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57 ABSTRACT 

A system for displaying information on a large liquid 
crystal display unit, for example a 1,600 character 
unit. The unit is divided into separately addressed ma 
trices of characters. A particular row in each matrix is 
addressed on a time-multiplex basis during each dis 
play cycle. During the succeeding cycle, the succeed 
ing row in each matrix is addressed and so on. The 
multiplexing sequence uses the slow excitation time 
and slower de-excitation time of the liquid crystal ele 
ment to advantage. 

16 Claims, 7 Drawing Figures 
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1 
LIQUID CRYSTAL DISPLAY SYSTEM 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to systems for generating sym 

bols on display devices having slow response times. In 
particular this invention relates to a display unit using 
a large number of liquid crystal display devices. 

2. Description of the Prior Art 
As compared to other display technologies, such as 

the cathode ray tube, light emitting diodes and the gas 
panel, liquid crystal displays offer the advantages of 
low cost, low power and large character size. The raw 
material of the liquid crystal is very inexpensive and the 
packaging has posed few problems with today's tech 
nology. The power requirements of liquid crystal dis 
plays are in the microampere range whereas light emit 
ting diodes use milliamperes and the cathode ray tube 
uses much more. However, up to the present time the 
commercial applications of liquid crystal displays have 
been confined to small display units such as watches 
and portable data terminals which require only a few 
individual characters. A principal obstacle to the devel 
opment of larger arrays which would be competitive 
with the cathode ray tube, for example, is the require 
ment of individual drivers for each resolution element 
in the array. For example, a typical numeric display of 
10 digits, with a eight segments per digit, requires 
eighty connections to the segments and 80 semicon 
ductor drivers. At the present state of the art this num 
ber of interconnects is prohibitive to the fabrication of 
a larger array and the requirement of one driver per 
segment substantially increases the cost of the array 
unit. 
The obvious solution to this problem, which has oc 

curred to others in this field, is for the development of 
a practical technique for multiplexing a larger array, 
thereby reducing the number of interconnections and 
the number of drivers. However, up to the present time 
a feasible multiplexing technique has not been discov 
ered. Due to the slow excitation (rise) time and the 
even slower de-excitation (fall) time of the commer 
cially available liquid crystal materials, the standard 
X-Y matrix addressing is ineffective. For example, a 
recent paper at a conference of the Society of Informa 
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tion Display by Stein and Kashnow entitled "Recent 
Advances in Frequency Coincidence Matrix Address 
ing of Liquid Crystal Displays', demonstrate that stan 
dard X-Y addressing results in an upper limit of be 
tween 10 and 16 digits as a consequence of the rise and 
fall times of the material. 

It is therefore an object of this invention to generate 
characters on a large liquid crystal display unit. 

It is a further object of this invention to provide an 
economical large liquid crystal display unit with sub 
stantially no flicker visible to the viewer, 

SUMMARY OF THE INVENTION . 

These and other objects are achieved by providing a 
liquid crystal display unit comprising a plurality of ma 
trices, each matrix being addressed by a separate buffer 
register. Digital information representative of the sym 
bols is stored sequentially in the buffer registers and a 
particular row of each matrix is sequentially addressed 
on a time-multiplex basis by its associated buffer regis 
ter. During the next display cycle, the buffer registers 
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are sequentially reloaded and the next row in each ma 
trix is similarly addressed. The entire display unit is ad 
dressed once during the de-excitation time of a liquid 
crystal element. 

In general terms, if each matrix in the unit contains 
N rows, then during a single display cycle the ith row 
in each matrix is addressed on a time-multiplex basis, 
where 1 s is N. During the next cycle the ith +1 row 
in each matrix is similarly addressed. 

In the preferred embodiment the display unit is asso 
ciated with a random access memory which has suffi 
cient storage locations for storing information signals 
representative of all symbols to be displayed on the liq 
uid crystal display unit. The storage unit might be con 
trolled and accessed by a central processor of a com 
puter system either directly or by means of a communi 
cations link. Each display element in the unit comprises 
18 bar and dot segments for an alphanumeric display; 
other conventional character fonts could be used. A 
character generator, which is preferably a standard 
read-only storage (ROS) memory, contains digital in 
formation on predetermined segments of each charac 
ter which can be displayed on the display unit. Upon 
receiving signals from the random access memory, the 
ROS generates the digital information representative of 
the characters to be displayed. The characters to be 
displayed on a particular row in each matrix are loaded 
from the ROS to a shift register unique to each matrix 
under the control of a timing and control system. 
Under the direction of the control unit each shift regis 
ter drives the liquid crystal characters on a time 
multiplex basis in a particular row of each matrix. Dur 
ing the next display cycle, the shift registers are sequen 
tially reloaded with characters to be displayed in the 
next succeeding row in each matrix and the multiplex 
ing continues. 
The high speed of operation of the electronic ele 

ments such as the RAM, ROS, and shift registers as 
compared to the response of the liquid crystal devices 
allows a large number of characters to be addressed 
without any flicker. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a block diagram showing a system embody 

ing the present invention. 
FIGS, 2 and 2A are illustrations of the preferred liq 

uid crystal segmented character shown in FIG. 1. 
FIG. 3 is a detailed diagram of the timing and control 

circuit illustrated in FIG. 1. 
FIG. 4 is a detailed diagram of the parallel-to-serial 

converter shown in FIG. 1. 
FIG. 5 is a circuit diagram of the row and column 

drivers which select the liquid crystal segment chosen 
for display. 
FIG. 6 is a timing diagram showing the relationship 

among the timing and control signals generated by the 
timing and control circuit for controlling the display. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 illustrates the systems environment of the 
present invention which includes a liquid crystal dis 
play 10, a random access memory (RAM) 14 for stor 
ing and reading out information into a character gener 
ator 16. Signals from the character generator are repre 
sentative of...each segment of a particular character 
which is addressed in the display. The parallel digital 
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signals from the character generator 16 are transmitted 
across cable 7 to a parallel to serial (PIS) converter 
18 which transmits a bit at a time to shift registers 20. 
Each shift register is associated with a corresponding 
one of the five sets of liquid crystal display devices 5 
under control of a timing and control circuit 12. 
As illustrated the display unit 10 is a matrix of char 

acters 11. One of the principal features of this inven 
tion is that the matrix is divided into a number of sets 
of smaller matrices, which are denoted as Set 1, Set 2, EO 
Set 3, Set 4 and Set 5. For simplicity and conciseness 
only sets 1 and sets 5 are illustrated. Each of the sets 
comprise an eight-by-forty matrix of liquid crystal char 
acters 11. The particular number of rows and columns 
which comprise each matrix set of characters is depen- 15 
dent on the excitation and de-excitation time of the 
particular liquid crystal material used, as well as the 
speed with which shift registers 20, RAM 14, ROS 16 
and the other electronic circuits can operate. The de 
velopment of these numbers will be described in more 20 
detail in a succeeding section of this specification. 

Shift registers 20, which temporarily store digital in 
formation received from PIS converter 18 via connec 
tion 19, act as buffers for the data as well as a means 
for transmitting the digital information to the individual 25 
segments of each character in the associated matrix set. 
Integral with each shift register are column drivers 
which drives the electrodes of the characters to select 
the selected segments of each character. The selection 
of which particular shift register 20 is loaded by the PIS 30 
converter is made by the application of a pulse from the 
timing and control means through lines SR1, ... SR5, 
only one of which is operative to actuate its associated 
shift register at a given time. 
Memory 14 may be any system which is capable of 3 

storing information received from an external source 
and reading out the stored information upon a signal 
from an external source. The best type of storage sys 
tem for this purpose in modern technology is a random 
access memory (RAM) which is made up of semicon 
ductor storage devices and associated read/write cir 
cuits. Such a memory is by now well-known in the field 
and a further description of its operation is deemed to 
be unnecessary at this stage. Those interested in a more 
complete description of a random access memory are 
referred to the article in Computer Design entitled "A 
High Performance LSI System' by Richard W. Bryant 
et al., July 1970, pages 71-77. The number of required 
storage locations within the memory 14 is dependent 
on the number of characters within array 10. In the pre 
ferred embodiment there are five sets of eight-by-forty 
character matrices for a total of 1,600 characters, each 
character comprised of 18 segments. 
Each character code in RAM 14 comprises from six 

to eight bits for alph-numeric data and the size of the 
memory in the present system would be at least 9,600 
bits. Thus, a commercially available memory of 12K 
bits would easily satisfy the requirements of the present 
display system. 60 
Character generator 16 receives coded information 

stored at identified locations in memory 14 corre 
sponding to particular locations in display unit 10. The 
data is transmitted along six lines in cable 15. The 
coded digital information in the RAM 14 is representa- 65 
tive of a particular alphabetic or numeric character 
symbol which is to be displayed on one of the display 
devices 11. The coded digits address particular loca 
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4 
tions within character generator 16 which contain digi 
tal representations of each different character or sym 
bol which may be displayed on each liquid crystal dis 
play device. For an 18 segment character, such as is 
comtemplated in the preferred embodiment of this in 
vention, the character generator would transmit 18 
bits, each of which is representative of a particular seg 
ment within the character. For this purpose, a read only 
storage (ROS) memory system is ideal. As is commonly 
known, the ROS is a memory which stores information 
permanently, that is, the information cannot be altered 
electronically once the memory has been fabricated. In 
the preferred embodiment of this invention each ad 
dressable sector of the ROS contains storage locations 
for 18 bits of information; each addressable sector rep 
resents a particular character or symbol which may be 
displayed in the display unit 10. The sectors of ROS 16 
are individually addressable by six bits from RAM 14 
and two bits from Timing and Control Unit 12. The 
number of bits from RAM 14 required for this purpose 
is, of course, dependent on the size of the ROS and the 
number of symbols which it is desired to generate. In 
an alphanumeric display unit such as is contemplated 
by the present invention there are in excess of 40 char 
acters and symbols which it might be desired to display. 
Hence, six address lines 15 are necessary. Commer 
cially available ROS units are not fabricated with 18 
output lines. Most commonly, eight output lines are 
available. In this preset embodiment, six output lines 17 
are used; and six of the 18 binary representations of a 
character are generated by ROS 16 per cycle. 
As previously mentioned, the six bit parallel output 

of ROS character generator 16 is connected to PIS gen 
erator 18 for transmission of a bit at a time to the shift 
registers 20. The details of converter 18 are discussed 
further with regard to FIG. 4. 
Timing and control circuit 12 synchronizes the oper 

ation of the system by means of a cyclic clock and also 
controls the addressing of the particular characters, 
rows and sets which comprise display unit 10. Data 
fetching is accomplished via cabling 24, 25 and 26 
which addressing RAM 14, ROS 16 and P/S converter 
18, respectively. RAM 14 contains sufficient storage 
locations for storing all of the information which would 
appear on display unit 10 at any given time. Normally, 
data from a central processor or other communications 
device (not shown) is loaded into the RAM until all of 
the data which are digital representations of the alpha 
numeric symbols to be displayed on unit 10 are con 
tained within RAM 14. Under control of circuit 12, 
RAM 14 generates signals to ROS 16 representative of 
the symbol to appear at a particular character 11. ROS 
16 then generates binary outputs for each segment 
within the character to form a symbol. These bits are 
converted to serial transmission in PIS converter 18 
and transmitted to one of the shift registers 20. The se 
lection of which particular shift register is to be loaded 
is under the control of circuit 12 via the shift lines de 
noted as SR1, . . . , SR5. The particular row of devices 
11 which are to be excited by the information in the 
shift register is controlled via row driving lines R1, R2, 
. . . R7, R8 from unit 12. The particular operation and 
multiplexing techniques of this invention will be dis 
cussed in greater detail in a succeeding section of this 
specification with regard to FIGS. 3 and 6. 

Referring now to FIGS. 2 and 2A, there are shown 
front surfaces and side-sectional views, respectively, of 
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the segments which comprise the basic character ele 
ment of each liquid crystal display device 11. Although 
other types of segmented characters could be used, the 
preferred character illustrated in FIG. 2 offers a great 
variety of possible symbols for a relatively few number 
of segments. The segments, each of which are denoted 
by numerals from 101 to 118, are preferably fabricated 
from tin oxide or some other transparent conductive 
material. The fabrication techniques are standard in 
the industry and usually consist of masking a plate of 
the material and etching away the material at undesired 
locations to form the individual segments. Each seg 
ment 101, 102, . . . 117, 118 has connected thereto a 
conductive wire or land which is unique to that seg 
ment. For example, wire 101" is connected to segment 
101. As shown in the drawing, the segments are driven 
by means of signals from the shift register 20 via cable 
21. Each wire land contacts a particular segment of an 
associated character in each row of the set. Thus in the 
present embodiment, wire 101' contacting segment 
101 of the first character in row 1 of set 1, for example, 
also forms ohmic contact with segment 101 in every 
other one of the eight characters in the first column of 
set 1. The same holds for the other segments and, in 
general, a single wire connection from a shift register 
makes electrical contact to eight associated segments 
in the same column of a set of devices, 
For each eight by 40 device matrix, there are 720 

wires in cable 21 (FIG. 1) from a Shift Register 20 to 
the character segments. Within each shift register 20 
are 720 register circuits and column drivers, one for 
each of the wires in cable 21. These circuits will be fur 
ther discussed with regard to FIG. 5. 
As shown in FIG. 2A, all of the segments are formed 

on a relatively thin film of silicon dioxide 123 which, in 
turn, interfaces with a relatively thick sheet of glass 
120. Both the glass and the silicon dioxide are transpar 
ent, as are the character segments. The liquid crystal 
material 122 is sandwiched between the individual seg 
ments and the oxide film 123 and a common electrode 
124 which overlies another glass plate 121. When a 
character is addressed, the common electrode is driven 
by a voltage source from control circuit 12, and the 
segments which must be energized to form the selected 
symbol are driven by a separate voltage source in the 
shift register. The potential difference activates liquid 
crystal material 122. The particular liquid crystal mate 
rial 122 which is used is relatively unimportant to the 
scope of the present invention. The number of charac 
ters and the size of the display unit depends on the exci 
tation and de-excitation time of the material. However, 
a wide range of material compositions will perform 
quite well in this invention. One material which has 
been found suitable is a mixture on a 50 percent basis 
of EBBA and MBBA to which are added minute quan 
tities of a conductivity conforming additive (dopant) 
such as hexamethyl pyridinium bromide and a surface 
aligning agent such as paa-methoxybenzylidine para 
amino phenol. 
The size of the character is preferably 250 mils high 

by 180 mils wide. A complete 40 x 32 display is ap 
proximately 10 x 14 inches in size, with characters on 
260 mil centers in the horizontal direction and 450 mil 
centers in the vertical direction. In order to provide an 
eighteen segment character of this size with adequate 
spacing between the segments and the wires to prevent 
cross-talk, it has been found that two level wiring ar 
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6 
rangement is better than a single level. Thus in FIG. 
2A, wires 104", 109', 101", 105" and 06' are on the 
same level as the segments. On the other hand, wires 
116', 110", 113' and 117' are on a second level on the 
surface of glass 120 and covered by oxide layer 123. 
This has been found to be an efficient method of pro 
viding adequate spacing between the leads which is eas 
ily accomplished using state of the art techniques famil 
iar to the display industry. The wire lands themselves 
are typically copper or aluminum which are 1.50 mils 
wide on 2 mil spacing. 

FIG. 3 is a detailed diagram showing the circuits of 
timing and control block 12 of FIG. 1. The timing and 
control system performs substantially all of the clock 
ing and synchronization which is required in the pres 
ent invention to provide an operative liquid crystal dis 
play unit. Character select block 30, set select block 
32 and row select block 34 are counters which sequen 
tially address the memory 14 for generating informa 
tion character-by-character for the corresponding rows 
and sets of the display unit 10. Set decoder 38 is re 
sponsive to the outputs of character select counter 30 
via cable 61 to advance set select counter 32 via line 
64 when a full row of 40 characters has been transmit 
ted through the system into the display unit. Set select 
counter 32 then advances to the same row in the next 
set. In a similar fashion, when counter 32 indicates via 
cable 62 to row decoder 40 that a corresponding row 
of 40 characters in each set have been addressed, then 
row select counter 34 is advanced via line 66 by one 
unit through row decoder 40 and the next row is se 
lected in RAM 14. 
Gating of RAM 14 through cable 24 for these pur 

poses is accomplished by OR function blocks 31, 33 
and 35 which are responsive to counters 30, 32 and 34, 
respectively. RAM 14 is also responsive to signals along 
cable 60 from an T/O or CPU system (not shown) for 
addressing the RAM, as when data is being stored in 
RAM 14. 
The addressing of ROS character generator 16 is ac 

complished through connections 25 by a two-bit ad 
dress register 36. Address register 36 is provided be 
cause ROS 16 generates only six of the 18 segment bits 
at a time, thereby requiring three coded signals from 
ROS Address Decoder 41 for each symbol. F Decoder 
42 cooperates with decoder 41 to activate the inputs of 
P/S converter 18 to receive each six-bit byte from ROS 
16. The gating of one bit of data from P/S converter 
18 is accomplished during each cycle of clock 29 via 
line 70. 
As previously mentioned, system synchronization is 

supplied by clock 29 which advances an 18-bit segment 
counter 28 one bit for each cycle. After each 18 cycles 
counter 28, in conjunction with a down level pulse 
from inverter 44, advances character select counter 30 
through NAND gate 45. Segment counter 28 also pro 
vides addressing signals to ROS Address Decoder 41 
and F Decoder 42 via cable 63. 
The addressing and driving of the rows of characters 

in display unit 10 are accomplished by row drive con 
trol circuit 50 which functions as a means for selecting 
a particular single row in each set which are to be se 
quentially addressed and for impressing an input volt 
age on the row at the common electrode of each char 
acter so that each character responds to signals and the 
character segments received from the shift registers 20. 
A set of ring counters 51 is provided, one counter for 
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each matrix set. The ring counters are responsive to sig 
nals from row decoder 40 via cable 67 to advance a sin 
gle row, to the ith - 1 row, when a particular ith row 
in each set has been driven. The outputs of the ring 
counters are connected to true/complement (T/C) gen 
erators 52 which are necessary for signaling row drivers 
54 through cabling 53. The particular configuration of 
the row drivers will be discussed in greater detail with 
respect to FIG. 5. 
The function and operation of ring counters and T/C 

generators are wellknown to those of skill in the art. 
The ring counter acts to provide a single set output 
from one of the leads only; and an impulse from cable 
67 will advance the output one step. At the completion 
of eight cycles the first output is again set and the set 
state progresses one stage at a time. A T/C generator, 
otherwise known as a two-rail converter, generates a 
true and a complement output of a signal on separate 
lines. 
The particular matrix set of display unit 10 which is 

to be addressed at any given instant is determined by 
Set Decoder 38 which activates one of five shift regis 
ters 20 through AND gates 39 via cabling 65. 
The operation of the timing and control unit illus 

trated in FIG. 3 will be more fully discussed in a later 
section of this specification in conjunction with the tim 
ing diagram of FIG. 6. 

Parallel to serial converter 18 is a shift register with 
parallel data input from cable 17 from the character 
generator 16. The output from converter 18 is a single 
high-order bit. As shown in FIG. 4, parallel data from 
ROS 16 is loaded into the flip-flops of the shift register. 
The number of flip-flops depends on the number of 
parallel bits output from character generator 16. In the 
present embodiment, the digital representations of a 
character symbol are transmitted in six-bit bytes from 
generator 16 and six flip-flops are required in converter 
18. The shift pulse from line 70 is received directly 
from the system clock and thereby transmitting a data 
bit to the selected display shift register during every 
clock cycle. The load pulse on line 72 which is re 
ceived from F decoder 42 (FIG. 3), occurs once every 
six clock cycles. 
Turning now to FIG. 5 there are shown the driving 

circuits which energize the liquid crystal segments of a 
character 11. Shift registers 20 include a shift circuit 
for each of the 720 character segments contained in a 
row of forty characters. Associated with each shift reg 
ister circuit is a column driver 55 which is connected 
to a specific segment in one column, i.e., eight asso 
ciated segments in the character of one column. Row 
driver block 54 of FIG, 3 is shown in FIG.S as compris 
ing eight field-effect transistor pairs having a common 
drain output which is connected to the common elec 
trode of the liquid crystal characters. Each column 
driver 55 is a similar circuit. The liquid crystal segment, 
which physically consists of two electrodes separated 
by the liquid crystal material, is electrically analagous 
to a R-C circuit connected across the segment elec 
trode and the common electrode. A sufficient potential 
drop across the segment results in the excitation of the 
liquid crystal. 

It might be thought that a simpler driving scheme 
than the one shown in FIG. 5 could be used to obtain 
satisfactory results in exciting the segments. However, 
one of the big problems in trying to drive a large array 
of liquid crystal cells is the capacitive coupling from 
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8 
unselected cells to other unselected or selected column 
cells back to the selected row. Thus, when a column 
driver is selected, a potential is applied to all cells in 
that column and only that cell which is driven by a cor 
responding row driver should turn the display on. How 
ever, because each cell acts as a capacitor, a voltage 
appears across every cell in the selected column ap 
proximately equal to VX (N/N+2) where N is equal to 
the number of unselected columns. The larger the num 
ber of cells, the closer the value of voltage across every 
cell comes to be driving voltage. This tends to cause all 
of the columns, both selected and unselected, to turn 
on, causing lack of contrast within the array. 
The circuit of FIG. 5 eliminates this problem by ap 

plying a voltage across the segment even when that seg 
ment is not selected. The voltage acts as a positive 
means for keeping the liquid crystal turned off. In the 
circuit a positive level on the true inputs 'B' and 'D' of 
a selected segment yields a potential difference of 30 
volts across the liquid crystal, which is sufficient to turn 
the crystal on. With V = + 20 v and V = -10 v, the 
selection of the true inputs 'B' and 'D' cause a potential 
difference across the segment of 30 v. With voltages V, 
= +10v and V = Ov, the selection 'D' of a particular 
column containing the segment, with the nonselection 
'B' of its row yields a potential difference of only 10 
volts across the crystal, which is insufficient for scatter 
ing. Similarly, the selection 'B' of the row in which the 
crystal segment is located and the nonselection 'D' of 
the corresponding column yields a potential difference 
of only 10 volts. 
The selection of these relative values of voltages also 

has the advantageous effect of tending to improve the 
lifetime of the liquid crystal material. This is true be 
cause an unselected column at 0, will have opposite po 
larity voltages of -10v and +10v across segments in se 
lected and unselected rows, respectively. This causes 
AC current, rather than DC, to flow during a refresh 
cycle; and it is known that AC driving significantly in 
creases liquid crystal lifetimes. 

OPERATION 

The operation of the inventive system will be more 
fully appreciated if note is taken of the timing diagram 
of FIG. 6 in conjunction with the circuit diagram of 
FG, 3. 
As shown in FIG. 6, the timing and control unit of 

FIG. 3 is synchronized by a 1 MHZ clock 29 which gen 
erates pulses at one microsecond intervals. Clock 29 
advances segment counter 28, set decoder 38, row de 
coder 40 and P/S converter 18 in synchronism via con 
nection 70. In addition, the clock signals are inverted 
in inverter 44 to synchronize the operation of character 
select counter 30, ROS address decoder 41 and F de 
coder 42 via connection 69. 
For the beginning of the operation it is assumed that 

row 1 of set 1 of display unit 10 is to be loaded first by 
its associated shift register 1. Referring to the microsec 
ond time scale in FIG. 6, with character select counter 
30 addressing the location in RAM 14 reserved for the 
first character in the Display, RAM 14 addresses ROS 
16 which generates the 18 bit representation of the 
symbol. P/S converter 18 generates one bit per clock 
cycle to load shift register 1 associated with set 1. 
Clock 29 advances segment counter 28 during each 

clock cycle. Counter 28, in conjunction with the in 
verted pulses from inverter 44, causes a change in the 
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ROS address by switching ROS Address Decoder 41 
after each six clock cycles. P/S Converter 18 receives 
six of the 18 bits from ROS 14 in response to an output 
from F Decoder 42 which operates one full cycle after 
ROS Address Decoder 41. 
Segment counter 28 advances character select 

counter 30 after each 18 cycles to cause a new charac 
ter location in RAM 14 to be addressed by counter 30. 
Forty characters of 18 segments each in row 1 of set 
are transmitted to shift register 1 in 720pus. Set decoder 
38 is then activated which advances set select counter 
32. The locations in RAM 14 of the characters in row 
1 of set 2 are then addressed. After a delay of 2 us, the 
cycle begins again with the loading of shift register 2. 
At the same time, the row driver 54 drives the common 
segments via line R1 for set 1 for a period T-2.88 ms. 
to activate the display. 
The millisecond time scale of FIG. 6 allows a broader 

view of the system operation. The shift registers asso 
ciated with each set are loaded in sequence on a time 
multiplex basis, each register being addressed and 
loaded for a period T-720pus. Immediately after the 
loading of a particular shift register, the row driver for 
the selected row in the set is activated for the excitation 
period of the devices, T1. The other shift registers are 
loaded in sequence during T1. After each display cycle 
row select counter 34 is advanced; and the next suc 
ceeding row in each set is similarly energized as shown. 
In general, if there are N rows per matrix set, the ith 
row of each set is addressed on a time-multiplex basis 
during a given display cycle, where 1 s is N; and, 
the ith + 1 row of each set is addressed during the next 
succeeding display cycle. 
The duration of the display cycle is an important fac 

tor in the design of the display unit, as it determines the 
number of matrix sets which can be accommodated. 
The cycle time is primarily a function of two physically 

O 
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unrelated factors: the loading time T of the shift regis 
ters and the excitation time T of the liquid crystal ma 
terial. The duration of the display cycle must be at least 
as long as the total loading time of the shift registers, 
i.e., MT, where M is the number of matrix sets in the 
display unit. In addition, the duration must be at least 
as long as the excitation time of the liquid crystal mate 
rial plus the loading time of a single shift register, i.e., 
T -- T. A small increment of time must also be added 
for the access times of the ROS and P/S converter at 
the end of each display cycle. Generally, the shift regis 
ter contributes to the delay by orders of magnitude 
more than the other electronic circuits. 
The number of rows and sets which can be energized 

is dependent on the de-excitation time of the devices. 
These de-excitation times are commonly much greater 
than the excitation time of the devices. With the present 
liquid crystal devices the de-excitation times are in the 
order of 30 milliseconds; and a refresh rate of less than 
30 milliseconds assures operation without significant 
flicker. In the present system the refresh period, T, is 
approximately 29 milliseconds. The particular excita 

40 
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tion and de-excitation times of liquid crystal devices 
will, of course, vary greatly and the display unit design 
would have to be changed accordingly. The number of 
rows which can be accommodated in a matrix set can 
be at most equal to: 
N = T/(T -- T.) i. 
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Thus, the larger the de-excitation time, the more rows 
which can be used in each matrix. 
The maximum number of segments which can be ad 

dressed in a given row can be computed by the equa 
tion: 
S = (T. - N-T)/(Ts) 2 

where S is the total number of segments in a row and 
Ts is the response time of the shift register. 
For the values in the present system, the number of 

segments S which can be addressed per row is 720, or 
40 characters having 18 segments each. 
While the invention has been particularly shown and 

described with reference to the preferred embodiment 
thereof, it will be understood by those skilled in the art 
that various changes in format and details may be made 
thereon without departing from the spirit and scope of 
the invention. For example, many types of liquid crystal 
materials could be used to advantage in the present dis 
play unit. In addition, the number of characters which 
can be displayed in a unit, as well as the particular num 
bers of rows and columns of characters can be varied 
widely within the scope of the present invention. 

I claim: 
1. A system for information display comprising: 
a display unit including a plurality of matrices of liq 
uid crystal display devices; 

a plurality of buffer register means, each unique to a 
single display matrix, for storing symbol represen 
tations of a complete row of symbols in each ma 
trix; 

means for transmitting symbol representations of a 
complete row of symbols to each of said buffer reg 
ister means in sequence on a time-multiplex basis 
during a display cycle; 

means for activating a selected row of each matrix in 
the same said sequence; and 

means for advancing said activating means to acti 
vate another selected row in each said matrix dur 
ing a succeeding display cycle. 

2. A system as in claim 1 wherein a single row of de 
vices is excited during each display cycle. 

3. A system as in claim 1 further comprising: 
means connected to said transmitting means for stor 

ing information signals representative of all sym 
bols to be displayed on all of said devices. 

4. A system as in claim 3 wherein said transmitting 
means comprises: 
character generator means responsive to said infor 
mation storing means for generating binary repre 
sentations of characters to be displayed on said dis 
play unit. 

5. A system as in claim 4 wherein said transmitting 
means further comprises: 
means connected to the output of said character gen 
erator means for transmitting said binary symbols 
in serial fashion to said shift register means. 

6. A system as in claim 1 wherein the entire display 
unit is addressed within a duration at least equal to the 
de-excitation time of a liquid crystal device. 

7. A system as in claim wherein: 
said display devices are segmented characters; and 
each said buffer register means comprises a shift reg 

ister having outputs for driving said segments. 
8. A system as in claim 7 wherein: 
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the number of said outputs is equal to the number of 
segments in a single row of characters in a matrix; 
and 

each said output is connected to a single segment in 
each row of the matrix. 

9. A system for information display comprising: 
a display unit including a plurality of matrices of dis 
play devices; 

said devices being characterized by a relatively long 
excitation time and a longer de-excitation time; 

a plurality of buffer register means, each unique to a 
single display matrix, for storing symbol represen 
tations of a complete row of symbols in each ma 
trix; 

means for transmitting symbol representations to said 
buffer register means; 

control means connected to said buffer register 
means, said transmitting means and said devices, 
said control means comprising: 

means for loading said symbol representations into 
said buffer register means in sequence on a time 
multiplex basis during a display cycle; 

row driver means for activating a selected row of 
each matrix for a duration at least equal to said ex 
citation time in the same said sequence; and 

row select means for advancing said row driver 
means to activate another selected row in each said 
matrix during a succeeding display cycle. 

10. A system as in claim 9 further comprising: 
means connected to said transmitting means for stor 

ing information signals representative of all sym 
bols to be displayed on all of said devices. 

11. A system as in claim 10 wherein said control 
means further comprises: 

12 
character select means for addressing said informa 

tion storing means to cause representations of a 
character to be transmitted to said buffer register 
means; and 

5 set select means responsive to a signal from said char 
acter select means for selecting a succeeding ma 
trix at the end of a row of characters and for signal 
ling said row select means when the last matrix has 
been addressed. 

12. A system as in claim 10 wherein said transmitting 
means comprises: 
character generator means responsive to said infor 
mation storing means for generating binary repre 
sentations of characters to be displayed on said dis 
play unit. 

13. A system as in claim 12 wherein said transmitting 
means further comprises: 
means connected to the output of said character gen 
erator means for transmitting said binary symbols 
in serial fashion to said shift register means. 

14. A system as in claim 9 wherein said display de 
vices are liquid crystal devices. 

15. A system as in claim 14 wherein: said display de 
25 vices are segmented characters; and 

each said buffer register means comprises a shift reg 
ister having outputs for driving said segments. 

16. A system as in claim 15 wherein: 
the number of outputs is equal to the number of seg 
ments in a single row of characters in a matrix; and 
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each said output is connected to a single segment in 
each row of the matrix. 
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