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ABSTRACT: A high-speed character generator which em-
ploys single resistors for storing character stroke information
and which employs alternating low-speed current modeé com-
mutators to alternately drive a two-phase, high-speed current
mode commutator.

'—__'_*~~_-"_"——/—52 ________ M
! 54 |
F——- —L ] F47
[ %8 sTaRT | o 50 'l
AND
| Iptase B SHIFT REGISTER M
| CONTROL SHASE
. LOGIC
| {|PHASE A SHIFT ReaisTERp] - cLock CONTHOL |
{ ] ,
~/ | —— =5 .~
56 8 ___ N\ A __
67 7 A ,.________L_,L___] 46
P e m—— P J s
66 o
| ) PHASE C =
I 4@ le | outeur X
aTm S o] P e M
' 1
CHANNELS Y % = — V) COMMUTATOR ! ouTPuT
Py .
| | PHASE a PHASE 8 = |
| JCOMMUTATORS COMMUTATORS I * |
1 : r~-zo
10 [ x
- 2 3« |
f %
TOTHER LINES | 8 f;' 83“ 18 I—;—> 7 OTHER LINES ;
32 '
i | PHASE a PHASE B ]
| |aNALOG STORE ANALOG STORE :
‘ ;
A/ S S S ]
Yaz aAxis ‘f\’
CHANNELS 6L 10of 128 18
22 ' 127 OTHER LINES

CHARACTER /2
SELECT CODE
INPUT

CHARACTER
SELECTION
DECODER

/e




3,585,627

PATENTED JuN15 197

SHEET 1 OF 3

INVENTOR
DARYL J..CHRISTOPHER -
& J/f-r-r'g, S. W
‘ TORNEY

[ a———— | NdNI I LIVYVHOD

~or
3NIT
1NdLno SIXV X
{ {
/4 oz
21901
- TOYLNOD
T OGNV
A2070

| STINNVHD
T T SIXV Z8A OL




3.585,627
SHEET 2 OF 3

PATENIEDJUN1smn

S
'y, ¥30003a S
N NOILOFIIS | N g
, MILOVHVHO - W_m ,
SINIT ¥IHLO L2] —— LN g 2E
g 8201l g = SIINNVHI 3
s avmenspy SUN  SIXV ZBA -
nﬂii ] X1 ! oL 3
[ 3Y0LS 90VYNV 340LS 90TVNY| | &
_ 8 3SVHJ V 3SVHd | | s
_ I eg
| : S |
_ S3NIT ¥3HL0 2 AJl_ 9z vm _|+hv S3NIT ¥3HI0L _
| e 8¢ o % o | _ R,
| i | o/ Q
02~ : |
[. SHOLVLNWWOD | | SHOLVLNWWOO, !
_ .ﬂl 8 3SVHd | vV 3SVHd | |
_ 8g - gr .
_ “ < | HOLVLNWWOO < ; = mM, : _ ~% STINNVHO
10dLN0 Nl | 4 4 SIXV 28 A
SIXV={  AVI3A - ! »9 Y oL
X% 1NdLino | b 29 Q,v “ , _
, ; = D 3SVHd
et 4 99
9 L R .
—_ .N\I* — =1 = L m= = g7 o /9
b 4 I L |.|<\|..|||.|m
| B O y .
| 081NOD || ¥3LSIO3Y LIS ¥ 3SVHd]|| |
1 °35vhd 21901 4 |
| Jom_mqu (fudsiony LaHs 8 3svHAE
_
| 05 | & | Luvis (oo |“
264 7 A
T e g 94



3.585,627

PATENTED Jun 15197

SHEET 3 OF 3

HOLVINWAOD O 3SVHJd

 INVENTOR
DARYL J. CHRISTOPHER

ve

4300934 |
NOIL23713s 39VH0LS
»/~ 43ILIVHVHO 90TWYNV
- v 3SVHd
39VN01S o S
90TVNV —
8 3SVHd :
92~ | - 2
zM wm ¢m NM I-N L mw mw _w
.va me H% Hwn w/.cn /E .ﬂwu Hou
oz 2o e \%
703 NOD ¢ o V\\Q R 26 Los 98 R . F0HLINOI
22 \ \ &
9/ Al .vﬂ P ree/ ¢ Va 9 _
v | 92| |‘oer| |off 80i | g6 96 T
_¥E i . | ——_ | . ¢
gg/
| | L 2o/
gE~ ~-9¢
SHOLVLNWWOD
g8 3ISVHdJ
£ N\\/-
AN g9 !
Avi3a f» 85/~
indino™
SIXV -X
o] £ 9/

ATTORNEY

W
d



1
CHARACTER GENERATOR
BACKGROUND OF THE INVENTION

One type of character generator is a real time function
generator using the slope approximation technique rather
than truly cursive character generation. The slope approxima-
tion technique uses straight line segments or strokes of
predetermined lengths to generate the characters or symbols.
In such prior art types of character generators the points
representing the straight line segments or strokes are stored as
binary quantities using diodes. The memory of the generator is
sequentially interrogated to obtain the information from the
storage. Each point is called up one at a time and the writing
takes place one point at a time. Thus, these prior art genera-
tors operate in a serial sequence. A great disadvantage of seri-
al machines is that they tend to be very noisy in interrogating
the memory, extracting data for each point, etc.

The uniqueness of the present invention lies in the methods
of generating the strokes, storing the stroke. data and other
features. The approach of the present invention utilizes inex-
pensive resistors to store the individual stroke data in the form
of resistance values. In addition, the data stored has been ex-
panded to include brightness coding of the Z-axis as well as X-
and Y-axis coding for each stroke in the character deflection
waveform function. Thus, three resistors of appropriate value
are required for each segment of the character (one resistor
for each of the X-, Y- and Z-axes): Each character contains 16
strokes or less, depending on the complexity or number of
strokes required for a particular character. In the prior art the
character generators have utilized all time intervals allotted
for the most complex characters for even the very simple
characters, therefore consuming unnecessary time in the
generation of the characters. The generator of the present in-
vention is uniquely coded in the Z-axis with a particular re-
sistive value which automatically terminates the character
generator timing cycle and provides system reset capability.
This feature may be extremely important when large amounts
of data must be presented on the cathode-ray tube displays per
unit time. This feature alone may enable doubling of data
rates. Alternatively, by increasing data rates, two displays
could be serviced with one character generator, thus decreas-
ing overall system cost. The addition of the Z-axis coding adds
another important characteristic over prior art generators.
Heretofore, no intensity compensation was provided for each
character stroke segment. Therefore, it was necessary to con-
fine or restrict the coding such that the writing rate of the elec-
tron beam was maintained within certain limits. If these limits
were not maintained very undesirable visible effects, such as
adjacent high and low intensity segments within a character,
occur. Furthermore, prior art generators require more time
per character in order to stay within the segment length varia-
bility in order to satisfy the intracharacter brightness require-
ments. The character generator of ‘the present invention al-
lows a very accurate intra- and inter-character brightness con-
trol. .

Another important aspect of the generator of the present in-
vention lies in the manner in which data is stored. This stored
data is necessary in order to provide the generator with all the
information required to generate the complete set of charac-
ters. In prior art generators this storage has been provided by
using a multiplicity of diodes in the character matrix cards.
Each stroke of a character required upward of 11 diodes
which energize the digital-to-analog converters and provided a
blank or unblank function in the axis. The generator of the
present invention utilizes just three resistors for each segment
of a character and in so doing provides the following ad-
vantages: : )

(1) Z-axis brightness control: (2) character termination; (2)
increased data presentation rates; (4) greater flexibility in
character coding; (5) parallel operation of stroke value selec-
tion on a whole character basis; (6) greatly enhanced reliabili-
ty due to the reduction in both the number and cost of the
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component part; (7) compatability with integrated circuit. .
packaging techniques; (8) better character quality through
improved signal-to-noise ratios obtained through parallel data
organization techniques. ) :

Operationally, all the stroke date for the selected character
is brought up in parallel prior to the start of character writing
through low-speed current mode switches. The individual
character strokes are then generated sequentially by simply
switching the path of the store current to the output delay line
averager through a high-speed current mode commutator.
Since this high-speed commutator -is a two-phase, two pole-
two throw switch, the speed requirements on the low-speed
current mode switches are reduced. This arrangement allows
for increased output bandwidth without increasing the total
internal bandwidth. The generator approach of the present in-
vention allows reduction of the internal bandwidth require-
ments by more than an order of magnitude below prior art
sequential data character generators. By so doing, the high-
speed circuits are confined to a smaller area, which is. ex-
tremely desirable when improved signal-to-noise ratios are
desired at the output. Because of the parallel data presenta-
tion mode, the prospects for generating submicrosecond
characters are extremely good.

SUMMARY OF THE INVENTION

A high-speed character generator comprising three resistors
for each character stroke providing X- and Y-axis coding
storage and Z-axis brightness coding storage and low-speed
current mode commutators for alternately supplying all the
stroke data for the selected character to a two-phase, high-
speed, current mode commutator.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 are block diagrams of the X-axis channel of
the generator of the present invention; and
FIG. 3 is a circuit diagram of the X-axis channel shown in

.the dotted block in FIG. 2.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 shows a character generator 10. The generator 10 in-
cludes an X-axis channel 20 to which the character input its
applied. Clocking and control logic circuitry 47 control the X-
axis channel 20 as well as the Y- and Z-axis channels. The out-
put from the channel 20 is applied to X-axis deflection plates
23 of a cathode ray tube 21 via an output delay line 46.

In FIG. 2 the generator 10 includes seven character select
code input lines symbolically represented by the input line 12
and carrying the number seven adjacent the line. The particu-
lar character generator 10 shown has a repertoire of 128
characters and requires a seven bit input in order to generate
the 128 characters. The seven input lines 12 are connected to
a character selection decoder 14 which operates to select the
bus containing the character information which the generator
has been instructed to generate. The output line 16 from the
decoder 14 represents one character of the 128 capable of
being generated by the generator 10 and is labeled 1 of 128. A
line 18 from decoder 14 symbolically represents the other 127
possible characters which may be generated by the system.
The output from the decoder 14 which is contained on line 16
is fed to the X-axis channel which is represented by the dotted
block 20. A line 22 from decoder 14 indicates that the
decoder also selects the appropriate character input code for
the Y- and Z-axis channels. :

The output signal which is contained on line 16 is fed in
parallel to a phase A analog store 24 and a phase B analog
store 26 which are included in the X-axis channel 20. The
phase A and B analog stores 24 and 26 serve to alternately
store the stroke information relating to the character to be
generated. The phase A and B analog stores 24 and 26 each
have 8 output lines as symbolically represented by lines 28 and
30. Lines 32 and 34 from phase A and B analog stores 24 and

26 respectively represent the connections to the other charac-
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ters. The output lines 28 and 30 from the phase A and B
analog stores 24 and 26 respectively are applied to the phase
A and B commutators 36 and 38 respectively, each of which
includes 8 current mode commutators (shown in FIG. 3). The
phase A and B current mode commutators 36 and 38 are low-
speed commutators which are relatively inexpensive. The out-
puts from the phase A and phase B commutators 36 and 38
are fed via lines 40 and 42 to a phase C current mode commu-
tator 44. The phase C current' mode commutator 44 is a high-
speed, two-phase, two pole-two throw switch. The resulting
. signal from the phase C commutator 44 is applied to an output
delay line 46 whose output represents the X-axis character
stroke. The phase A and B commutators 36 and 38 operated
alternately, such that when the phase B commutator 38 diverts
current from the phase B analog store 26 the phase A commu-
tator 36 is applying analog current through the high-speed
phase C commutator 44. The switches of the high-speed com-
mutator 44 are linked together in time as shown in FIG. 3 in
order to provide two-phase operation. Thus, one of the low-
speed commutators 36 and 38 is receiving information from
its corresponding analog store 24 or 26 while the other low-
speed commutator 36 or 38 is supplying the high-speed com-
mutator 44 with the already stored stroke. During the next
stroke the operation of the low-speed commutators 36 and 38
is reversed. This alternating action provides a continuous out-
put to the output delay line 46.

Connected to the phase C commutator 44 is a crystal con- -
- trolled clock 48 and a phase control circuit §0. The clock 48

“generates clocking signals such as the sine and inverted sine
“functions shown. A start and control logic circuit 52 is con-
““neécted to one side of the clock 48 and provides internal timing
“for converting asynchronous start information such as may be
““provided on line 54 into synchronous clock information. A
pair of phase A and phase B shift registers 56 and 58 respec-
tively are also connected to the start and control logic circuit
52. The phase A shift register 56 is an eight-bit shift register
and has eight connecting lines symbolically shown by line 60
to couple’ synchronization and control signals to the cor-
responding eight lines of the phase A commutator 36. Cor-
respondingly, the phase B shift register 58 is an eight-bit shift
register having eight lines connected to the eight commutators
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of the phase B commutator 38, which connection is made

symbolically via line 62 to couple synchronization and control
signals to phase B commutator 38. Lines 64 and 66 which are
connected to lines 60 and 62 at connection points 65 and 67
-respectively are provided to indicate that the phase A and B
shift registers 56 and 58 are also connected to the Y- and Z-
axis channels. The start and control logic circuitry 52 acts to
tie the shift registers 56 and 58 and the clock 48 together into
synchronous operation. It should be noted that analog data
current flow once established before the start of the character
generation is never interrupted. The shift registers 56 and 58
serve only to transfer the analog character current from the
phase A and B commutators 36 and 38 to the phase C current
mode commutator 44 in preparation for transfer to the output
delay line 46. Therefore, the character generator speed is
limited only by the shift registers and current mode switching
capabilities. The complementary functions generated by the
clock 48 control the operation of the two-phase commutator
44 to give a 180° phase change. The clock 48 controls the ef-
fective switch transfers of the high-speed commutator 44
while the shift registers 56 and 58 control the switching of the
low-speed commutators 36 and 38.

FIG. 3 is a circuit diagram of the X-axis channel shown in
the dotted block 20 in FIG. 2. Included in the X-axis channel
are the phase A and B analog stores 24 and 26, the phase A
and B low-speed commutators 36 and 38 and the high-speed

- phase C commutator 44. The phase A analog store 24 includes
parallel-connected resistors 70, 72, 74 and 76 which are
labeled 1, 3, 5§ and N-1, where in the described embodiment N
is 16, corresponding to the order of the stroke information
stored on each of these resistors. The phase B analog store 26
includes parallel-connected resistors 78, 80, 82 and 84 which
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are labeled with the numbers 2, 4, 6 and N respectively to
denote the order of the stroke information carried by each of
these resistors. Although the present embodiment has been
described when N, the number of resistors in the phase A and
B analog stores, is 16, the stores may be constructed to include
any desired number of character-stroke-storing resistors.
These resistors in the analog stores 24 and 26 are * Ipercent
precision deposited carbon resistors. Although the resistors
shown are carbon resistors;, any other resistor having the
required accuracy may be employed. Each of the resistors 70,
72, 74 and 76 of the analog store 24 is connected to a two- *
position switch 86, 88, 90 and 92 respectively of the phase A
low-speed commutators 36. These switches are two-position
switches, each having a terminal 94, 96, 98 and 100 respec-
tively connected to a common line 102 which is connected to
ground. Each of the switches 86, 88, 90 and 92 also has
another terminal 104, 106, 108 and 110, respectively, each of
which is connected to a common line 112,

Each of the resistors 78, 80, 82 and 84 of the analog store |
26 are connected to a switch 114, 116, 118 and 120, respec-
tively, of the phase B low-speed commutator 38. The switches
114, 116, 118 and 120 are two position switches, each having
one terminal, 122, 124, 126 and 128, respectively, all of which
are. connected -to the line 102. These switches also have
another terminal 130, 132, 134 and 136, respectively, each of
which is connected to a common line 138,

The lines 112 and 138 are connected to the phase C high-
speed commutator 44 which includes a pair of switches 140
and 142. The line 112 is connected to the switch 140 at ter-
minal 144 while the line 138 is connected to the switch 142 at
terminal 146. Each of the switches 140 and 142 of the high-
speed commutator 44 have two positions indicated by the ter-.
minals 148 and 150 of switch 140 and terminals. 152 and 154
of switch 142. The terminals 148 and 152 of the switches 140
and 142 respectively are both connected to a common line
156 which is connected to ground. The terminals 150 and 154
of the switches 140 and 142 respectively are connected to a
common line 158 which leads to the output delay line shown
in FIG. 1. The dotted ground symbol 160 indicates that the
line 158 is effectively equivalent to ground. .

During operation of the generator when the decoder 14
selects the appropriate character bus, the selected character
stroke information has been established for the analog stores
24 and 26. During the transfer of the stroke current from re-
sistor 70, which resistance value is determinative of the first
bit of stroke information in current form, the switch 86 is con-
nected to terminal 104. This connection allows the stroke cur-
rent from resistor 70 to pass via line 112 to the terminal 144
and the switch 140 which is connected to the terminal 150,
thereby allowing the current to be passed on line 158 to the

-output delay line. During this same time the switches 88, 90

and 92 of the low-speed commutator 36 are connected to their
respective terminals 96, 98 and 100 which are_grounded via
line 102. While the information stored on resistor 70 is passed
in current form from the phase A low-speed commutator 36 to
the high-speed commutator 44, the next bit of stroke informa-
tion which is stored in resistor 78 of the phase B analog store
26 is passed in current form from the commutator 38 to the
commutator 44. During the passage in current form of the first
bit of stroke information from resistor 70 through the high-
speed commutator 44, all of the switches 114, 116, 118 and
120 of the phase B low-speed commutator 38 are connected
to ground by their respective terminals 122, 124, 126 and 128
respectively. However, before the completion of the passage
of the information stored on resistor 70, the switch 114 moves
from its connection to its corresponding terminal 122 to its
terminal 130 and shortly thereafter the switch 86, which was
connected to its corresponding terminal 104 is switched to its
terminal 94, thereby connecting it to ground. The switch 114
when connected to its terminal 130 will pass in current form
the information contained on resistor 78 by line 138 to ter-
minal 146 of the switch 142 of the high-speed commutator 44.
At the completion of the sampling of phase A the switch 140
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which was connected to terminal 150 will be switched to ter-
minal 148 leading to ground via line 156 and the switch 142
will switch from its terminal 152 to terminal 154 thereby al-
lowing the information passing through the switch 114 from
the resistor 78 to be passed to the output delay line via line
158. The X-axis channel 20 will continue to operate in this al-
ternating manner until all of the bits of stroke information
have been passed to the output delay line. Therefore, through
this alternating action between the phase A and phase B low-
speed commutators 36 and 38 the system of the present inven-
tion requires only one high-speed commutator 44 for each
axis. It should be pointed out that the decoder 14 and the tim-
ing circuits including the phase control circuit 50, the clock
48, the start and control logic circuitry 52 and the shift re-
gisters 56 and 58 are common to the X-, Y- and Z-axis chan-
nels.

Iclaim: :

1. A high-speed character generator comprising:

character selection code input means for receiving

character stroke selection information;

character selection decoding means connected to said input

means for selecting the desired character strokes;
analog storage means for storing the resistance value cor-
responding to the character stroke selected by said
decoding means; :

alternating first and second commutating means for al-
ternately receiving character stroke generation currents
derived from said storage means:

third commutating means for alternately receiving and

switching character stroke currents derived from said first
and second commutating means; and

synchronizing means including means for controlling the

operation of: said first, second and third commutating
means. :

2. A character generator as set forth in claim 1 wherein:

said analog storage means includes a plurality of parallel-

connected resistors for storing character stroke informa-
tion.

3. A character generator comprising:

a plurality of character selection code input lines for receiv-

. ing character stroke selection information;

character selection decoding means connected to said input

lines for selecting the desired character strokes;

analog storage means including a plurality of resistors each

of which, when connected to a constant voltage by said
decoding means, conducts a current, the value of which
current is uniquely determined by the particular resistor
to which said decoding means is connected;

a plurality of commutators connected to said analog storage

- means for alternately receiving character stroke genera-

tion currents derived from said analog storage means;

. an additional commutator for alternately receiving and
switching information derived from said plurality of com-
mutators; and

clocking and control logic circuitry for synchronizing and

controlling the operation of said plurality of commutators
with said additional commutator.

4. A character generator as set forth in claim 3 including
display means coupled to the output of said additional com.
mutator for displaying the generated characters.

5. A character generator comprising:

a plurality of character selection code input lines for receiv-
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6
ing character s*-oke selection information;

a character selection decoder connected to said input lines
for selecting the desired character stroke selection infor-
mation;

phase A and B analog means each including a plurality of
parallel-connected resistors for conversion of the
character stroke selection information selected by said
decoder into a plurality of character stroke generation
currents;

phase A and phase B commutators operable at a first speed

each including a plurality of switches, each switch being
connected to a corresponding resistor of said analog

means, said commutators alternately receiving character
stroke generation currents derived from said analog
means;

an additional commutator operable at a second speed con-

nected to each of said phase A and phase B commutators
for alternately receiving and switching character stroke
generation currents derived from said phase A and phase
B commutators, wherein said second speed is greater than
said first speed;

synchronizing means including means for controlling the

operation of said commutators said synchronizing means
and said controlling means including clocking and control
logic circuitry respectively; and

display means coupled to the output of said additiona! com-

mutator for displaying the generated character.

6. A character generator comprising:

character selection code input means for receiving

character stroke selection information;

switchable analog conversion means for converting the

character selection code to a plurality of stroke genera-
tion signals;

alternating first and second commutation means for al-

ternately receiving stroke generation signals derived from
the switchable analog conversion means;

third commutating means for alternately receiving and

switching signals derived from said first and second com-
mutating means; and

synchronizing means including means for controlling the

operation of said first, second and third commutating
means.

7. A character generator in accordance with claim 6,
wherein said switchable analog conversion means includes a
plurality of parallel-connected resistors for converting stroke
selection information into analog currents.

8. An alphanumeric display comprising:

input means for receiving visual informational pattern selec-

tion information;

decoding means connected to said input means for selecting

the desired information pattern; ‘
storage means for storing data selected by said decoding
means;

means for alternately receiving visual informational pattern

data derived from said storage means, including at least
first and second commutating means;

means for alternately receiving and switching the output

derived from said means for alternately receiving visual
informational pattern data, including at least third com-
mutating means; and

synchronizing means including means for controlling the

operation of each of said commutating means.



