
PATENT SPECIFICATION    (11) 1 514 857 (21) Application No. 31086/76
(22) Filed 26 July 1976 (31) Convention Application No. 50/097387 (32)
Filed 11 Aug. 1975 in (33) Japan (JP) (44) Complete Specification published
21 June 1978 (51) INT CL2  G04C 3/00 G09F 9/30 (52) Index at acceptance G3T
101 301 401 AAA LA RA GSC  342 372 375 (54) DIGITAL ELECTRONIC TIMEPIECE
(71) We, KABUSHIKI KAISHA DAINI  a time counting circuit for generating
time   50 SEIKOSHA, a Japanese Company of 31-1, 6- signals corresponding to
seconds, minutes, chome, Kameido, Koto-ku, Tokyo, Japan,do, hours and date;
a liquid crystal display means hereby declare the invention for whiCH we
HAVING RETARDATION EFFECT FOR DISPLAYING A dIgital pray that a patent may
be granted to us and  time unit signal in different colours according the
method by which it is to be performed,  to THe drive voltage applied; a
first switching   55 to be particularly described in and by tHe  circuit
for sELecTIVEly supplying DIFferent time following statement:-
unit signals from said time counting circuit to This invention relates to
digital electronic  said display mes for visual display thereby; 10
timepieces.                                a voltage LEVel CIrcuit for
PROduCIng aplur- In conventional electronic timepieces, if  ity
different drive voltages for driving   60 seconds, minutes, hours, date and
month are  saId liquid crystal display means; and a second displayed by a
single display panel, it is  switching circuit means COORDINAted with said
necessary to provide the display panel with a  first switching circuit
means to supply from 1 5  display portion consisting  of two alpha-  said
voltage level circuit to said display means numeric display units for the
seconds, a dis-  a selected drive voltage corresponding to a   65 play
portion consisting of fouR alphanumeric  selected time unit signal to be
displayed so display units for the minutes and hours, and  that diffeREnt
time unit signals are distinguished a display portion consisting of four
alpha-  from one another by beINg displayed in dif- 20  numeric display
units for the date and month.  ferent colours. Thus the display panel must
have a total of    In a preferred embodiment said display  70 ten
alphanumeric display  units. If the alpha-  means consists of means for
displaying two numeric display units are to be read easily,  digits. then
the display panel has to be relatively   The digital Electronic timepiece
may include 25  large. TheREFOre, IT   is very difficult to make  manually
operable switch means for jointly a ladies' wristwatch of this type which
is also  controlling said first switching circuit means  75 of small size.
and said second switching circuit means. To overcome this problem it has
been sug-    Preferably the digital electronic timepiece gested that four
alphanuMERIC display units  inCLudes a driving circuit for driving said
dis- 30  are employed so that date and months, hours  play means,said
driving circuit having inputs and minutes, and seconds may be selectively
cted respectively to said first switching   80 displayed. This enables the
size of the dis-  circuit means and said second switching circuit play
panel to be reduced, but it is difficult  means and outputs connected to
said display to determine the information being displayed  meanS. 35  at
any given time, unless the electronIC Time-    in the preferred embodiment
said voltage piece is provided with aditional circuitry for  level circuit
COMPRISES for providing   85 producing an addITIONAL displaY indicative of
four different drive voltages. Preferably said the information being
displayed at any given  display means comprises segment ELEctrodes time.
The moUNting of the additioNal disPLay  and a figure electrode said driving
circuit coM- 40  has a disadvantage that it is iMPOSSIble tO see  PRISING
MEANS controlled by voltage pulse sup- the display from tHe stand poINt
pERspecTIVE,  plied By said time signal pulse generating cir-  90 A small
sized wristwatch has also been sug-  cuit for supplying a selected drive
voltage alter- gested having two alphanumeric display units  nately to
selected ones of said segment elec- instead of four by means of which
seconds,  trodes and said figure electrode to display a 45  minutes, hours,
date and month are SELECTIVELY  selected time signal in a selected colour.
displayed.                                   The invention is illustrated,
merely by way  95 According to the present invention there  of eXample, in
the accompanying drawings in is provided a digital electon  timepiece com-
which:- pRIsing: a time signal pulse generating circuit;  Figure I is a
block diagram of one em-  



BODIMENT OF A DIGITAL ELECTRONIC TIMEPIECE   AGE LEVEL CIRCUIT 4 ARE
APPLIED TO A SWITCHING ACCORDING to the present INVENTION;    CIRCUIT 6.
THE SWITCHING CIRCUIT 5,6 ARE CON- FIGURE 2 ILLUSTRATES GRAPHICALLY TEH
RETARDA-  TROLLED BY A ROTARY MECHANICAL SWITCH 7, FOR TION EFFECT OF A
LIQUID CRYSTAL MATERIAL; EXAMPLE, OPERATED BY A STERN MEMBER (NOT FIGURE 3
IS A CIRCUIT DIAGRAM OF A VOLTAGE SHOWN) OF THE DIGITAL ELECTRONIC
TIMEPIECE. tHE LEVEL Circuit FOR the digital elecTRONIC TIME- SWITCHING
CIRCUIT 5 SELECTS ONE OF THE TIME UNIT piece of Figure 1;
SIGNALS FROM THE TIME KEEPING CIRCUIT 1 AND` Figure 4 IS A CIRCUIT DIAGRAM
OF A FIRST  APPLIES IT TO A DRIVING CIRCUIT 8. THE SWITCHING SWITCHING
CIRCUIT OF THE DIGITAL ELECTRONIC TIME- CIRCUIT 7 SELECTS ONE OF THEFOUR
VOLTAGE LEVELS PIECE OF FIGURE 1;             FROM THE VOLTAGE LEVEL
CIRCUIT 4 AND ALSO FIGURE 6 IS A CIRCUIT DIAGRAM OF A DRIVE  CUIT 6 SELECTS
THE VOLTAGE APPEARING AT THE TER- CIRCUIT OF THE DIGITAL ELECTRONIC
TIMEPIECE OF  MINAL A OF THE VOLTAGE LEVEL CIRCUIT 4. WHEN FIGURE 1.
THE TIME UNIT SIGNAL CORRESPONDING            TO DAYS REFERRING FIRST TO
FIGURE 1, THERE IS SHOWN,  OF THE MONTH IS SELECTED, TEH VOLTAGE APPEAR- IN
BLOCK DIAGRAM FORM, A DIGITAL ELECTRONIC  ING AT THE TERMINAL [ER] IS
SELECTED BY THE SWITCH- TIMEPIECE ACCORDING TO THE PRESENT INVENTION.  ING
CIRCUIT 6.  WHEN TEH TIME UNIT SIGNAL CORRES- A TIME-KEEPING CIRCUIT 1
INCLUDES AN OSCILLATOR PONDING TO HOURS IS SELECTED, TEH VOLTAGE CIRCUIT
(NOT SHOWN)CONTROLLED BY A QUARTZ APPEARING AT THE TERMIANL [ERR] IS
SELECTED BY 25   RELATIVELY HIGH FREQUENCY SIGNAL FROM THE OSCIL- BY THE
SWITCHING CIRCUUIT 6.   90 LATOR CIRCUIT AND PRODUCING A RELATIVELY LOW THE
DRIVING CIRCUIT 8 DRIVES A LIQUID CRYSTAL FREQUENCY STANDARD TIME SIGNAL
HAVING A FRE-  DISPLAY DEVICE 9 WITH THE VOLTAGE SELECTED QUENCY OF, FOR
EXAMPLE, 1HZ, A TIME COUNTER  BY THE SWITCHING CIRCUIT 6, THE TIME UNIT
SIGNAL CIRCUIT (nOT SHOWN) FOR PRODUCING TIMING SIG-  SELECTED BY THE
SWITCHING CIRCUIT 5 BEING DIS- NALS CORRESPONDING TO TIME UNITS OF SECONDS,
PLAYED BY THE DISPLAY OF THE LIQUID CRYSTAL MINUTES, HOURS, DAY OF THE
WEEK, DAYS OF THE    DISPLAY DEVICE 9. THE LIQUID CRYSTAL DISPLAY MONTH AND
MONTHS BY COUNTING THE PULSES OF   DEVICE 9 IS COMPOSED OF TWO ALPHANUMERIC
DIS- THE STANDARD TIME SIGNAL, AND A DECODER CIRCUIT  PLAY UNITS EACH
HAVING SEVEN SEGMENTS AND (NOT SHOWN) FOR CONVERTING THE TIMING SIGNALS A
COMMON ELECTRODE.  THE LIQUID CRYSTAL FROM THE TIME COUNTER CIRCUIT INTO
CODED TIME  MATERIAL EMPLOYED IN THE LIQUID CRYSTAL DIS- SIGNALS.
THEREFORE, FOUR KINDS OF TIME UNIT  PLAY DEVICE 9 EXHIBITS THE RETARDATION
EFFECT, SIGNALS ARE PRODUCED AT THE OUTPUT OF THE  SO THAT ITS COLOUR IS
DEPENDENT UPON THE TIME KEEPING CIRCUIT 1.  THE TIME KEEPING CIR-  DRIVING
VOLTAGE. CUIT 1 IS DRIVEN BY THE OUTPUT VOLTAGE FROM A  THE RETARDATION
EFFECT OF A LIQUID CRYSTAL VOLTAGE BOOSTING CIRCUIT 3 AND BY THE BATTERY
MATERIAL WILL BE EXPLAINED IN RELATION TO FIGURE VOLTAGE OF A BATTERY 2. A
VOLTAGE LEVEL CIRCUIT  2. IN FIGURE 2, THE ABSCISSA INDICATES THE DRIVE 4
GENERATES FOUR DIFFERENT VOLTAGE LEVELS.  VOLTAGE APPLIED TO THE LIQUID
CRYSTAL MATERIAL ONE EMBODIMENT OF THE VOLTAGE LEVEL CIRCUIT  AND THE
ORDINATE INDICATES THE TRANSMITTED LIGHT 4 IS ILLUSTRATED IN FIGURE 3. THE
VOLTAGE PRO-  INTENSITY TRANSMITTED THROUGH THE LIQUID CRYSTAL DUCED BY THE
VOLTAGE BOOSTING CIRCUIT 3 APPEARS   MATERIAL.  THE CURVED LINES, G,B,R,
INDICATE AT TERMINAL [ERR] A VOLTAGE WHICH IS LESS THAN    THE CHANGE OF
INTENSITY OF TRANSMITTED LIGHT crystal THE VOLTAGE PRODUCED BY THE VOLTAGE
BOOSTING  FOR GREEN, BLUE AND RED LIGHT RESPECTIVELY.  AT CIRCUIT AND
DETERMINED BY A RESISTOR [ERR] AND A    A VOLTAGE [ERR] THE TRANSMITTED
INTENSITY OF RED ZENER DIODE [ERR] APPEARS AT TERMINAL [ERR] A VOLT-
LIGHT IS A MAXIMUM SO THAT THE LIQUID CRYSTAL AGE WHICH IS LESS THAN THE
VOLTAGE APPEARING   MATERIAL WILL APPEAR RED IN COLOUR.  AT A VOLTAGE AT
THE TERMINAL[ERR] AND DETERMINED BY A RESISTOR  [ERR] THE TRANSMITTED
INTENSITY OF BLUE, LIGHT IS A [ERR] AND A ZENER DIODE [ERR] APPEARS AT
TERMI-    MAXIMUM SO THAT THE LIQUID CRYSTAL MATERIAL NAL [ERR] AN D A
VOLTAGE WHICH IS LESS THAN THE   WILL APPEAR BLUE IN COLOUR. AT A VOLTAGE
[ERR] VOLTAGE APPEARING AT TERMINAL [ERR] AND DETER-   THE TRANSMITTED
INTENSITY OF GREEN LIGHT IS MINED BY A RESISTOR [ERR] AND A ZENER DIODE
THE MAXIMUM SO THAT THE LIQUID CRYSTAL MATERIAL [ERR] APPEARS AT A TERMINAL
[ERR]. THE VOLTAGES   WILL APPEAR GREEN IN COLOUR.  IF A VOLTAGE BE-
RESISTORS [ERR] DETERMINING THE ELECTRIC    NAMELY RED-BLUE, PURPLE AND
BLUE-PURPLE. IT CURRENT FLOWING TO THE ZENER DIODES.    WILL BE APPRECIATED
THAT THE DISPLAY PRODUCEDiquid  crystal REFERRING BACK TO FIGURE 1, THE
TIME UNITS SIG-    BY THE LIQUID CRYSTAL DISPLAY DEVICE 9 IS THUS NALS
PRODUCED BY THE TIME KEEPING CIRCUIT 1  EASILY CHANGED BY CHANGING THE
DRIVING ARE APPLIED TO A SWITCHING CIRCUIT 5 AND      VOLTAGE. THE FOUR
VOLTAGE LEVELS PRODUCED BY THE VOLT-  WHEN ONE THE TIME UNIT SIGNALS IS
SELECTED    



3                                  1,514,857
3 by the switching circuit 5, the drive voltage for  The outputs of the OR
circuits 16a to 16g the liquid crystal display device 9 is selected   of
the gate circuit 15B are connected to by the switching circuit 6 so that
when the  terminals. 17Ba to 17Bg which also form time unit signal being
displayed by the liquid  output terminals of the switching circuit 5 5
crystal display device 9 is changed, the colour    When the movable contact
22 of the mech-  70 display is simultaneously changed. By this  anical
switch 7 is in electrical contact with means it is possible for a user to
appreciate  the stationary contact 21, the segment signals immediately the
information being displayed by   of the time unit signal corresponding to
the liquid crystal display device 9.        months generated from the time
keeping cir- 10    Figure 4 illustrates in detail the switching   Cuit I
passes through the gate circuits 13A,  75 circuit 5. The switching circuit
5 has gate  13C, the gate circuits 15A, l5B, and appear circuits l0A, lOB,
11A  11, 12A, 12B, 13A,  at tHE terminals 17Aa to l7Ag and 17Ba to 13B each
consisting of seven AND circuits   17BG. In the same manner when the
movable 14a to 14g, only the AND circuits of gate cir-  contact 22 is in
electrical contact with the 15  cuit 1OA, 10B being shown. Segment signals
stationary contact 20, the segment signals of  80 of which the time unit
sigNal corresponDing  the time unit signal corresponding to minutes to
minutes produced by the time keeping cir-  passes through the gate circuits
12A, 12B, cuit 1 is composed, are applied to a respective 15A, 15B and
appear at the terminals l7Aa one input terminal of eaCh of the AND cir-  to
17Ag, and 17Ba to 17Bg. According to the 20  cuits 14a to 14g. of the gate
circuits 1OA, lOB,  position of mechanical switch 7, the segment  85 the
other input terminals being commonly  signals of the time unit signals
correspond- connected to a stationary contat 18 of the  ing to minutes,
hours, day of the month, and mechanical switch 7. Segment signals of the
months, appear at the output terminals l7Aa time unit signal corresponding
to hours pro-. to l7Ag and 17Ba to 17Bg of the switching -       25  duced
by the time keeping circuit 1 are  circuit 5.
90 applied to one input terminal of theAND      Figure 5 illustrates, in
detail, the switching circuits 14a to 14g of the Gate circuits.11 A,
circUIt 6. The switching circuit 6 has four lIB, the other input terminals
being coM-   tRansmISSion gates 24, 25, 26, 27 and four in- monly connected
to a- stationary contact 19   verers 28, 29, 30, 31. Input terminals of the
30  of the mechanical switch 7. Segment signals of . transmission gates 24,
25, 26, 27 are respec-  95 the time unit signal corresponding to days
tiveLY conNECTEd to the terminals [ERR] of the month produced by the time
keeping   of the voltage level circuit 4 and the output circuit 1 are
applied to one input terminal  terminals of the transmission gates 24,
25,26, of the AND circuits 14a to 14g of the gate  27 are commonly
connected to a terminal 32 35  circuits 12A, 12B, the other input terminals
which forms the output terminals of switch- 100 being commonly connected to
a stationary  ing circuit 6. One control terminal of each contact 20 of the
mechanical switch 7. Seq-  transmission gate 24, 25, 26, 27 is connected
ment signals of the time signal corresponding  to one of the stationary
terminals, 18, 19, 20, to months produced by the time keeping cir-  21. of
the mechanical switch 7. The inverters 40  cuit 1 are applied to one input
terminal of  28, 29, 30, 31 are respectively connected  105 the AND
circuits 4a to 14g ofthe gate  between the control terminals of the trans-
circuits 13A, 13B, 13C the other input termi-  mission gates. The voltage
appearing at the nals being commonly connectedtoa stationary  terminals
[ERR], namely the highest voltage, of contact 21 of the mechanical switch
7. The  the voltage level circuit 4 is applied to 45  mechanical switch 7
has a movable contact 22   tHe terminal 23 permanently in contact with  110
which. may be selectively brought.into ELectri-  the movable contact 22 of
the mechanical cal contact with stationary contacts 18, 19, 20,  switch 7.
21. The movable contact 22 is connected to  When the movable contact 22 of
the mech- a terminal 23 which is at a voltage level  anical switch 7 is in
electrical contact with 50  corresponding to logic " 1 ". The outputs  the
stationary contact 20 the transmission gate  115 of the gate circuits 104
llA, 12A, 13A are  25 becomes conductive so that the voltage at applied to
a gate circuit 15A.The outputs of      the  terminal [ERR] of the voltage
level circuit 4 the gate circuits 10B, llB, 12B, 13B are  appears at the
terminal 32. When the trans- applied to a gate circuit 15B. The gate
circuits  mission gates 24, 25, 26, 27 are respectively 55  15A, 15B, are
each composed of four-input  conductive upon operation of the mechanical
120 OR circuits 16a to 16g. The output of the  . switCH  7, the four
voltage levELs produced AND circuits of 14a. of the gate circuits 10A,  by
the voltage level circuit 4 selectively appear 1A, 12A, 13A are applied to
the OR circuit  at the termirial 32. 16a of the gate circuit 15A, the
output of the   Figure 6 shows in detail, the drive circuit 60  AND 14g of
the gate circuit, l0B. lIB, 12B,  8 of Figure 1. The drive circuit of
Figure 6  125 



13B are applied to OR circuit 16g of the gate  is for one of the
alphanumeric display units of circuit 15B. The outputs of the OR. circuits
the liquid crystal display device 9, however, a 16a to 16g of the gate
circuit 15A are con-  dRive circuit for the other alphanumeric dis- nected
to terminals 17Aa to 17Ag which form   play unit is of the same
construction. 65  output terminals of the switching circuit 5    To one
input of exclusive OR circuits 33a  130    4
1,514,857                                           _4 to 33g are applied
the segment signals appear-  When a segment signal does not appear ing at
the terminals 17Aa to 17AG of the  at the terminal 17Aa it is at level L,
the switching circuit 5. A dividing signal having  transmission gate 37a
therefore becomes con- a frequency of, for example, 32 Hz and ob-  ductive
when the signal applied to the termi- 5  tained from  the time keeping
circuit 1 is  nal 34 is at level H so that the segment  70 applied to a
terminal 34 and to the other input  electrode a is logical " 0 " as also is
the elec- of the exclusive OR circuits 33a to 33g. The  trode X. The
voltage at the terminal 32 is outputs of the exclusive OR circuits 33a to
applied to the segment electrode a and to the 33g are increased to the
voltage level at ter-  electrode X when the signal applied to the 10  minal
[ERR] of the voltage level circuit 4, namely  terminal 34 is level L
because the transmission   75 the output voltage of the voltage boosting
cir-  gate 36a is conductive. Therefore, no electric cuit 3 by level
shifters 35a to 35g and are  field 'exists between the segment electrode a
respectively applied directlY to one control and the electrode X so that
the liquid crystal terminal of a respective pair of transmission   material
therebetween is not driven. 15  gates 36a to 36g and 37a tg and and [ERR]
The other segment electrodes b to g are  80 aplied to the other control
terminal   in-  operated in a similar manner. Further, the verters 3[ERR]
to 38g. The input terminal of  voltage of the terminal 32 namely, one of
the transmission gates 36a to 36g are con-  the voltages appearing at the
terminals [ERR] nected in common to the terminal 32 of the   [ERR] of the
voltage level circuit 4 is selected 20  switching circuit 6[ERR], and the
output terminals  by the switching circuit 6.               85 are
respectively connected to segment elec-    The liquid crystal display
device 9, in this trodes a to g in the alphanumeric display unit
embodimENt may selectively have any one of the liquid crystal display
device 9. The   of four colours. Therefore, monuths, days of dividing
signal applied to the terminal 34  the month, hours and minutes are
selectivELy 25  is increased to the amplitude of the output  displayed by
the liquid crystal display device  90 voltage of the voltage boosting
circuit 3 by a   9, and simultANeously 'with' change of infor- level
shifter 39  and 'is applied  directly   motion displayed, the colour of the
display to one control terminal of a pair of trans- changes. Thus the user
can easily distinguish mission gates 40, 41 and is inverted by an  the
information being displayed at any given 30  inverter 42 and is applied to
the other con-  instant                                     95 trol
terminal. The input terminal of the trans-    It is possible to make the
liquid crystal mission gate 40 is connected to the terminal  displaY DEVICE
9 DISPLAY seconds by employing 32, and the input terminal of the
transmission   a further voltage level by the voltage level gate 41 is
connected to earth. The output  circuit 4. Further, it is possible to
display 35  terminals of the pair of transmission gates  months and days of
the month simultaneously  100 40, 41 are connected in common to a figure
in the same colour or different colours by em- electrode X of the
alphanumeric display unit  ploying a liquid crystal display device having
of the liquid crystal display device 9.      four alphanumeric display
units, and simi- When a segment signal of level H (high)  larly to display
hours add minutes in the same 40  appears at the terminal 17Aa, and the
dividing   or different colours, again by employing four  105 signal
applied to the terminal 34 is level H,  alphanumeric display units. It will
be appre- the outputs of the exclusive OR circuit 33a and   ciated that it
is, therefore, easy to distinguish the level shifter 35a are level L (low)
whereby   between a display of Month and days of the the transmission gate
36a becomes conductive   month, and a display of hours and minutes. 45  and
the voltage level at the terminal 32 is    In the place of the mechanical
switch 7, 110 applied to the segment electrode a. When the  it is possible
to display cyclically the time signal applied to the terminal 34 is at
level H,  signals by employing a signal obtained from the transmission gate
41 is conductive whereby   a given dividing stage of 'the dividing circuit
the voltage on the electrode X becomes logi-  which forms part of the time
keeping circuit 50  caL " 0 ". On the other hand, when the signal  1.
115 applied to the terminal 34 is level L the transmission  gate 37a
becomes conductive      WHAT WE CLAIM  IS: - 



whereby the voltage of the segment electrode a  1. A digital electronic
timepiece compris- becomes logical "0" and furthermore the  ing: a time
signal pulse generating circuit; 55  transmission gate 40 becomes
conductive so   a time counting circUIt for generating time that the
voltage level of the terminal 32   signals corresponding to seconds,
minutes, 120 is applied to the electrode X. Therefore, during   hours and
date; a liquiD crystal display means the time when 'the segment signal is
level ' having retardation effect for displaYing a H the voltage at the
terminal 32 is alterNately  digital time unit signal in different colours
60  in time applied to the segment a and the   according to the drive
voltage applied; a first electrode X in synchronism with the frequency
switching circuit for selectively supplying dif- .125 of the signal applied
to the terminal 34   ferent time unit signals from said time count-
whereby-the liquid crystal material between  ing circuit to said display
means for visual the segment electrode a and the electrode X   display
thereby; a voltage lEvel circuit for 65  is continually driven by
alternating current  producing a plurality of different drive voltages    4
1,514,857                                      4 to 33g are applied the
segment signals appear-  When a segment signal does not appear ing at the
terminals 17Aa to 17Ag of the  at the terminal 17Aa it is at level L, the
switching circuit 5. A dividing signal having  transmission gate 37a
therefore becomes con- a frequency of, for example, 32 Hz and OB-  ductive
when the signal applied to the termi- 5  tained from  the time keeping
circuit 1 is  nal 34 is at level H  so that the segment  70 applied to a
terminal 34 and to the other input  electrode a is logical " 0 " as also is
the elec- of the exclusive OR circuits 33a to 33g. The  trode X. The
voltage at the terminal 32 its outputs of the exclusive OR circuits 33a to
applied to the segment electrode a and to the 33g are increased to the
voltage level at ter-  electrode X when the signal applied to the 10  minal
[ERR] of the voltage level circuit 4, namely  terminal 34 is level L
because the transmission   75 the output voltage of the voltage boosting
cir-  gate 36a is conductive. Therefore, no electric cuit 3 by level
shifters 35a to 35g and are  field exists between the segment electrode a
respectively applied directly to one control  and the electrode X so that
the liquid crystal terminal of a respective pair of transmission   material
therebetween is not driven. 15  gates 36a to 36g and 37a to 37g and are
The other segment electrodes b to g are  80 aplied to the other control
terminal via in-  operated in a similar manner. Further, the verters 38a to
38g. The input terminal of  voltage of the terminal 32 namely, one of the
transmission gates 36a to 36g are con-  the voltages appearing at the
terminals [ERR] nected in common to the terminal 32 of the  [ERR] of the
voltage level circuit 4 is selected 20  switching circuit 6, and the output
termiNAls  by the switching circuit 6.               85 are respectively
connected to segment elec-    The liquid crystal display device 9, in this
trodes a to g in the alphanumeric display unit  embodiment, may selectively
have any one of the liquid crystal display device 9. The   of four colours.
Therefore, monuTHs, days of dividing signal applied to the terminal 34  the
month, hours and minutes are selectively 25  is increased to the amplitude
of the output  displayed by the liquid crystal display device  90 voltage
of the voltage boosting circuit 3 by a  9, and simultaneously with change
of infor- level shifter 39 and  is applied  directly   maTion displayed,
the colour of the display to one control terminal of a pair of trans-
changes. Thus the user can easily distinguish mission gates 40, 41 and is
inverted by an  the information being displayed at any given 30  inverter
42 and is applied to the other con-  instant.95 trol terminal. The input
terminal of the trans-    It is possible to make the liquid crystal mission
gate 40 is connected to the terminal   lay device 9 display seconds by
employing 32, and the input terminal of the transmission   a   rther
voltage level by the voltage level gate 41 is connected to earth. The
output  circuit 4. Further, it is possible to display 35  terminals of the
pair of transmission gates  months and days of the month simultaneously
100 40, 41 are connected in common to a FIgure  in the same colour or
different colours by em- electrode X of the alphanumeRic display unit
playing a liquid crystal display device having of the liquid crystal
display device 9.     four alphanumeric display units, and simi- When a
segment signal of level H (high)  larly to display hours and minutes in the
same 40  appears at the terminal l7Aa, and the dividing   or different
colours) again by employing four 105 signal applied to the terminal 34 is
level H,  alphanumeric display units. It will be appre- the outputs of the
exclusive OR circuit 33a and   ciated that it is, therefore, easy to
distinguish the level shifter 35a are level L (low) whereby   between a
display of month and days of the the transmission gate 36a becomes
conductive   month, and a displAY  of hours and minutes. 



45  and the voltage level at the terminal 32 is    In the place of  THE
mechanical switch 7, 110 applied to the segment electrode a. When the  it
is possible to display cyclically the time signal applied to the terminal
34 is at level H,  signals by employing a signal obtained from the
transmission gate 41 is conductive whereby   a GIven dividing stage of the
dividing CIRCUIt the voltage on the electrode X becomes logi-  which forms
part of the time keeping circuit 50  cal "0 ". On the other hand, when the
signal  1.                                       115 applied to the
terminal 34 is level L the transmission gate 37a becomes conductive
WHAT WE CLAIM  IS: whereby the voltage of the segment electrode a  1. A
digital electronic timepiece compris- becomes logical "0" and furthermore
the  ing: a time signal pulse generating circuit; 55  transmission gate 40
becomes conductive so   a time counting circuit for generating time that
the voltage level of the terminal 32   signals corresponding to seconds,
minutes, 120 is applied to the electrode X. Therefore, during   hours and
date; a liquid crystal display means the time when the segment signal is
level  having retardation effect for displaying a H the voltage at the
terminal 32 is alternately  digital time unit signal in different colours
60  in time applied to the segment a and the   according to the drive
voltage applied; a first electrode X in synchronism with the frequency
switching circuit for selectively supplying dif- 125 of the signal applied
to the terminal 34   ferent time unit signals from said time count- whereby
the liquid crystal material between  ing circuit to said display means for
visual the segment electrode a and the electrode X   display thereby; a
voltage level circuit for 65  is continually driven by alternating current.
producing a plurality of different drive voltages    5
1,514,857                                                        5 for
driving said liquid crystal display means;    5. A digital electronic
timepiece as claimed   25 and a second switching circuit means coordin-  in
any preceding claim, in which said voltage ated with said first switching
circuit means  level circuit comprises means for providing to supply from
said voltage level circuit to  four different drive voltages. 5  said
display means a selected drive voltage     6. A dital electronic timepiece
as claimed corresponding to a selected time unit signal  in claim 4 or
claim 5 when dependent there-   30 to be displayed so that different time
unit sig-  on, in which said display means comprises Nals are distinguished
from  one another by   segment electrodes and a figure electrode said being
displayed in different colours.         driving circuit comprising means
controlled 10    2. A digital electronic timepiece as claimed   by voltage
pulses supplied by said time signal in claim 1, in which said display means
COn-  pulse generating circuit for supplying a selected   35 sists of means
for displaying two digits.   drive voltage alternately to selected ones of
said 3. A digital electronic timepiece as claimed   segment electrodes and
SAID FIGURE electrode in claim  1 or 2 including manually operable  to
display a selected time signal IN a selected 1 5  switch means for jointly
controLLING  said first  COLOUR. switch means for jointly ControllINg said
FIRST  7. A digital electronic timepiece substantI-  40 switching  circuit
means  and  said  second   ally as herein described with reference to
switching circuit means.                     and as shown in the
accompanying drawings. 4. A digital electronic timepiece as claimed in any
preceding claim  including a driving               J. MILLER & CO., 20
circuit for driving said display means, said           Chartered Patent
Agents, driving circuit having inputs connected res-           Agents for
the Applicants, pectively to said first switching circuit means
Lincoln House, and said second switching circuit means and
296-302 High Holborn, outputs connected to said display means.
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