
pulse, each time a character is read out. Seven of the cight bits
represent an alphanumeric character. The cighth bit is parity.
The keyboard 14, which can be a facsimile typewriter, also
produces at its output 7-bit character signal with an cighth bit
having parity significance, together with a strobe pulse. In
cach of these cases, the signals are produced in parallel on
cight 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 16. This external sync signal source may comprise
cither a television station sync generator, or a composite video
signal such as may be obtained from a video tape device.
Signals from cither of these may be processed 10 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 well-known circuitry for
applying a blanking pulse to the composite video during the
video interval. This lcaves composite sync signals. These are
applicd to the OR gate 18 and thereafier 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 18 are supplicd, 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, 10 assure
that cach 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
tine 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 16 rows of character video are
displayed.

There are 32 characters on each line. The first 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
& megacycles. The start of the operation of the gated clock is
delayed, following the horizontal drive pulse, by approximate-
ly 12 microseconds until the first character position in a line of
characters is reached. The clock tumns on and then continues
to operate until the final character in a line is completed. Each
character position is defined 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 of which 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-matrix counter 34 therefore goes
through a full cycle of operation for each character. Count
output signals from XI 10 XII are derived therefrom. Each
time the x-matrix counter completes a cycle of 12 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, cor-
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 overflow pulse to tum off the gated
click 28. The gated clock then waits from the next horizontal
sync pulse before commencing operation again. The overflow
output pulse of the display counter control also enables a y-
matrix counter 36 to be advanced one count in response (o the
next horizontal sync pulse.

The y-matrix counter has a total count capacity of 14
counts. Eleven of these are used to count the vertical dot
matrix locations of a character. Three of these are for a guard
band space between lines of characters. Count output s
designated from Y1 to Y14 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 16 lines of characters which are displayed in one field 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 cach 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 specific character from all of those being applied
to the video selector, which flash is reprcsented by that
alphanumeric code. More specifically, the core memory 40
supplies coded signals, one character at a time to an output re-
gister 42, which in turn applies them 1o 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 capabie of being modulated by a flash
control circuit 46. The flash control circuit contains an oscil-
lating circuit that may be tumed on by a flash code which is
stored in the memory and which is 2 “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
flicker 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 specific
core memory address is provided for each of the §12 counts
which these counters provide. The display character counter
64 and display line counter 66 have their outputs connected to
a memory address gencrator 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
vidco 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 1o 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 cither 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 curscr 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 512 alpha numeric characters of
eight bits per character. -

Other signals from the interface circuit are provided in
response to the incoming control codes. These specific control
codes do not result in a memory load cycle but rather gencrate
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
overflows, its output advances the cursor line counter. Input
load operations therefore, cause the cursor to be advanced
character by characte: uud 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
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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 and. 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 first
vertical sync pulse which is delivered by the output of the sync
separator 22 is applied to a flip-flop 102 to drive it to its set
state. This causes the Q output of the flip-flop to become high.
The Q output of the flip-flop enables an AND gate 104
whereby it can pass horizontal sync pulses which are received
from the sync separator. These arc applied to drive a 24 count
counter 106. This counter provides a top margin delay. The
24th count of the counter is used to resct the flip-flop 102 and
sets a flip-flop 108. The next vertical sync pulse enables flip-
flop 102 again and simultaneously resets the 24 count counter
so it can begin counting again.

The Q output of flip-flop 108 enables an AND gate 110 to
pass horizontal sync pulses. The output of the AND gate 110 is
applied to a delay circuit 112. 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 112 sets a flip-flop 114. The Q 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-flop 114 is reset by a B16 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 flip-flop 114 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 flip-flop 108 is reset by a W8 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 108 cannot be set again until the
counter 106 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 11 dots in a
vertical direction. There are five 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
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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
NAND gate output is high.

The counter 116 has the Q and Q outputs of the respective
flip-flops 116A through 116E respectively connected to the J
and K inputs of the immediately following flip-flops through
the respective NAND gates 117A and 117A’ through 117E
and 117E’. NAND gates 118A and 118A’ are connected to
the respective J and K inputs of flip-flop 116A. The NAND
gate 118A has one input connected to the Q output of flip-flop
116F which is designated as H6. The NAND gate 118A has its
inputs respectively connected to the Q outputs of respective
flip-flops 116E and 116F. These Q outputs are respectively
designated as H5 and H6.

[t 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 inverter to invert the input.

The respective Q and Q outputs of flip-flops 116 A and 116F
are respectively designated as H1 through H6 and HT through
H6. These are collected by the 12 NAND gates respecnvely
121, through 135 to provide 14 output count indications in
their not form. These are designated by X1 through XT4.
Thus, upon the occurrence of an HI and H2 input to NAND
gate 121, it will produce an output designated as X1, which is
the first output count of the counter. H6 and H7 occurring at
the input of NAND gate 126 produce an X6 output, H5 and
H6 occurring simultancously at the input of NAND gate 132
produces an X12 output or a not 12 count cutput.

The manner in which the counter 116 functions is far each
one of the flip-flops to successively assume its one state or
state with its Q output high and thereafter each flip-flop suc-
cessively returns to the state with its Q 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 cnabling input from flip-flop 114 in FIG. 3,
provides successive clock pulses, to the counter 116.

To illustrate how the counter works, assume initially that all
the flip-flop stages are in their zero state. The Q output of flip-
flop 116F is high. Upon the occurrence of the first clock pulse
from the gated clock oscillator 134, flip-flop 116A will be
driven to its one state with its Q output high, since its J input is
now high and its K input is low. Upon the occurrence of the
next clock pulse, flip-flop 116B assumes a one state. This
progresses with successive clock pulses until flip-flop 116F as-
sumes its one state. Since, the K input to flip-flop 116A is
driven to its high state in response to H6 and HS which are
connected to the NAND gate 118A being high, flip-flop 116A
is driven to its zero state with its Q output high. This zero state
of the counter 116A is successively passed 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
121 through 132 operate to produce the indicated count out-

puts.
Ce 140 is identical in construction with counter 116.

placement will have a count capacity of 14 and the co
that counts for the vertical dot placement will have a count
capacity of 14.

In FIG. 4, there is shown a horizontal counter 116 which is
made up of six flip-flops, respectively 116A through 116F.
Each one of these flip-flops is of the type known as “JK" flip-
flop. It is well known and commercially purchasable.

Each flip-flop has J, K and C inputs, and Q and Q outputs.
When a clock pulse is applied to its C input the flip-flop will
transfer to its ouiputs 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 Q output will be high and
the Q output will be low. The J and K inputs are applied to the
respective flip-flops from the Q and Q outputs of the respec-
tive flip-flops 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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Accordingly, it can produce 14 count outputs. It advances in
respect to pulses obtained from the output of gate 110 in FIG.
3. These are essentially horizontal sync pulses. The NAND
gates 141 through 150 are connected to the flip-flop outputs
for the purpose of deriving the respective counts 1 through 14
which are in their “not” form. The Q and Q outputs of the
respective flip-flops of the counter 140 are respectively
designated from V1 through V7 and from V1 to V7. The
counter 140, which counts for the vertical dot positions is
given a count capacity of 14 counts. Since it is customary to
reference the bottom line of a character as a first position and
the top of a character as the last position, assuming cach loca-
tion or position of a line were given a number, the bottom of a
character would be considered in the Y1 location and the top
would be considered in the Y11 location. Therefore, while the
present invention displays a character in television raster
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form, where the top of the character appears first and the bot-
tom last, the count output of the Y matrix counter is given a
reverse count designation. That is, the first count of the
counter is designated as Y 11 the eleven count of the counter is

designated as Y1, V1 and V7, which are generated when all of 3

the stages of the counter are in their zero state, are combined
to produce a Y14 count. The reasoning for this arrangement
will become more clear with a description of FIG. §.

FIG. 4 shows how pulse signals X1 through X14 and Y1
through Y11 and Y14 are generated. In addition to these
signals, other logic signals are required for the operation of
this invention. Thus, in FIG. 4, 2 NAND gate 152 is used to
collect X10, X11, X12, X13 and X 14 together with the Q out-
put of a flip-flop 154. The Q output of the flip-flop 154 is ena-
bled when a Y14 signal is applied to its clock input. The flip-
flop remains set until the occurrence of a Y12 signal (Y5 and
Y6). This is produced when counter 140 provides a VS and
V6 output to a NAND gate 156. Thus, flip-flop 154 is set at
the end of a counting cycle of counter 140 and is reset upon
the occurrence of the twelfth count output of the flip-flop 140.
The output of NAND gate 152 is inverted by NAND gate 158
to produce a signal designated as PPL. The X12 of “‘not 12~
count of the counter 116 is inverted by a NAND gate 160 o
produce an X12 count.

EXAMPLE OF A DOTMATRIX CHARACTER

FIG.§

FIG. § 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 16 of these lines displayed vertically. These
values are given by way of illustration of an operative embodi-
ment of the invention which has been built, and are not 0 be
construed as a limitation upon the invention.

DISPLAY LINE COUNTER AND DISPLAY CHARACTER
COUNTER

FIG. 6

The display line counter and the display character counter
respectively 26 and 24 are cach the usual binary counters with
respective count capacities of 16 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 Y14
signal is gcncrated by the Y matrix counter 36, the display line
counter is advanced one count. The display character counter
has its respective outputs designated Bi, B1, B2, B2,
through B16, B16. The display line counter has its oulpuls
designated as W1, Wi, W2, W2, ... W8, W8. The character
counter is the one which keeps track of the number of charac-
ters on a line, for which 32 are allowed. The B16 output of the
character counter, referring back to FIG. 3, is the output
which tums off the gated clock oscillator. This occurs when
the last character in a line has been displayed. The last output
of the display line counter, which is designated as W8 is the
one which turns off flip-flop 108 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 oulputs are respectively designated at Al,
AT through A16, AT6. 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 16 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 arc
applied to its “cursor up” terminal. This counter establishes,
by its output, the line address on which the cursor signal is dis-
played. The output of this counter is designated by Z1, Z1 to
Z8, Z8, with the Z8 signal being the 16the 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 162
compares the address outputs of the counter 64 and the
counter 24, shown ia FIG. 6, and when there is an identity it
provides an output signal to a NAND gate 164. Another input
to this NAND gate is the PP1 signal which is generated by the
logic shown in FIG. 4. This PP1 signal, in view of the presence
of the inverter 158, (in FIG. 4), is present from X1 through X9
time. From X10 through X12 time, the PP1 signal is not
present and no output is obtained from NAND gate 164. Upon
the occurrence of a comparator signal and a PP1 signal, a JK
flip-flop 166 is driven so that its Q%tgut 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 170. This comparator
compares the addresses provided by the output counts of the
cursor counter 66 and the display line counter 26. The cutput
of the y comparator 170 is applied to the NAND gate 168. The
typewriter keyboard 14 will have a key which can be operated
to actuate a circuit which can provide a voltage to a third
input 10 the NAND gate 168 designated as the ““cursor on-off™’
input. When this voltage is not present, no cursor is provided.
This circuit is shown subsequently herein in FIG. 18.

Therefore, NAND gate 168 functions to provide a cursor
signal output when there is a concurrence in the addresses at
the outputs of the cursor x 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 cmpioyed with this em-
bodiment of the invention should be able to store, for readout
onto the face of a display tube, as maay 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 1o represent 512 characters. Thus
a total of at least 8X512 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 il mewory 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 of a 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 of this 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 of gates connected to the display counters are enabled du-
ing the process of display readout whereby the address
presented to the memory is that indicated by the display coun-
ters. Alternatively, the Bates connected to the cursor counter
are enabled when write or readout operation for this invention
is desired. The outputs from the flip-flops making up the dis-
play character counter 24 are respectively applicd to each one
of the NAND gates 171 through 175. 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 Bl, B2, B4, B8 and B16, which corresponds to
the outputs shown for the counter 24 in FIG. 6. Similarly, the
W1, W2, W4 and W8 outputs of the line counter 26 are
respectively applied to the NAND gates 176, 177, 178 and
179.

The five outputs of the cursor character counter 64 are
respectively applied to the respectlive counter 26 are respec-
tively applied to the NAND gates 176,177,178 and 179.

The five outputs of the cursor character counter 64 are
respectively applied to the respective NAND gates 180, 181,
182, 183 and 184. The outputs of the cursor line counter 66
are respectively applied to the respective NAND gates 185,
186, 187 and 188. NAND gate 189 receives the output of
NAND gates 171 and 180. NAND gate 190 receives the out-
put of NAND gates 172 and 181. NAND gate 191 receives the
output of NAND gates 173, 182. NAND gate 192 receives the
outputs of NAND gates 174 and 183, NAND gate 193
receives the outputs of NAND gates 175 and 184. NAND gate
194 has applied to it the outputs of NAND gates 176 and 18S.
NAND gate 195 receives the outputs of NAND gates 177 and
186. NAND gate 196 receives the outputs of NAND gates 178
and 187. NAND gate 197 recej ves the outputs of NAND gates
179 and 188.

An inverter 199 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 199 is applied to an in-
verter 201 as well as to all of the NAND gates 171 through
179. The output of inverter 201 js applied to all of the NAND
gates 180 through 188.

In the read mode, the output of inverter 199 is high whereby
the NAND gates 171 through 179 are all enabled. The high
input 10 inverter 201 results in & low output whereby NAND
gates 180 through 188 are not enabled. Thus, the outputs ot
NAND gates 189 through 197 will be the outputs of NAND
gates 171 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 NAND gates 171 through 179 disabled. How-
ever, the inverter 201 will provide a high or enabling input to
the NAND gates 180 through 18B8. As a result the NAND
gates 189 through 197 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 ta the character read from the memory.
The output of the video selector is applicd to a mixer circuit, if
itis 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 12
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 14 times corresponding to 14 video lines for each
line of characters to bhe 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 filed for Martin Kite ct al., as previously in-
dicated. The description of the present invention follows.

SUMMARY OF UPSHIFT AND DOWNSHIFT
OPERATION

A brief description of the upshift operation is as follows.
The cursor is placed by means of the 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 of line 16 has
been read out and rewritten in line 15, At this time, the infor-



3,593,310

11

mation stored for line 16 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
downshilt 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
16. The data stored in line 15 is written on line 16. The data
stored on line 14 is written on line 15, 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, 9B, 10, and 11
and timing diagram 12. FIGS. 9A, 9B, 10 and 11 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-flop is set in response Lo 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 flip-
flop 210, and through an inverter 212 to the set input of the
flip-flop 210. This flip-flop is of the JK variety, and requircs a
clock pulse in order to assume the state established by its in-
puts. The clock pulse for this flip-flop is provided by the
system vertical sync signals. In the presence of a US signal and
upon the occurrence of the next vertical sync puise, flip-flop
2140 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 214. 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 214.

The SH output is applied to an OR gate 216. 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 199 in
FIG. 8 to thereby cause the memory (o 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 or DS signal. Since flip-flop 220 is in its
reset state and SH and US signals are present, the multivibra-
tor commences oscillating 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 t0
take place.

The WR output of the multivibrator 218 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 kcy, after the next vertical sync signal, the
memory rcad/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. 10 there is shown a line address register 232. Upon
the occurrence of the US signal, all 1's are directly entered
into this register representing the cursor line address in the last
line of the display, or the 16th line.

Referring now to FIG. 11, at the beginning of each 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+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 applied 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 cither 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 applicd to the one shot
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 ‘n dic absence of
ea WR signal the output of the NOR gate 238 again 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. 12
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 afier 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 outpul 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 keybbard. Another input to the OR
gate 254 which can cause the cursor line counter o 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 WR signal, a DS
signal, or an HG signal. The derivation of the HG signal will be
shown subsequently herein. It is sufficient o know however
that it is obtained from 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 WR
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 1 address, it is necessary to reposition the cursor
to the first character position of line 16 after information has
been erased. This function is carried out by the signal received
when flip-flop 206 is reset whereby US 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 of the upshift sequence.

The input to the OR gate 262 from NAND gate 266 is em-
ployed during the downshift sequence. This output is achieved
in the presence of an SU signal, a DS 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 linc address register has the address of the
last line of the display tube inserted therein. Thereafler 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 line. This occurs because at the time of the read
operation, the WR signal is high. This, as may be seen from
FIG. 11, 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 increasc in the count of the counter) to the Y
counter of the cursor also immediately followed by the cursor
being shifted one character 1o 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 brings the 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-flop 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 16. Simultaneously AND gate 280 is
enabled by set output of flip-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 16 or last line lo-
cation of the memory is emptied.

After line 16 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 generaicd
and in the presence of CS resets flip-flop 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 flip-flop 210 is reset by the
next vertical syde 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 281 is generated by power turn on to initial-
ize the system by applying a PR pulse to all flip-flops.

DOWNSHIFT OPERATION

in order to enable downshift operation to occur, a downshift
key 280 on the typewriter keyboard is actuated. This applies a
pulse 10 an inverter 282, the output of which causes flip-flop
278 to assume its reset position. This provides a DS signal
from the reset output of the flip-flop and a DS signal from the
set output of the flip-flop. The DS signal is applied through OR
gate 208 to the flip-flop 210. As before, upon the occurrence
of the vertical sync pulse, flip-flop 210 assumes its reset state
where upon there is an SH and SH output. Cursor control of
the addressing for write in and read out is provided in response
to the output of the OR gate 216.

AND gate 214, in view of the presence of the DS and SH
signals applies an output signal to a first delay circuit 282, The
output of the first delay circuit is applied to a second delay cir-
cuit 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 ¢ounters are stabilized. The output of the delay circuit 284
is used both to set a flip-flop 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 flip-flop 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. 11.
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 15 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 flip-flop
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 first character to be read out of memory is the first
character on the 15th display line. This is written in the first

* 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 strob~ Tuic 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 WR 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,
flip-flop 276 is set, as it wa= in the case of upshift. Then, the
MC* null sig.als 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-flop
274 is reset, which in turn leads to setting flip-flop 278, and
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flip-flop 210 is reset on the next vertical sync pulse. The
downshift cycle is now completed. The result of a downshift
cycle operation from the point where the cursor started is to
cause all of the date in memory to be downshifted onc line
leaving the line at which the downshift operation terminated
blank, for entry of data thereinto.

There has been accordingly described and shown hercin 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 downshift or
upshift operation.

{claim:

1. In 2 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 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 of 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 1

wherein said address means includes:

a ficst counter means for indicating the line address of a
character and a second counter means for indicating the
address of the character along < 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 first and second coun-
ters to read a character out of said memory from said ad-
dress and responsive to a writle sirobe signal and the ad-
dress indicated by said first and second counters to write
the character read out of said memory back into memory
at the address indicated by said first and second counters,

first address change means responsive to said read strobe
signal to alter the count of said first 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 us recited in claim 2
wherein said first address change mcuns includes means forin-
creasing the coune of said first counter meuns, and said second
address change means includes means for decrcatag the
count of said second counter means.

4. In a continuous display system as recited in claim 2
wherein said first address change means includes means for

25

30

35

40

55

60

65

70

75

16

decreasing the count of said first counter means, and said
second address change means includes means for increasing
the count of said second counter means.

S. 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 of 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 memory for write
in responsive to said cursor address means or read out respon-
sive 10 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 of a 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 Xa, Yb 1o Xa, Yb—1; and then after a writc
in to Xa+l, Yb, then after a readout to Xa+1, Yb—I, then
alter a write in to Xa+2, 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 linc 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 of a display tube upon which
the data will be displayed, cach character of said data having
an address location in the form of a horizontal position along a
line designated by Xa where “a” is 2 number indicating the
position along a line and a vertical position designated by Y&
where “b" is 2 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 addresscs for readout of memory for display, and a
memory address means for addressing said mcucry 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 for enabling data display at said new line ad-
dress comprising;

means for 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, Ybt1, then
after a write in to Xa+1, Yb then after a readout to Xa+1,
Ybh+1, then after a write in to Xa42,Yb, . . . until the ad-
dress Xa+n, Yb+n, has been reached where Xa+n, Y430
n is the X, Y address of the character in memory at which
itis 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 1o 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 tharacters, 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 addresses 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 downshift 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 aline 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 Lo
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 upshift 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 linc comprising:
means for establishing the address at which it is desired to
terminate,
means for cassing said line counter means to increase its
count until it indicates the address of the next to the last
linc in said memory,
means for reading out of memory a charactcr 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 decrcasing 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 of data 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 of data from said memory, and

mcans responsive to a termination of said coincidence

signal to terminate the operation of all of the aforesaid
means to terminate said downshift operation.

11. 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 1o be displayed on the face of a display tube at line lo-
cations corresponding (o 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 itis desired to terminate a downshift 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,

crasing the line of data 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.

12. In a display system of the type wherein a memory stores

data in the form of characters in predetermined lines of

70 characters, and said data is read out of said memory to be dis-

75

played on the face of a dispiay tube at linc 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,
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means, commencing with the next to the last line in
memory, and successively for each line of data above the
next Lo the last line, reading a linc of data out of said
memory and writing it back into the line location im-
mediately below the line from which readout has oc-
curred,

coincidence detecting means for detecting when the address
of the line which is being written is the same as the ad-
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dress which was stored,

means for erasing the line of data which is stored at that ad-
dress responsive to said coincidence detecting mcans
signal, and

means for terminating further downshift operation when
said linc of data has becn erased.



