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(57) . ABSTRACT 
A computer controlled multi-station display system utilizing a 
single display generator unit time shared by display indicators 
which have different writing rates. The display generator in 
cludes a register bank which receives and holds display indica 
tor select and writing rate information as well as symbol trac 
ing information. A control section routes the display select in 
formation to a display selector and the writing rate and the 
symbol tracing information to a function generator which 
produces X, Y and Z axis modulating signals at a rate which 
corresponds to the writing rate information. The display selec 
tor routes the generated X, Y and Zsignals to a display indica 
tor having a writing rate corresponding to the rate at which the 
X, Y and Zsignals are produced. The function generator is il 
lustrated as including a character generator having circuitry 
for varying rate at which characters are written on the display 
surface of the indicator. 

16 Claims, 4 Drawing Figures 

COMPUTER WO 2 

DEVICES 

f 

T - - - - - - - - - - - - - U - ??---- 

DATA BUS 

DISPLAY SELECTOR 

  

  

    

  

  



PATENTED MAY 23 1972 3, S65,454 
SHEET 1 OF 4 

2 
COMPUTER I/O 

DEVICES 

INTERFACE 
UNIT 

DISPLAY 
Di 

ROBERT D. STODDARD 
ARNOLD SCHUMACHER 
GRANT W. CONLEY 
ROY M. WILLIAMS, Jr. 

  

  

  

  

  

    

  

  

  

  



3, 665,454 PATENTEDHAY 23 1972 
SHEET 2 OF 4 

SBC] CHO 

99 

|SOX|- |----– – – – –) 

DOE 

Sñ9 TO8] NOO 

ROBERT D. STODDARD 
ARNOLD SCHUMACHER 
GRANT W. CONLEY 

ATAWAY 
2 

OY M. WILLIAMS, Jr. 
A. 

e 

  

  

  



PATENTEOMAY 23 1972 3, SS5,454. 
SHEET 3 OF 4 

Ts 
VZ STROKE 5O CHARACTER 

TIMING STROKE 
GATE C PULSES Air E9 

52X / Vx 
54x 54x 56' is3x 

5 55X 
SWITCHES DSCHARGE 

SWITCH 
DRIVER 
GATES 55Y 

SWITCHES - D 
C 53Y 

y M y y 
56Y 54Y 54.Y 

VY 52y / 
DES -98) -- switch 

DRIVER DECODED RATE GATES -57 
FIELD 

//VMEW/OAS 
ROBERT D. STODDARD 
ARNOLD SCHUMACHER 
GRANT W. CONLEY 
ROY M. WILLIAMS, Jr. 

a77OAWEY 

  



PATENTED AY 23 1972 3, 665,454 
SHEET 4 OF 4 

cs - - - - ------ 

CB --- 

- - —- 
: 

CPA LPl, l l l l l l l l 
t 

FF2 J -d ----- (S- 

FF2 Q -, -- --- -4- 
; -------------------- 4 - 

FF3 Q ---, +--- - 
CW - f 

: 
FF4 Q ---- - i 

- -- - - 

Ts - - - - - - -l, l I ; : 
: ; ; ; ; 

st l—-- STROKE l 
TIMING 4f 
PULSES 
-- f------ ! -- ; : ; : 

: ; ; ; ; 
( EOC --A-H 

t b T 2 '3'4 5 s 

sErup TIME --- CHARACTER TRACE —- 
//VMEW7OAS 

ROBERT D. STODDARD 
ARNOLD SCHUMACHER 
GRANT W. CONLEY 
ROYM WILLIAMS, Jr. 
aAer/ 



3,665,454 
WARIABLE RATE DESPLAY GENERATOR 

BACKGROUND OF THE INVENTION 

This invention relates to information systems and in particu 
lar to techniques and apparatus for providing display of infor 
mation. 
One type of present day information system employs a 

cathode ray tube (CRT) type indicator which is driven by a 
suitable signal source of X, Y and Z modulation. The signal 
source in some applications takes the form of a simple video 
source including sweep controls, such as radar or television. In 
other applications, the signal source takes the form of a digital 
computer which controls the visual presentation of symbolic 
data (alphanumeric, lines, conics and the like) on the CRT 
screen. In some applications the digitally generated symbolic 
data can be mixed with video under the control of the com 
puter. 

In many computer controlled display systems, the computer 
has stored in its memory an instruction set indicative of a sym 
bolic set to be displayed. The instruction set is applied at a 
suitable refresh rate to a display generator which responds to 
the instructions to generate the X, Y and Zmodulation indica 
tive of the set of symbols. The X, Y and Z modulation is then 
applied to the CRT indicator to present a visual display of the 
symbol set. The computer generally responds to various input 
devices, such as keyboards, light guns, sensing devices, and 
others so as to update the instruction set in real time (i.e., a 
relatively short response time). 
Computer controlled display systems have generally em 

ployed various types of CRT indicators. Where large amounts 
of data are to be presented at one time, high speed indicators 
(on the order of 500,000 inches per second writing rate) have 
been employed. In other cases, CRT projection type indica 
tors (on the order of 250,000 inches per second) have been 
employed. In still other cases, CRT hard copy indicators (on 
the order of 5,000 to 10,000 inches per second) have been 
employed. In general, each such display has required a 
separate display generator and a separate refresh channel to 
the computer memory. Because of this, multi-station display 
environments have not been able to efficiently monitor data 
on a real time basis. 

Multi-station real time display system environments, such as 
automatic checkout systems, human factor study systems, 
simulation systems, educational training systems, avionic 
systems and others, generally require different visual presenta 
tions of the data content for different purposes. For instance, 
an automatic checkout system for an aircraft may require that 
a large amount of dynamically changing data be displayed on a 
single indicator at one station. For this purpose, a high speed 
indicator may be employed. At another station, only a portion 
of the data may be required to be displayed on a CRT projec 
tion type indicator. At still other stations, a portion of the data 
may be required to be displayed on a CRT hard copy unit. 

BRIEFSUMMARY OF THE INVENTION 
An object of the present invention is to provide novel and 

improved techniques and apparatus for generating informa 
tion at variable rates. 
Another object is to provide display apparatus capable of 

operating plural display indicators which have different writ 
ingrate capabilities. 
Yet another object is to provide display apparatus in which 

plural display indicators having different writing rates share a 
single display generator. 

Still another object is to provide a character generator capa 
ble of dynamically shifting over a wide range of generating 
rates. 

Briefly the display apparatus of the invention is embodied in 
a computer controlled display generator which responds to an 
instruction set provided by a computer to generate driving 
energy at different rates for one or more display indicators. 
The display generator includes function generator means 
responsive to the instruction set to generate the driving energy 
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at selected generating rates. A display selector means also 
responsive to the instruction set couples the generated driving 
energy to a selected one or ones of the display indicators. 
The function generator is embodied in apparatus having 

means for producing X and Y axis modulation signals. Rate 
varying means is coupled to the X and Y signal producing 
means to vary the rate at which the X and Y signals are 
produced. In one embodiment, the rate varying means 
produces timing signals at a selected one of plural frequencies. 
The producing means receives these timing signals and 
operates at the selected frequency to generate constant cur 
rents of different values each having a time duration which is a 
function of the selected frequency. In this embodiment, the 
producing means further includes a ramp generator having a 
plurality of capacitors and switching means responsive to the 
timing means to selectively couple said capacitors across one 
another in combination. Each of the combinations cor 
responds to a different timing signal frequency such that the 
same change in voltage is produce for any one of the constant 
currents at all operating frequencies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings like reference characters denote like struc 
tural elements, and 

FIG. 1 is a block diagram of a computer controlled display 
apparatus embodying the present invention; 

FIGS. 2A and 2B are block diagrams in part and circuit 
schematic diagrams in part of a variable rate character genera 
tor further embodying the invention; 

FIG. 3 is a waveform diagram of various ones of the timing 
signals produced and employed in the FIGS. 2A and 2B 
character generator embodiment. 

DESCRIPTION OF PREFERREDEMBODIMENTS 

Referring to FIG. 1 an information display system embody 
ing the invention is illustrated as including a digital computer 
10 associated with an interface unit 11 by way of which com 
puter 10 communicates with various input - output (I/O) 
devices 12 and display generation apparatus 13 (shown below 
the dashed line). In FIG. 1, communication buses or data flow 
paths are illustrated as single lines. However, it is to be un 
derstood that each such bus or path may consist of a large 
number of conductors. For example, the DATABUS consists 
of a number of conductors equal to the number of bits in a 
word. In addition where such a bus or path is applied as an 
input to a gate, it is assumed that the gate actually consists of a 
number of gates equal to the number of bits carried by the bus 
or path, such that each bit is applied to a different gate. 
The computer 10 has a memory in which is stored in digital 

form instructions for producing various patterns of X, Y and Z 
modulation for application to plural display indicator channels 
20. Although only two such channels designated D1 and D2 
are illustrated, it is to be understood that many more channels 
may be employed. The illustrated display indicators are, for 
the purpose of example, considered to be CRT type indicators 
having different beam deflection speed ranges. Thus, indicator 
D1 has a deflection (writing) speed of W1 and D2 has a writ 
ing speed of W2. 
The display generation apparatus 13 fetches the instructions 

from the memory of computer 10, processes the instructions, 
generates X, Y and Zmodulation, and selects which one of the 
display indicators D1 or D2 is to be connected to receive the 
X, Y and Z modulation. 
Each set of instructions in the memory of computer 10 is 

updatable by means of a stored program contained therein 
and by means of various peripheral devices 12, for example, 
light guns, tape or card reader devices, keyboard devices and 
the like. The updating or current sensor data is coupled via an 
interface unit 11 to computer 10 where it is processed accord 
ing to the stored program to update the instruction set. 
The display generator 13 includes a register section 14, a 

timing and logic control section 15, a function generator 16 
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and a display selector 17. The instructions are fetched from 
the memory of computer 10 under the control of the timing 
and control section 15. To this end, the register section 14 in 
cludes a control register means 14-3 for receiving the instruc 
tions from computer 10 via a DATA BUS and interface unit 
11. The timing and control section 15 then processes or in 
terprets the received instructions. The instructions may 
require data contained therein to be loaded into various ones 
of the registers in section 14 and/or may require various beam 
deflection patterns to be generated. The timing and logic sec 
tion 15 responds to the instructions to cause the data to be 
loaded into the specified registers as well as to cause the func 
tion generator 16 to generate the specified beam deflection 
patterns and the display selector 17 to select one of the indica 
tors D1 or D2 to receive the generated beam deflection pat 
tern. For this purpose a CONTROL BUS is shown in FIG. 1 to 
receive control information from control section 15 and to 
translate such information to various ones of the registers in 
section 14, or to the function generator 16 or to the display 
selector 17, as required. In addition, the CONTROL BUS is 
adapted to receive other control signals from the various parts 
of the display generator 13 and to translate such other control 
signals to the timing and logic section 13. These other control 
signals may represent response status information, such as end 
of character and end of line generation by the function 
generator. 
Although the control register 14-3 is illustrated as a single 

block, it is to be understood that the control register may in 
clude a number of registers. For example, the control register 
may include a memory data register for receiving incoming in 
structions from the computer 10, an instruction register for 
holding a current instruction while it is being processed and a 
memory address register for holding the address of the nextin 
struction to be fetched. In addition, the control register may 
include other registers associated with the modification of the 
memory address register and still other registers associated 
with the timing, frame synchronization, and the operation 
mode of the display generator 13. 
Each beam deflection pattern to be applied to either of the 

CRT indicators D1 and D2 must be repetitively generated 
(refreshed) in order to present a continuous (non-flickering) 
visual display. By way of example for a 60 hertz refresh rate, 
display generator 13 must fetch the set of instructions from 
computer 10 and process them to generate X, Y and Z modu 
lation 60 times every second or once every 16.6 milliseconds. 
To this end, the display generator 13 includes a frame sync or 
refresh generator (not shown) which provides a refresh clock 
or sync signal to operate the control section 15 and hence, the 
display generator at a 60 hertz rate or other suitable rate. 
A feature of the present invention is that the display genera 

tor 13 can be time shared by the different writing rate indica 
tors D1 and D2 in contrast to prior art systems where separate 
display generators are required for each such indicator. To 
this end, the register section 14 includes a display select re 
gister 14–4, a speed register 14-2 as well as an X, Y and Z re 
gister means 14-1. The register means 14-1 is employed in the 
conventional manner as a buffer and holding register means 
for the X, Y and Z data indicative of a particular symbol 
(either alphanumeric, line, or conic) or of a simple beam 

15 

20 

25 

35 

40 

45 

50 

55 

60 

deflection positioning move in which the beam is ordinarily 
blanked. The display select register 14-4 is employed to hold a 
digital number or bit field indicative of the display indicator 
D1 or D2 to be selected. The speed register 14-2 is employed 
to hold a bitfield indicative of the writing rate for the selected 
indicator and as such controls the rate at which the X and Y 
deflection signals and the Z unblanking signal are generated. 
That is, the slopes of the X and Y beam deflection voltages are 
determined, in part, by the bit field of the speed register 14-2. 
A typical operational sequence would be to first load the 

display select and speed registers 14-4 and 14-2, respectively. 
When the loading operation has been completed, the timing 
section 15 transmits a data transfer signal DTS by way of the 
CONTROL BUS to AND gates 18-4. The DTS signal enables 
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4. 
AND gates 18-4 to pass the display select bit field to the dis 
play selector 17. The display selector 17 is, for example, a 
crossbar type switch which responds to the display select bits. 
to connect one of the indicators D1 or D2, say D1, to the out 
put of the function generator 16. 
The DTS signal also enables AND gates 18-2 to pass the 

writing rate bit field to the function generator 16. The writing 
rate bit field conditions the function generator to generate X, 
Y and Zsignals corresponding to the X, Y and Z digital data at 
a specific generating rate corresponding to the value W1 of 
the field. The X, Y and Z data for a desired symbol are then 
loaded into the X, Y and Z register means 14-1. After this 
loading operation is staticized, the timing and control section 
15 transmits a symbol start signal SSS to enable AND gates 
18-1 to pass the X, Y and Z data to the function generator 16. 
The function generator 16 then responds to the X, Y and Z 
digital data to produce X, Y and Z modulation at a rate deter 
mined by the numeric value W1 of the writing rate bit field as 
pointed out above. 
When the symbol has been generated, the function genera 

tor 16 transmits an end of symbol signal EOS to control sec 
tion 15 via the CONTROL BUS to signify that X, Y and Z data 
for the next symbol may now be received. The control section 
15 responds thereto to load the X, Y and Z register 14-1 and 
to issue another symbol start signal SSS. This operation con 
tinues until X, Y and Z modulation has been generated for all 
the symbols contained in a current instruction set. This symbol 
generation then continues repetitively at the refresh rate. 
As pointed out previously, while a particular instruction is 

being processed, other instructions in the set may be updated 
or made current. For example, suppose indicator D1 is dis 
playing a symbol set and an operator at indicator D2 requests 
via I/O devices 12 (for example a keyboard) that the informa 
tion be presented to D2. The computer 10 responds to this 
request to format a new display select instruction and a new 
writing rate instruction for loading register 144 and 14-2. 
These new instructions are then inserted into the instruction 
set to replace the former D1 and W1 values. When these in 
struction locations are again addressed, the display generator 
13 responds to the new values D2 and W2 to select display D2 
and conditions function generator 16 to operate at the W2 
rate. 

It is to be understood that the foregoing operational 
sequence is exemplary and that many other modes are possi 
ble. For instance, a current instruction set could be updated so 
as to cause the display generator to access an entirely different 
instruction set in another segment of the computer memory. A 
significant advantage of the FIG. 1 embodiment is that the dis 
play indicators D1 and D2 can time share the display genera 
tor 13 so as to present common or unique sets of symbols 
and/or video images on both indicators for simultaneous visual 
observation. This, of course, involves appropriate formatting 
and interleaving of the instruction set so as to provide display 
select instructions at appropriate points in the refresh cycle so 
as to couple the proper indicator channel to the function 
generator 16 and/or to a video (either radar or television) 
source (not shown) at the propertimes. Graphic or video data 
can be mixed with graphic or symbolic data for display on a 
common CRT screen by producing the symbol set during the 
normal end of sweep dead time interval for the case of radar 
or during the vertical retrace interval for the case of television. 
In addition, the symbol set can also be produced on an 
asynchronous basis by sweep stealing (radar) or line stealing 
(television) in order to present large amounts of symbolic 
data. These video mixed mode options are unnecessary to an 
understanding of the present invention, and are therefore not 
specifically illustrated. 
Although the function generator 16 may include any type of 

symbol generator, such as a line (or vector), conic, character 
and other types of symbol generators, the invention is herein 
illustrated in FIGS. 2A and 2B in a character generator em 
bodiment. For an example of a line generator embodiment 
reference is made to a co-pending application entitled Varia 
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ble Rate Line Generator, Ser. No. 817,786, filed Apr. 21, 
1969, by Robert D. Stoddard, Arnold Schumacher and John 
R. Longland and assigned to the assignee of the present appli 
cation. 

Referring next to FIGS. 2A and 2B, the variable rate 
character generator embodiment of the invention is shown to 
include in FIG. 2B a character stroke gate array 50, X and Y 
ramp generators 52X and 52Y, respectively, and in FIG. 2A a 
clock or timing signal producing means 60 (below the dashed 
line). In FIG. 2A the clock signal producing means responds 
to a symbol start signal, designated as character start (CS), 
from the CONTROL BUS, to produce a master stroke timing 
signal T, the frequency of which is a function of the speed or 
writing rate bit field provided by a portion 14-2a of register 
means 4-2 of FIG. I. The frequency of timing signal T, is also 
a function of a size bit field which is provided by another por 
tion 14-2b of register 14-2 of FIG. 1. The timing signal 
producing means also produces a number of stroke timing pull 
ses and a character draw (CD) timing signal. As shown in the 
common time base waveform diagram of FIG. 3, the CS, T, 
and CD signals serve to apportion the operation of the 
character generator into a set up time to to ta followed by a 
character trace time t to ta. Although only three stroke timing 
pulses are shown in FIG. 3 the clock signal producing means 
provides one such stroke pulse during each period of the tim 
ing signal T. 

In FIG. 2B the character gate stroke array 50 receives X, Y 
and Z coded character data from register means 14-1, 
diciphers the coded data and, in combination with X and Y 
ramp generators 52X and 52Y, provides X and Y axis stroke 
deflection signals V and V and a Z axis unblanking signal V. 
At each character location on the display indicator screen, the 
CRT beam is deflected in a pattern determined by the V and 
V deflection signals and unblanked in accordance with the V, 
unblank signal. Thus, the stroke gate array 50 generates or 
writes a character on the face of the CRT according to the 
cursive writing technique by generating a unique set or pattern 
of strokes (vectors or lines) which together make up the 
character. 
The array 50 includes a decoder (not shown) for decoding 

the character data and a buffered stroke gate array (not 
shown) of which different stroke gates receive different ones 
of the stroke pulses. The decoded character data enables a 
unique set of the stoke gates such that a particular sequence of 
the stoke pulses are selected. The occurrence of each of the 
selected stroke pulses signifies a change in stroke or vector 
direction such that the time difference between successive 
selected strokes constitutes the tracing time of a stroke. The 
outputs of the stroke gates are buffered under the control of 
the stroke timing signal T, and applied to a current generator 
(not shown). The current generator responds to the T. 
clocked buffering of each selected stroke pulse to produce 
constant currents Ix and ly, the values of which correspond to 
the X and Y components of the stroke. Thus, the currents x 
and Iy for each character are essentially a sequence of con 
stant currents, the values of which, though independent of the 
frequency of timing signal T, are changeable upon the occur 
rence of the selected stroke pulses. That is, the values of Ix 
and Iy are the same for a given stroke for any of the writing 
rates. The stroke gate array also contains means (not shown) 
for producing the Vz unblank signal in synchronism with the 
stroke currents Ix and Iy and for producing an end of 
character (EOC) signal upon the generation of the last stroke 
of a selected character. For a more specific description of a 
stroke gate array which could be employed, reference is made 
to a co-pending application Ser. No. 665,116, filed Sept. 1, 
1967, for Richard Bouchard, entitled CHARACTER DIS 
PLAY SYSTEM U.S. Pat. No. 3,533,096 issued Oct. 6, 1970 
and assigned to the present assignee. 
The Z axis unblank circuitry is not shown in FIG. 2B since it 

is unnecessary to an understanding of the present invention. 
Suffice it to say here, that the array 50 includes Z axis circuitry 
which responds to the start and end of the various strokes to 
selectively unblank the CRT beam so as to trace the character. 
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6 
The stroke currents Ix and ly are applied to X and Y ramp 

generator sections 52X and 52Y respectively. The ramp 
generator sections 52X and 52Y are substantially identical 
and like components are designated by like reference nu 
merals followed by alphabetic characters X and Y to indicate 
corresponding locations in the X and Y sections, respectively. 
Consequently, only the X ramp generator section 52X will be 
described in detail. 
The X ramp generator 52X includes a bank of capacitors 

comprised of capacitor 53X and plural capacitors 54X. The 
capacitor 54X is connected between the Ix stroke current lead 
and circuit ground. The capacitors 54X have separate serially 
connected switches, designated collectively as 55X, which are 
selectively operable to connect capacitors 54X in various 
combinations in circuit between the Ix current lead and circuit 
ground. The switches 55X, for example, may be transistor 
type switches. The X ramp generator 52X further includes a 
discharge switch 56X which is open during character trace 
time intervals and closed during set-up intervals. It is to be 
noted that discharge switch 56X is shown as ganged with 
discharge switch 56Y to illustrate that both the X and Y 
capacitor banks are discharged at the same time. Like the 
switches 55X, the switch 56X may be of a transistor type, but 
is shown as a simple switch for ease of description. 
The discharge switches 56X and 56Y are driven by 

discharge switch driver gates 51. The discharge gates 51 
respond to the trailing edge of the CD signal (end of character 
trace period) at time to to close switches 56X and 56Y and to 
the leading edge thereof (start of character trace) at time t to 
open switches 56X and 56Y. The capacitor switches 55X and 
55Y are driven by switch driver gates 57. 
The switches 55X and 55Y are driven by switch driver gates 

57 which are selectively enabled by the decoded rate or speed 
bit field. The switch driver gates 57 also respond to a driver 
enabling signal DES on lead 58. The DES signal conditions 
driver gates 57 to close all of the switches 55X and 55Y at the 
end of a character trace to assure that all of the capacitors 
54X and 54Y are discharged. The DES signal enables the 
gates 57 during the set-up time to to ta (FIG. 3) to open 
selected ones of the switches 55X and 55Y in response to the 
decoded rate field. 
To summarize the foregoing discussion, the charging inter 

val At for a particular stroke is selected according to the writ 
ingrate or speed bitfield. In addition, the capacitance value is 
also selected as a function of the writing rate such that the 
same amount of beam deflection energy is produced for any 
particular stroke for all writing rates. That is, the values of 
both C and At in the charging relation (equation 1) of CA V= 
I At are each varied in accordance with the writing rate so as 
to insure a constant value of A V (voltage change) at all writ 
ingrates for any one particular value of current I. The effect of 
this is that the slopes of the beam deflection increments A Vx 
and A Vy change from one writing rate to another for a par 
ticular stroke. Thus, for a selected writing rate or charging in 
terval A t, the stroke gate array 50 and the ramp generators 
52X and 52Y produce beam deflection signals Vx and Vy con 
sisting of a succession of analog voltage ramps, each of which 
corresponds to a particular stroke and all of which form the 
character called for by the character code. When the writing 
rate (At) is changed for this particular character, the slopes of 
the analog ramps also change, but the voltage changes A V do 
not change. 
For one example of the character generator embodiment 

employing a two bit character size code, a three bit speed code 
six capacitors each for 54X and 54Y, and a maximum 22 
stroke per character capability, Table I shows the maximum 
writing time in microseconds (Usec) for selected sizes and 
speeds. It is noted that one dit equals the amount of displace 
ment caused on the display surface area by changing either the 
XORY coordinate data one least significant bit. 

TABLE I 
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CHARACTER WRITING RATES 

(Maximum Tracing Time for a 22 Stroke Character) 
Character Size 1 2 3 4. 
Size Code 00 0. 10 1. 

Nominal 
Character Height 16 Dits 32 Dits 48 Dits 64 Dits 

Speed Speed 
Range Code pusec fusco usec Sec 

000 3.3 6.6 9.9 13.2 
2 00 6.6 13.2 19.8 26.4 
4 010 13.2 26.4 39.6 52.8 
8 01. 26.4 52.8 79.2 105.6 
16 100 S2.8 105.6 158.4 211.2 
32 101 105.6 211.2 316.8 422.4 
64 110 211.2 422.4 633.6 844.8 

The timing signal producing means 60 (FIG. 2A) will now 
be described in detail. In the description, which follows, a 
number of J-K flip-flops are employed. Briefly, a J-K flip-flop 
is one which yields a predictable output for every possible 
combination of input signal levels. The J-K flip-flop exhibits 
the properties reflected in the following Truth Table wherein 
it represents the bit time before a clock pulse, t + 1 
represents the bit time after a clock pulse and Q, represents 
the state of the flip-flop during the t bit time. 

TRUTHTABLE 

n t+ 1 
J K On+1 

0. O On 
O 0. 

0. 
l 

On 

For the purpose of the following description, the convention 
of positive logic is arbitrarily adopted wherein the binary "1" 
and 'O' signal levels correspond to the most positive (HI) and 
most negative (LO) signal levels, respectively. With reference 
to the above TRUTH TABLE, if "0" signal levels are applied 
to both J and Kinput terminals, the flip-flop remains in its pre 
existing state Qn, i.e., there is no change in the state of the flip 
flop. If "1" signal levels are applied to both the J and Kinput 
terminals, the state of the flip-flop is reversed from the pre-ex 
isting state, i.e., the flip-flop acts as a triggerable flip-flop. If 
'O' and ' ' signal levels are applied to the J and K terminals, 
respectively, the Q output assumes a "0" level. Finally, if "1" 
and 'O' levels are applied to the J and K terminals, respective 
ly, the Q output assumes a "1" level. In addition, each of the 
illustrated J-K flip-flops includes a preset (R) input terminal 
which when driven LO ("O" level), sets the flip-flop in a DC 
manner (independently of the clock rate) to the Q="l'state. 
When it is desired to trace a character, the timing and logic 

control 15 (FIG. 1) transmits a negative going character start 
CS pulse to the CONTROL BUS. In the FIG. 3 waveform dia 
gram, the leading edge of the CS pulse occurs at time to Refer 
ring now to FIG. 2A, the CS pulse is received by the character 
generator at the Rinput of a character busy flip-flop FF1. The 
character busy flip-flop FF1 is operable to provide a "1" level 
character busy CB signal at its Q output for the duration of the 
set-up and character trace times and a "0" level signal at all 
other times. To effect this operation, the flip-flop FF1 has its J 
terminal grounded ("O" level) and its K terminal connected to 
receive the end of character EOC signal at the termination of 
the character trace. The clock terminal C of FF 1 receives a 
synchronizing clock signal C. from the timing and logic con 
trol section 15 (FIG. 1) via the CONTROL BUS. Prior to 
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8 
receipt of the CS pulse and specifically at the end of the previ 
ous character trace, the EOC "1" signal pulse places FF in a 
condition where its outputs Q and Q (CB and CB, respective 
ly) are "0" and "1" levels, respectively. That is, after the EOC 
signal returns to the "O" level, succeeding C, clock pulses ef 
fect no switching of the flip-flop (both J and K are "0"). When 
the character start CS signal drives the R input to the "O" 
level, the FF 1 Q and Q outputs become "1" and "O' levels, 
respectively. The duration of the CS pulse is sufficient to per 
mit FF 1 to switch. When the C, pulse terminates, succeeding 
C, clock signals do not switch FF 1 since both the J and K in 
puts are receiving "0" levels. The Q or CB signal is coupled to 
a Preset Line which is coupled to various parts of the timing 
signal section 60 as illustrated by the dashed lines, the dashed 
lines being broken to simplify the drawing. The waveform of 
the CB signal is illustrated in FIG. 3. 
The "1" level Q output or CB signal initiates an oscillator 

61 to produce clock signal CPO. The oscillator 61, for exam 
ple, may be a blocking type oscillator. The CPO clock signal is 
divided by a speed frequency divider 62 which is programma 
ble in accordance with the decoded bit field of the speed or 
writing rate register 14-2a. For this purpose a decoder 63, 
which may be of a conventional type, is provided. The output 
of the speed frequency divider 62 is a clock signal CPA, the 
waveform of which is shown in FIG. 3. The CPO clock signal 
waveform is not shown in FIG. 3 in order to simplify the 
drawings. The speed frequency divider 62, for example, may 
include a binary counter and an output gate array which is 
programmable in accordance with the decoded speed bit field 
so as to divide the CPO clock signal by various powers of two. 
For the previously mentioned three bit speed field example, 
the speed frequency divisers would be 1, 2, 4, 8, 16, 32, and 
64. 

The CPA clock signal is utilized to drive a size frequency di 
vider 75 as well as a number of flip-flops and gates. The size 
frequency divider 75 is programmable in accordance with the 
size bit field provided by register portion 14-2b. This size bit 
field is decoded (by means not shown). The output of divider 
75 is delayed before application to a clock control unit 66. To 
this end the output of divider 75 is applied as one input to 
NAND gate 65. Another input of the NAND gate 65 receives 
the CPA clock signal. A third input of NAND gate 65 is cou 
pled to the Q output of flip flop FF 3. By definition, a NAND 
gate is one in which its output is a “0” level only when all of its 
inputs are "l' levels. When any one or more of a NAND gates 
inputs is a “0” level, the output is '1' level. 
The NAND gate 65, then, is operable to pass the output of 

divider 63 only when both the CPA signal and the Q output of 
FF 3 are both “1” levels. The CPA clock signal, of course, is 
periodically a '1' level signal in coincidence with the slower 
frequency output of divider 75. For example, a size division by 
a factor of 2 produces a '1' level of the size divided signal in 
coincidence with every other "1" level of the CPA signal. The 
NAND gate 65 is inhibited by the Q output of FF 3 in order to 
institute a delay into the timing signal apparatus 60 to thereby 
provide the set-up time (FIG. 3). 
To effect the set-up delay, the CPA signals are further ap 

plied to a programmable delay 64 which is operable to 
produce a "l' signal pulse at its output after a delay which is 
triggered by the receipt of the clock signal CPA. The delay 64, 
for example may include a ring counter which is clocked at the 
CPA rate and gating arrangement which is programmed by the 
decoded speed bits to respond to an output of one of the 
counter stages to produce the one signal pulse output of the 
delay section 64. It is noted that the programmable delay sec 
tion 64 is preset by the CB signal to assure that the ring 
counter is clear before a new character is generated. The out 
put waveform of delay 64 is designated in FIG. 3 as FF 2 J. 
The waveform diagram in FIG. 3 is broken between times to 
and t, to illustrate that the set-up time is variable in ac 
cordance with the writing rate or speed bitfield. 
The “1” signal level of the delay section 64 is applied 

directly to the J input of a flip-flop FF 2 and by way of an in 
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verter 67 to the K input of FF 2. Both FF 2 and FF 3 are 
clocked by the CPA signal and both are preset by the CB 
signal so as to drive their respective Q outputs to "0" levels at 
time to when the character start CS signal is received by FF 1. 
The waveforms of the CPA clock signal and of the J input of 
the FF 2 flip flop are shown in the waveform diagram of FIG. 
3. Thus, so long as the output of delay 64 (FF 2J waveform in 
FIG. 3) is a "0" level, the J inputs to both flip-flops FF 2 and 
FF 3 are "0" levels and their corresponding outputs are also 
“0” levels as illustrated prior to t in FIG. 3. During the next 
bit time (negative going edge of CPA) after the output of 
delay 64 becomes a "1" level, flip flop FF 2 switches and its 
output Q assumes a "l' level as shown at time tin FIG.3. 
The next trailing edge of the CPA clock occurs at time t 

and switches FF3 to provide a "1" level signal at its Q output. 
This "1" level signal enables NAND gate 65 to produce the 
clock signal T, the complement T. of which is illustrated in 
the waveform diagram of FIG. 3. The clock signalsT, are illus 
trated, by way of example, for a size division of 2. The T, clock 
signal are applied to the clock control unit 66 which responds 
thereto to provide the stroke timing pulses and the stroke tim 
ing signal T, as positive going waveforms. That is, unit 66 in 
verts the Tsignal to provide the complement T. The signal T, 
has the same period as the T clock signal and (though not so 
illustrated) may be shaped as by narrowing. 

Referring again to the time t (FIG. 3), the FF 1 Q output 
“1” signal level is shown in FIG.2B to be further applied as an 
input to a NAND gate 68. Another input of the NAND gate 68 
receives the Q output of FF 3. The FF 3 Q output is also a "1" 
level the time t, and remains so until time t. The NAND gate 
68 has another input which is clocked by the CPA signal such 
that it produces a negative going pulse interval from time ta to 
t, designated as a character write CW signal in FIGS. 2B and 
3. The CW pulse signal is applied to the Rinput of another 
flip-flop FF 4. The FF 4 flip flop responds to the character 
write CW signal to drive its Q output to a “0” level. The Q out 
put is inverted by an inverter 69 to provide the character draw 
CD signal as shown in FIGS. 2B and 3. The FF 4 flip-flop has 
its K terminal grounded ("0' level) and its Jinput connected 
to receive the EOC signal. Since EOC is also a "0" level for 
the duration of the character set-up and trace times, the clock 
signal T, does not cause FF 4 to change states while the 
character is being traced. Thus the character draw CD signal 
remains a '1' level for the duration of the character trace in 
terval. Since the EOC signal assumes a "l' level in response to 
the end of character EOC signal, the FF 4 flip-flop will then 
switch on the next T, trailing edge to thereby drive its Q out 
put to the “1” level and terminate the character draw signal. 
The T, timing signal can be utilized to terminate the character 
draw signal in so far as there is a switching delay associated 
with flip flops FF-1 and FF 2 before the timing signal T, ter 
minates. 

Referring again to time t (FIG. 3), the output of delay unit 
64 is further employed to enable the switch driver gates 57 
which drive switches 55X and 55Y. To this end, the output of 
delay 64 is coupled to the S input of a two NAND gate 70a. 
The output of NAND gate 70a and the output of another two 
input NAND gate 70b are cross coupled to one input of the 
other. The remaining input of gate 70b receives an input R. 
The Rinput is coupled by way of a differentiator 71 to receive 
the CD signal from the output of inverter 69. The output of 
gate 70a (also designated as driver enabling signal DES) is 
further coupled via lead 58 to condition the switch driver 
gates 57. 
The NAND gates 70a and 70b operate as follows. Assume 

that prior to time t (FIG. 5) the outputs of NAND gates 70a 
and 70b are "0" and "l' respectively. Also prior to time t, the 
Sinput is a “1” (the inverted "0" output of delay 64). Finally, 
the differentiator 71 provides a “0” at the Rinput of gate 70b. 
At time t, the inverted output of delay 64 becomes a "0" and 
NAND gate 70a switches to provide a "1" signal value of DES 
to the switch driver gates 57. The switch driver gates 57 
responds to the "1" signal level to open selective ones of the 
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Switches 55X and SSY. At time ts, the differentiator 71 
responds to the rising edge to provide a below ground signal to 
the R input. However, NAND gate 70b does not respond 
thereto since both of its inputs must go positive in order for it 
to switch. Thus, the outputs of both NAND gates 70a and 70b 
are "l's at time t and remain so until time t. At time t, the 
differentiator 71 responds to the falling edge of the CD signal 
to provide a positive going "1" pulse signal to the Rinput of 
NAND gate 70b. The NAND gate 70b then switches at this 
time to provide a '0' at its output. The duration of the dif 
ferentiated pulse at the Rinput is sufficient to span the nega 
tive going transistion which occurs at the S input due to the 
resetting of the delay 64 by the CB signal. Thus, just after time 
to the S input becomes a "1" and the Rinput becomes a '0' 
when the differentiated positive going pulse terminates. The 
NAND gate 70a switches at this time to provide a “0” at its 
output. The “0” level value of DES causes the switch driver 
gates 57 to close all of the switches 55X and 55Y to assure 
complete discharging of the capacitors 54X and 54Y. 
To summarize the character generator operation, the timing 

signal producing means 60 produces timing signals CD, T, and 
the stroke timing pulses at a rate or frequency which is a func 
tion of the numeric value of the speed or writing rate number 
(set of digital data). The character generating array 50 and 
ramp generators 52X and 52Y respond to these timing signals 
to produce the X, Y and Z modulating signals at a rate cor 
responding to the speed bit rate. 
There has been described a computer-controlled display 

generator capable of producing X, Y and Z modulating signals 
at variable rates. In the illustrated embodiment the generating 
rate has been shown as dependent on symbol size and display 
indicator writing rate. However, it is to be understood that the 
variable generating rate techniques can be employed in vari 
ous other manners. For example, the code contained in re 
gister 14-2a could represent parameters other than indicator 
writing rates. Thus, if both the 14-2a and 14-2b register code 
represented variable sizes, one could be employed to vary the 
capacitor banks 52X and 52Y and the other one to vary the 
frequency of the timing signals. Such a scheme could then 
present characters in different size ranges with the character 
size in each range being further variable within its range. 
The display generator is capable of being time-shared by 

plural display indicators having different writing rates as in a 
multistation display environment. Though illustrated with a 
cursive writing techniques, the variable rate character genera 
tor technique is equally applicable to raster scan, dot generat 
ing and other writing techniques. Although the illustrated em 
bodiments have been described as driving CRT type indica 
tors, the invention is also applicable to any type indicator 
which responds to modulating drive energy in three directions. 
Thus, display generator apparatus embodying the present in 
vention can be employed to drive X-Y plotter mechanisms 
having a marking (or imaging) instrument, such as pin, knife, 
photohead and the like. In such mechanisms, the X and Y 
signals move the imaging instrument in a plane parallel to the 
imaging medium (paper, photographic film, and others), while 
the Z axis signal provides the pin up and down (light beam on 
and off) information to trace patterns on the medium. The im 
mediately above comments are also applicable to milling 
machine mechanisms, where the marking instrument is a tool 
which is urged against and away from a work piece by the Z 
axis modulation. Of course, the instruction set need not be re 
peated or refreshed for either of the plotter or milling 
mechanism applications. In addition, where it is desired not to 
operate in real time, the X, Y and Z axis signals for the plotter 

, or milling maching applications can be formatted in an ap 
70 

75 

propriate numerical control code for storage on a paper or 
magnetic tape which is later read by the plotter or milling 
mechanism. 
What is claimed is: 
1. The combination comprising: 
plural display indicators having different writing rates; 
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signal providing means for providing first, second and third 

sets of digital data, the values of the first set being indica 
tive of the different writing rates, the values of the second 
set being indicative of analog signal increments and the 
values of the third set being indicative of the different in 
dicators; 

a function generator coupled to the signal providing means 
and responding to the first and second sets of data to 
produce said analog signal increments at rates which are 
selectable according to the first set of data; and 

a display indicator selector coupled to the signal providing 
means and responding to the third set of data to opera 
tively couple the analog signal increments to correspond 
ing ones of the indicators whereby the selected analog 
signal rate corresponds to the writing rate of a selected in 
dicator. 

2. The invention according to claim 1 
wherein the signal providing means includes a data source 

for providing a set of instructions which includes said 
first, second and third data sets; and 

a register coupled to said data source and having a display 
select portion for receiving the third data set, a writing 
rate portion for receiving the first data set and a further 
register portion for receiving the second dataset; and 

wherein said function generator is coupled to said writing 
rate and further portions of said register. 

3. The invention according to claim 2 wherein the register 
further includes a control register portion coupled to said data 
source for receiving said instructions; and 
wherein a control means processes each instruction 

received by the control register portion so as to route the 
first, second and third data sets to the corresponding por 
tions of the register. 

4. The invention according to claim 3 
wherein the display indicators are cathode ray tube indica 

tors; and 
wherein the signal providing means provides the instruction 

set repetitively at a refresh rate. 
5. The invention according to claim 7 
wherein said second data set is comprised of character 

codes; and 
wherein said function generator includes a character 

generator responsive to said character codes to generate 
said analog signal increments whereby characters are 
traced upon the display screen of a selected indicator. 

6. The combination comprising 
signal providing means for providing a first digital number 
and sets of second digital numbers; 

a timing generator coupled to said signal providing means to 
receive said first digital number for producing timing pull 
ses at selected frequencies which are functions of the 
value of said first digital number; 

means coupled to said signal providing means and to said 
timing generator for converting said second digital 
number sets into sequences of constant currents at 
selected ones of said frequencies; 

a ramp generator coupled to said conversion means for 
receiving said current sequences to produce correspond 
ing voltage ramp sequences; and 

means coupled to said signal providing means and to said 
ramp generator for controlling changes in voltage of said 
voltage ramps in accordance with the value of said first 
digital number so that the same changes in ramp voltage 
occur for the same valued sets of second digital numbers 
for different values of the first digital number. 

7. The invention according to claim 6 
wherein said ramp generator includes a plurality of capaci 

tors coupled to receive said current sequences so as to 
produce said ramp sequences; and 

wherein said control means includes capacitor switch means 
coupling said capacitors across one another in combina 
tions selected in accordance with the value of said first 
digital number, 

8. The invention according to claim 7 
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2 
wherein said control means further includes discharge 

switch means for discharging said capacitors at the ter 
mination of the sequence of currents; 

wherein said timing means includes means for indicating the 
start and end of each said current sequence; and 

wherein said discharge switch means responds to said in 
dicating means to open and close at the start and end of 
each said current sequence, respectively. 

9. The invention according to claim 8 
wherein one of said capacitors is connected across said 

discharge switch means; and 
wherein said capacitor switching means responds to said in 

dicating means to connect all of the remaining capacitors 
across said discharge switch at the end of each said cur 
rent sequence and to disconnect selected ones of the 
remaining capacitors at the start of each said current 
sequence. 

10. Display apparatus comprising 
first and second display indicators responsive to X and Y 

axis modulation to trace symbols on their respective dis 
play surfaces at first and second writing rates, respective 
ly; 

a data source for providing instructions including a display 
indicator select field indicative of said first and second in 
dicators, a writing rate field indicative of said first and 
second writing rates and symbol trace fields; 

a function generator coupled to said data source to convert 
said symbol trace fields to X and Y axis modulation 
signals at first and second operating frequencies which 
are functions of the value of said writing rate field, which 
signals have the same amplitude limits for the same sym 
bols at both said writing rates; and 

a display selector switch coupled to said data source and 
responsive to said indicator select field to couple said X 
and Y modulation signals produced at said first and 
second frequencies to said first and second indicators, 
respectively. 

11. The invention according to claim 10 
wherein said function generator includes 
a timing generator responsive to said writing rate field to 
produce timing pulses at said first and second frequen 
cies; and 

means responsive to said timing pulses to transform said 
symbol trace fields into said X and Y axis modulation 
signals. 

12. The invention according to claim 11 
wherein said transforming means includes 
means responsive to said timing pulses to convert said 
symbol trace fields to X and Y sequences of constant 
currents; 

X and Y ramp generators coupled to receive said X and Y 
constant current sequences to produce corresponding 
X and Y voltage ramp sequences which form said X 
and Y axis signals; and 

means responsive to said writing rate fields for controlling 
changes in voltage of said ramps such that the X and Y 
signals have the same amplitude limits for the same 
symbols at both said writing rates. 

13. The invention according to claim 12 
wherein said X and Y ramp generators includes a plurality 
of X and Y capacitors coupled to receive said X and Y 
current sequences so as to produce said X and Y ramp 
sequences, respectively; and 

wherein said control means includes X capacitor switches 
coupling said X capacitors across one and another and Y 
capacitor switches coupling said Y capacitors across one 
and another in combinations according to the value of 
said writing rate field. 

14. The invention according to claim 13 
wherein said control means further includes X and Y 

discharge switches connected in circuit with said X and Y 
capacitors, respectively, for discharging said X and Y 
capacitors at the termination of each sequence of cur 
rents; 
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wherein said timing generator includes means for indicating 
the start and end of each said current sequence; and 

wherein said X and Y discharge switches respond to said in 
dicating means to open and close at the start and end of 
each said current sequence, respectively. 5 

15. The invention according to claim 14 
wherein one of said X capacitors and one of said Y capaci 

tors are connected across said X and Y discharge 
switches, respectively; and 

wherein said X and Y capacitor switches respond to said in- 10 
dicating means to connect all of the remaining X capaci 
tors and Y capacitors across said X and Y discharge 
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14 
switches, respectively, at the end of each said current 
sequence and to disconnect selected ones of the remain 
ing X and Y capacitors at the start of each said current 
sequence. 

16. The invention as set forth in claim 1 
wherein said instructions further include a symbol size field 

indicative of the size of a symbol defined by said symbol 
trace field; 

wherein said timing generator also responds to said symbol 
size field so that said first and second frequencies are a 
function of both said writing rate and symbol size fields. 
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