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[57] ABSTRACT 
A low cost electronic time keeping and display system 
comprising a regulated voltage converter for convert 
ing a low voltage from a source to a relatively high 
voltage, an electronic time keeping system powered by 
the low voltage source for providing low voltage time 
signals, and a plurality of level converters powered by 
the high voltage for converting each of the low voltage 
time signals to a relatively high voltage of sufficient 
magnitude to operate an associated relatively high 
voltage display. The regulated voltage converter peri 
odically samples the relatively high voltage with a 
short duty cycle to minimize current consumption. 
Each level converter has a complementary configura 
tion which consumes current only during an extremely 
short switching cycle. ‘A single chip CMOS design, low 
voltage and current requirements and compatibility 
with liquid crystal display make the invention ideal for 
use in a watch environment. ' 

19 Claims, 8 Drawing Figures 
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1 
ELECTRONIC WATCH 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to electronic time keeping de 

vices for providing a correct indication of time. More 
particularly, this invention relates to systems employing 
electronic circuitry for generating correct time signals 
which can be fabricated in a single integrated circuit 
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source .must of necessity have a correspondingly small 
dimensions. In addition, such a source must be eco 
nomical to replace. Although energy sources which 

I meet the required constraints on physical dimensions 
5 

chip and housed in a typical watch case. In a further as- - 
pect, this invention relates to circuitry for providing a 
regulated high level supply voltage from a relatively 
low voltage source for supplying power to electronic 
time display circuitry. In a still further aspect, this in 
vention relates to level converter circuitry for convert 
ing'time indicating signals from a relatively low voltage 
to a relatively high voltage for driving a time indicator 
display. ‘ v ' > 

2. Description of the Prior Art ‘ 
Time keeping devices are known which employ elec 

tronic circuitry for providing electrical signals serving 
to indicate the correct time. In a typical device, an ex 
tremely‘ stable high frequency oscillator supplies high 
frequency time base signals. These signals are divided 
down by known circuitry which supplies a signal train 
.of pulses having a frequencyof 1 Hz. This signal train 
is coupled to a time keeping unit-comprising a number 
of counters which are incremented by the 1 Hz pulses. 
A scale of 60 counter provides a count representative 
of the correct second of the minute. Another scale of 
60 counter provides, a count representative of the cor— 
rect minute of the hour. A scale of 12 counter provides 
a count representative of the correct hour of the day. 
In some devices, the hours counter is a scale of 24 
counter. . 

The outputs of the time keeping unit counters are de 
coded and typically coupled to a multi-digit seven seg 
ment or dot matrix display. As the counters are clocked 
to different states by the 1 Hz clock pulses, various 
ones of the segments‘ or dots are energized by. the. de 
coded-counter outputs, thereby providing a visual out 
put indicatingthe time. . 
Time keeping systems of the above type provide a de 

gree of accuracy which surpasses conventional me 
chanical movements, primarily due to‘ the high fre 
quency time base employed and the excellent fre 
quency stability of electronic digital circuitry. Also, 
fully electronic systems are less expensive to manufac 
ture than mechanical systems, and exhibit a much 
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longer lifetime since there are no moving mechanical 
parts. 
With the advent of large scale integrated circuits, at 

tempts have been made to produce electronic time 
keeping systems for packaging in wrist, pocket, pen 
dant and ring watch cases. Efforts at successful devel 
opment of electronic watches have been impeded, 
however, by the problem of power consumption. Since 
all known electronic time keeping systems and display 
devices consume electrical energy, an electronic watch 
must be provided with a suitable portable energy 
source which is capable of supplying electrical energy 
at the requisite voltage and current level for a reason 

‘ ably long period of time before replacement is re 
quired, the minimum desirable period being approxi 
mately 1 year. Because of the relatively small amount 
of volume available in a typical watch case, such a 
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and cost are currently available, their voltage, current 
and power ratings are extremely low. _ 

' Given the desirability of using such available sources, 
however, recent developmental effortsin the field of 
electronic watches have focused on designing elec 
tronic time keeping systems and associated displays 
which consume a minimal amount of current at the 
minimum voltage required for error free‘ operation of 
the device. Some efforts have concentrated on combin 
ing an electronic time keeping system with a standard 
mechanical watch display utilizing motor driven sweep 
type hour, minute and second hands. Other efforts have 
been directed to a fully electronic system using an elec 
tronic time keeping system in' combination with an 
electrically actuated digital display utilizing light emit 
ting diodes. While the electronic time keeping portion 
of such electronic watches has been found to consume 
modest amounts‘ of electrical'ene'rgy, the power re 
quirements of the display portion of both types have 
been found to be less than satisfactory for the above 
noted available energy. sources. 

Still other e?'orts to produce an electronic watch 
compatible with available low power, minimal size en 
ergy sources have been directedto utilizing a liquid 
crystal display with an electronic time keeping system. 
While liquid crystal displays are available which meet 
the minimal size requirements for packaging purposes 
and which require only modest amounts of energy for 
proper operation, such displays require a relatively 
high voltage for proper actuation. Thus, known elec 
tronic watches using a liquid crystal display have em 
ployed an electronic time keeping system having two 
portions: one operated at a relatively-low voltage, eg. 
3 volts DC, for generating the 1 Hz reference pulses; 
the other operated at a relatively high voltage, eg. 15 
volts DC, for providing time indicating signals having 
a sufficiently great magnitude for controlling the actua 
tion of the liquid crystal display characters. This latter 
portion has heretofore employed a single discreet level 
converting device requiring a substantial amount of 
power for providing the relatively high operating volt 
ages for the time keeping counters and decoders, thus 
partially defeating the original purpose of the design. 
Efforts to' implement this type of an electronic watch 
system with integrated circuitry in a manner dedicated 
to decreasing the power consumption 'of this level con 
verting device have been more than offset by the in 
creased amount of integrated circuit chip area required 
for the circuit elements to accomplish this purpose. 

SUMMARY OF THE INVENTION 

The invention disclosed herein comprises a low cost 
electronic time keeping and display system which oper 
ates from a low voltage energy source and consumes 
energy at a greatly decreased rate than that of known 
systems. Because of the low operating voltage and low 
current consumption characteristics, systems con 
structed according to the-invention can be powered by 
commercially available, low cost energy sources for 
prolonged periods in excess of one year without deteri 
oration of the time keeping accuracy thereof. In addi 

} tion, since virtually all of the electrical components are 
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housed in a single integrated circuit chip, the fabrica 
tion and assembly costs are extremely low. 
The preferredembodiment of the invention com 

prises a time keeping system powered by a low voltage 
source for providing decoded low voltage time signals 
specifying seconds, minutes, and hours; a regulated 
converter also powered by the low voltage source for 
converting the low source voltage to a relatively high 
voltage which is periodically monitored and replen 
ished; and a plurality of levelconverters for converting 
each of the low voltage time signals to a relatively high 
voltage of sufficient magnitude to drive an associated 
portion of a relatively high voltage display device such 
as a liquid crystal display. The time keeping system in 
cludes a crystal-controlled high frequency oscillator, a 
divider circuit, a time keeping unit, and a decoder sec 
tion. The regulated voltage converter comprises a con 
stant current source, a voltage threshold detector, a 
sense and enable circuit, and a sample circuit voltage 
converter including a‘ ringing circuit. To minimize 
power consumption, the regulated voltage converter is 
arranged to periodically sample the relatively high volt 

’ age output, with each sample period having an ex 
tremely short duty cycle. Each level converter is ar 
ranged to draw current only during an extremely short 
‘switching period. The preferred embodiment of the- in 
vention is implemented with CMOS circuitry. arranged 
for minimal power consumption. 
For further understanding of the nature and advan 

tages of the invention,-reference should be had to the 
following description taken in conjunction with the ac-_ 
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a system diagram of the preferred embodi 
ment of the invention;' . 
FIG. 2 illustrates a seven segment display character; 

FIG. 3 is a block diagram of the time keeping unit of 
the preferred embodiment; ‘ 
FIG. 4 is a diagram of a portion of the time keeping 

unit of FIG. 3;- ' 
FIG. 5 is a block diagram of the regulated voltage 

converter of the preferred embodiment; 
FIG. 6 is a circuit diagram of the regulated voltage 

converter of FIG. 5;‘ 
FIG. 7 is a circuit diagram of a pair of level convert 

ers, a transfer gate and the shaper of the preferred em 
bodiment; and 

_ FIG. 8 is a wave form diagram illustrating the opera 
tion of the preferred embodiment._ 

. DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Turning now to the drawings, FIG. 1 illustrates the 
preferred embodiment of the invention suitable for use 
as an electronic watch. An oscillator 10 having a con 
trol crystal 12 provides a train of high frequency refer 
ence'pulses preferably at a frequency of 32,768 Hz to 
the input of a frequency divider circuit 14. Frequency 
divider circuit 14 divides the high frequency reference _ 
signal down to 64 Hz, 32 Hz and 1 Hz reference signals. 
The 64 Hz and 1 Hz reference signals are coupled to 
the input of a time keeping unit 16, shown in detail in 
FIGS. 3 and 4, which provides output signals represen 
tative of minutes and hours to a decoder unit 18. 
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4 
Decoder unit 18 is provided with a plurality of output 

leads 191-19,- each coupled to a low voltage control 
input terminal of a different level converter 201-20,. It 
is noted that the 1 Hz output signal from divider 14 is 
also coupled directly to a level converter 20,. 
The output of each level converter 200-20,- is coupled 

to the control input of a different transfer gate 200-20,‘. 
The output of each transfer gate 220-22,- is a high level 
signal for enabling a different one of a plurality of dis 
play segment control electrodes 240-24,- of a liquid 
crystal display 25. 

In the preferred embodiment, liquid‘crystal display 
25 is arranged as a plurality of -7 segment digital display 
characters, each similar to the seven segment character 
illustrated in FIG. 2. Each character comprises seven 
individual segments a-g, each of which is actuatable in 
response to the application thereto of an enabling or 
striking potential. By selectively actuating different 
combinations of the individual segments a-g, the deci 
mal digits 0—9 may be displayed. In they preferred em 
bodiment two such characters are used for indicating 
minutes and two characters for indicating hours. A spe 
cial segment 240 is pulsed at a VI second rate by the I 
Hz signal on lead 190 to provide a visual indication to 
the wearer that the electronic watch is functioning 
properly. The structure and operation7of liquid crystal 
displays are well known and further structural details of 
display 25 are accordingly omitted to avoid prolixity. 
Such displays are characterized by relatively low cur 
rent consumption compared to light emitting diode dis 
plays or other known types of displays suitable for use 
as time indicators. However, for proper operation a liq 
uid crystal display requires the application of a rela 
tively high enabling potential between a given segment 
24! and the common electrode 30. Moreover, this rela 
tively high enabling potential is preferably applied in an 
A.C. mode as described below in order to prolong the 
life of the display. 
As will be apparent, the number of level converters 

20040,, transfer gates 220-22, and display segment 
control electrodes 240-24,- is determined by the number 
of desired reference characters and the number of seg 
ments per characterrTo avoid needless repetition, the 
majority of such elements have been indicated in the 
FIG. 1 diagram by broken lines. ' 
A low voltage source 26 providing a source voltage 

VD of approximately 1.5 volts DC in the preferred em 
bodiment is coupled to the supply voltage input of os 
cillator l0, divider unit 14, time keeping unit 16 and‘ 
decoder. unit 18. Low voltage source 26 is also coupled 
to a regulated voltage converter 27 which converts the 
relatively low voltage from ‘source 26 to a relatively 
high voltage of the order of approximately 15 volts DC» 
in the preferred embodiment. The output from regu 
lated voltage converter 27 is coupled to the supply volt 
age input of level converters 200-20,, a level converter 
20, and a shaper 29. The high leveloutput of the shaper 
29 is coupled to the transfer inputs of transfer gates 
220-22, and to common electrode 30 of liquid crystal 
display 25. ' 
As will now be apparent, oscillator 10, divider 14, 

time keeping unit 16 and decoder 18 are all powered 
by the relatively low voltage VD from source 26. Since 
these units are all well known to those skilled in the art 
their ' details have been omitted to avoid prolixity. 
These units are preferably implemented by CMOS cir 
cuitry. As will be evident to‘ those skilled in the art, cir 
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cuits designed in accordance with the principles of 
CMOS (complementary metal oxide semiconductor) 
technology utilize opposite conductivity type transis 
‘tors arranged in such a manner that current is‘only 
drawn during extremely small switching periods. Thus, 
such circuits require extremely small amounts of cur 
rent for proper operation. In addition, such circuits can 
readily be designed to function properly from 'ex 
tremely low supply voltage. Thus, low voltage source 
26 may comprise any one of a number of commercially 

' available 1.5 volt DC batteries. 
In operation, the train of high frequency reference 

pulses from oscillator“) is divided down by divider 14 
to the 64 Hz, 32 Hz and 1 Hz time reference signals. 
The 1 Hz reference signals are applied to timekeeping 
unit 16 which provides a minutes and hours count in 
response thereto. The minutes and hours signals from 
time keeping unit 16 are decoded by decoder unit 18 
into low level signals on leads 191-191 for specifying the 
individual segments 24,-24, of liquid crystal display 25 
which are to be actuated in order to provide a visual 
time indication. The low level 1 Hz reference signals on 
lead 190 are also utilized to specify the actuation of sec 
onds segment 240 of liquid crystal display 25. 
' Level converters 200-20,- and 20,-, transfer gates 
220-22,- and shaper 29 are all operated at a relatively 
high potential V”, provided by regulated voltage con 
verter 27. Level converters 20040, convert the low 
level control signals at their respective inputs 1190-49,~ 
to high level control signals for operating transfer gates 
220~22,~. Level converter 20,- converts the low level 32 
Hz control signal present on input lead 19,-to high level 
32 Hz signals. These high level signals from level con 
verter 20,- are shaped by shaper 29 to provide high level 
32 Hz segment actuation signals with sharply de?ned 
leading and trailing edges. The segment actuation sig 
nals are'coupled through transfer gates 220-22, to seg 
ments 240-24, and directly to common electrode 30 of 
liquid crystal display 25. As more fully described below 
in connection with FIGS. 7 and 8, transfer gates 
220_—22, control the phase of the segment actuation sig 
nals coupled therethrough with reference to the phase 
of the segment actuation signal coupled directly to 
common electrode 30. When the segment actuation 
signals on a given segment 24,- and common electrode 
30 are in phase, that segment is not displayed; when 
segment actuation signals are out of phase that segment 
is actuated. Thus, various segments of the minutes and 
hours digit characters are displayed or not depending 
onv the low level output signals on leads 191-19. from 
decoderunit 18. In this manner, the various digits indi 
cating minutes and hours are displayed. 
An important feature of the invention shown in FIG. 

1 resides in the operation of the time keeping system 
comprising oscillator 10, divider unit 14, time keeping . 
unit 16 and‘ decoder unit 18 at the low voltage level VD 
provided by source 26 and the operation of the level 
converters 200-20,, 20], transfer gates 220-22, and 
shaper 29 at the high voltage levelVD' provided by reg 
‘ulatedvoltage converter 27. Because of the low voltage 
operation of the time keeping system and the use of 
complementary semiconductor circuitry, the power 

- consumption of the continuously operating time keep 
ing system is held to a minimum. Because of the com 
plementary semiconductor circuit con?guration of the 
high level operated level converters 200-20,, 20;, gates 
220-22,- and shaper 29, power consumption of this rela 

25 

6 
tively high voltage portion of the preferred embodi 
ment is also held to a minimum. 
Time keeping unit l6, as shown in FIG. 3 comprises 

a divide-by~60 unit 31, a minutes counter 32, an hours 
counter 33 and a time adjust unit 34. The divide-by-6O 
unit 31 produces an output pulse at 60 second intervals 
from the 1 Hz input signal. Each output pulse from unit 
3]. increments minutes counter 32 which may comprise 
a scale of 60 counter or a scale of 10 counter followed 
by a scale of 6 counter. The last stage of minutes 
counter 32 produces an output pulse at 1 hour inter 
vals. Each such output pulse increments hours counter 
33, which may comprise a scale of 12 counter or a scale 
of 24 counter, the latter being utilized when a 24 hour 
time system is desired. Such counters are well known 
in the art and accordingly are not described in detail. 

Time adjust unit 34 is arranged to gate 64 Hz signals 
to divide-by-60 unit 31 along with a DISABLE signal 
for preventing the 1 Hz input'signal from operating unit 
31, and 1 Hz signals to minutes counter 32 or hours 
counter 33, all in response to'time adjust signals from 
an operator control device. The operator control de 
vice comprises any operator adjustable device for pro 
viding minute and hour advance signals. One such ar 
rangement comprises a pair of switches: one signifying 
minutes adjust; the other hours adjust; each operable 
by a different button protruding from the watch case. 
Other equivalent arrangements will occur to those 
skilled in the art. The 64 Hz input to divide-by-60 unit 
31 clocks this unit to. a predetermined initial state 
whenever minutes counter 32 is being adjusted. Once 
unit 31 reaches this initial state, application of the 64 
'Hz signal to unit 31 is terminated. Thereafter, the DIS 
ABLE signal insures that this state is preserved until the 
completion of the minutes time adjustment. 
FIG. 4 illustrates a suitable circuit for performing this 

latter control function. A flip-?op 35 is set by the lead 
ing edge of the MINUTES ADJUST signal. The set out 
put of flip~?op 35 enables an AND gate 36 to transmit 
64 Hz pulses to an OR gate 37, the output of which is 
applied to divide-by-6O unit 31. Simultaneously, the 

- MINUTES ADJUST signal inverted by an Inverter 38 
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disables an AND gate 39 from transmitting 1 Hz pulses 
to OR gate 37. When the last stage of divide-by¢60 unit 
31 is set, a reset signal is applied to the reset input of 
?ip-?op 35. When ?ip-?op 35 resets, AND gate 36 is 
disabled. AND gate 39 continues disabled until the 
MINUTES ADJUST signal is removed. 
The minutes time adjust is effected by applying 1 Hz 

pulses to minutes counter 32 until the proper count has 
been attained. During this time the minutes section of 
liquid crystal display 25 provides a visual indication of 
the setting in minutes counter 32. The hours adjust is 
accomplished in a similar manner. 
The various stages of minutes counter 32 and hours 

counter 33 are coupled to decoder unit 18. Decoder 
unit 18 comprises known logic circuitry for decoding 
various counter settings into control signals for specify 
ing the proper character segments for actuation in ac 
cordance with the counter settings to form the corre 
sponding digit characters. Since circuitry for perform 
ing this function is well known to those skilled in the 
art, further details thereof have been omitted to avoid 
prolixity. 
An important feature of the invention comprises the 

regulated voltage converter 27 shown in block diagram 
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form in FIG. 5. A constant current source 41 supplies 
a small constant current to a voltage dropping resistor 
42. In the preferred embodiment the approximate 
value of this current is l microamp. The opposite end 
of resistor 42 is coupled to the relatively high voltage 
output VI,’ of a voltage converter 44. Since the current 
through resistor 42 is substantially constant, the voltage 
drop thereacross is also constant. ThuS, any variation 
in the magnitude of VD’ results in a linear variation of 
the voltage V, at junction 45, Le. V,—VD’=K a constant. 
The voltage V, at junction 45 is sensed by a threshold 
detector 46 which provides an output signal whenever 
the magnitude of voltage V, falls below a ?rst predeter 
mined value, indicating that the magnitude of voltage 
V,,’ has fallen below a second predetermined value lin 
early related to the ?rst predetermined value by the 
constant K. A sense and enable circuit 47 enables volt 
age converter 44 whenever the output of threshold de 
tector 46 indicates that the magnitude of voltage VD’ 
has fallen below the predetermined value. When en 
abled, voltage converter 44 converts the relatively low 
voltage VD from low voltage source 26 to a relatively 
high voltage VD’. A samplecircuit 48 controls constant 
current source 41, threshold detector 46 and sense and 
enable circuit 47 to provide periodic, interrupted oper 
ation of these elements. In the preferred embodiment, 
a sampling rate of 4 Hz is employed, the actual sample 
period being I millisecond. Other sampling rates and 
periods may be employed as desired. As noted above, 
in the preferred embodiment the relative magnitudes of 
VD and V,,’ are approximately 1.5 volts DC and 15 volts 
DC respectively. 

4 Voltage converter 44 also converts relatively low 
voltage VD to' a biasing voltage VB having a magnitude 
of approximately 1.5 volts DC below the magnitude of 
V,,'. In the preferred embodiment bias voltage VB is de 
rived from voltage V,,’ and thus is not separately sam 
pled and replenished. If desired, however, separate 
‘sensing and replenishing circuitry may be employed for 
voltage VB. As discussed more fully below, voltage VB 
provides a bias voltage for the operation of level con 

i verters 200-20,, 20,. 
FIG. 6 is a schematic illustrating the actual circuitry 

employed in the preferred embodiment for implement 
ing regulated voltage converter 27 of FIG. 5. In FIG. 6, 

' the elements comprising the various blocks shown in 
FIG. 5 are enclosed in broken rectangles bearing the 
same reference numeral. 
Voltage converter 44 may be considered as compris 

ing‘ a ?rst portion depicted at the right of the vFig. for 
generating voltage V,,' and a second portion depicted 
at the. left of the Fig. for generating voltage VB. The 
?rst portion comprises a pair of complementary MOS 
transistors 50, 51 connected in a push-pull buffer con 
?guration for providing a high driving current to a dis 
creet transistor 52. Transistor 52 together with an in 
ductance 53, a rectifying diode 54 and a capacitor 55 
comprise a voltage ringing circuit for converting the 
relatively low'voltage V" at terminal 56 to a relatively 
high voltage V,,’ at terminal 57. Transistor 50 is nor 
mally biased on and transistor 51 is normally biased off 
by the quiescent low level input signal to their com 
monly connected gates. A ground potential is thus ap 
plied through transistor 50 to the base of discreet tran 
sistor 52, maintaining this element non-conductive. 
When the level of the signal coupled to the gates of 
transistors 50,51 changes, the states of these two ele 
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ments reverse. Thus, relatively low potential VD from 
terminal 56 is applied through transistor 51 to the base 
of the remaining data input of discreet transistor 52 
turning this element on, thereby permitting current to 
flow through inductor 53. When the level of the gate 
input signal to transistors 50, 51 reverts to the quies 
cent level, these elements again reverse states. turning 
off discreet transistor 52. The change of current 
through inductor 53 causes the development of a high 
voltage thereacross, which is rectified by diode 54 and 
stored by capacitor 55. After several initial cycles, the 
voltage at terminal 57 builds up to the desired magni 
tude V,,’. In this manner, this ?rst portion of voltage 
converter 44 converts the relatively low supply voltage 
V,, from low ,voltage source 26 to the relatively high 
voltage-VD’ presentton terminal 5.7. ' 
The second portion .of voltage converter 44 com 

prises a p-type MOS transistor 60 which is permanently 
biased on by voltage V,,'to supply current to a pair of 
N~type MOS transistors 61,62 con?gured as shown. 
The source terminal of lower transistor 62 is coupled 
to voltage V,,'. Transistors 61,62 provide a constant 
voltage drop to voltage VD’ to establish bias voltage at 
terminal 63. - 

Constant current source 41 includes an N-type MOS 
transistor 65 and a pair of P-type MOS transistors 
66,67 configured as shown as the mirror image of tran 
sistors 60,61, 62 to provide a constant voltage to the 
gate of a P-type MOS transistor 68. Transistor 68 pro 
vides a constant current to a ?rst terminal of resistor 42 _ 
whenever a ?rst P-type MOS switching transistor 70 is 
turned on in the manner described below. As noted 
above, the opposite terminal'of resistor 42 is coupled 
to voltage VD’. 
Sense and Enable circuit 47 includes a pair of P-type 

MOS transistors 72,72 which are permanently biased 
on by voltage VD applied to their respective gates 
whenever a second P-type MOS switching transistor 71 
is switched on in the manner described below. Transis 
tor 72 serves as a load for a P~type MOS transistor 75 
connected as a source follower, while transistor 73 
serves as a load for an N~type MOS sensing transistor 
76. Transistor 75 provides a voltage drop to voltage V, 
at junction 45 so that the voltage variations on the gate 
of sensing transistor 76 fall within an operative range. 
In addition, the voltage drop provided by source fol 
lower transistor 75 ensures that the voltage on junction 
45 remains within a range that maintains the operation 
of transistor 68 in the constant current mode. So long 
as the magnitude of voltage VD’ is not below the prede 
termined threshold value, sensing transistor 76 is bi 
ased off by the voltage present at the gate thereof. 
However, when the magnitude'of voltage VD’ drops 
below this threshold value, sensing transistor 76 is bi 
ased on and the normally high signal at the output 
thereof drops to a low level. 
The output from sensing transistor 76 is coupled di 

rectly to a ?rst data input of a ?ip-?op 77 and through 
an inverter 78 to the remaining data input thereof. The 
clock input signal to ?ip-?op 77 is a train of 4 Hz pulses‘ 
each approximately 1 millisecond in duration obtained 
from sample circuit 48, described more fully below. 
Flip-?op 77 provides a control input signal to an invert 
ing OR gate 80 which provides enabling control signals _ 
to the ?rst portion of voltage converter 44. 
The other input to inverting OR gate 80 is obtained 

from the output of an inverting AND gate 82. The in 
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puts to inverting AND ‘gate 82 are a 256 Hz and a 32K 
l-Iz pulse train, obtained from appropriate stages of di 
vider circuit 14 of FIG. 1, and the O output of a flip 
flop 83, which is a J-K flip~?op in the preferred em 
bodiment. The 256 Hz pulse train is applied directly to 
a ?rst data input of flip-flop 83 and through an inverter 
84 to thereof. As will be apparent to those skilled in the 
art, inverter 84, ?ip‘flop 83 and inverting AND gate 82 
comprise a leading edge detector which develops nega 
tive-going pulse signals of approximately 15 microsec 
onds duration each at a rate of 256 Hz from the 256 Hz 
and the 32K [-12 pulse trains. Thus, when ?ip-?op 77 is 
in the reset state, inverting OR gate 80 transmits these 
pulse signals to the commonly-connected gates of tran 
sistors 50,51 of voltage converter 44. Conversely, when 
flip-flop 77 is set, inverting OR gate 80 blocks the 
transmission of these pulse signals to voltage converter 
44. ' 

Sample circuit 48 comprises a sample pulse genera 
tor, an inverter 86 and the aforementioned ?rst and 
second switching transistors 70,71. The sample pulse 
generator comprises a ?ip-?op 87, which is a .l-K flip 
flop in the preferred embodiment, an inverter 88 and 
an inverting OR gate 89. A 4 Hz pulse train is coupled 
directly to a first data input of ?ip-?op 87 and through 
inverter 88 to the remaining data input of ?ip-?op 87. 
»A 1,024 Hz pulse train is applied to the clock input of 
flip‘flop 87. Both pulse trains are obtained from appro 
priate stages of divider circuit 14 of FIG. 1. The Q out 
put of flip-flop 87 is coupled to the input of inverting 
OR gate 89 along with the inverted 4 Hz pulse train. As 
will be apparent to those skilled in the art, inverter 88, 
flip-?op 87 and inverting OR gate 89 comprise a lead 
ing edge detector which develops positive-going pulse 
signals of approximately 1 millisecond duration each at 
a rate of 4 Hz from the 4 Hz and 1,024 Hz pulse trains. 
As noted above, these'pulse signals are applied directly 
to the clock input of flip-?op 77. Thus, the input to ?ip 
flop 77 is sampled 4 times per second. These pulse sig 
nals are also inverted by inverter 86 and applied to the 
gates of switching transistors 70,71. Since switching 
transistors 70,71 enable constant current source 41 and 
threshold detector 46, respectively, these circuits are 
each enabled concurrently for l millisecond at the rate 
of 4 times per second in synchronism with the sampling 
of ?ip-?op 77. 

In operation, when power from voltage source 26 of 
FIG._1 is first applied to the various VD terminals of reg 
ulated voltage converter 27, the voltage at terminal 57 
lies below the predetermined threshold value. Sensing 
transistor 76 is biased on and ?ip-?op 77 is reset by the 
‘?rst clock pulse, thereby enabling inverting OR gate 
80. The 256 Hz train of 15 microsecond duration 
pulses is transmitted by inverting OR gate 80, thereby 
enabling voltage converter 44 to develop voltage VD’. 
As the magnitude of the voltage at junction 45 rises 
withv the magnitude of the voltage on terminal 57, 
source follower transistor 75 is eventually biased on, 
but sensing transistor 76 remains biased on, leaving 
?ip-?op 77 reset. When the magnitude of the voltage 
at terminal 57 reaches the predetermined threshold 
value, sensing transistor 76 is biased off and ?ip-?op 77 
‘is set by the succeeding clock pulse, blocking inverting 
‘OR gate 80. Thereafter, inverting OR gate 80 remains 
blocked until the magnitude of voltage VD’ drops below 
the predetermined threshold value, causing sensing 
transistor 76 to be biased on, which in turn enables flip 
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?op 77 to be reset by a succeeding clock pulse. During 
this operation, the magnitude of the voltage V,, at ter 
minal 63 follows the variations in the magnitude of the 
voltage on terminal 57. 
The above described operation of regulated voltage 

converter 27 proceeds in an interrupted manner due to 
the operation of switching transistors 70,71 which en 
able constant current source 41 and threshold detector 
46 only for 1 millisecond intervals at the rate of 4 Hz. 

As will now be apparent to those skilled in the art, 
regulated voltage converter 27 provides an extremely 
well regulated high voltage VD’ and a related bias volt 
age VB_ required for the operation of level converters 
200-20,, 20, and liquid crystal display 25. The intermit 
tant operation of constant current source‘ 41 and 
threshold detector 46, the small duty cycle provided by 
sample circuit 48 and the complementary transistor 
drive con?guration of voltage converter 44 all serve to 
reduce the power consumption of regulated voltage 
converter 27 well below that required for prior art volt 
age converter circuits providing conversion of a rela 
tively low voltage to a relatively high voltage. The 
power consumption of regulatedvoltage converter 27 
is further reduced by the use of CMOS circuitry for im 
plementing ?ip-?ops 77,83 and 87, and the use of MOS 
devices for the elements as shown and for the inverters 
and ‘gates symbolically illustrated. . 
FIG. 7 illustrates the actual circuitry employed in the 

preferred embodiment for implementing level con 
verter 20,, shaper 29 and level converter '20,- and trans 
fer gate 22}, the latter circuitry being typical of level 
converters 20140,- and transfer gates 221-22,. In this 
Fig. the elements comprising the various blocks shown 
in FIG. 1 are enclosed inbroken rectangles bearing the 
same reference numeral. ' . 

Level converter 20,- includes a first and second pair 
of P-type MOS transistors 100, 101 and 102, 103, re 
spectively, each pair being connected source-to-source 
and drain-to-drain as shown. The commonly-connected 
sources of each pair are coupled to ground potential. 
The gate of each inner transistor of each pair is coupled 

- to the common drain terminal of the other pair. The 
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gate inputs to outertransistors 100,103 are the 32 Hz 
reference signals on lead 19, from'divider 14 of FIG. 1 
and the output of an inverter 105, respectively. The 
common drain terminal of each pair is coupled to the 
drain terminal of a different N-type MOS transistor 
106,107 respectively. The gate of each ‘transistor 
106,107 is coupled to the gate of the associated inner 
transistor 101,102 respectively. A constant current 
source comprising an N-type MOS transistor 108 hav 
ing relatively high voltage VD’ coupled to the source 
terminal thereof and biasing voltage VB coupled to the 
gate thereof in order to permanently bias transistor 108 
on is provided in the left main branch of level converter 
20}. An identically con?gured constant current source 
comprising N-type MOS transistor 109 is ‘provided in 
the right branch of level converter 20;. 

In operation, with enabling voltages VB’ and VB 
applied to transistors 108,109 and the low level input 
signal on terminal 19, at the true level, transistor .100 
is biased off. The inverted input signal from inverter 
105 is false and transistor 103 is thus biased on. U; is 
thus at ground potential and biases transistor 101 off 
and__transistor 106 on. Since transistor‘ 106 is biased on 
by Q, and transistor 108 is biased on by voltage V,,, O, 
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is at voltage V,,'. Q,- at voltage V,,' biases transistor 102 
‘on and transistor 107 off. 
When the low level input signal on terminal 19, 

transitions false, transistor 100 is biased on and transis 
tor 103 is biased off. Since transistor 100 is now on, the 
voltage at Q, rises to ground potential, turning transis 
tor 102 off and transistor__ 107 on. As transistor 102 is 
biased off, the voltage at Q, falls to V,,', biasing transis 
tor 101 on and transistor 106 off. The circuit remains 
latched in this state until the inputv signal on lead 19, 
transitions true. I 

When the low level input signal on lead 19," 
transitions true, transistor 100 is biased off and transis‘ 
tor 103 is biased on. As transistor 103 is biased on, the 
voltage at Q,- rises to ground potential, biasing transis 
tor101 off and transistor 106 on. As transistor 106 is 
biased on, the voltage at Q, falls to VD’, biasing transis 
tor 102 on and transistor 107 off. The circuit remains 
latched in this state until the input signal on lead 19, 
again transitions false. Further operation of level con 
verter 20, proceeds as already described. 
As will now be apparent, level converter 20, provides 

a pair of oppositely phased output signals on terminals 
Q,, O, which range in magnitude between a negative 
voltage VD’ having a relatively high magnitude and 
ground potential in response to an input signal on lead 
19 ,which ranges in magnitude between a negative volt 
age VD having a rlatively low magnitude and ground po 
tential. As noted above, in the preferred embodiment 
the range on the magnitude of the input signal is ap 
proximately 0—l.5 volts DC while the range on the 
magnitude of the output signal is approximately O-l5.0 
volts DC. Thus, level converter 20 j, as well as level con 
verters 20,—20,-, permit the low voltage portion of the 
electronic time keeping system to control the relatively 
high voltage display. It is important to note that level 
converter 20, draws current only during the extremely 
short transitional periods when the circuit is being 
switched between opposite latched states, due to the 
complementary con?guration of the circuit. Thus, the 
current consumption of level converter 20, is extremely 
small and discontinuous, being of the order of 1 micro 

The ogtput signals from level converter 20, on leads 
Q, and Q, are coupled to the control gate of comple 
mentary MOS transistors 110, 111, 112, 113, respec 
tively, of shaper 29. Shaper 29 comprises a CMOS set 
reset flip-‘flop which is used to steepen the leading and 
trailing edges of the output signal pulses from level con 
verter 20,. As illustrated by wave forms_B and C of FIG. 
8, the output signals on terminals Q29, Q29 of shaper 29 
comprise a pair of oppositely phased 32 Hz square 
wave pulse trains ranging in magnitude between volt 
age V,,’ and ground potential. The output signal on Q29 
is coupled directly to common electrode 30 of liquid ‘ 
crystal display 25. The output signals on Q29 and 629 
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ased on and the signal on Q29 is transmitted to'display 
seg_n_ient 24,-. Conversely, whenever the output signal 
on Q, is high and the output signal of Q, is low, tra_nsis 
tors 122 and 123 are biased on and the signal of 029 is 
transmitted to display segment 24,. 
Level converter 20, is substantially identical in con 

?guration to above-described level converter 20,. The 
input signal to level converter 20,, however, is a rela 
tively low frequency time control signal from decoder 
unit 18, it being remembered that the control signals 
change at the maximum rate of l per minute for seg 
ments representing the 'units minutes'characters and 
the minimum rate of l per 12 hours for segments repre 
senting the tens hours character. Due to the relatively 
low frequency of the control signals applied to-level 
converter 20,-, it is not necessary to shape the output 
signals from this element present on terminals Q5, Q1. 

The output signals from level converter 20, control 
the phase of the commutated square wave signal ap 
plied to display segment 24, relative to the phase of the 

» commutated square wave signal applied to common 
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are coupled to transmission gates 220-22,, only one of I 
which is shown in FIG. 7. . 
Transmission gate 22,- comprises two pair of parallel 

connected CMOS transistors 120, 121 and 122, 123 re 
spectively. The gates of CMQS transistors 121,122 are 
commonly connected to theQi Output terminal of level 
converter 20,. Similarly, the gates of CMOS transistors 
120,123 are commonly connected to the 0, output ter 
minal of level converter 20,. Whenever the output sig 
nal on Q, is high (ground potential) and the output sig 
nal on Q, is low (V,,') transistors 120 and 121 are bi 

electrode 30. This is best illustrated with reference to 
FIG. 8. Wave form A represents, the relatively low level 
32 Hz square wave input signal to level converter 20, 
present on lead 19,-. Wave forms B and C illustrate the~ 
32 Hz relatively high level output signals from shaper 
29 present on output terminals Q29, Q29 respectively. 
'Wave form D illustrates the relatively low level control 
signal to level converter 20, present on lead 19,. Wave 
forms E and F represent the relatively high level output 
signal from level <_:pnverter 20, present on the output 
terminals Q, and Q, respectively. Wave form G illus 
trates the output signal from transfer gate 22, coupled 
to display segment_24,. Wave form H illustrates the sig 
nal from terminal Q29 coupled to common electrode 30 
of liquid crystal display 25. For economy of space all 
of the above wave forms are represented in abbreviated 
form indicated by thebroken'central portion.’ 
When wave forms G and H are in phase, the potential 

difference between display segment 24, and common 
electrode 30 is zero and the segment 24, is off. Con 
versely, when wave lforms G and H are out of phase a 
striking potential is established between segment 24, 
and common electrode 30 and segment 24, is on. The 
relative phase of wave forms G and H is determined by 
control-waveform D. When this control signal is true, 
wave forms E and F are false and true respectively, and 
wave form G follows wave form H. When wave form D 
is false wave forms E and Fare true and false, respec 
tively, andwave form G is oppositely phased from wave 
form H. Thus, with segment 24, initially off, indicated 
by the hatched area, when wave form D transitions 
false segment 24, is turned on as indicated by the un 
hatched area. When wave form D again transitions 
true, segment 24, is again turned off. 1 ' 

In the preferred embodiment, each segment 24, is op 
erated in an AC. mode by reversing the direction of 
the potential between the segment and common elec 
trode 30 at the‘ arbitrary rate of 32 Hz. This mode of 
operation of all character segments is utilized in order 
to prolong the life of liquid crystal display 25. When the 
preferred embodiment is used to drive other types of 

‘ relatively high voltage display devices, A.C. operation 
may not be required for efficient operation. In such ap 
plications, the display segments 24 and common elec 
trode 30 may be driven directly by level converters 
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20(r-20, and level converter 20,‘, transmission gates 220 
22,-, and shaper 29 may be omitted. 
The entire electronic ‘time keeping and display sys 

tem disclosed herein can be virtually fabricated from a 
single integrated circuit chip, the outline of which is 
outlined in FIG. 1, by the phantom-lined border indi 
cated by reference character C. As indicated by this 
Fig, the only components which are not included in the 
single integrated circuit chip are oscillator crystal 12, 
low_ voltage source 26, which must be removable when 
exhausted, and a portion of regulated voltage converter 
27. With reference to FIG. 6, those elements of- regu 
lated voltage converter 26 which are not housed in the 
single integrated circuit chip, also outlined in phantom 
in this Fig, are resistor 42 and the discreet elements of 
voltage converter 44: viz, transistor 52, inductor 53, ' 
diode 54 and capacitor 55. Thus, only seven circuit ele 
ments — one of which must be readily replacable — 
are carried externally of the single integrated circuit 
chip. As will be evident to those skilled in the art, this 
enables the electronic time keeping system of the in 
vention to be fabricated and assembled at an extremely 
low cost. I ' 

Referring again to FIG. 1, liquid crystal display 25 
comprises a separate physical package, indicated by 
the phantom-lined border D, from the integrated cir 
cuit chip, and may be arranged relative thereto in any 
convenient manner. In one suitable packaging arrange 
ment employed in the preferred embodiment,ythe liq 
uid crystal display package D is mounted above the in 
tegrated circuit chip, and this assembly is placed in a 
watch case with the liquid crystal display characters 
visible vthrough the watch case crystal. Other equally 
suitable mounting arrangements will occur to those 
skilled in the art.v 
1As will now be evident to those skilled in the art, the 

electronic time keeping and display system disclosed 
herein provides a highly accurate, readily visible time 
display and is sufficiently small to be easily accommo 
dated by the various types of watch cases known in the 
art. Further, the disclosed system is powered by a sin 
gle, readily available low cost battery which is easily re 
placable when exhausted. Moreover, due to the low 
voltage and current requirements, the latter amounting 
to an average drain for the entire circuitry of only ap 
proximately 20 microamperes, and the resulting low 
power consumption of the electronic circuitry, elec 
tronic watches constructed according to the invention 
can operate on the same low voltage source in excess 
of one year before replacement of the source becomes 
necessary. . 

As will be further evident to those skilled in the art, 
the level converters utilized in the electronic time 
keeping system enable» the low voltage time control sig 
nals to control the operation of the high voltage display 
without consuminggreat quantities of current, thereby 
contributing to the ef?cient low power operation of the 
entire system. In addition, the regulated voltage con 
verter utilized in the electronic time keeping system 

‘ provides a well-regulated source of relatively high volt 
age for operating the level converters and the display 
also without consuming substantial amounts of current, 
which further contributes to the efficient low power 
operation of this system. 
While the above provides a full and complete disclo 

sure of the preferred embodiment of the invention, var 
ious modi?cations, alternate constructions and equiva 
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M 
lents may be employed without departing from the true 
spirit, and scope of the invention. Therefore, the above 
description and illustrations should not be construed as 
limiting the scope of the invention which is solely de 
fined by the appended claims. 
What is claimed is: _ 

L'An electronic timekeeping system characterized 
by low power consumption, said system comprising 
a source of relatively low DC. voltage; 
means for converting the output from said source of 

relatively low voltage to a relatively high D.C. volt 
age; _ . 

a source of relatively low voltage clock pulses; 
a time signal generator coupled to said source of 
clock pulses forproviding a plurality of time signals 
having a magnitude of the order of said low ‘volt 
age, said clock pulse source and said time-signal 
generator being-coupled to and powered by said 
source of relatively low DC. voltage; and 

level converting means coupled to said'time signal 
generator and said voltage converting means for 
converting individual ones of said plurality of low ' 
voltage time signals to display actuation signals 
having a magnitude of the order of said relatively 
high DC. voltage. ‘ i 

2. The apparatus of claim 1 further including display 
means coupled to said level converter means and oper 
able by said relatively'high voltage display actuation 
signals for generating visible time indicia in response to 
said time signals. ’ I v > 

3. The apparatus of claim 2 wherein ‘said display 
means comprising a liquid crystal display having a plu 
rality of seven-segment digit characters. 

4. The apparatus of claim 1 wherein said voltage con 
verting means includes means for maintaining the mag 
nitude of said relatively high voltage above a predeter 
mined threshold value. ‘ 

5. The apparatus of claim 4, wherein said maintaining 
means includes a threshold detector for generating an 
enabling signal when the magnitude of said high voltage 
decreases to said predetermined threshold value. 

6. The apparatus of claim 5, wherein said maintaining 
means further includes sample means for periodically 
sampling the output of said threshold detector, and 
sense and enable means for generating a control signal 
adapted to actuate said voltage converting means in re 
sponse to the generation of said enabling signal. 

7. The apparatus of claim 6, wherein said sample 
means includes means for limiting the duration of each 
sampling period to a small value relative to the period 
therebetween. 

8. The apparatus of claim 7, wherein the duration of 
each of said sampling periods is approximately 1 milli 
second and the period therebetween is approximately 
250 milliseconds. - 

9. The apparatus of claim 1 wherein said time signal 
generator includes a minutes counter and an hours 
counter. ' 

10. The apparatus of claim 9 wherein said time signal 
generator further includes a time adjust circuit for indi 
vidually adjusting said minutes counter and said hours 
counter. 

11. The apparatus of claim 1 wherein said level con 
verting means includes means coupled directly to said 
source of clock pulses for converting said relatively low 
voltage pulses to relatively high voltage display actua 
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tion signals for indicating that said electronic timekeep 
ing system is operational. 

'12. The apparatus of claim 1 wherein said level con 
I verting means comprises a plurality of level converters 
each coupled to a separate one of said plurality of time 
signals for converting said relatively low voltage time 
signals to a plurality of relatively high voltage control 
signals, each of said level- converters comprising bi 
stable circuitry switchable between opposite states, 
said bi-stable circuitry being complementarily con?g 
ured to require signi?cant amounts of current only dur 
ing switching v 

13. The apparatus of claim 12 further including an' 
additional level converter coupled to said time signal 
generator for providing a relatively high voltage refer 
ence signal, and a plurality of‘ transfer gates each cou 
pled to a different one of said level converters and said 
additional level converter for generating said display 
actuation signals in response to said relatively high volt 
age control signals. 

14. The apparatus of claim 13 further including 
means coupled to said additional level converters for 
shaping said high voltage reference signal. ' 

15. The apparatus of claimv vl3 wherein said addi 
tional level converter provides a periodic high voltage 
reference signal having a frequency substantially higher 
than the frequency of said control signals. ' 

16. In an electronic watch having a means for provid 
ing a relatively low D.C. supply voltage, a source of ref 
erence clock pulses, a timekeeping unit for providing 
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a pluralityiof time indicating signals in response to said 
clock pulses, said clock pulse source and said time 
keeping unit being powered by said low voltage supply 
means, a display operable at a relatively high voltage 
for providing a visible time indication, and means for 
converting said relatively low voltage to said relatively 
high voltage the improvement comprising a plurality of 
level converting means coupled-to said timekeeping 
unit and said voltage converting means for converting 
each of said time indicating signals to a level having a 
magnitude of the order of said relatively high D.C. volt 
age, said improvement enabling said watch to operate 
with low power consumption. , 
'17. The apparatus of claim 16 wherein each of said 

level converting means comprises a level converter for 
converting the associated time indicating signal to a rel 
atively high voltage control signal, and transfer means 
for generating a display actuation signal in response to 
said relatively high voltage control signal.' 

18. The apparatus of claim 17 further including an 
7 additional level converter coupled to said source for 

25 

35 

40 

45 

50 

:55 

-65 

providing a relatively high voltage supply signal for said 
transfer means. 

19. The apparatus of claim 17 wherein said level con-> 
verter comprises bi-stable circuitry switchable between 
opposite states and complementarily con?gured to re 
quire signi?cant amounts of current only during switch 
ing. 

* * * * * 
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