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57 ABSTRACT 
Method and apparatus for generating a digital data 
word representative of the position of a switch element 
which is selectively engageable with one of a plurality 
of driver conductors which are utilized for conducting 
actuating signals from a source to a data display system 

11) 4,277,784 
45) Jul. 7, 1981 

of the type having a plurality of display elements for 
visually indicating alphanumeric data. The display ele 
ments have visually perceptible and imperceptible data 
indicating states and are characterized by a lagging 
response to either the application or interruption of the 
actuating signal wherein a turn-on or turn-off transition 
interval elapses during a change from one state to the 
other with the preexisting state of the display element 
appearing to an observer to remain unchanged during 
the transition interval. The actuating signals are periodi 
cally applied during a load energizing interval through 
one or more of the driver conductors and are inter 
rupted during a sampling interval. The load energizing 
interval is much longer in duration relative to the dura 
tion of the sampling interval, with the duration of the 
sampling interval being substantially less than the dura 
tion of the turn-off transition interval. Each driver con 
ductor is sequentially pulsed during the sampling inter 
val with a strobe signal having a pulse component dura 
tion which is substantially shorter than the turn-on time 
of the display elements. A number of repetitive events 
are counted which occur during the interval commenc 
ing with the first application of a strobe pulse to a driver 
conductor of the array and terminating with the appli 
cation of a strobe pulse to the driver conductor engaged 
in electrical contact with the data input conductor 
through the movable switch element. The number of 
repetitive events counted during the sampling interval is 
proportional to the number of strobe pulses applied to 
the driver conductors during the sampling interval and 
is therefore representative of the position of the nov 
able switch element. 

13 Claims, 14 Drawing Figures 
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1. 

SWITCH SCANNING MEANS FOR USE WITH 
INTEGRATED CIRCUITS 

BACKGROUND OF THE INVENTION 5 
1. Field of the Invention . . . . . . 

The present invention relates generally to electrical 
switch apparatus and in particular to a multiplex switch 
system which may be used in combination with existing 10 
conductors for transmitting information to be used for 
the control of a remote operation. 

2. Description of the Prior Art 
Many advanced electronic devices, such as calcula 

tors, require digital displays as well as complex data 15 
inputs through keyboard or other types of switches. 
Because the cost of the integrated circuit bears a direct 
relationship to the physical size of the integrated circuit, 
means have been developed for sharing lines to serve 
both the function of driving the digital display elements 20 
and interrogating the keyboard. These techniques have 
been limited in the past to displays such as the light 
emitting diode (LED) variety which operate from di 
rect current and which are digit-by-digit multiplexable. 
Similar sharing techniques have not been available for 25 
use with displays requiring continuous alternating cur 
rent drive, such as the liquid crystal display (LCD). 
Although the LCD displays require continuous drive 
on all segments they generally have relatively slow 
response, typically on the order of a few hundredths of 3 
a second to change from dark to light or light to dark. 

Therefore, it is the principal object of the present 
invention to provide a multiplex switching system 
which can be combined with existing conductors which 
drive visual display elements of an LCD digital data 35 
display system for indicating the setting of a movable 
switch element such as a touch pad of a keyboard. 
There are a number of important applications in 

which it is desirable to input a large amount of informa 
tion through a slide bar type switch into an electrical 40 
circuit such as an integrated circuit of a microprocessor. 
An example of such an application is a digital electronic 
thermostatic controller for home, office and business air 
conditioning and heating control applications. Such a 
thermostatic control requires a large number of data, 45 
inputs including selection of temperature over a 40' to 
50” temperature range. This information can be fed into 
a thermostatic controller in digital form with a key 
board input device, but to gain broad market accep 
tance, minimize setting errors and have all the settings 50 
apparent or "intuitively obvious' at all times, an analog 
or 'sliding bar' type of input is desirable. With such an 
arrangement, less operator training is required, less 
reliance on instruction manuals is needed, and in busi 
ness applications, the settings can be determined 55 
through a clear plastic cover which may be locked over 
the thermostat control unit to prevent tampering. 
However, with a conventional sliding bar type of 

input arrangement, to bring out the large number of 
conductors necessary for encoding the position of the 60 
sliding bar switches would mean that the integrated 
circuit receiving the inputs would necessarily require an 
inordinately large capacity to be compatible with the 
required number of data input nodes. Therefore for 
domestic applications where minimum size and aes- 65 
thetic appearance are important considerations, it has 
not been practical to implement the conventional slid 
ing bar type arrangement, even though it provides the 

2 
aesthetically pleasing, intuitively obvious indication of 
input setting. 

Therefore, it is a principal object of the invention to 
provide the switching system for use in combination 
with an LCD data display devices which utilizes a slid 
ing bar or movable switching element in combination 
with an array of conductors for intuitively indicating 
the setting of the switch within a given range and capa 
ble of providing resolution within the range which does 
not require a large number of additional conductors. 
A further object of the invention is to provide a multi 

plex switching system which can be combined with 
existing conductors which drive visual display elements 
of an LCD digital data display system for indicating the 
actuation of a movable switch element of a touch pad 
keyboard. 

It is yet another object of the invention to provide an 
electrical switch capable of inputting a large amount of 
data and which involves a minimal number of parts that 
are capable of compact arrangement. 

SUMMARY OF THE INVENTION 
The invention is carried out in combination with a 

data display system of the type having a plurality of 
display elements for visually indicating alphanumeric 
data in which the display elements have visually per 
ceptible and imperceptible data indicating states and 
which are characterized by a lagging response to either 
the application or interruption of the actuating signal 

0 wherein a turn-on or turn-off transition interval elapses 
during a change from one state to the other with the 
preexisting state of the display element appearing to an 
observer to remain unchanged during the transition 
interval. An example of such a system is a digital data 
system of the liquid crystal display type having separate 
display elements arranged in groups for visually indicat 
ing alphanumeric data and a number of driver conduc 
tors connected to display elements for energizing them 
during a load energizing interval. According to the 
invention, the load actuating signals from the source to 
the display elements are periodically applied through 
one or more of the driver conductors during the load 
energizing interval and are interrupted during a san 
pling interval. The load energizing interval is preferably 
much longer in duration relative to the duration of the 
sampling interval, with the duration of the sampling 
interval being substantially less than the duration of the 
turn-off transition interval of the display elements. Each 
driver conductor is pulsed during the sampling interval 
with a strobe signal having a pulse component duration 
less than the turn-on time of the display elements. The 
strobe pulses are preferably applied sequentially and a 
count is generated by counting a number of repetitive 
events occurring during the interval commencing with 
the first application of a strobe pulse to a driver conduc 
tor and terminating with the application of a strobe 
pulse to the driver conductor engaged in electrical 
contact with the data input conductor through the mov 
able switch element. 

Liquid display elements typically exhibit a turn-on or 
turn-off transition interval of approximately a few hun 
dredths of a second. The actuating signals are inter 
rupted for a few thousandths of a second at which time 
the driver conductors are sequentially pulsed by strobe 
pulses having a pulse duration substantially less than the 
turn-on transition time of the display elements. There 
fore, to an observer, the preexisting state of the display 
element appears to remain unchanged during the sam 
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pling interval. Those display elements which are ener 
gized and display a visually perceptable data state 
(dark) appear to remain unchanged in that state since 
the sampling interval is less than the turn-off time of the 
display elements. Those display elements which were 
off at the beginning of the sampling interval remain in 
the off condition, that is the imperceptible data indicat 
ing state (light), because the long turn-on time of the 
display elements render them substantially unresponsive 
to the relatively short duration strobe pulses. 
According to an important aspect of the invention, 

the invention is carried out in combination with an 
electrical circuit or device which includes a number of 
existing conductors which constitute an array corre 
sponding generally with the desired range of the posi 
tions of an adjustable switch or keyboard. An example 
of such an electrical circuit is a digital data display 
system of the type having separate display elements of 
the LCD type arranged in groups for visually indicating 
alphanumeric data and a number of driver conductors 
connected to the display elements for energizing them 
during a load energizing interval. However, the inven 
tion may be used in combination with a general array of 
conductors or with any electrical circuit which includes 
an array of conductors through which signals are trans 
mitted for actuating any electrical load which exhibits a 
lagging response to the application or interruption of an 
actuating signal wherein a turn-on or turn-off transi 
tional interval elapses during a change from one state to 
the other with the preexisting state of the load appear 
ing to an observer to remain unchanged during the 
transition interval, whereby interruption or modifica 
tion of the signal transmission may be carried out during 
a brief time interval without impairing the operation or 
function of the device or load receiving the signals. 
According to another aspect of the invention, method 

and apparatus are provided for generating a digital data 
word representative of the position of a movable switch 
element or touch pad which is selectively engageable in 
discrete electrical contacting relation with any one of 
several LCD driver conductors disposed in an ordered 
array corresponding to the range of positions of the 
switch element. The method comprises the steps of 
pulsing each conductor of the array during a sampling 
interval having a relatively short duration compared to 
the turn-off transsition time of the LCD elements driven 
by the conductors while counting the pulses of a repeti 
tively pulsed signal which occur in the interval com 
mencing with the application of the first pulse to a con 
ductor of the array and terminating with the application 
of a pulse to the conductor engaged by the movable 
switch element. The plurality of data bits representative 
of the number of pulses counted during the interval 
define a digital data word representative of the position 
of the movable switch element. 
The method of the invention may be practiced in 

combination with a digital data system of the type hav 
ing electro-optical display elements such as liquid crys 
tal display elements having a relatively slow response to 
the application or interruption of an actuating signal, an 
electrical circuit having output nodes for driving the 
visual display elements, and driver conductors electri 
cally connecting the data output nodes to the visual 
display elements. The driver conductors are utilized in 
a multiplex switching arrangement by combining with 
the driver conductors at least one data conductor in an 
orientation which permits electrical contact with the 
driver conductors. A movable switch element such as a 
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4. 
slide switch or touch pad electrically connects the data 
input conductor to a selected one of the driver conduc 
tors with the movable switch element being adjustable 
for establishing a discrete electrical connection between 
the data input conductor and any selected one of the 
driver conductors. According to this arrangement, the 
number of driver conductors corresponds generally to 
the range of discrete positions of the movable conduc 
tor elements which in turn may correspond, for exam 
ple, with the range of a variable quantity which is being 
controlled by a remote process. Control means are cou 
pled to the data system for conducting actuating signals 
through one or more of the driver conductors to the 
visual display elements during a load energizing interval 
and a strobe generator is coupled to the driver conduc 
tors for sequentially pulsing each driver conductor with 
an electrical strobe signal during a strobe interval imme 
diately following the load energizing interval. A con 
trol circuit is coupled to a counter for starting the count 
of the repetitively pulsed signal in response to the appli 
cation of a strobe to one of the driver conductors and 
for latching the counter in response to a strobe pulse 
transmitted through the data input conductor to the 
electrical circuit. The plurality of data bits stored in the 
counter are representative of the number of pulses 
counted during the strobe interval and define a digital 
data word representative of the position of the movable 
switch element. 
The foregoing and other objects, advantages and 

features of the invention will hereinafter appear, and for 
purposes of illustration, but not of limitation, an exem 
plary embodiment of the subject invention is shown in 
the appended drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a simplified block diagram of a digital data 
system incorporating features of the invention; 
FIG. 2 is a block diagram which illustrates further 

details of the components of the digital data system 
shown in FIG. 1; 
FIG. 3 is an elevation view, partly in section, of a 

portion of a slide switch which may be used in combina 
tion with the system shown in FIGS. 1 and 2; 

FIG. 4 is a view of the slide switch of FIG. 3 taken 
along the lines IV-IV; 

FIG. 5 is a perspective view of an electronic thermo 
stat control unit which incorporates the invention; 

FIGS. 6A-6H are graphical illustrations of the vari 
ous timing and control signals generated by the system 
shown in FIGS. 1 and 2 for producing a digital data 
word representative of the position of a data input 
switch; and, 
FIG. 7 is a simplified schematic diagram of a touch 

pad keyboard for inputting data according to the 
method of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In the description which follows, like parts are 
marked throughout the specification and drawing with 
the same reference numerals, respectively. The drawing 
figures are not necessarily to scale and in some instances 
portions have been exaggerated in order to more clearly 
depict certain features of the invention. 

For purposes of illustration, the invention will be 
described in combination with an electronic thermo 
static control unit of the type shown in FIG. 5 having 
liquid crystal composption electro-optical display ele 
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ments for visually indicating alphanumeric data. How 
ever, it should be understood that the various features 
of the invention may be used in combination with any 
apparatus in which an array of conductors is available 
for transmitting actuating signals to a load which exhib 
its a lagging response to the application or interruption 
of the actuating signals. 

Referring to FIGS. 1 and 5, the invention is con 
cerned with means for inputting a large amount of infor 
mation into an integrated circuit 10 having output nodes 
1, 2, ... N for driving a digital data display unit 12 and 
a plurality of input nodes 1,2,..., K for receiving data 
related to set point information, for example selection of 
daytime temperature, selection of nighttime tempera 
ture, etc. The purpose of providing such inputs is to 
save energy used in heating and cooling in a home or 
business environment by providing different tempera 
ture set points that can be selected automatically at 
appropriate times of the day or night. 
The integrated circuit 10 and digital display unit 12 

are incorporated in an electronic thermostatic control 
unit 14 as shown in FIG. 5. The display unit 12 includes 
a number of liquid crystal display (LCD) elements 16 
arranged in the conventional seven segment pattern 
groups 17 for visually displaying alphanumeric data. 
The liquid crystal display elements 16 are energized 
through separate drive lines or driver conductors 18 
which connect the output nodes 1, 2, . . . , N to the 
corresponding liquid crystal display elements 16 in each 
seven segment group. Each of the LCD elements 16 
preferably comprises a thin layer of lyotrophic nematic 
mesomorphic composition for diffusing light by molec 
ular turbulence. Because of this molecular turbulance, 
LCD display elements exhibit a lagging response to 
either the application or interruption of an actuating 
signal, typically having turn-on and turn-off times of a 
few hundredths of a second to change from light to dark 
or dark to light. Therefore the preexisting state of the 
LCD elements 16 appear to remain unchanged during 
the transition interval. As shown in FIG. 5, the LCD 
display 16 elements are arranged to visually display 
time and temperature information. 
The data input switch arrangement for the electronic 

thermostatic control unit 14 preferably includes a num 
ber of manually adjustable slide switch assemblies 20 for 
inputting and visually indicating data such as the set 
point for day temperature, night temperature, and the 
time for day-to-night transition and night-to-day transi 
tion. This set point information is utilized by remote 
control apparatus which may be, for example, a heating 
or cooling unit for air conditioning purposes. 
According to the invention, the display driver con 

ductors 18 not only drive the display unit 12 but also 
provide input for the slide switch assemblies 20 which 
are sampled periodically for set point information as 
will be described hereinafter. Set point information 
corresponding to the position of each slide switch as 
sembly 20 is conducted to an input node (1, 2, . . . , K) 
of the integrated circuit 10 by means of a return conduc 
tor 24. Electrical contact between the return conductor 
24 and a selected one of the drive conductors 18 is 
provided by a wiper arm 26 of the slide switch assembly 
20 as illustrated in FIG. 3. A conductive curved portion 
28 of the wiper arm 26 engages a selected one of the 
driver conductors 18 in electrical contact with the point 
of engagement 30 being represented by a dot and en 
closed by a dashed circle 32 in FIGS. 1 and 2. 
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6 
As shown in FIGS. 3 and 4, the position of the slide 

switch assembly 20 is adjustable with the curved por 
tion 28 of the wiper arm 26 being movable from conduc 
tor-to-conductor within the driver conductor array. 
The position of the switch assembly 20 is determined by 
the location of a ball bearing 34 which is displaced and 
lodged within adjacent detents 36 as a carriage member 
38 in which it is confined is displaced by means of 
movement of a slide switch handle 39. The ball bearing 
34 is further confined by a spring clip 40 with which it 
is resiliently engaged at all times. According to this 
arrangement, an electrically conductive path is estab 
lished from the driver conductor 18 through the con 
ductive curved portion 28 of the wiper arm 26 which is 
joined in electrical contact with a second wiper arm 42. 
The wiper arm 42 has a curved conductive portion 44 
resiliently engaged in electrical contact with the return 
conductor 24 as shown in FIG. 4. Thus it will be appar 
ent that as the slide switch handle 39 is moved through 
a slot 46 on the thermostatic control unit 14, a discrete 
electrical contact is made with each of the driver con 
ductors 18 as they are engaged one-by-one by the wiper 
arm 26. 

In this arrangement, the driver conductors 18 are 
existing driver conductors which interconnect the inte 
grated circuit 10 with the digital data display unit 12. 
The driver conductors 18 are arranged in an ordered 
array and are embedded in a nonconductive substrate 48 
with one major side surface exposed for engaging the 
conductive curved portion 28 of the wiper arm 26. For 
purposes of this specification the term "ordered array' 
means a group or set of conductors arranged relative to 
each other in an array, not necessarily in parallel rela 
tion, and not necessarily in coplanar relation, but physi 
cally spaced relative to each other to permit each con 
ductor to be separately engaged by a movable element 
of a switch assembly, with adjacent conductors being 
sequentially engageable. The arrangement of the paral 
lel, coplanar conductor array of primary or driver con 
ductors 18 with the parallel, coplanar conductor array 
of secondary or return conductors 24 extending orthog 
onally with respect thereto is preferred. The combina 
tion of one or more return conductors 24 in transverse 
or orthogonal, spaced relation with the driver conduc 
tor array defines a switch conductor matrix having 
rows and columns formed by the return conductors 24 
and the driver conductors 18, respectively, which coop 
erate with one or more movable assemblies 20 for visu 
ally indicating a number of data set points of an assigned 
function of interest, for example temperature, over a 
range with resolution of the function within the range 
being proportional to the number of columns or driver 
conductors in the matrix, and with the number of inde 
pendent functions for which set point information is 
separately indicated being equal to the number of rows 
or return conductors 24 in the matrix. 
The operation of the invention for generating a digi 

tal data word representative of the position of the mov 
able switch assembly 20 will now be described with 
reference to FIG. 2 and FIGS.6A through 6H. Accord 
ing to the method of the invention, the driver conduc 
tors are sequentially pulsed with a strobe signal 50 hav 
ing a duration t (FIG. 6D) while counting the pulses of 
a repetitively pulsed signal 52 which occur in the inter 
val commencing with the application of the first strobe 
pulse 50 to the driver conductor 18 which connects the 
data output node number 1 to an LCD element 16 of the 
digital data display unit 12 and terminating with the 
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application of a strobe pulse 50 to the driver conductor 
18 which is engaged by the slide switch assembly 20 for 
a given return line 24. 
The strobe signals 50 are produced by a strobe gener 

ator 54 and are applied to the driver conductors 18 
through a corresponding number of strobe conductors 
56 which are separately connected to each of the driver 
conductors 18. In this embodiment, the strobe generator 
54 also produces the repetitive pulse signal 52 which is 
applied through a repetitive pulse conductor 58 to each 
one of a number of transmission gates 60. According to 
this arrangement, the pulse components of the repetitive 
pulse signal 52 are conveyed through the associated 
transmission gate 60 to a counter 62 until a latch signal 
64 is applied to the transmission gate through a latch 
output conductor 66. The latch signal 64 is produced by 
a latch 68 in response to the occurrence of a strobe 
signal 50 on the associated return conductor 24 which 
also serves as its input. The counter 62 stores each pulse 
component of the repetitive pulse signal 52 which is 
conveyed through the transmission gate 60 during the 
interval commencing with the application of a strobe 
pulse 50 to the first driver conductor 18 and terminating 
with the application of a strobe pulse to the driver con 
ductor which is engaged by the slide switch assembly 
20. The occurrence of the strobe pulse 50 on the return 
conductor 24 produces the latch signal 64 which inhib 
its the gating of pulse components through the transmis 
sion gate 60. The data word representative of the count 
of the counter 62 comprises a plurality of data bits 
which appear as either a logic 'one' voltage level or a 
logic "zero' voltage level on each of the data bit con 
ductors 70A, 70B, 70C and 70D of the counter 62. 
Therefore the output of the counter 62 is uniquely rep 
resentative of the number of pulse components counted 
which in turn corresponds to the position of the slide 
switch assembly 20. 

If the repetitive pulse signal 52 is synchronized with 
the generation of the strobe pulses 50, then the digital 
data word defined by the counter 62 will be numerically 
equal to the number of driver conductors receiving the 
strobe pulse during the interval. On the other hand, if 
the frequency of the repetitive pulse signal 52 is greater 
than or less than the frequency at which the strobe 
pulses are applied, then the digital data word produced 
by the counter 62 will correspond in proportion to the 
ratio of the respective frequencies. 

In the present example, an actuating signal 72 having 
an amplitude E is applied by the decoder 74 to selected 
ones of the LCD elements 16 during a load energizing 
interval T1 as shown in FIG. 6A. The actuating signals 
72 are selectively applied through a decoder and driver 
unit 74 which are alternately enabled during the load 
energizing interval T1 and inhibited during a sampling 
interval T2 at which time the strobe pulses 50 are ap 
plied. The load interval T1 is preferably substantially 
longer in duration as compared with the duration of the 
sampling interval T2, and the sampling interval T2 is 
preferably substantially shorter in duration as compared 
with the duration of the turn-off transition interval of 
the LCD elements 16. The decoder 74 is enabled by 
means of a signal 76, and operation of the strobe genera 
tor 54 is enabled by a signal 78. Coordination of the 
decoder enable signal 76 and strobe generator enable 
signal 78 is carried out by conventional logic circuitry 
such as a MOS/LSI microprocessor (not shown). The 
load energizing interval T may be, for example, two 
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8 
seconds and the strobe interval T2 may be of relatively 
short duration, for example 10,000 microseconds. 
The sampling interval T2 should be relatively short 

with respect to the duration of the load energizing inter 
val T1 in order to avoid interference with the visual 
presentation of data by the digital data display unit 12. 
Because the display elements 16 are of the liquid crystal 
variety, the visual effect made possible by the molecular 
activity M of the liquid crystal elements persists for a 
relatively long period after the energizing signal 72 is 
removed so that the display appears to be continuous 
even though the elements are periodically de-energized. 
As shown in FIG. 6B, the molecular activity M dimin 
ishes slightly during the interval T2 The duration T of 
the strobe pulse 50 is preferably substantially shorter 
than the duration of the turn-on transition interval of 
the display elements 16, so that those display elements 
which are in the “off” state prior to the application of 
the strobe signal 50 will remain in that state. The driver 
conductors 18 are thus utilized to perform two func 
tions on a time sharing or multiplex basis: during a first 
interval, energizing the LCD elements of the digital 
data display unit 12, and during the strobe interval im 
mediately following, conducting strobe pulses for gen 
erating a digital data word representative of the slide 
switch assembly. 
As previously discussed, the digital data display unit 

12 may display information in digital form such as time 
and temperature. In the arrangement shown in FIG. 2, 
an analog temperature signal 80 is converted into digital 
data 82 representative of the temperature signal by an 
analog-to-digital converter 84. The digital temperature 
signal 82 is decoded and scaled for proper presentation 
by the decoder and driver unit 74. Other data such as 
time of day may also be input through the decoder 74 
for presentation on the digital data display unit 12. 
Although the foregoing discussion has been in refer 

ence to a slide switch assembly, it should be understood 
that the principles of the invention are equally applica 
ble to other switching arrangements such as a keyboard 
103 as illustrated in FIG. 7 wherein the switch elements 
30 are touch pads which are coupled between the inter 
sections of column and row conductors 18, 24 for selec 
tively establishing a momentary electrical contact be 
tween the row and column conductors at each matrix 
location. The keyboard arrangement shown in FIG. 7 is 
a five-by-eight matrix of touch pads in which alternate 
touch pads in each column are connected in series rela 
tion with a separate driver conductor 18. Electrically 
conductive strips 104, 106, 108 and 110 are disposed 
beneath adjacent pairs of rows within the matrix. As 
any given touch pad 30 is depressed to close a circuit, 
the underlying conductive strip is contacted simulta 
neously as the touch pad is depressed, thereby transmit 
ting a return signal through the associated conductor 24 
back to the chip 10. When this return signal is received, 
the drive signals to the LCD element 16 are ground and 
each of the driver conductors 18 are strobed during a 
predetermined sample interval as previously discussed. 
In the preferred embodiment shown in FIG. 7, the 
backplane signal applied to the LCD elements serves as 
the return signal for initiating the strobe cycle. Informa 
tion relating to the location of a particular switch ele 
ment 30 which is depressed during the sampling interval 
is carried out by counting the number of strobe pulses 
which occur during the interval commencing with the 
application of a strobe pulse to the first driver conduc 
tor of the matrix and terminating upon the first occur 
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rence of the application of a strobe pulse to a driver 
conductor engaged in electrical contact with the associ 
ated data input conductor through the movable switch 
element which is depressed during the sampling inter 
val. With this arrangement, a digital data word repre 
sentative of the position of each movable switch con 
ductor throughout the row and column matrix locations 
may be determined. If the keyboard is interrogated at 
intervals from two to three times per second, the switch 
positions become digit-by-digit multiplexable and com 
patible for use in keyboard applications such as calcula 
EOS. 

It should be understood that the description of the 
foregoing example was limited to apparatus for process 
ing data related to a single assigned input function (tem 
perature) and that a practical embodiment incorporat 
ing the invention may include similar apparatus for 
processing data related to a plurality of assigned func 
tions such as daytime temperature, nighttime tempera 
ture, day-to-night transition time, and night-to-day tran 
sition time. In such a practical embodiment of the inven 
tion, additional conventional processing apparatus may 
be required for carrying out the additional functions. 
Although a preferred embodiment of the invention 

has been described in detail, it should be understood 
that various changes, substitutions and alterations can 
be made therein without departing from the spirit and 
scope of the invention as defined by the appended 
claims. 
What is claimed is: 
1. In combination: 
a data display device having liquid crystal display 

elements each characterized by a turn-on and turn 
off transition interval; 

a data logic circuit having output nodes for conduct 
ing actuating signals to said liquid crystal display 
elements and having a data input node; 

driver conductors connecting said data logic output 
nodes to said display elements; 

a data input conductor connected to said data input 
node; 

a switch assembly including a movable switch ele 
ment for electrically connecting the data input 
conductor to one of the driver conductors; 

a control circuit coupled to the data logic circuit for 
applying the actuating signals during a load inter 
val and interrupting the actuating signals during a 
sampling interval, the load interval being longer 
than the sampling interval and the sampling inter 
val having a duration which is less than the turn-off 
time of the liquid crystal display elements; and, 

sampling means coupled to said driver conductors 
and to said data input conductor for pulsing said 
driver conductors with an electrical strobe signal 
having a pulse duration less than the turn-on time 
of the liquid crystal display elements during said 
sampling interval and for counting a number of 
repetitive events occurring during the sampling 
interval commencing with the first application of a 
strobe pulse to a driver conductor and terminating 
with the application of a strobe pulse to the driver 
conductor engaged in electrical contact with the 
data input conductor through said movable switch 
element. 

2. The combination as defined in claim 1 wherein said 
switch assembly comprises a slide switch and said mov 
able switch element comprises a wiper arm which is 
movable from one of said conductors to another. 
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3. The combination as defined in claim 1 wherein said 

switch assembly comprises a keyboard and said mov 
able switch element comprises a touch pad which is 
movable from a non-contacting position to a position of 
electrically contacting engagement between one of said 
driver conductors and one of said return conductors. 

4. The combination as defined in claim 1 wherein the 
repetitive events comprise the strobe pulses, 

5. The combination as defined in claim 1, wherein the 
repetitive events comprise a repetitive pulse signal, said 
combination including: 
means for generating the repetitive pulse signal; 
a counter coupled to said repetitive pulse signal gen 

erating means for counting the repetitive pulses 
and producing a plurality of data bits defining a 
data word representative of its count; and, 

said control circuit including means coupled to said 
counter for starting the counting of said repetitive 
pulses in response to the first application of a strobe 
pulse to a driver conductor and for latching said 
counter and storing the data word representative of 
its count in response to the transmission of a strobe 
pulse through the driver conductor engaged in 
electrical contact with said data input conductor 
through said movable switch element. 

6. Matrix switch apparatus comprising: 
digital data display device having a plurality of 
display elements for visually indicating alphanu 
meric data in response to an actuating signal, said 
display elements each having visually perceptible 
and imperceptible data indicating states and being 
characterized by a lagging response to either the 
application or interruption of the actuating signal 
wherein a turn-on or turn-off transition interval 
elapses during a change from one state to the other 
with the preexisting state of the display element 
appearing to an observer to remain unchanged 
during the transition interval; 

a data logic circuit having output nodes for conduct 
ing actuating signals and a data input node; 

a plurality of driver conductors electrically connect 
ing said data output nodes to the data display ele 
ments; 

a data input conductor connected to said data input 
node; 

a movable switch element for electrically connecting 
the data input conductor to one of the driver con 
ductors; 

a control circuit coupled to the data logic circuit for 
applying the actuating signals during a load inter 
val and interrupting the actuating signals during a 
sampling interval, said load interval being longer in 
duration relative to the duration of the sampling 
interval, and the duration of the sample interval 
being less than the duration of the turn-off transi 
tion interval of the display elements; 

sampling means coupled to said driver conductors for 
pulsing each driver conductor during said sampling 
interval with a strobe signal having a pulse compo 
nent duration less than the turn-on time of said 
display elements; and, 

counting means coupled to said sampling means and 
to said data input conductor for counting a number 
of repetitive events occurring during the interval 
commencing with the first application of a strobe 
pulse to a driver conductor and terminating with 
the application of a strobe pulse to the driver con 
ductor engaged in electrical contact with the data 

2 
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input conductor through the movable switch ele 
ment. 

7. In a digital data display system of the type having 
a plurality of display elements for visually indicating 
alphanumeric data in response to an actuating signal, 
said display elements each having visually perceptible 
and imperceptible data indicating states and being char 
acterized by a lagging response to either the application 
or interruption of the actuating signal wherein a turn-on 
or turn-off transition interval elapses during a change 
from one state to the other with the preexisting visual 
state of the display element appearing to an observer to 
remain unchanged during the transition interval, a data 
logic circuit having output nodes for driving said visual 
display elements and a data input node, and a plurality 
of driver conductors electrically connecting said data 
output nodes to said data display elements, the combina 
tion with said driver conductors of a data input conduc 
tor connected to said data input node, a movable switch 
element for electrically connecting the data input con 
ductor to one of the driver conductors, a strobe genera 
tor electrically coupled to said driver conductors for 
pulsing each driver conductor with a strobe pulse hav 
ing a duration which is less than the duration of the 
turn-on transition interval during a sampling interval 
having a duration which is less than the duration of the 
display element turn-off transition interval, a counter 
coupled to said strobe generator for counting the strobe 
pulses and producing a plurality of data bits defining a 
data word representative of its count, and control cir 
cuit means coupled to said data logic circuit, data input 
conductor and counter for interrupting the display actu 
ating signals during said sampling interval and applying 
said strobe pulses to said driver conductors, starting the 
counting of the strobe pulses in response to the first 
application of a strobe pulse to a driver conductor, 
latching the counter and storing the data word repre 
sentative of its count in response to the transmission of 
a strobe pulse through the data input conductor. 

8. In apparatus having a plurality of driver conduc 
tors disposed in an array for conducting actuating sig 
nals to a group of display elements for visually indicat 
ing alphanumeric data, wherein each display element is 
characterized by a turn-on and turn-off transition inter 
val, the combination with the driver conductor array of 
a plurality of data input conductors disposed for electri 
cal connection with each of the primary conductors; a 
plurality of switch assemblies for visually indicating a 
number of data set points of one or more assigned func 
tions, respectively, over a range with resolution of the 
function associated with a particular switch assembly 
within said range corresponding to the number of col 
umns of driver conductors and the numner of assigned 
functions corresponding to the number of rows of data 
input conductors, each switch assembly including a 
movable switch element for electrically connecting a 
data input conductor to a selected one of the driver 
conductors, the position of said movable switch element 
being manually adjustable for one driver conductor to 
another for establishing a discrete electrical connection 
between its associated data input conductor and any 
selected one of the driver conductors, means for apply 
ing the actuating signals through the driver conductors 
during a load interval and interrupting the actuating 
signals during a sampling interval, wherein said load 
interval being much longer in duration relative to the 
duration of the sampling interval, and the duration of 
the sampling interval being less than the duration of the 
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turn-off transition of the display elements; sampling 
means coupled to said driver conductors for pulsing 
said driver conductors during said sampling interval 
with a strobe signal having a pulse component duration 
less than the turn-on transition interval of said display 
elements; and for each assigned function, counting 
means coupled to said sampling means and to said data 
input conductors for counting a number of repetitive 
events occurring during the interval commencing with 
the first application of a strobe pulse to a driver conduc 
tor and terminating with the application of a strobe 
pulse to the driver conductor engaged in electrical 
contact with the data input conductor through the mov 
able switch element corresponding with 

9. In apparatus having a plurality of driver conduc 
tors disposed in an array for conducting actuating sig 
nals to a group of display elements for visually indicat 
ing alphanumeric data, wherein each display element is 
characterized by a turn-on and turn-off transition inter 
val during which intervals the preexisting data-indicat 
ing state appears to remain unchanged, the combination 
with the driver conductor array of a plurality of data 
input conductors disposed for electrical contact with 
each of the primary conductors; said driver and data 
input conductors defining a conductor matrix having 
columns and rows formed by the driver conductors and 
data input conductors, respectively; a switch assembly 
having a movable conductor element electrically cou 
pled between each intersection of the row and column 
conductors for selectively establishing a momentary 
electrical contact between the row and column conduc 
tors at each matrix intersection; means for applying the 
actuating signals through the driver conductors during 
a load interval and interrupting the actuating signals 
during a sampling interval, wherein said load interval 
being longer in duration relative to the duration of the 
sampling interval, and the duration of the sampling 
interval being less than the duration to the turn-off 
transition interval of the display elements; sampling 
means coupled to said driver conductors for pulsing 
each driver conductor during said sampling interval 
with a strobe signal having a pulse component duration 
less than the duration of the turn-on transition interval 
of said display elements; and for each row of data input 
conductors, counting means coupled to said sampling 
means and to said data input conductors for counting a 
number of repetitive events occurring during the inter 
val commencing with the application of a strobe pulse 
to the first driver conductor of the matrix and terminat 
ing upon the first occurrence of the application of a 
strobe pulse of the sequence to a driver conductor en 
gaged in electrical contact with the associated data 
input conductor through one of the movable switch 
elements in the corresponding row. 

10. In electrical apparatus having a plurality of data 
display elements, a data transmission circuit for generat 
ing a plurality of data signals representative of alphanu 
meric data, and a plurality of driver conductors inter 
connecting the data transmission circuit with the data 
display elements, the combination of a control circuit 
coupled to said data transmission circuit for interrupting 
the data signals during a scan interval having a duration 
which is less than the turn-off time of the data display 
elements, a strobe circuit coupled to said driver conduc 
tors for pulsing the driver conductors with an electrical 
strobe signal having a pulse duration less than the turn 
on time of the data display elements, and a counting 
circuit coupled to said strobe circuit and to a selected 
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one of the driver conductors for counting the number of 
strobe pulses applied during the scan interval commenc 
ing with the first application of a strobe pulse to a driver 
conductor and terminating with the application of a 
strobe pulse to said selected driver conductor. 

11. A method for generating a digital data word rep 
resentative of the position of a movable switch element 
which is selectively engageable in discrete contacting 
relation with one of a plurality of driver conductors 
which are utilized for conducting actuating signals from 
a source to a data display system of the type having a 
plurality of display elements for visually indicating 
alphanumeric data, each display element having visu 
ally perceptible and imperceptible data indicating states 
and being characterized by a lagging response to either 
the application or interruption of the actuating signal 
wherein a turn-on or turn-off transition interval elapses 
during a change from one state to the other with the 
preexisting state of the display element appearing to an 
observer to remain unchanged during the transition 
interval, said method comprising the steps: 

applying the load actuating signals from said source 
to the display elements of the data display system 
through one or more of said driver conductors 
during a load energizing interval and interrupting 
the load actuating signals during a sampling inter 
val, said load energizing interval being much 
longer in duration relative to the duration of the 
sampling interval, and the duration of the sampling 
interval being less than the duration of the turn-off 
transition interval of the display elements; 

pulsing said driver conductors during said sampling 
interval with a strobe signal having a pulse compo 
nent duration less than the turn-on time of said 
display elements; 

counting a number of repetitive events occuring dur 
ing the interval commencing with the first applica 
tion of a strobe pulse to a driver conductor and 
terminating with the application of a strobe pulse to 
the driver conductor engaged in electrical contact 
with the data input conductor through the movable 
switch element; and, 

producing a plurality of data bits representative of the 
number of repetitive events counted during said 
sampling interval. 

12. The method as defined in claim 11, including the 
step of establishing each conductor at a common poten 
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tial level prior to applying said strobe pulses and 
wherein each driver conductor is sequentially pulsed 
from said common potential level to a different poten 
tial level. 

13. A method for generating a digital data word rep 
resentative of the row and column location of a switch 
element in a switch matrix having conductor elements 
coupled between the intersections of row and column 
conductors for selectively establishing a momentary 
electrical contact between the row and column conduc 
tors at each matrix intersection wherein said column 
conductors are also utilized for conducting actuating 
signals from a source to a data display system of the 
type having a plurality of display elements for visually 
indicating alphanumeric data, said display elements 
being characterized by a lagging response to either the 
application or interruption of the actuating signal 
wherein a turn-on or turn-off transition interval elapses 
during a change from one state to the other with the 
preexisting visual state continuing during the transition 
interval, said method comprising the steps: 

applying the actuating signals through the driver 
conductors during a load interval and interrupting 
the actuating signals during a sampling interval, 
said load interval being longer in duration relative 
to the duration of the sampling interval, and the 
duration of the sampling interval being less than 
the duration of the turn-off transition interval of 
the display elements; 

pulsing each driver conductor during said sampling 
interval with a strobe signal having a pulse compo 
nent duration less than the duration of the turn-on 
transition interval of said display elements; 

for each row of data input conductors, counting a 
number of repetitive events occurring during the 
interval commencing with the application of a 
strobe pulse to the first driver conductor of the 
matrix and terminating upon the first occurrence of 
the application of a strobe pulse of the sequence to 
a driver conductor engaged in electrical contact 
with the associated data input conductor through 
one of the movable switch elements in the corre 
sponding row; and, 

producing a plurality of data bits representative of the 
number of repetitive events counted during the 
sampling interval for each row. 


