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SMALL HAND-HELD EZECTRONIC APPARATUS WITH

FIELD EFFECT LIGHT EMITTING DEVICE

BACKGROUND OF THE INVE&TIQN
- The present invention relates to small hand-held

electronic apparatuses incorporating a field effect light
emitfihg device such as an electro-luminescence panel
(hereinafter referred to as "EL panel”) as a light source
and, more partiéularly, to apparatuses such és electrqnic.
timepieces which are drivenlby a low voltagé source.

Conventional small hand-held electronic apparatuses
such as electronic timepieces have incorporated'a small
incandescent lamp as a display illuminating device or héve
used a light emitting diode (LED) as illumination for
display.. With such linear light sourceé, it has been
difficﬁlt to read an area of a certéih extent entirely.
In some'apparatusés, luminous paint has been applied in
stead of illumination. However, this has not made display
recognizable enbugh becéuse of the small amount of light.

Under such circumstances, surface light emitting
devices such as EL panels utilizing emission caused by the
appllcatlon of an electrlc field have come into use as
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ilJlumination dev1ces for small hag@—held electronlc appars
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el ectroni c apparatuses incorporating a field effect light emtt 1|n devT.Gd
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such as an el ectro-luni nescence panel (hereinafter referred tigH® E%F \

CED

- panel") as a light source and, nore particularly, to apparatukes &6
“electronic tinepieces which are driven by a | ow vol tage sourcF€.
.Conventional small hand-held el ectronic apparatuses - such as el ectronic
ti mepi eces have incorporated a snmall incandescent |anp as a displ ay
i | 'um nat i ngnda¢i ekeertrieyEicltedfa deveitaleridis nplioder (ndify msst be
illumnation for display. Wth such linear |ight sources, it has been
di-fficult tappeaddaltoarse@hofaname@amel ed eﬁus@tw ely.emit light, a

small hand—held electronic apparatus or the like whose
battery voltage 1s_1.5 volts or 3 volts incorporates a
step-up circuit to generate several tens volts as described
above.

IA common example 6f a step-up circuit is a circuit
wherein a.reverse induction voltage is generated by turning
on and off the current flowing through the step-up coil '
utilizing the inductance of the coil. Methods for applying
a high voltage pulse produced by this reverse induction
voltage to an EL panellinclude the so-called monopolai
driving system wherein one of the terminals of an EL panel
ié fixed to a ground level and the high voltage pulse is
applied_tolthe other terminal. Although this system can be
'configured using §ne step~up coil and one.step-up circuit,
it has had a problem in that the life of an EL paﬁel as a
device is shortened due to DC .components applied to the EL
panel and in that ﬁhe reverse induction voltage in a single
direction must be sufficiently high in order to provide

_ predetermined'1uminosity. |

Methods for eliminating such DC components to decrease
the required_reverée induction voltage relatively ihclude
the so-called bipolér driving system wherein a high voltage

pulse is alternately applied to each of the two terminals
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In sone apparatuses, |um nous paint has been applied in ste

ad of ———————""}
i | lunination. However, this has not made display recogni zabj gu€BRERJHHAS BEEN
" b&cause of the snmall anmount of |ight. Under such ci rcufrst arR&PEACED-
surface light emtting devices such.as EL panels utilizing 55+ Uuse

by the application of an electric field have conme into use as
i1 lum nation devices for small hand-held el ectronic appara- tuses (which

have nostlyofEngAr RAr phRd1an LuBweeRs!,) when¢his system is configured

| using two step-up coils and two step-up circuits, a problem
has arisen in that it needs an additional step;up coil
occupying a large volume of space, which makes it difficult

to provide a compact apparatus.

sunuAkY OF THE INVENTION
It is an object of the present invention to brovide a
small hand-held electronic apparaﬁus with a field effect
light emittihg device wherein.the bipolar driving of an EL
panel is ac¢omplished_using.a single siep—up coil to expand
the life of the EL panél, to improve light emitting effi- |
ciency, to make the circuit compact, and to reduce the
number of parts.
-Ih order to achieve the above-mentioned objedt,.the
- present invention employs a configuration of a small hand-
held electronic apparatus incorpofating a light emitting
device utilizing the emissi&n of light caused by the appli-
cation of an electric field, including: a light emitting
device having at least two terminals for accumulating
electrical charge injected by é high voltage pulse applied
to one of the two terﬁinals; a step-up means having a step-
Iup device for génerating.the high voltage pulse applied to
.the light_eﬁitting device in respoﬁse to a predetermined
.drive frequency signal; a steﬁ-up switching3means for se- |
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2 an AC electric field of several tens volts or nore nust. ;
such an EL panel to cause it to emt light, a small hand-kqt.,ﬂ_; 9-':&%‘?"}-(}:.%@&@\

dpparatus or the |like whose battery voltage is 1.5 volts dr VEPIARED -
i ncorporates a step-up circuit to generate several tens VCLLs_as_descLLbed
above. - A conmon exanple of a step-up circuit is a circuit mherein a

. reverse induction voltage is generated by turning
lecting either of the two terminals of the light emlttlng

device to which the high voltage pulse generated by the
step-up means is applied and for switghing the terminal
under application at predetérmined intervals; a plurality
of discharge means connected to each of the two terminals
‘of the light emitting devicé for selectively discharging
the charge accumulated in the light emitting device from
one of the two terminals at predetermined intervals; a
step-up frequency control means for generating the prede—
termined drive.frequency signal.input'to the step-up means;
and a charge/discharge frequency cohtrol means for gener-

- ating a selection switching signal at predetermined inter-

' vals which controls ﬁhe'step—up switching means and a
selection switching signal.at predetermined intervals which
controls the discharge means.

In a small hand-held electronic apparatus with a light
'emitting device having the above-described cohfiguration,
the bipolar'driVing'of the light emitting device can be
accomplished usiﬁg a single step-up deviée through repeated
charging and dischargiﬁg 6perations ﬁerformed by control-
ling the step-up switching means for switching at predeter-
mined intervals and by alternately ap?lying the high'volt—
age pulse generated by the step—up means to thé two termi-

nals of the light emitting device at predetermined inter-
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on and off the current flow ng. through the step-up coil utj

i nductance of the coil. Methods for applying a high voltag ‘ﬂﬁl -%
By this reverse induction voltage to an EL panel include the SOPEA] o
nonopol ar  driving system wherein one of the termnals of an panel is
fixed to a ground |evel and the high voltage pulse is applied to the other
termnal. Al though this systemcan be configured usi ng one step-up coi

and one step-up circuit,grikrBEsERIPRIONOOFETHENDRARINGBE [ife of an EL
panel as a device is shortened due to DC conponents applied to the 'EL

panel and in thakidhey reyessg1barugiaghamokhédengnan enbglgment of the

present invention;

Fig. 2 is a circuit connection diagram around a step;
up circuit of the embodiment of the present invention;

Fig. 3 is a circuit_ccnnecticn diaéram.eround a timing
control circuit of the embcdiment of che present invention;
and

Fig. 4 is a timing chart shcwing the operation timing
of the embodiment of the present invention and a

charge/discharge waveform of an EL'panel.

DETAILED DESCRIPTION OF THEnPREFESREﬁ'EMBODIMENTS
An embodiment of the present invention will now be
described with reference to the drawings. |
Fig. 1 is a block diagram.shOWing an embodiment of the
present invention. An oscillation circuit 101 starts |
ioscillating as a result of the application of e power
" supply thereto to output an:oscillation clock signal 401.
The oscillation clock sicnal 401 output by the oscillation '
circuit 101 is input:tc a_stepfup frequency control means
102 and a charge/dischérge frequency control means 103.
In accordance with the oscillaticn clock signal 401,
the step-—up frequency control means 102 controls a step-up

frequency and outputs a step—up clock 51gna1 403 and a

IEEE——

5
Sheet Has Been Replaced

B LT



direction nust be sufficiently high in order to provide prg
| um nosi ty. Met hods for elimnating such DC conponents .E%hE%PﬁQSBLE
tthe required reverse induction voltage relatively include {he so- Pallpd

bi pol ar driving systemwherein a high voltage pulse is alternately applled
to each of the two terminals '

step-up clock signal 404. The step-up clock signal 403 is
| input to a first step-up means 107. The step—-up clock
signal 404 is inﬁut'to a second step-up means 111.

In response to the input of the osciilation clock
signal 401 from the oscillation circuit 101, the charge/
discharge fréquency_control means 103 outputs a control
signal 405 and a control signal 406 for controlling charge
and discharge frequencies.. The control signal 405 is input
to a fifst step-up selection SW (switch) 105 and a first
dischargé means 112. .The qontrol signal 406 is input to a
second step-up seleétion SW (switch) 106 and a second
discharge means 113.

When the contrql-signal 405 from the charge/discharge
frequency control means 103 becomes a low level, the first
step-up selection SW 105 is turned on and the first dis-
charge means 112 is turned off. When the first step-up
selection SW 105 is turned on, a étep-up device 104 and the
first step—up means 107 afe connected. For example, the.
step-up device 104 is constituted by a step-up coii. When
‘the step-up device 104 and the first step-up means 107 are
connected, the first step-up means 107 stafts a step-up
operation in response to the stép—up clock signal 403. A
reverse induction voltage (step-up vdltage) generaﬁed by
thé step-up opératibn 6f fhe first step-up device 104 and'

the first step-up means 107 is input to a first rectifier
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3 of an EL panel. However, when this systemis configure
step-up coils and two step-up circuits, a problem has ari s(g(ssm‘—ﬁf
rnreeds an additional step-up coil occupying a |arge volu of $FB Mh+eh
makes it difficult to provide a conpact apparatus.

SUMVARY OF THE | NVENTI ON It is an object of the present invention to
provide a snmall hand-held el ectronic apparatus with a field effect |I|ight
enitting detears Ww@Bei n t he bipolar driving of an EL

The reverse induction voltage input to the first
rectifier means 108 is rectified and is input to a light
emitting device 109. The light emitting device 109 charges
and accumulates reverse induction voltage input at each
clopk of the step-up clock signal 403. The electric field
_of the reverse induction voltage input aﬁ each clock causes
the light emitting.deﬁice 109 to emit 1ight;'thereby pro-
viding an illuminating function. For example, the first
lrectifiér means 108 is constituted by.a diode,'and the
light emitting device 109 is'cbnstituted by an electro-
luminescence panel (EL panel).

This step-up operation éontinues until the control
siQnal 405.becomes a high level. When the control signal
405 is switched from the low level to the high level, the
first step-up selection SW 105 is turned off and the first_
discharge means 112 is turned on.

+  When the first step-up selection SW 105 is turned off,
- the step-up device 104 and fhe first step-up means 107 are
disconnected. At this time, the step-up clock.signa; 403
oﬁtput by the step-up frequency control means 102 becomes
the low level, and the first step-up means 107 stops the
step-up operation. When the'firét discharge means 1;2 is
turned on,_the charge accumulated in the light emitting

device 109 is discharged. .
S —

heet Has Been Replaced

\\Il\l\\ Tl



panel is acconplished using a single step-up coil to expand the life of
the EL panel, to inprove light emtting effi- ~ciency, to t-he—cTTTU %ﬂg
conpact, and to reduce the nunber of parts. I'n order | reisatBERYASERE |
above-nenti oned object, the present invention enploys a co figuBﬁF?ﬁﬁDOf at
~small hand- held electronic apparatus incorporating a |ight—enrtting

device utilizing the em ssion of light caused by the appli- cation of an

el ectric field, whenhucheageconttrohsignalt 40§ odeputebpathegchtrigegst two
termnals for accunulating electrical charge injected by a high voltage
pul se appl idikcharge frequency control means 103 becomes the high

level and the charge accumulated in the light emitting
-device 109 is discharged, the control signal 406 outputs
the low level. The control signal 406 output by the
charge/discharge frequency contrdl.means 103 is input to
the second step-up selection SW 106 and the second'dis—
charge means 113.
When the low level signal of the controlzsignal 406 is
input to the second step-up selection SW 106, ﬁhe second
'step¥up selection SW 106 is turned on. When the sécond
step-up selection SW 106 is turned on, the step-up device
104 and the second step-up.means 111 are connected this
time. | When the low level signal of the contr§1 signal 406
is input tb the second discharge means 111, the Second
discharge means 111 is turned off. |
-When'the step-up devicé 104 and the second step-up
means 111 are connected, the step-up ciock signal 404 is
output by the step-up frequency control means 102. The
step—up clock signal 404 output by the step-up fréquency
control means 102 is input to the second step-up ﬁeans 111.
In response to the stép—up clock signal 404, the second
step—up means 111 performs a'step?up 6perati9n to geherate
a reverse induction voltage'(stép-up voltage) from the

step-up device 104.
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to one of the two termnals; a step-up neans having a step-__up device for

generating the high voltage pulse applied to the light e

response to a predetermned drive frequency signal; a step-up gamAcdp ng |

means for se- _ 4
the two termnals of the light emtting ' '

ik B BeMAS BN

| ect i ng-ei-t-her—of

The reverse induction voltage generated by the step-up

device 104 is input to a second rectifier means 110. The

reverse induction voltage rectified by the second rectifier

means 110 is input to the light emitting device 109. The

light emitting device 109 charges and accumulates reverse

induction voltage input at each clock of the step-up clock

404. The electric field of the reverse induction voltage

input at each clock causes the light emitting device 109 to

emit light, thereby providing an illuminating function.

This operation continues until the contrdl signal 406

becomes the high level.

When the control signal 406 becomes the high level,

the second step-up selection SW 106 is turned off and the

second discharge means 113 is turned on. When

the second

step-up selection SW is turned off, the step-up device 104

and the second step-up means 111 are disconnected. When

the step-up device 104 and the second step-up means 111 are

disconnected, the step-up clock signal 404 output by the

step-up frequency control means 102 becomes the low level,

and the second step-up means 111 stops the operation.

When the second discharge means 113 is turned on, the

charge accumulated in-the light emitting device 109 is

discharged.

When the charge accumulated in the light emitting

device 109 is discharged, the control signal 405 output by

9 -
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device to which the high voltage pul se generated by the st

applied and for switching the term nal under application adty @rguten'ehf\ﬁ\ﬁﬁé’ﬂlt
i'ntervals; a plurality of discharge means connected to eadh of refACERO
‘terminals of the light enmitting device for selectively. dlgchapgrﬁg*‘rﬁ"‘"

charge accunul ated in the light emtting device from one of the two
termnals at predetermned intervals; a step-up frequency control neans

f or gener attheg dher g Adltscha egai ﬂﬁdqﬂéh&? ébﬁﬁﬁemCMeahgnQbsl aau?uttg the
step-up neans; and a charge/di scharge frequency control neans Tor -gener-
ating a sathﬁiqusmu¢§h|@ga§mgnal at predeterm ned inter-
| Such operations are continuously perfqrmed'and, as a
result, the light émittiﬁg device 109 emits light continu-
ously to serve as an'illumination_device. |
The details of the operation of the present invention
as an illumination device will now be described with refer- |
- ence to.specific examples of the circuits thereof and a
timing chart.
Fig. 2 shows an example of a driving circﬁif including
a light emitting device. |
Fig. -3 shows an examplé of a logic circuit for con-
trolling the driving circuit. |
Fig..4 shows the timing of the operations of the
circuits in fig. 2 and Fig. 3. |
In Fig. 2, one of the terminals of a step—-up coil 204
is always connected to a power supply. The other terminal
bf.the step-up coil 204 is connected to a transistor 205
and a transistor 206 which correspond to the step-up selec-
tion sﬁéys.. The transistor 205 is contfolled by a control
signal 405. The transistor 206 is controlled by a control
signal 406. | |
The control signal 405 also controls a MOS transistor
212 for charging and.discharging an EL panel 209. Similar-
ly, the control signal 406 also controls a MOS tfansistor
fﬂﬂ/,,,f«f~””’~”/
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val s which controls the step-up switching neans and a seleet mn%ﬁﬁknq
signal at predeterm ned intervals which controls the dis harsﬁ*‘ﬁ%%?g |
I'n a small hand-held el ectronic apparatus with a light e 'ttiﬁﬁ?H% | :
havi ng the above-described configuration, the bipolar driwng the |ight
emtting device can be acconplished using a single step-up device through
repeated charging and di schargi ng operations perfornmed by control- 1ling

the step- uRISWERNIHAY PR i SYédKdi-Stn@t tiRé eBEt Sane1M209d i nterval s and
by alternately applying the high volt- ~age pul se generated by the-sStep-up
means to the twWaHe ' YBwer supply is activated, and an oscillation . |
clock signal (CLK) 401 of 32 kHz is output by an oscilla—
tion circuit. The CLK 401 is input to a frequency aivision
circuit 301 and is divided by frequency divisign circuits
302 - 307. Usinglthe freéuéncies obtained by the frequency
division, step-up clock éignals 403, 404 and the cantrol
signals 405, 406 are synthesized as shown in Fig. 4 by gate
circuits 309 - 313 shown in Fig. 3, respectively.

When the control signal 405 becomes a low level, the
transistor 205 is turﬁed on. When the transistor 205 is
turned on, the step4ﬁp coil 204 and the step-ﬁp MOS tran-
.sistor 207 are connected. The step-up clock signal 403 is
output, with the step-up coil 204 and the step-up MOS
transistor 20? conﬁected. The step-up clock signal 403
causes the step-up MOS transistor 207 to be turned on and
-off repeétédly, therebf cﬁusing a stepfup operation. The
step-up operation of the step-up MOS transistor 207 produc-—
es a reverse induction voltage at the step-up coil 204.

The step-up clock signals 403 and 464 used in the'present
embodiment are output at a frequency of 8 kHz and a duty.of
75 %. |

The reverse indﬁction voltage'geherated by'the step-up
coil 204 is input-tb a diode 208. The diode 208 rectifies
the input feverse.induCtipn voltagé. The reverse induction

11 -
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nals of the light emtting device at predetermned inter- v Q’;;_h
5 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. kHlSsS*z\fEEH&gk
di agr am showi ng an enbodi ment of the present i nventi on;

voltage rectified by ﬁhe diode 208 is input to the EL.panfl
209 to be charged and accumulated therein.  At this time,
the diode 208 pfevents the accumulated charge from flowing
back to the step-up coil. |

Thelcharging and accuﬁulating operation in the EL

- panel 209 continues until the control signal 405 is

 switched from the low level to the high level and the
oﬁtput of the Steé-up clock signal 403 becomes the low
level. When the step-up clock signal 403 becomes the low
level, the step-up MOS ﬁransistof 207 is turned'off.' In
the present embodiment, the control signals 405 and 406 are
controlled at a cycle of 256 Hz.

When the control signal 405_is switched to the high
level, the transistor 205 is turned off, and the MOS tran-
sistor 212 for dischérge is turned on. When the MOS tran-
sistor 212 for discharge is £urned on, the terminals of the
EL panel 209 are both connected to ground and, at this
time, the charge charged and accumulated until then is
discharged entirely.

The timing at which both terminals of the EL panel 209
are connected to ground is within the period dﬁring which
the signal 402 shown in Fig. 4 is_aﬁ the high level. This
period_is,kept long enough to allow the charge charged and
accumulatéd in the EL panel 209 to be discharged complete-
ly. When the signal 402 is at thé high 1eve1;3both of the

12 —
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Fig. 2 is a circuit connection diagramaround a step- up circuit of the_
enbodi nent of the present invention; Fig. 3is a circu Et’t”%ﬁn;
diagramaround a timng control circuit of the enbodi menfypé sHEsS BY t:
~invention; and Fig. 4 is a timng chart showi ng the opemeRbi tim.t
- of the enbodi ment of the present invention and a charge/dl wavef or m
of an EL panel. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

An embodi Mdintoll REL LS 405 | V@ NEhScohtto NO¥idRal 406 remain at the

high level, and the step-up coil 204 is connected to nei-
ther the stép—up MOS transistor 207 nor a MOS transistor _
211. |

Next, the control signal 406 becomes the low level,
and the transistor 206 is tﬁrned on. When the transistor
206 is turned on, the step-up coil 204 and the step-up MOS

transistor 211 are connected. The step-up MOS transistor
211 is controlled by the step-up clock signal‘404.

When the step—ﬁp clock signal 404 is input to the
step—up MOS transistor 211, the step-up MOS transistor 211
is fepeatedly turned on and off, which results iﬁ a step-up
operation. The étep—up operation of the Mds transistor 211
produces a reverse inductién voltage at the step-up coil
204. The produced reverse induction volﬁage is input to a
diode 210 tb be rectified. The rectified reverse induction
voltage is input to the.EL'pénel 209 to be charged and
accumulated therein. The charging and accumulating opera-
‘tion in the EL panei 209_continues'until the control signal
406 is switched from the low level to the high level and
the output of the stép-up:clock signal 404 becomes the low
level. When the.step—up clock signal 404 becomes the loﬁ
level, the step-up MOS transistor 207 is turned off.

When the control signal 406 is switched to the high

level, the. transistor 206 is turned off and the MOS tran-
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described with reference to the draw ngs. Fig. 1is a.block diagram—.
showi ng an enbodi nent of the present invention. An oscillatﬁ@gsgtfmugssmﬁn*
starts oscillating as a result of the application of a power suwphgco
thereto to output an oscillation clock signal 401. The oscillat

signal 401 output by the oscillation circuit 101 is input to a step-up
frequency control neans 102 and a charge/di scharge frequency control neans
103. JiBHRNC @IRNESr Vi ischdLgests! tathea 6hockwheingdhedfids tirae -
step-up frequency control nmeans 102 controls a step-up frequency and

outputs a sigfroip PIPCKoSi @PSEhdPge 208 Burned on, the terminals of the

'EL panel 209 are both connected to ground and the chargg
charged and accumulafed until then is entirely discharged
again.

As described above, the directions of the charging in
"and discharging ffom the EL pénel 209 are switched by
switching the control.over the turning on and off of the
transistors 205 and 206 using the control.signals 405 and
'406. In the present embodiment, the switching between the
.control signals 405 and 406 is performed at a cycle of 256

. Hz. Thié operation is continuously performed and, as a
result, the EL panel 209 emits light to serve as an illumi-
nation device. At this time, the peak voltage of a
waveform 407 of the voltage charged in the EL panel is
about 160 - 180 V peak-to-peak.

As described'above; in a small hand-held electronic:
apparatus with a light emitting device such as an EL panel
ac¢ording to the present invention, the use of two step-up
selection Swajs allows bidirectional charging and discharg-
ing to be performed by a single step-up device on an EL
panel. - The use qf'such an EL panel dfiving circuit is
advantageous in that a circuit can be_made compact; the
number 6f parts can be reduced; and an EL panel can emit
light efficiently. ._;___ﬂ_;___———~——~—'
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6 step-up Fhe step-up clock signal 403 is input to a

n circuit 101, the charge/

first step-up neans ﬂep up clock signal 404 is inpuf i C i
st ep- up mean ljj “ll-ﬂ !Esponse to the input of the osciﬂﬁ‘%ﬁﬂﬁoﬁgi
si gnal 401 fr i rcui | il

What is claimed is: .

1. A small hand-held electronic apparatus with a light
emitting device utilizing an emission of light caused by an
application of an electric field comprising:

a light émitting device having at least two terminals
for accumulating electrical.charge injected by a high
voltage pulse applied to one of said two terminals; |

a step-up meané having a step-up device for generating
the high volfage pulse appliéd to said ligﬁt emitting
device in respbnse to a predetermihed drive frequency
signal;

a step-up switching means for selecting either of the
two terminals of said light emitting device to which the
high voltage pulse genefated by said step-up means is
appliea and for switching the terminal under application at
‘predetermined intervals;

a plurality of'discharge means connected to.each of
the two terminals of said light emitting device for selec-
tively discharging the charge accumulated in said 1ight
emitting device from one of said two terminéls at predeter-
mined intervals;

a step—up'frequency control means for'gengrating £he
predétermined drive frequency signal input to said step-up
means; and |

a charge/discharge frequency control means for gener-

15
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diScharge_frequency control 103 outputs a control sigpa+—485-anda
control sign for control ling charge and di scharge freqUBISCSHEST HASIBREN

gontrol si gnal ““ummma first step-up selection SW(sw BEH&)\CEE)S
and a first \ The control signal 406 is Imput—to—=a
second step- up ectlpn“Svf(smntch) 106 and a second discharge neans 113.

When the control signal 405 fromthe charge/dlscharge frequency control

means 103 }%&Qﬁ aaséf %fé(r?lsw P@h:{ﬁ gﬁ%%paﬂppl?ShSE%rﬂ'ingw l@ée‘rs-

%urned on I'S-- arge IsTturned of f. Wen-t:he
Irst Step'ﬁis which controls said step-up sw1tch1ng means and a

.selection switching signal at predetermined intervals which
controls said discharge means.

2. A small hand-held electronic apparatus with a field_
effect light emitting device according to claim 1, further
comprising a rectifier means provided between said step-up
means and said light emitting device for preventing the
charge accumulated in said light emitting device from
flowing back to sald step-up means.

3. A small hand-held electronic apparatus with a field
effect light emitting device according to claim 1, wherein
said step-up means is provided at each of the two terminals
ot said light emitting device independently of each other;
said step—up switching meané is provided'in association
with_each of said step—up means; and a first step-up
switching ﬁeans connects and disconnects a first step-up
means and said step-up device while a second step-up
switching means connects and disconnects a second step-up
means and said step-up device.

4. A small hand-held electronic apparatus with a field
effect light emitting device accordlng to claim 1, whereln
said charge/discharge frequency control means is configured
to-generate a selection switehing signal having quieseent

periods at predetermined intervals during the period after

16 .
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sel ecti on SW.105-is—turned on, a step-up device 104 and the _first step
means 107 are conn anple, the step-up devicel AdshET HAS BEEN
constituted b*mﬂmgﬁgmmﬁ“‘rmen t he step-up device 104 arggPLARED i r st
st ep- up: neans c onnected, the first step-up neansilOf—stat-ts—a

~step-up operation in response to the step-up clock signal 403. A reverse
I nduction voltage (step-up voltage) generated by the step-up operation of

the first shepappldewitionl@Ff e Hith fydSadd qmme rmrtsnéoaflﬁhénput to a
first rectifier

terminals of said light emitting dev1ce and before the

beginning of the application of the high voltage pulse to

the other terminal.

is Sheet Has Been Replaced
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7 neans 108. The reverse induction voltage input to,the-#i+st

rectifier means 108 is rectified and is input to a |ight éM&ﬁ*WﬁQHHSBEBe
109. The light emitting device 109 charges and accunul at ¢s r eRRALBEED
~induction voltage input at-each clock of the step-up clo
~electric field of the reverse induction voltage I nput at each cl ock causes

ABSTRACT OF THE DISCLOSURE

A small hand-held electronic apparatus with a field
effect light emitting de&ice wherein the life of an EL
panel is expanded; light emitting efficiency is improved;
the circuit is made compact; and the number of parts ‘is
redﬁced. ‘When a control signal from a charge/discharge
frequency control means becomes a low level, a first step-
up selection SW is tﬁrnéd on and a first discharge means is
turned off. At this time, a step-up device and a first
step-up means are donnected, and the first'step4up means
starts a step-up operation in response to a step-up clock
signal. A reverse induction voltage generated by'the'step—
up operation is rectified by a first rectifier means and
is inpﬁt to a light emitting device. ‘The light emitting
device charges and accumulates reverse induction voltage
input at each clock of the step-up clock and emits light to
provide an illuminating function. When the control signal
is switched from the low level to the high level, the first
step—up selection SW is turned off and the first discharge
means is turned on. Thus, the accumulated charge is dis-

'charged.. The same opéfation is continuously performéd
thereafter. As a result, the 1ight emitting device emits
light cbntinuousiy to serve as an illumination device.

—_—
. This Sheet Has B

L.



the light emtting device 109 to emt |ight, thereby pro-
i1lumnating function. For exanple, the first rectifier
constituted by a diode, and the - light emtting device 109 i{s c

by an electro- |um nescence panel (EL panel). This ste&p-up operation

~continues until the control sij .
control signal 405 is swtched fromthe low |l evel to the highjlevel, tlhe
~first step-up selection SW105|is turned off_-gnd ahe {irst digcharge reans
112 is turned on. When the first step—uj Tegy fon S J 6 turred
of f, J Oa = 2
O W <
W wj ﬁ“ <G
w= =
w
o &
- &:J Q<(mT
— —_. Z I
ow OO0
Z W0 24
O=Z ra
O O<C
5 ” =
=
0w
-z JL
n O |e 3o
— Z
Q- D —
=20 v ll
ouw -2z
0w | Od O <
o | ww == w
1—\_~w(f) W= _l‘
A =
- o - <
Ll \T\ wi
o) N S
o T GE2 o
LL o< 2 -
o =L <C
To 3 ST T n O
o | [ 75
~— w =z r~ — o~
ﬂ’-\'ﬂ_ l-u-;O o o o
2|78 S5l Jerel | T
~— - O
<— o | — o=z
w > E@ﬂ o i <C
7|< ' W ~
S
-~ ™ uw ™
Z =3 o o]y
32—L WE o
= W < . T =
O oWl O <
— |~ o - = <t o  w
o +— o o — >~
1> T - Wwwo
— O o — oDx
o w = x O
D = O v <<=
oo 0o o IO
/¢ ouw o
This Sheet Has Been Replac ' : '

T



-

the step-up device 104 and the first step-up neans 107 are

At this tine, output by the

the step-up clock signal 403

control means 102 becones the |ow |evel,

stops the step-up operation.

di sconnected...

and the first step-UReplpaens

When the-first discharge nmedqns 112 is

i

$hiRRsHier hsascwemcfy
14 Ul IICd

on, the charge accunulated in the light emtting device 109 is discharged.
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8 ‘When the control signal 405 output by the charge/ discharge

frequency control nmeans 103 becones the high Ievel and the

accurrul ated in the light emtting device 109 is discharge

signal 406 outputs the low |level. The control signal 406 dut putRePyAGERe E

char ge/ di scharge frequency control neans 103 is input to t seeefc—""""

. step-up selection SW106 and the second dis- charge neans 113. When
the low | evel signal of the control signal 406 is
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I nput to the second step-up selection SW106, the second step-u
SW106 is turned.on. Wen the second step-up selection S s mﬁ%\

20N, the step-up device 104 and the second step-up neans kﬂﬂsiggﬁ ectgd
this tinme. Wen the [ow |evel signal of the control S|§kggﬂ§_/,,Ls«rﬁ
to the second discharge neans 111, the second discharge 111 is

turned off. When the step-up device 104 and the second step-up neans

111 are connect eqg==
frequency controlg

i he step upj cl ock §si gnal 404 is output by the step-up
= -anE:j gtﬁtipuchock signal 404 output by the

step-up frequencyg
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contrql.means 102 is input to the second step-up nmeans 111. In res QﬂS@ to..
the-step-up clock signal 404, the second step-up neans 111 p 8LHE$@ENTSHEEY‘
step-Up operation to generate a reverse induction voltage (s = P il

4 1 DEC 133

voltage) fromthe step-up. device 104. 48
9 ' , ' .
SMALL HAND-HELD ELECTRONIC APPARATUS WITH - Rt €

FIELD EFFECT LIGHT EMITTING DEVICE ‘ -

' : THIS SHEET HAS BEEN.
ABSTRACT OF THE DISCLOSURE REPLACED

A small hand-held electronic apparatus with a field
effect light emitting device wherein the life of an EL
panel is expanded; light emitting efficiency is improved;
the circuit is made compact; and the number of parts is
reduced. When a control signal from a charge/discharge
frequency control means becomes a low level, a first step-
up selection SW is turned on and a first discharge means is
turned'off._ At this time, a step-up device and a first
step—-up means are connected, and the first step~up means
starts a step-up operation in response to a step-up clock
signal. A reverse induction voltage generated by the step-
up operation-is rectified by a first rectifier means and
is input to a ligﬂt emitting device. The light emitting
device charges and accumulates reverse induction voltage

| input at each clock of the étep-up clock and emits light to
provide an illuminating function. When the control signal
is switched from the low level to the high level, the first
step-up selection éw is turned off and.the first discharge
means is turned on. Thﬁs, the accumulated charge is dis-
charged. The same operation is continuoﬁsly performed
thereafter. As a result, the light emitting device emits

light continuously to serve as an illumination device.
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The reverse induction voltage generated by the step-up devi
-to a’'second rectifier nmeans 110. The reverse induction vol erectifie
by the second rectifier neans 110 is input to the light em tinh1dBEEc@b
109. The |light emtting device 109 charges and accunty ates |rieversef: !
i nduction voltage input at each clock aflthe step-up gliock 404 e
electric field of the reverse induction voltage input at eac o,

the light emtting device 1090 emt light therchy porovidigg—an
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illum nating function. This pperation continues until the control sidgnal
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Wien the control S|gnal 406 becones the high level, the se

sel ection SW106 is turned off and the second d|SCharge meal BEE Y

turned on. Wen the second step-up selection SWis turned
step-up device 104 and the second step-up neans 111 are dis
the step-up device 104 and the second stZp-up neans 111 are i}
the step-up clock signal 404 output by the step-up frequency
102 becones the low | evel, and the second step-up neans 111
operation. When the second di scharge neans 113 is turned on, the
charge accunulated in the light emtting device 109 is
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Such operations are continuously perforned and, as a

en1tt|ng device 109 emts |ight continu- ously to serve a
devi ce. The details of the operation of the present
illum nation device will now be described with refer-
exanpl es of the circuits thereof and a4timng chart.
exanple of a driving circuit including a light emtting deVijce.

3 shows an exanple of a logic circuit for con- trolling the driving

circuit. ===

I -

4

I

FIG.

T

‘
J¢

result, the |ight

ence) 10 R A

407

= ) CATT

Fig.

T AR

.
>
]



Fig. 4

-Fig. 3.
al ways
204 IS
to the
control
406.

charging and discharging an EL panel 20t Sinmlar-

shows the timng of the operations of the circu

connected to a power supply. The other term nal
connected to a transistor 205 and a transistor &&=
step-up selec- tion Sways. The transistor 205 |.REBM¥H%$

In Fig. 2, one of the termnals of a step

signal 405. The transistor 206 is controlled by fa control
The control signal 405 also controls a MOS t

SMALL HAND-HELD ELECTRONIC APPARATUS WITH

FIELD EFFECT LIGHT EMITTING DEVICE

BACKGROUND OF THE INVENTION

' The present invention relates to small hand-held
electronic apparatuses incorporating-a field effect light
emitting device such as an electro-luminescence panel
(hereinafter referred to as "EL panel") as a iight source
and, more particularly, to apparatuses such as electronic
timepieces which are driven by a low voltage source.

Conventional small hand-held electronic ;ﬁparatuses

such as electronic timépieces have incorporated a small

incandescent lamp-as a display illuminating device or have

'used a‘light emitting diode (LED) as illumination for

dispiay.  With such linear light sources, it has been
difficult to reéd an area of a certain extent entirely.
In some apparatuses, luminous paint has been applied in
stead of illumination. However, this ﬁas not made display
recognizable enough because.of the small amount of iight.
Under such circumstances,.surface light emitting
devices such as EL panels utilizing emission caused by the
application of an electric field have come into use as
illumination devices for small hand-held electronic appara-

tuses (which have mostly incorporated an LCD panel). Since



ly,
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supply is activated, and an oscillation clock signal (
Is output by an oscilla- tion circuit. The CLK 401 is
di vi si on

fhe control signal 406 also controls a MOS transistor

213 for charging and di scharging the EL panel 209

an AC electric field of several tens volts or more must be
applied . to such an EL panel to cause it to emit light,-a
small hand-held electronic apparatus or the like whose

battery voltage is 1.5 volts or 3 volts incorporates a

step-up circuit to generate several tens volts as described -

above.

A common éxample of a step-up circuit is a circuit
wherein a reverse induction voltage is generated by turning
on and off the current flowing through the step-up coil
utilizing the inductance of the coil. Methods for applying
a higﬁ volfage pulse produced by this reverse induction
"voltage to an EL panel include the so-called monopolar
driving system wherein one of the terminals of an EL panel
ié fixed to a grqpnd level and the high voltage pulse is
applied to the other terminal. Although thié system can be
_configuréd using one step-up coil and one step-up circuit,
it has had a problem in that the life of an EL panel as a
Bevice is shortened due to DC components_applied to the EL
panel and in that the reverse induction voltage in a single
direction must be sﬁffigiently high in 6rder to provide
predetermined luminosity.

Methods for eliﬁinating such DC compohents to decrease
the required reverse induction voltage relatively include
the so-called bipolar driving system wherein a high voltage

pulse is alternately applied to each of the two terminals



circuit 301 and is divided by frequency division CIFCUItSM~392”“307 Uslng

the frequenci es obtai ned by the frequency division, ste gapLh@‘”' a §

403, 404 and the control signals 405, 406 are synthe5|z s sh?%n A Fl

4 by gate circuits 309 - 313 shown in Fig. 3, respectivall. “Whien the

control signal 405 becones a low level, the transistor |s turnedﬂgnw‘

When the transistor 205 is turned on, the step-up coil 2 he §£§p;u¥

MOS tran- sistor 207 are connected. Thﬁ%step-up cl ock si
output, with the step-up coil 204 and t step-up MOS transistor 207
connected. The step-up clock signal 403

of an EL panel. However, when this system is conflgured

using two step-up coils and two step-up circuits, a problem
has arisen in that it needs an additional step-up coil
occupying a large volume of space, which makes it difficult

to provide a compact apparatus.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
small hand-held eléctronic apparatus with a field effect
light emitting device wherein the bipolar driving of an EL
panei is acéomplished using a single step-up coil to expand
the life of the EL panel, to improve light emitting effi-
ciency, to make the circuit compact, and to reduce the .
' number of parts.

In order to'échieve the above-mentioned object, the
present invention employs a configuration of a small hand-
held e],edtfonic apparatus incorporating a light emitting
-ﬁevice.utilizing the emission of light céused by the appli-
cation of an electric field, including: a light emitting
device having at least two terminals for accumulating
electrical charge injecﬁed by a high voltage pulse applied
to one of the two términals; a step-up means having a step-
up device for generating the high vbltage pulse applied to
the light emitting device in response to a predetermined

drive frequency signal; a step-up switching means for se-



causes the step-up MOS transistor 207 to be turned on an
t hereby causing a step-up operation. The step-up operati
MOS transistor 207 produc- es a reverse induction voltad
coil 204. The step-up clock signals 403 and 404 used in
enbodi nent are output at a frequency of 8 kHz and a duty
reverse induction voltage generated by the step-up coi

CERREEEEY,

SER _
L34 o BEan e v

of 75 % . . . The
2 IS input to a

di ode 208. The diode 208 rectifies the input reverse i ndgett+om vol tage.”

The reverse i nduction

lecting either of the two terminals- of the light emittinq
device to which the high voltage pulse generated by the
step-up means is applied and for switching the terminal
under application at predetermined intervals; a plurality
of discharge means connected to each of the two terminals
of the light emitting device for selectively discharging
.the charge accumulated in the light emiﬁting device from
one of the two terminals at predetermined intervals; a
-step—up frequency control meané for generating the prede-
fermined drive frequency-signal input to the step-up means;
and a charge/discharge frequency control means for gener-
atingla selection switching signal at predetermined inter-
vals which controls the step—-up switching means and a
selection switching signal at predetermined intervals which
controls the diseharge means.

In a small hand-held electronic apparatus with a light
emitting device having the above-described configuratien,
the.biéolar driving of the light emitting device can be
accomplished using a-single step-up device through repeated
charging and discharging operations performed by control-
ling the step-up sﬁitching.means for switching at predeter- =~
mined intervals and by alternately applying the high volt-
age pulse generated by the step-up means to the two termi-
nals.of the light emitting device at predetermined'inter-

vals.
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voltage rectified by the diode 208 is input to the ane AR be
charged and accunul ated therein. At this tine, the di gﬁ?é§é§JﬂE§ieﬂ+s-the
accurul ated charge fromflowing back to the step-up coil. 'ﬁi&b§§§% _
chargi ng and accunul ati ng operation in the EL panel .20 cdrfli ti

the control signal 405 is

5
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1.is a block diagram showing an embodiment of the
present invention;

Fig. 2 is a circuit connection diagram around a step-
up circuit of the embodiment of the present invention;

jfig. 3 is a circuit connection diagram around a timing
control circuit of the embodiment of £he present invention;
and

Fig. 4 is a timing chart showing the operation timing
of the embodiment of the present invention and a

charge/discharge waveform of an EL panel.

DETAILED DESCﬁIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of fhe present invention will néw be
described with réference to the draﬁings.

Fig. 1 is a block diagram showing aﬁ embodiment of'fhe
present invention. An oscillation circuit 101 starts
woscillating as a result of the application of a power
supply thereto to output an oscillation clock signal 401.
The oscillation clock signal 401 output by the oscillation
circuit 101 is input to a step-up frequency -control means
102 and a charge/discharge freguency control means 103,

In accordance with the oscillation clock signal 401,
the step-up frequency control meané 102 controls a step4up

frequency and outputs a step-up clock signal 403 and a



switched fromthe low level to the high Ievel and the
step-up clock signal 403 becones the low |evel. Wen t &
signal 403 becones the low level, the step-up MOS transgj
off. In the present enbodi nent, the control signals 405
controlled at a cycle of 256 Hz. When the control i
switched to the high I|evel, the transistor 205 is turne
tran- sistor 212 for dlscharge is turned on. Wen the sistor
212 for discharge is turned on, the terfinals of the EL panel 209 are both

connected to ground and, at this
step—-up clock signal 404. The step—up clock signal 403 is

input to a first step-up means 107. The step-up clock
signal 404 is input to a second step-up means 111.

In response to the input of the oscillation clock
signal 401 from the oscillation.circuit 101, the charge/
discharge frequencf control means 103 outputs a céntrol
signal 405 and a control signai 406 for controlling charge
and discharge frequencies. The control signal 405 is input
to a first step-up selection SW (switch) 105 and a first
discharge means 112. The control signal 406 is input to a
-secoﬁd step-up selection SW (switch) 106 and 5 second
discharge means 113.

When the control signal 405 from the charge/discharge f
freéuency control means 103 becomes a low level, the first
step-ﬁp selection SW 105 is turned on and the first dis¥
charge means 112 is turned off. When thg first step-up

~ selection SW 105 is turneq on, a step-up device 104 and the
'first step-up means 107 are connected. :For example, the
step—up device 104 is constituted by a step-up coil. When
the step-~up device 104 and the first step-up means 107 are
connected, the first step-up means 107 starts a step-up
operation in response to the step—-up clock signal 403. A
reverse induction voltage (step~dp.voltage) generated by
the step-up operation of the first step-up device 104 and -

the first step-up means 107 is input to a first rectifier



time,- the charge charged and accumul at ed until then is discharged

entirely.

connected to ground is within the period during which

The tlnlng at which both termnals of the EL_-.--

in Fig. 4 is at the high level. This period is kept I SHE 0 alilfow

the charge charged and accunulated in the EL panel 20P\t

conpl ete-

ly. When the signal 402 is at the high | eve

7
meang 108.

The reverse induction voltage input to the first .
rectifier means 108 is rectified and is input to a light
emitting device 109. The light emitting device 109 charges
and accumulates reverse induction voltage input at each
clock of the step-up clock signal 403. The electric field
of the reverse induction voltage input at each cloék causes
the light emitting:dgvice 109 to emit light, thereby pro-
viding an illuminating function. For example, the first
rectifier means 108 is constituted by a diode, and the
light emitting device 109 is constituted by an electro-
luminescence p;nel (EL panel).

This step-up operation continues until the control

signal 405 becomes a high level. When the control signal

‘405 is switched from the low level to the high level, the

first step—up selection SW 105 is turned off and the first

discharge means 112 is turned on.

: When the first step-up selection SW 105 is turned off,

the step-up device 104 and ﬁhe first step—up means 107 are
discqnnected. At ﬁhis time, the stép—up clock signal 403
output by the step-up frequency control means 102 becomes
the low level, and the first step-up means 107 stops the
step-up operation. ‘When the first discharge means 112 is
turned on, the charge accumulated in the light emitting

device 109 is discharged.

&é’m%ﬂw 11




control signal 405 and the control signal 406 remain
and the step-up coil 204 is connected to nei- th
transi stor 207 nor a MOS transistor 211. Next, th
406 becones the low level, and the transistor 206 is tu
transistor 206 is turned on, the step-up coil 204 and t
transi stor 211 are connected. The step-up MOS transi stor

8

:When the control signal 405 output by the charge/
discharge frequency control means 103 becomes the'high.
level and the charge accumulated in the light emitting
device 109 is discharged, the control signal 406 outputs
the low level. The control signal 406 output by the
charge/discharge-éfequency control means 103 is input to
the second step-up selection SW 106 and the second dis-
charge means 113.

When the low level signal of the control signal 406 is

input to the second step-up selection SW 106, the second
" step-up selection SW 106 is turned on. When the second
étep—up selection SW 106 is turﬁed on, the step—up device
104 and the second step-up means 111 are connected this
time. When the low level signal of the control signal 406
is input to the second discharge means 111, the second
discharge means 111 is turned off.

| Whgn the step-up device 104 and the second step-up
means 111 are connécted, the step-up clock signal 404 is
output by the step;up frequency control means 102. The
step-up clock signal 404 output by the step—up frequency
control means 102 is input to the second step-up ﬁeans-lll.
In response to the step-up clock signal 404, the second
step-up means 111 performs a'step—up 6peration to generate
a reverse induction voltage (step-up voltage) from the

step-up device 104.



211 s controlled by the step-up clock signal 404.
clock signal 404 is input to the step-up MOS transistor _
MOS transistor 211 is repeatedly turned on and off, whi¢ resu#EE ipsa
step-up operation. The step-up operation of the MS trapsjst8rfP1=> 13
produces a reverse induction voltage at the step-up coil 04. ThngLQduEQd
reverse induction voltage is input to a diode 210 to be | Tred. The |
rectified reverse induction voltage is input to the EL 209-t 0 be
charged and -accumul ated therein. The cBargi ng and accunul ati ng oper a-
tion in the EL panel 209 continues until the control signal

" The reverse induction voltage generated by the step-up

device 104 is input to a second rectifier means 110. The
reverse induction #oltage rectified by the second rectifier
means 110 is input to the light emitting device 109. The
ligh; emitting device 109 charges and accumulates reverse
induction voltage input at each clock of the step-up clock
404. T@F eléctric field of the reverse induction voltage
input at each clock causes'thé light emitting device 109 to
emit light, thereby providing an illuminating function.
This operation continues until the control signal 406
becomes the high level.

When the control signal 406 becomes the high level,
the second step-up selection SW 106 is turned off and the
second discharge means 113 is turned on. When thé second
step-gb sélection SW is tﬁrned off, the step-up device 104
and the second step-up means 111 are disconnected. When
thé step-up device 104 and the second step-up means 111 are
discoﬁnected, the step-up clock signal 404 output by the
étep—up frequency control means 102 becomes the low level,
and the second step-up means 111 stops the operation.

When the second discharge means 113 is turned on, the
charge accumulated in the light emitting device 109 is

" discharged.

When the éharge accumulated in the light emitting

device 109 is discharged, the control signal 405 output by



406 is switched fromthe low |evel to the high level and the outpuwt- of -the
step-up clock signal 404 becones the low |evel. Wen &ggENpscthk
signal. 404 becones the low level, the step-up MS tra 5%&%%&—2@7’T§”t0rned
of f. When the control signal 406 is switched to tHe hH%FEIBe@g; t he
transistor 206 is turned off and the MOS tran- L__,,,m P
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the charge/discharge frequency control means 103 outputs‘
the low level again.

Such operations are continuously performed and, as a
result, the light emitting device 109 emits light continu-
ously to serve as an illumination device.

The details of the operation of the present invention
as an illumination device will now be.described with refer-
ence to specific examples of the circuits thereof and a
timing chart. |

Fig. 2 shows an example of a driving circuit including
a ;ight emitting device.

Fig. 3 shows an example of a logic circuit for con-
trolling the driving circuit. |

Fig. 4 shows the timing of the operations of the
cirguifs in Fig. 2 and.Fig. 3.

In Fig; 2, one of the terminals of a step-up coil 204
is always conﬁected to a power supply. The other terminal
of the step-up cdil 204 is connected to a transistor 205
and a transistor 206 which correspond to the step-up selec-

tion Sways. The transistor 205 is controlled by a confrol
signal 405. The transistor 206 is controlled by a control
signal 406.

The contfol signal 405 also controls a MOS trénsistor

212 for charging and discharging an EL panel 209. Similar-

ly, the control signal 406 also controls a MOS transistor



14 sistor 213 for discharge is turned on. Wien the MOS tran-
for discharge is turned on, the termnals of the EL p
connected to ground and the charge charged and accumnul 3
entirely discharged again. As descri bed above, the dhgﬁg m§ﬂbf
. By
tr

charging in and discharging fromthe EL panel 209 are s
switching the control over the turning on and off of thie
and 206 using the control signals 405 and 406. In the|present e ' t,
t he swi tching. between the 11 .

213 for charging and discharging the EL panel 209.

The power suppiy is activated, and.an oscillation
clock signal (CLK) 401 of 32 kHz is output by an oscilla-
tion circuit. The CLK 401 is input to a fréquency division
circqit 301 and ié divided by frequency division circuits
302 - 307. Using the frequencies obtained by the frequenéy
division, step-up clock signals 403, 404 and the caontrol -
signals 405, 406 are synthesized as shown in Fig. 4 by gate
éircuits 309 - 313 shown in Fig. 3, respectiveiy.

When the control signal 405 becomes a low level, the
transistor 205 is turned on. When the transistor 205 is
turned on, the step-up coil 204 and the step—up MOS tran-
sistor 207 are connected. The step—up clock signal 403 is
output, with théﬁstep-up coil 204 and the step-up MOS
transiétor 207 connected. The step-up clock signal 403
causes thé step-up MOS transistor 207 to be turned on and
'qff repeatedly, thereby causing a step-up operafion. The -
step-up operation of the step-up MOS transistor 207 prodﬁc-
es a revérse induction voltage at the step—up coil 204.

The step-up clock signals 403 and 404 used in the ﬁresent
embodiment are output at a frequency of 8 kHz and a duty.of
75 %.

The reverse.induction voltage generated by the step-up

coil 204 is input to a diode 208. The diode 208 rectifies

the input reverse induction voltage. The reverse induction



cont r ol

signals 405 and 406 is performed at a cycle of 256z
operation is continuously performed and, as a result, the|REP
emts _light to serve as an illum - nation device. At thisit
voltage of a waveform 407 of the voltage charged in the E
160 - 180 V peak-to-peak. As descri bed above, in a s

i FEB

hand- hel

el ectronic apparatus with a light emtting device such as panel
according to the present invention, the use of two step-up 170
al l ows bidirectional charging and dischat®y- ing to be perforned by a

single step-up device on an EL

voltage rectified by the diode 208 is input to the EL panfl
209 to be charged and accumulated therein. At this time,
the diode 208 prevents the accumulated chafge from flowing
back to the step-up coil.

ihe charging and accumulating operation in the EL
panel 209 continues until the control signal 405 is
switched from the low level to the high level and the
output of the step-up clock signal 403 becomes the low

level. When the step-up clock signal 403 becomes the low

‘level, the step-up MOS transistor 207 is turned off. 1In

the present embodiment, the control signals 405 and 406 are
controlled at a cycle of 256 Hz. _

When the control signal 405 is sﬁitched to the high
1e§el, the transistor 205 is turnéd off} and the MOS tran-
sispor'212 for discharge is turned on. When the MOS tran-
sistor 212 for discharge is turned on, the terminals of the
EL panel 209 are both connected ﬁo_groupd and, at this
time, the charge charged and accumuiéted until then is
discharged entirely.

The timing at which both terminals of the EL panel 209
are connected to ground is within the period during which
the signal 402 éhown in Fig. 4 is at the high level. This
period is képt long enough to allow.the charge charged and
accumulated in the EL panel 209 to be discharged complete-

ly. When the signal 402 is at the high level, both of the

Mo
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EL panel

The use of such an"EL panel driving circuit is adventageols ehdiat
a circuit can be made conpact; the nunmber of parts can be| REQY

can emit light efficiently. 18 FEB 1997
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contfol signal 405 and the control signal 406 remain at.gye
high level, and the step-up coil 204 is connected to nei-
ther the step-up MOS transistor 207 nor a MOS transistor
211. |

Next, the control signal 406 becomes the low lgvel,
and the transistor 266 is turned on. When the transistor
206 is turned on, the step-up coil.204 and the step-up MOS
transistor 211 are connected. The step-up MOS transistor
211 is controlled by the step-up clock signal 404.

When the 'step~up clock signal 404 is input to the
Step-up MOS transistor 211, the step-up MOS transistor 211
is repeatedly turned on and off, which results in a step-up
operation. The step-up operation of the MOS transistor 211
produces a reverse inductién voltage at the step-up coil
204. The produced reverse induction voltage is input ﬁo a
diode 210 to be rectifiea; The rectified reverse induction
voltage is input to the EL panel 209 to be.charged and
accumulated therein. The chargin§ and accumulating operé—
tion in the EL panél 209 contihues until the control signal
406 is switched from the lowilevel té the high level and
the output of the step-up clock sigqal 404 becomes the low
level. When the step-up clock signal 404 becomes the low
level, the step-up MOS transistor 267 is turned dff.

When the control signal 406 is switched to the high

level, the transistor 206 is turned off and the MOS tran-

|
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1. A-small hand-held el ectronic apparatus with a light e V¢ §ReET
utilizing an em ssion of |ight caused by an application 4+¢17”X§
field conprising: a light emtting device having at %gg 1997 |
termnals for accunulating electrical charge injected by hi &h oﬁ%gge!
pul se applied to one of said two term nals;. a step- '$K#
step-up device for generating the high voltage pul se apply o said |
emtting device in response to a predeterm ned drive freq ;
a step-up switching means for selectingt®ither of the

sistor 213 for discharge is turned on. When the MOS trgq-
sistor 213 for discharge is turned on, the terminals of the
EL panel 209 are both connected to ground and the charge
charged and accumulaﬁed-until then is entirely discharged
againﬂ

As described above, the directions of the charging in
"and d}scharging from the EL .panel 209 are switched by
switching the control over the turning on and off of the
.transistors 205 and 206 using the control signals 405 and
406. In the present embodiment, the switching between the
-control signais 405 and 406 is performed at a cycle of 256
. Hz. this oﬁeratidn is continuously performed and, as a
resuit, the EL panel 209 emits light to serve as an illumi-
nation device. At this time, the peak voltage of a
waveform 407 of the voltage charged in’the EL panel is
about 160 - 180 V peak-to-peak.

As described above, in a small hand-held electronic
apparatus with a light emitting device such as an EL panél
'according to the present invention, the use of two step-up
seiection Sways allows bidirectional charging and diséharg—
ing to be performed by a single step-up device on an EL
panel. The use of such an EL panel,driviné circuit is
advantagecus in that a circuit can be made compact; the
number of parts can be.reduced; and an EL panel can emit

light efficiently.



two termnals of said [ight emtting device to which the.ﬂhkgh"v‘r"
pul se generated by said step-up means is applied and for)| B&l o

term pal under application at .predeterm ned intervals; Pég ﬁgﬂt %
of di scharge rreﬁm"mm]m W each of the two term naI of] 8a to '
emtting device IH Iy di schargi ng the charge cunul ated..i.n.-: i
said light emtfing devitesfrem one of said two ternmninal ar*prﬁaéfer- o

m ned intervals; a step-up frequency control neans f g t he
predeternined-drive frequency signal inpt® to said step-up

What is claimed is:

1. A small hand-held electronic apparatus with a light

emitting device utilizing an emission of light caused by an
application of an electric field comprising:

a light emitting device having at léast two terminals .;'
for aécumulating electricallcharge injected by a high.
voltage pulse applied to one of said two terminals;

a step—up.meang having a step~up device for generating
the high voltage pulse applied to said ligﬁt emitting
device in respénse to a predetermined drive frequency
Siénal;

a step-up switching means for selecting either of the
two terminals of said light emitting device to which.the
.high voltage pulgg generated by said step—up means is
app;iea and for switching the terminal under applic;tion at
pfedetermined intervalsé

a plurality of dischérg:e means connected to each of
‘the two terminals of said light'emitting.device for selec--
tively discharging the charge accumulated in said light
emitting device frbm one of éaid two terminals at predeter-
mined intervalé;

a step-up frequency control means for generating the
predetermined drive frequency signal input to ‘said step-up

means; and

a charge/discharge frequency control means for gener-



means; and a charge/ di scharge frequency control nea
16 ating a selection switching signal at predeterm ned

contrgls said step-up SWtcC ns and a selection s

S| 11T

EQEPLAOEMBJW; ch
gnal at:
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ating a selection switching signal at predetermined intgf-
valé which controls said step-up switching means and a
selection switching signal at predetermined intervals which
controls said dischérge means. |

2? A small hand-held electronic apparatus with a field";
effect light emitting device according to claim 1, further
comprising a rectifier means provided between said step-up
means and éaid light emitting device for preventing the
chargé accumulated in said light emitting device from
flowiﬁg back to said step-up means.

| 3. A smallhhand—held electronic apparatus with a field
effectllight emitting device accordiﬁg.to claim 1, wherein
said step-up means is pfovided at each of the two terminals
of said light em%tting device independently of each other;
said sfep—up switéhing means is provided in associaﬁion
with each of said step—up means; and a first step-up
switching means connects and disconnects a first step-up
‘means and said step-up device while a seéond_step—up
switching means connects and disconnects a second step-up
means and said step-up device.

4. A small hand-held electronic apparatus with a field
effect light emitting device according to claim 1, wherein
said charge/discharge frequency control means is configured

- to generate a selection switching signai having quieséent

periods at predetermined intervals during the period after



control s said di scharge neans. 2. A small hand-held~eLect.un%p

apparatus with a field effect |ight emtting device acprErl

TR

p-up neans.

further conprL_Lngga_Lee%++rer—nEans provi ded between

and said |ight enmitting deyj preventing the char
said light emtt uﬂmﬁ‘i h ﬂflowi ng back to said s
3. A small hand- pparatus with a field

I~

s}

N\

eect

FHgnt

emtting device accordlng to claim1, wherein said stef.up-eanrs—s
provi ded at each of the two terninals &f said Iight enitting device

i ndependent|y of each other;

the application of the high voltage pulse to one of the

terminals of said light emitting device and before the.

beginning of the'application of the high voltage pulse to

the other terminal.



said-step-up switching neans is provided in association 'with each of sald

step-up neans; and a first step-up sw tching neans connect
di sconnects a first step-up neans and said step-up device
step-up sw-tching neans connects and di sconnects a second
and sai d stép-up devi ce. 4. A snual 118hand- hel d el ectron
with a field effect light emtting device according to cl ai
sai d charge/ di schar ge freqi¥pbly HANPHHEED BIBETRONLEC AFEGARATYE(

sel ection swi tching signal having quiescent periods at prede

I nterval s during the period af treELD EFFECT LIGHT EMITTING DEVICE .

ABSTRACT OF THE DISCLOSURE

saia A £ A

e -
FP@‘«%E SES .

tle

ST |
1 wher ei n -

h;*g'é'ﬁ'e’r“af“e’.“'a'fJ

t-er-At g

REPLACED

A small hand-held electronic apparatus with a field

effect light.emitting device wherein the life of an EL

paﬁel is expanded; light emitting efficiency is improved;

the circuit is made compact; and the number of parts is

reduced. When a control signal from a charge/discharge

frequency control means becomes a2 low level, a first step-

up selection SW is turned on and a first discharge means is

turned off. At this time, a step-up device and a first

step-up means are corinected, and the first step-up means

starts a step-~up operation in response to a step-up clock

' signal. A reverse induction voltage generated by the step-

up operation is rectified by a first rectifier means and

is' input to a light emitting device. The light emitting

device charges and accumulates reverse induction voltage

input at each clock of the step-up clock and emits light to
provide an illuminating function. When the control signal
is switched from the low level to the high level, the fifst
step-up selection SW is turned off and the first discharge:
means is turned on. Thus, the accuﬁulated charge is dis-—
charged. The same operation ié,tpntinuously performed
thereafter. As a result, the light emitting device emits.

light continuously to serve as an illumination device.

Figure 1



17 the application of the high voltage puI se to one of the termnals of
said light emttin deV| ce and. bef | |
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TEXT OF THE ABSTRACT

SMALL HAND—HELD ELECTRONIC APPARATUS WITH FIELD EFFECT LIGHT
EMITTING DEVICE

A ?sr'néh hand-held electronic apparatus with a field effect light emitting device (109)
wherein the life of an EL panel is expanded, light emitting efficiency is improved, the
circuit is made compact and the number of parts is reduced. When a control signal | -
'(_405) from a charge/ discha.tge frequency control means (103) becomes a-low level, a |
 first step-up selection switch (105) is tumed on and a first dischasge means (112) is |
turned off. At the samcﬂme, a step-updev’ice (104) and a. first step-up means (107) |-

..are’ connected and the first step-up means (107) starts a step-up operation in|

response to a step-up clock signal (403). A reverse mducuon voltage generated by the !
* step-up operation is rectified by a first rectifier means (108) and'is input to a hght
emitting device. (109). The hght emitting device (109) charges and accumulates reverse .
. induction voltage input at each clock of the step-up clock and emits light to provide i . -
- an illiminating fanction. When the control signal (405) is switched from the low level |
to the high level, the first step-up selection switch (105) is turned off and the first |
-discharge means (1 12) is turned on. Thus, the accumulated charge is discharged. The '
same operauon is continuously performed thereafter. As a result, the light emitting

_ dev1ce (109) emits light continuously to setve as an illumination device.

(Fig. 1)
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