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THE | NVENTI ON' The present invention relates to a power supp[lfﬁ uit
using a battery as a power supply and raising the voltage of this ba ery,
“and nore particularly relates to a power supply circuit for a wireless
transm tter which keeps supplying power to a load for a prescribed period
of tine after switching off operation of the power supply circuit.
In recent”years, the progress towards comnpact, portable electronic
equi pnent: has been aCCO”pam‘%ﬁﬂﬁhﬁéﬁfqﬁéﬁﬁﬁiﬁﬁﬁk need for power supplies
to be conprised of a single battery wever;  1n spite of devel opnents
whi ch have been enabling electronic conponents or ICs etc. to be operated.
with a voltage of a singBgC) g el s equi pnents are capable
of contralling all of their operatlons wWth a. 1OM/ vol tage of, for exanple,
1.5 V0|tS Corse Queatbiit PAWeAtion relates to a. power supply circuit

NG

uslng a battery as a power supply andpraising the voltage of
tﬁie battery, and more particularly.relates to a power supply
c;rcuit for a wireless transmitter which keeps supplying
power to a load for a prescribed -period of time after
smitching off operation of the power supply circuit.

} In recent years, the progress towards compact, portable
eiectronic equipment has been accompanied by the widespread
need for power supplies to be comprisea of a single battery.
However,'in spite of developments which hame been enabling
electronlc components or IC's etc. to be operated with a
voltage of a single battery, few eleotronic equipments  are
capable of controlling all of their operations with a low
voltage of, for example, 1.5 voltsa'Consequently, power
sdpplying-in most of such eguipments ﬁas been carried out by
boosting this low voltage up to the hiqh-voltage required for
tﬁéir circuits.

. Further, electronlc equipment also exists where, when
the power supply is turned off after use, it is necessary for
the c1rcu1ts ‘to be made to operate for a prescribed time so

that all circuit operatlons can be completed For example, in




. ssupplying in nost of such equi pments has been carried out by boosting this
| ow voltage up to the high-voltage required for their circuits:

Further, electronic equi pnent al so exists where, when the power supply is
turned off after use, it is necessary for the circuits to be nade to
operate for a prescribed tine so that all circuit operations can be
conpl eted. For exanple, in - 2 2 the
case of a wireless transmtter, when use is over, a signal indicating that
"the transghé&scaBeSi ¢ ROWHIr&LOHS Y tranddifttes, Sehlenf nose t ie reeer vi ag
si de when the power supply i.s..turned OFF, the receiver audio nmute circuit
i's nade1xslgﬁx&zﬂnﬂzuutiﬁg!thanuwuhuxtndnmmmmxmxsanﬁkn@omerlsuppéyenﬁed
i.e after the power supply i's:OFF, a voltage is maintained for a
prescri bedOF@t i tsl s¥nt | fromikhe freceiaring taigle vheraddie Powsyes¥PPlYads
denands for power supplies haVIng a function

turned OFF, the ‘recelver audio mute circuit is made to

operate and the-qceurrence of'unnecessary noise is prevented,
i.e. after the_peﬁer supp1y is OFF, a voltage is maintained
for a prescribedﬁée?iod of time and the transmitter is made
to operate, and~de@ahds for power supplies having a function
where the voltagehie'maintained for a prescribed period of
time after the pqﬁérfsupply is OFF are therefore increasing.

Next, the aﬁerementioned related power supply circuit
example is descriyea;with reference to FIG. 1 and FIG. 2.

First, in egfi?et related example shown in FIG. 1, a
transistor Ql1 ieiﬁrovided across a battery 4 and a DC-DC
converter 13, w1th the DC-DC converter 13 being controlled by
the trans1stor Qll.a

When the,powe: supply is on so that a power supply
switch S11 is tdﬁhed*ON, a capacitor Cll starts to charge,
with a charge voitage VvCll £finally reaching a battery voltage
EQ. Further, a base wvoltage VB of a transistor Q12 becomes

. the voltage VCll d1v1ded by a resistor R13 and a resistor R14

(the internal reglstance of the battery is considered to be 0

for simplicity) inﬁe-manner such thatfﬁhe voltage VB becomes:

VB = VC11-R14/(R13 + R14) (1).




.. Where the voltage is maintained for a prescribed period of tinme after the

power supply Is OFF are therefore increasing. Next, the
af or enent:i oned rel ated power supply circuit exanple is described with
reference to FIG 1 and FIG 2. First, in a first related exanple

n=FIG 1, a transistor QL1 is provi ded across a battery 4 and a
sconverter 13, with the DC-DC converter 13 being controlled by the
When the power supply |s on so that a povver suppl y

vol tage' \_/_Cll finally reach| ng a battery vol tage EO. Further, a base

vol tage” VBlehge WBarsicketdls @l2rdlaeayeSVBE hecress agee \lidde danddeﬂlbyea

_resistor::R13 and a resistor Rl4 (the internal resistance of the battery is

consi der e tbhee Orafhedstiom| Rdi2t,y) currentandss dwewn heutt hfrool t the VB
VB = VCL1-R14/(R13 + R14) (1).

trans1stor Ql1l, transistor Qll is made to go .ON, and. a

l_qutage is supplied to the DC-DC convgrter 13. This supplied
f.?'_:_.;r'fc.sltage is then converted to a pféscribed voltage and
;supplled to the load circuit.

Next, when the power supply switch S11 is put OFF in
'.f:'.'_l_cja:'.'rder to break the power supply, the discharge of the load

?’f';""._'t'-.-_ored at the capacitor Cll starts via;_- resistors R13 and R14.

t this time, the discharge voltage VC1ll becomes:
. VCll = E0expl-1/C11(R13 + R14)]t (2),
and the base voltage of the transistor Q12 becomes the

___%"v':'___oltage vCll divided by resistor R13 and resistor R1l4 so as

0 become:

VB = EO0exp[-1/C11(R13 + R14)]t X R14/(R13 + R14) (3).
The transistor Q12 then goes off when this base voltage

VB becomes lower than the voltage VBE across the base and

itter of transistor Q12 after a time-;.?_t_:l. The transistor Q11
:_:_’t-herefore also becomes OFF and the operation of the DC-DC

';.converter 13 is halted.

Namely, at the power supply circuit of the

__lléif‘brc_amentioned configuration, after the power supply switch

§11 goes OFF, the operation of théi.DC—DC converter 13




+-3 Here, the transistor QL2 beconmes ON when this base voltage VB
exceeds a voltage VBE across the base and emtter of the transistor Ql2,
current is drawn out fromthe transistor QL1, transistor QL1 is made to go
ON, and a voltage is supplied to the DC-DC converter 13. This supplied
voltage is then converted to a prescribed voltage and supplied to the | oad
circuit. Next, .when the power ‘supply switch S11 is put OFF in order
to break the power supply, the discharge of the |oad stored at the
capaci t oredatirfies tunti R tihe i pdsssgRIGE aviind1¥l, Adtbhe EupPlyihg of

di scharge vol tage VCl1 becones: VC11l = EOexp[-1/Cl1(R13 + R14)]t
(2), powsnd tohéeheadeadoktizguitf ishpossinbe st or QL2 becones the Voltage
VC11 divided by resistor R13 and resistor Rl4 so as to becone: VB

EOexp[ - 1/ C11( RBlexe, Ri%) is Hemessary3 ferRadbas® current Tof Tbahei flow Q12
then goes off when this base voltage VB beconmes lower than the voltage
VBE acr oskn tPredetsEogmake dihe terangistensRidotalen 3 cangeleasronicrhe

transi stor QL1 therefore al so becones OFF and_the operation of the DC DC
- switch go ON. However, it is necessary for the relationship:

Ib X hfe > Ic (4)
hfe': current amplification factor
to be fulfilled in order for a sufficient current Ic to flow
under stable conditions.

When the DC-DC converter 13 is aétivated, a rush current
several times larger than under normal conditions flows and a
base current Ib therefore has to be set to maintain this
.éctivation. Further,-because hfe fluctuates a great deal,
. this margih hés to be maintained and a base current Ib having
‘a margin with respect to the temperat@re characteristics has
ito be made to flow.'This effeqtively usually means that a
null current fléws and power supply efficiency is lowered.

Next, in a second related ekample;shown in FIG. 2, the
‘transistor Q11 of the first related example is replaced with
a Field Effect Transistor (hereinaftef#referred to simple as
_“FET") @21, with other aspects ofithe configuration and

;rst related example.

‘operation then being the same as thef

‘An FET is a voltage-controlled eleméht and control current

can therefore be reduced when comparééfﬁith transistors. The




. converter 13 is halted. Nanel y, at the power supply circuit

of the af orenenti oned configuration, after the power supply sw tch S11

goes OFF, the operation of the DC-DC converter 13

4 continues until the passage of tinme tl1l, and the supplying of power to

the load circuit is possible. Here, it is necessary for a base

current of Ibto flow in order to nmake the transistor QLI taken as an
electronic switch go ON. However, it issnecessary for the relationship:

I b X 'hfenniiC current is therefbft lowered andftihe CéffEfieneP! bEi eakl On
factor to be fulfilled in order for a sufficient current Ic to flow

under st g FHUPPlIwnsan thereffed boecikprOFedonyherer 123 hewavkiryabed, a
rush current several times larger than under normal conditions flows and
a problem whereby efficiency dete;iorates'if the ON resistance
of the FET is méde large so that the input voltage'of the DC-
DC éonvérter falls. It is therefore difficult to drive
current general-purpose FETs using a voltage from a single
battery because the VGS ON voltage of current general-purpose
FETs is high.

In the aforementioned related example, a transistor Q11
or an FET Q21 for switching use is added to a primary side
input. path but resulting voltage drops cannot be prevented
and power supply efficiency deteriorates, particularly when
the primary power supply voltage is low.

A configuration where a battery is directly connected to
the primary side input can also be considered. In this case,
efficient utilization of the input: power is ﬁdssible but
there is the fear of current leaking to the sécondary
éircuitry. Namely, when rectification is carried out by a
simple diode, a current path can still be made from the
battery 4 to the secondary circuitry via the diode as a
result of the voltage.of the battery 4 even when the power
supply switch 11 is OFF and the oberation of the DC-DC
converter 13 is halted. When the powér.supply switch S11 is

OFF over long periods of time the battery 4 is consumed




.base current Ib therefore has to be set to maintain this activation.
Further, because hfe fluctuates a great deal, this margin has to be
mai nt ai ned and a base current Ib having ~a nmargin with respect to the
tenperature characteristics has to be made to flow This effectively
usually means that a null current flows and power supply efficiency is
| ower ed. Next, in a second related exanple shown in FIG 2, the
transistor.Qll of the first related exarfple is replaced with a Field

Ef f ect Trg&i' %fr (hereinafter referred to sinple as "FET") @1, with
ot her aspécts “the configuration and operation then being the sanme as

the first rel aged jeXaHdr@efordtiETobfedt VOE 6HE- peBkeall dawveintiivi tond
control current can therefore be reduced when conpared with transistors.

The provide a power supply circuit capaﬁlenof effictent by tietsiny e
| onered and the efficiency of the power supply can therefore be inproved.
There is, thewet€icienay @i anmrmytmél of eac;aaueem etat.ensed tam ON

resi stance
power supply in electronlc equlpment for use with 1load
circuitry within qpo-electronlc qugpment operating at a
higher voltage than the low voltage éﬁa capable of supplying
a voltage to the load circuitry for a prescribed period of
time after the power supply has been Lw1tched off.
SUMMARY OF THE INVENTION

In order to résolve the aforeééntioned problems, in a
wireless transmitter of the present i%éention uses a battery as
a power supbly and uses a power sﬁﬁély circuit to raise the
voltage of said batgery, the power sggply circuit comprises an
oscillating circult,-a rectification;élrcuit and a controller.
The oscillating cirouit is capablé?of being activated and
halted. The rectification c1rcu1t is for rectlfylng an

oscillation output of the osc1llat1ng c1rcu1t The controller

is for carrylng:out a rectlflcatron operation when the

rectification pat;{;l'_;_g__‘_when the oscillating circuit is not

oscillating. Thexbatﬁéry is directly coupled to the oscillating

circuit.

Further, in order to resoly? the aforementioned



<of the FET is made large so that the input voltage of the DC- DC converter

falls. It is therefore difficult to drive current general-purpose FETs
using a voltage froma single -battery because the VGS ON vol t age of
current general -purpose FETs |s hi gh. In the af orenenti oned rel ated

exanple, a transistor QL1 or an FET 1 for switching use is added to a
primary side input path but resulting voltage drops cannot be prevented
and power supply efficiency deteriorates, Tparticularly when the primary

power “suppkyblemkagehes doditroller h%éHHIMéﬁﬂéﬁéEﬁhﬂwﬁeﬁtfhéa&é§ﬁ¥ h8ga
directly connected to the primary side input can also be considered. In

thi s casetheebbtctildatingi cizetnionantl rbetifihoationecitreupesarbl aalet tot here
is the fear of current |eaking to the secondary  circuitry. Narmely, when
rectifi cappemate caftisd saidypawesi nphpplivodis swiltcled pefifh Eax sail l
be made fromthe battery 4 to_the secondaﬁy circuitry via the diode as a
result of PEREAKdhedeper ik -0t ttdme 4degddeshdnyt Isaigbweimes upphytantt ch
11 is OFF and,the operation of the DC-DC converter 13 is halted. Wen the
pover supBRyting;BRans: s |
Therefore, 1n the power supply c1rcu1t of the present
invention, a battery and the primary- 51de circuit of a DC-DC
converter are dlrectly coupled. The null current of the
semiconductor element occurring at the related power supply
circuit and voltagetdrops due to the'ON resistaﬁce of the
semiconductor element can therefore be prevented as can falls
in conversion efﬁiciency. Further, current leakage to the
secondary circuitry when the power supply switch is OFF can

be removed by a rectification circuit synchronized with the

DC-DC converter.

FIG. 1 is a first related exgmple of a power supply
circuit; |

FIG. 2 is a second related exgmple of a power supply
circuit; :

FIG. 3 is a vieﬁ illustrating the system configuration of
a power supply c1rcu1t according to the present invention and a

device using this power supply 01rcu1t,

FIG. 4 is a bleck view 111ustrat1ng the configuration of



.OFF over long periods of tine the battery 4 is consuned

6 quickly.. It is therefore the object of the present invention to
provi de a power supply circuit. capable of efficiently raising the
efficiency of a low voltage of "a battery etc. used as a power supply in
el ectroni c equi pnent for use with load <circuitry within the electronic
equi pnent operating at a higher voltage %han the I ow vol tage and capabl e
of supplying a voltage to the load circurtry for a prescribed period of
time aftes bpbRepO¥EPPBYEPLycUAS dirrditig deedhel bresent invention;
SUMVARY OF THE INVENTION . In order to resolve the aforenentioned
probl ens, in aFIGir Bl éssahr erampléeof othehfipsesembodinent i of the pewer
battery as a power supply and uses a power supply circuit to_raise the
. vol tage obupply birceiy, acetrdinmeo diligipragentuiinventirnseandn

FIG. 6 is an example of a Secondgembodiment of the power

supply circuit accb#gipg to the present invention.

A descriptioﬁ_will now be given 6f the embodiments of the
power supply circgit'according to the present invention with
reference to FIG. 3. to FIG. 6. FIG. 3 is a view illustrating
the system configﬁ:agion of the power supply according to the
present inventionland~a device using this power supply. fIG. 4
is a block view shéwiﬁg the configuraéion of this power supply
circuit. FIG. 5 is an example of a first embodiment of a power
supply circuit ofiﬁﬁe.present ihventfbn. FIG. 6 is an examplé
of a second embodiﬁgnt a power supplyzcircuit of thé present
invention.

An example Of ‘- .a. device necessary for carrying out
operations a prescr:.bed time after the power supply is turned

OFF will now be_:':q._" cribed with reﬁié?enc,e to FIG. 3. This

device is the kind' ofidevice that seﬁé? a signal showing that
the power supply’df ﬁhe transmitter ﬁas gone OFF to the side
of the signal recen.ver when - the power supply is OFF when

usage of the wiqéiiés transmitter'ﬁés stopped, causes the




.oscillating circuit, a rectification circuit and a controller. The
oscillating circuit is capable of being activated and halted. The
rectification circuit is for rectifying an oscillation output of the
oscillating circuit. The controller is for carrying out a rectification
operation when the oscillating circuit is oscillating and discontinuing a
rectification path when the oscillating gircuit is not oscillating. The
battery is directly coupled to the oscillating: circuit. Further, in
order taudiesmutdngt kdrcarisr efethicomasreiver to operate and prevents-

7 problens, the controller has tinme constant setting neans and the
osci | | at FRg§ eFFULFengRdof ceRNeTeIR3 N RY¥FRIiIL%Ure nade to operate after
sai d power su

Sl e et SERR, ' faferts BRE°So1BSHePEE! Bheohath iRy g o
| to the voltage necessary for operatipé a load circuit 3 with
the power suppiy' switch 5 in the .f:-_.losed (ON) state and
supplies this voltage to the load circuit 3. The load circuit
3 carries out prescribed operationé while the necessary
voltage is being supplied. When the power supply switch 5 is
opened (OFF), the load circuit 3 carries out the processes
necessary when the power supply goes OFF based on the signal
for the power supply switch-off detector 2, after which
operations are halted. The power supply 1 is configured in
such a manner as to continue supplying the voltage while the
load circuit 3 is carrying out processes necessary when the
power supply goes off, after the pqﬁer supply switch 5 is
turned off. |
Next, the block structure of the power supply circuit
according to the present inventidh.will be described with
reference to FIG. 4. The battery 4,is taken as the power
supply, and operatiqgsfof the entirelégvice are started and
stopped by the powef'supply'switchi§. A oscillator 6 is
capable of being operated and halted ééternally, switches the
voltage of the battery 4, and maké§ a conversion to the

voltage required by the load circ@it 3. An oscillation



Therefore, in the power supply circuit of the present invention, a battery
and the primary side circuit of a DC-DC converter are directly coupl ed.
The null current of the seniconductor- elenent occurring at the related
power supply <circuit and voltage drops due to the ON resistance of the

sem conductor el ement can therefore be prevented as can falls in

conversion efficiency. Further, current iﬁakage to the secondary circuitry
when t he power supply switch.is OFF can -~ be renqoved by a_rectification
circuit WM%J\M‘QTFF%Q?&S %1?9(916’&1 dalting of the oscip EPr
DESCRI PTI ON OF THE DRAW NGS. FIG 1is.a f| ed exa

power suphlYysing  the (state °f F'e'rl'@ PoWer SURRIyhFWH c&’t g’da &S5 érgpdfz Ta povver

supply ci rcui

confi gur a??%ﬁlgmlesa bﬂméy%%’ﬁ??lﬁﬁ¥é§\gt I‘giggt al%%n?’é[ %ﬁaéé%$%sergrﬁ FRFent i on
?Inldugt rgfo/%éflﬁgte%mw é%{tg)y%;rgwey FLIEU 10 remoVe® (nh&cBsBh Vi ew
ripple components fﬁoﬁ'the output voltege from the rectifier
8. | |
Next, the operatlon will be descrlbed First, when the
power supply is tgrned ON, a s1gna1 is received from the
oscillation controi;er 7 and the osc;llator 6 is activated.
The oscillator 6 thén switches the'VGItage of the battery 4
while detectlng the value of the output voltage so that a
stipulated voltage 1s obtained. The rectlfler 8 then starts
operation based og;tpe signal for the oscillator 6 or the
oscillation controll§:17, ripple components are removed from
the obtained d.c.'ﬁéltage by passing;%his_voltége through the
ripple filter 10l§gq this voltégelie then supplied to the
load circuit 3. |
| When the powerég@pply'is turnedfdff, if the power supply

switch 5 is turneaﬂéFF, an operatlon halt signal is sent to

the oscillator 6: tar a prescrlbed period of time by

tlon controller 7 with a time constant
circuit.'Operation;ig then contlnuegauntll an operation halt

signal is received?h& the oscillat?éfG and the rectifier 8

and a voltage is coéiinually suppli?éito the load circuit 3.




. a power supply circuit according to the present invention; FIG 5is
an exanple of the first enbodi nent of the power supply circuit according
to the present invention; and FIG 6 is an exanple of a second

enbodi nent of the power supply circuit according to the present invention.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS First Enbodi nent A

description will now be given of the en?gdinents of the power supply.
circuit aecording to the present invention with reference to FIG 3 to
FIG “6. Whén %hiesoacdldmtdd tirsattiaited Iey sas taperant owuhal t osighalhe
power supply according to the present invention and a device using this
pover suppeyredt@fieri8 alblboctop=vrhaonesyificatioh guiatuitn. oThaki s
power supply circuit. FIG 5'is an exanple of a first enmbodinent of a
power sdppl the inceuit vobtagesefit theydwadowimuit & s deepkafiprea of a
second enbodi nent a power supplﬁ circuit of the present |[nvention.
_ period determined by the time constant of the time constant
circuit in the oscillation controller.?)

In the above configuration, the operating and halting of
the oscillator 6 is not a switch method using a semiconductor
element but rather the oscillator 6 and the battery 4 are
directly coupled, with the efficiency of power consumption
therefore being improved as a resg}t. Further, 1leakage
current when the power supply is OFF ¢an be removed by using
the rectifier 8 which operates in synchronization with the
operation of the oscillator 6.

Next, an exampie embodiment of a power supply circuit
according to the present invention will be described.

In an example configﬁration of the first embodiment, as
shown in FIG. 5, the oscillator 6 comprises a converter ICl1,
an oscillation transistor Q2, a resistor R3, a capacitor cs
and the primary coil of transformer T1, and the rectifier 8
comprises the secondary coil of transformer T1l, resistors R1
and R2, capacitors C3 and C4, and rectifying transistor Q1.
Control of the converter ICl1l is ;carried. out by the

configuration of the capacitor C2, reéistors R5 and R6, and

the transistor Q3. The ripple filtertlo comprises a choke



. An exanpl e of a device necessary for carrying out operations a prescribed
time after the power supply is turned OFF will now be described with
reference to FIG 3. This device is the kind of device that sends a signal
showi ng that the power supply of the transmtter has gone OFF to the side
of the signal receiver when the power supply is OFF when usage of the

"WwWreless transmtter has stopped, causes e

9 audio nuting circuit of the receiver t(ﬁL operate and prevents the
occurt ene®idf LUhnendssaipphei sepacdtors CHhengdokt, sapgl g lconvertes t he
vol tage of the battery 4 to the voltage necessary for operating a |oad
circuit wchivation gavercappises i tawliechnSitR tnberlockrfl withethad
supplies this voltage to the load circuit 3. The load circuit_ 3 carries
out pres@IWRE SHRRIAM isHHEhiSlel pod)aBeackiyation: 44dpsDhei AgriBppRi ed.
Vhen the J)a%vféiéggpliyssgltscoh ;5>rio§rided on the primary side of the
;convertér 1.
The operation of this circuit v';ill now be described.
First, at the time of activation,' 'ﬁhe interlocked power
supply switches S1-1 and S1-2 are closed and the voltage from
the battery 4 is applied from the primary coil of the
transistor Tl to an OUT terminal 22 of the converter ICll via
the diode D1. At the same time, this voltage is applied to
the base of transistor Q3 via the resistor R5 charging the
capacitor C2 and. the'transistor Q3 is made to go ON. As a
result, a CE terminal 21 of the converter IC 11 goes Low and
the converter ICll goes ON. The resistor R6 forms a discharge
circuit for the capacitor C2 together with the resistor RS.
Further, when the capacitor C2 is discharging, the base input
of the transistor Q3 beém_nes of a high impedance and
erroneous operations are prevented.
Next, regarding the operation .of the converter, the
conver{:er ICll is made active in the wia;y described above, and
the oscillation pulse of EXT 23 swiﬁéhes the transistor Q2

via the parallel resistor R3 and the capacitor C5. The pulse

waveform occurring at the primary coil of the transformer T1




. opened (OFF), the load circuit 3 carries out the processes necessary when
t he power supply goes OFF based on the signal for the power supply
switch-of f detector 2, after which operations are halted. The power supply
1 is configured in such a manner as to continue supplying the voltage
while the load circuit 3 is carrying out processes necessary when the
power supply goes off, after the power 5pp|y swwtch 5 is turned off.
Next, the-bl ock structure of the power Slpply circuit according to the
present doeetdi chewtkhnbésdescoRbds wapburedf byebhe secBh@aryg. colid bfttery
4 is taken as the power supply, and operations of the entire device are
started &he¢ ttappEdriert M poheoughppindwrkion 8ndA thei baseorof the
capabl e of being operated and halted externallé dsvmtches the voltage of
)

t he batt segtifigatinkectransbatersiQin i switchef: afhe ditanedse9rt Rd | oad
circuit 3. An oscillation
therefore rectifies the aforementloned. pulse waveform

occurring at the collector side as a result of this operation
and a d.c. voltage having ripples is-bbtained on the emitter
side. The d.c. voltage is theﬁ again applied to the OUT
terminal 22 of the converter ICll andithe converter operation
continues. The d.c. voltage obtainéa.in this way is then
applied to the load circuit after %gmoval of unnecessary
ripples using the ripple filter 10.

When _the power supply goes OFF, the power supply
switéhes S1-1 and S1-2 are openedlin_gnison. The switch S1-2
is for activating the power supply in the way described above
and is therefore unrelated to the opération thereafter. On
the other hand, the charge path for the capacitor C2 is
broken by opening the power supply switch S1-1 and discharge
of the load charged at'the Capaciﬁgr C2 starts via the
resistors R5 and R6.

In the same way as for the ex@@ple described in the
related art, the discharge voltage VCZéﬁecomes:

VC2 = EOexp[-1/C2(R5 + R6)It (4)

and the base voltage VB of traniistor Q3 which is the

voltage VC2 divided by the resistors R5:and R6 becomes:



. 10 controller 7 controls operating and halting of the oscillator 6 usi ng
the state of the power supply swtch 5. Arectifier 8 rectifies in
synchroni zation with the operation of the oscillator 6 and a ripple filter
10 renoves unnecessary ripple conponents fromthe output voltage fromthe
rectifier - 8. Next, the operation will be described. First, when the
power supply is turned ON, a signal is regceived fromthe oscillation
controller-7 and the oscillator 6 is activated. The oscillator 6 then
swi t ches the Wi =a@dexp [H1¢CR4REe*yRE) ] uhX|R6 HERSck iRG) (%) .val ue of the
out put voltage so that a stipulated voltage is obtained. The rectifier 8
then starts G&feemt thasbdeske ovolhagei gl fadilst feelosci &l yodtageorVBEe
oscillation controller 7, ripple conponents are renoved from the obtained
d.c. vol eayes® thedbagerand enithgrs afr ufimendl.rithe ctransistan Q3d this
voltage is then supplied to the load circuit 3. When t he powersupply
i s turne®Qfs , OFF -t hEhabwematanty the (Baintadned neenvertegn Jpeputi on
hal t si | i t ot h illat 6 aft i bed i gd of ti
by O voltage is applicd €6 tne %¢Sl18cEor %or A PanatitOE %o %nd che ' ™
CE terminal 21 of the converter ICll via the resistor R4, the
CE terminal 21 becomes High and the oscillatioh operation of
the converter IC 11 halts. After this, the logic of the CE
terminal 21 becomes unclear or the converter remains in a
halt state because the switch S1-2 is open. The time tl from
the power supply switch S1-1 being closéd until the converter
is actually halted is then the circuit voltage retention
time, i.e. in the powér supply circuit of the aforementioned
configuration, the cbnverter continueé to operate after the
power supply switch S1-2 has been thrned off until the
passage of the time tl and a voltage can be supplied to the
load circuit.
Second Embodiment
Next, a second embodiment is described with reference to
FIG. 6. This example is the present:invention applied to a

self-oscillating method power supply.
Transistors Q31 and Q32, resistors R31, R32 and R33, and
capacitors C31 and C32 are added to;the self-oscillating

method DC-DC converter 12. The capaciﬁor C32 and resistors



. equi pping the oscillation controller 7 with a tinme constant circuit.
Qperation is then continued until an operation halt signal is received by
the oscillator 6 and the rectifier 8 and a voltage is continually supplied
to the load circuit 3. When the oscillator 6 is halted by an
operation halt signal, the rectifier 8 also stops the rectification
circuit. That 1is, the circuit voltage of the load circuit 3 is kept for a
period det-erm ned by the tine constant ofsthe time constant circuit in-the
osci |7 at R31 aadt R32| axre’ for dec1aﬂnghthabaimecnhélgulaagen;sthappméedt|ng
and halting of the oscillator 6 is not a switch nethod using a

seni condiret ¢the dlcademitanit afteer t$witchi $3ht bas cbeen thrnpdt OFFy 4nare

directly coupled, with the efficiency of power consunption therefore being

i nproved the samssway Furforrthatedegeribedr ehoveme'ﬁhehérpnmstgmpm} i s
OFF can be renpbved by using

goes ON/OFF in response to it’s base voltage, with the
transistor Q32 controlling the oscill&?ion and halting of the
self-oscillating method DC converter 12. The capacitor C31 is
a capacitor for removing input side ripples, with an output
side ripple filter being comprised Qf a choke coil L31 and
capacitors C36 and C37.

Next, the operation will be described. When the power
supply goes ON and the switch 831 is closed, the capacitor
C32 starts to charge..When the base voltage VB of the
transistor Q31 then becomes higher than the voltage VBE
across the base and emitter, the transistor Q31 goes ON. The
base of the transistor Q32 is therefore at zero potential and
the transistor Q32 goes OFF. The transistor Q32 then goes
open collector, and usual operation of the self-oscillating
method DC-DC convertér_lz then begins.

When the switch 831 is opened angwthe power supply goes
OFF, discharge from the capacitor C3§&starts via resistors
R31 and R32. The time in which thls dlscharge voltage
dissipates is the same as that shown 1n the first example.
After a prescribed period of time, whgp the base voltage VB

of the transistor Q31 becomes 1owenfthan the voltage VBE



the rectifier 8 which operates in synchronization with the operation of
the oscillator 6. Next, an exanpl e enbodi nent of a power supply
circuit according to the present invention will be descri bed. In an
exanpl e configuration of the first enbodinment, as shown in FIG 5, the
oscillator 6 conprises a converter I1Cl1l, an oscillation transistor @, a
resistor R3, a capacitor C5 and the primqary coil of transformer T1, and
the rectifter 8 conprises the. secondary Coil of transformer T1, resistors
Rl and REcresgaché obas€3anddesittap] thet tixhBistoanp3it goddl OFFCER] Ol

of the converter [ICl1l is carried out by the- configuration of the

capaci t ortl®, basei sfotxraisimtdrRQ3 28 rgbed Heigh assi shat €FanEie tiorp Q32

filter 10 conprises a choke 12

coil L1 ocesi 9N.c wiphcithe scodleutad?, ofindkrxanshseoreQ3 hicthexkifarepar t

conprises a switch S1-2 interlocked with the pomer'sugply switch S1-1 and

an acti vapreepmingdebizexnor ipgfiential as a result. The base of the
transistor Q33 of the self-oscillating part is therefore
forced to zero péﬁential, the opQration of the self-
.oscillating method DC-DC converter 12 is halted, and the load
dispatched to the load circuit is also halted, i.e. a load is
dispatched to the lé;d circuit from when the switch 831 is
opened and the powef:supply is turned OFF until the discharge
voltage becomes of a.prescribéd voltage.

Further, in the first and second embodiments, examples
were given using rééistors R and capacitdrs C as the time
constant circuits buﬁ-it can be easily understood that it is
also possible to use means such as a so-called timer etc.
employing a personaljcqmputer as the time constént circuits.

In the power supgly circuit of the present invention, the
battery and the primary circuit of the converter are directly
coupled. The null:cg;rents and voltage drops due to the ON
resistance due to the semiconductor element conventionally used
for switching are'ﬁﬁérefore remoyedfand voltage conversion
eﬁficiency is improved.

Leakage current to the secondaryfside circuitry when the

power supply switch goes OFF can be removed by the



- capacitor is also provided on the primary side of the converter 1.

The operati.on of this circuit will now be described. First, at the tine of
activation, the interlocked power supply switches Sl1-1 and S1-2 are

cl osed and the voltage from the battery 4 is applied fromthe primary coil
of the transistor Tl to an OUT term nal 22 of the converter ICl1 via the
diode D1. At the sane tine, this voltaga7 s applied to the base of
transistor. B via the resistor R5 charging the capacitor C2 and the
transi st glec®l flizdtidh (@i N tHift aint&sthpts ik EsyRERTBALzdti6h With
converter I C 11 goes Low and the converter |1Cl1l goes ON. ‘The resistor R6
forms a dhecha-pe conwettterfor the capacitor C2 together with the resistor
R5. Further, when the capacitor C2 is discharging, the base input of the
transi-stor B Nesesmsegyfved thigels coptimneetande supphbedistopehatiaad are
prevent ed. Next, regarding the operation of the converter, the
convert elcimouiy sf%@epé:@ﬁmféb'eg periodyoficeine kaftehdhe power tsvupply
oscillation pulse of EXT 23 switches the transistor 2 via the parallel
resi st or SWLtER 90®E OFFacitor C5. The pul se



waveform occurring at the primary coil of the transformer T1

13 due to the transistor @ is captured by the secondary coil of the
transfornmer T1 through induction and the base of tthe TrTectification
transistor QL is switched. The transistor ther‘ef IH ﬂﬂ HW

af orenenti oned pul se waveform -occurring at t he cdl Immnmu | l esul t
of this operation and a d.c. voltage having rlpples i s ©bttai Medson* t he
enitter side. The d.c. voltage is then ad@n applied to the OUT ternina
22 of thewnnveas erar®@ED agd the converter operation continues. The d.c.
vol tage obtained in this way is then applied to the load circuit after
removal of unndcessany poweip|Afppby ngitbaikti Elre d ihisldds transmikeRt he
power supply goes OFF, the power supply switches S1-1 and Sl-2 are opened
I N uni son.ushimg sai baltt8ry? ad safpowaet istdpng ahé pewdy HpPbyeiNsul l\ﬂlay

described above and is therefore unrelated to the operation thereafte On

circuit to ralse,phe voltage of said battery, said power
supply circuit cOmQrising:

an-oscilla‘ti-'-:ﬁg circuit capable” of being activated and

" halted;

a rectification circuit for rectifying an oscillation
output of said os¢i11ating circuit; and

a controller~£or carrying out é rectification operation
when said oscillating circuit is oscillating and discontinuing
a rectification paj?th when said osc’i’f.llating circuit is not
oscillating, | |

wherein said battery is 'dir;e_ctly coupled to said
oscillating'circuiﬁ,
2. A power sﬁpﬁly cifcuit for'é wireless transmitter
adéording to claim 1 wherein ééid controller has time
constant settlng means and said osc111at1ng circuit and
rectification c1rcu1t are made to eperate after said power

supply is switche off for a prescrlbgd period of time decided

by said time constant setting means.



. the other hand, the charge path for the capacitor C2 is broken by opening
t he power supply switch S1-1 and discharge of the | oad charged at the
capacitor C2 starts via the resistors R5 and.R6. In the same way as
for the exanple described in the related art, the discharge voltage VC2
becones: VC2 = EOexp[-1/C2(R5 + RE)]t (4) and the

base voltage VB of transistor @B which il® the.. voltage VC2 divided by the
resistors.R5 and R6 becones: WIRELESS TRANSMITTER . 14

VB = "EOexp[ -1/ C2(R5 + %)]Mﬁeﬁ-%ﬁﬁ)ngﬁmm When this base voltage
VB falls below a voltage VBE across the base and emtter at a tine tl1, the

transistor (BangogscPifatbiat conphdes t he cGhRe2tee] CRAVISEL1 DAt PBh

voltage is applied to the collector of transistor @B and the CE term nal

21 of therangdetiosr, |Lltesistbbe bedagaritiy ahé a primary coil of a
transformer, and a rectifier comprises a secondary coil of the
transformer, resistors, capacitors, and a rectifying
transistor. Control of the convert_éi; is carried out by the
configuration of a ca'pacit_or, resisﬁ-érs and a transistor. A
ripple filter comprises a choke coil and ripple capacitors, and
a converter activation part comprises a switch interlocked with
a power supply switch and an activation diode. A ripple

capacitor is also provided on the primary side of the

converter. The battery is directly coqbled to the primary side

of the transformer.

Figure 5



‘CE term nal 21 becones Hi gh and the oscillation operation of the converter
IC 11 halts. After this, the logic of the CE termnal 21 becones uncl ear
or the converter remains in a halt state because the switch S1-2 is open.
The tine t1 from the power supply switch S1-1 being closed until the
converter is actually halted is then the circuit voltage retention tine,
i:e. in the power supply cireuit of the aforenmentioned configuration, the
converter continues to operate after the power supply switch S1-2 has been
‘turned off until the passage of the timelf8 and a vol tage can be supplied

to the load circuit. Second Enbodi nent - Next, a second enbodi ment is
described with reference to "FIG 6. This exanple is the present invention
applied to a self-oscillating method power supply. Transi stors @1

and B2, resistors R31, R32 and R33, and capacitors C31 and C32 are added
to the self-oscillating method DC DC converter 12.- The capacitor C32 and
resistors

FIG. 1
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. 15 R31 and R32 are for deciding the tinme the voltage is supplied to the
load circuit after swtch S31 has been turned OFF, in the sane way as for
t hat descri bed above. The transistor B1 goes ONVOFF in response to it's-
base voltage, with the transistor B2 controlling the oscillation and
halting of the self-oscillating nethod DC converter 12. The capacitor C31
is a capacitor for renoving input side ripples, with an output side
ripple filter being conprised of a choke coil L31 and capacitors C36 and
C37. ~ Next, the operation will be desgribed. Wen the power supply
goes ON and the swtch S31 is closed, the capacitor C32 starts to charge.
When the base voltage VB of the transistor B1 then becones hi gher than
the voltage VBE across the base and emitter, the transistor Bl goes ON.
The base of the transistor B2 is therefore at zero potential and the
-transi stor (B2 goes OFF. The transistor (B2 then goes open collector, and
usual operation of the self-oscillating nethod DC- DC converter 12 then
begi ns. : '

DCc-bC s
converter ;_g

R24




When the switch S31 is opened and the power supply goes OFF, discharge
"fromthe capacitor C32 starts via resistors R31 and R32. The tine in which
this discharge voltage dissipates is the same as that shown in the first
- exanple. After a prescribed period of tine, when the base voltage VB of
the transistor (Bl becones |ower than the voltage VBE )

16 across the base and emtter, the transistor (Bl goes OFF and the base
of transistor B2 goes high so that transistor B2 goes ON, with the
collector of transistor B2 therefore bggem ng of zero potential as a
result. The base of the transistor (B3 of the self-oscillating part is
therefore forced to zero potential, the operation of the self-
oscillating nethod DC-DC converter 12 is halted, and the |oad dispatched
to the load circuit is also halted, i.e. aload is dispatched to the |oad
circuit fromwhen the switch S31 is ' :

FIG. 3
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. opened and the power supply is turned OFF until the discharge voltage
becomes of a prescribed vol tage. : Further, in the first and second
enmbodi ments, exanples were gi'ven using resistors R and capacitors C as the
time constant circuits but:it can be easily understood that it is also
possi bl e to use neans such as-a so-called tinmer etc. enploying a personal
conputer as the time constant:.circuits. In the power supply circuit
of the present invention, the ‘battery aqp he primary circuit of the
converter are directly coupled The nul | rrents and vol tage drops due to
the ON resistance due to the semni conductor el enent conventional Iy used

for switching are therefore removed and vol tage conversion efficiency is

i mproved. Leakage current to the secondary-side circuitry when the

power supply swtch goes CFF can be renoved by the
17 '

oy load circult
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S
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rectification circuit that interrupts in synchronization with the DC DC
converter. : Necessary voltages continue to be supplied to the | oad
.circuit for a prescribed period of tine after the power supply swtch goes
OFF. 18 WHAT IS CLAI MED I S:- 1. A power supply
circuit for a wireless transmtter wusing a battery as a power supply and
using a power supply cireuit.to raise the voltage of said battery, said
power supply circuit conprising: sye oscillating circuit capabl e of
bei ng activated and halted;" arectification circuit for rectifying an
oscillation output of said.oscillating circuit; and a controller for
carrying out a rectificati-on -operation when said oscillating circuit is
oscillating and discontinuing

FIG. 5




a rectification path when said oscillating circuit is not oscillating,

b

wherein said battery 1is directly coupled to said oscillating circuit.

2. A power supply circuit for a wireless transnmitter according to claim
1, wherein said controller has tine constant setting neans and said
oscillating circuit and rectification circuit are nmade to operate after
said power supply is switched off for a prescribed period of tinme decided
by said tine constant setting neans. 6/6 '
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