o s 97004417-7
- 1FPe8]

3

WIRELESS TRANSMITTER

The present invention relates tofe.power supply circuit
uéing a battery ae a power supply andpraising the voltage of
tﬁie battery, and more particularly.reletes to a power supply
c;rcuit for a wireless transmitter which keeps supplying
power to a load for a prescribed -period of time after
sﬁitching off operation of the power supply circuit.

} In recent years, the progress towards compact, portable
eiectronic equipment has been accompénied by the widespread
need for power supplies to be comprisea of a single battery.
However,'in spite of developments which heﬁe been enabling
electronlc components or IC's etc. to be operated with a
voltage of a single battery, few eleotronic equipments  are
cépable of controlling all of their operations with a low
voltage of, for example, 1.5 voltsa'Consequently, power
sépplying-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
tqe c1rcu1ts_to be made to operate for a prescribed time so

thet all circuit operations can be compieted. For example, in
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the case of a w1re1ess transmitter, when use is over, a

signal 1nd1cat1ng.; at “*the transm1ss1on side power supply is

OFF” is sent from _frece1v1ng side when the power supply is

turned OFF, the réceiver audio mute circuit is made to

operate and the occurrence of unnecessary noise is prevented,

i.e. after the_pQWér supp1y is OFF, a voltage is maintained

for a prescribedﬁpériod of time and the transmitter is made
to pperate, and~d§@aﬁds for power supplies having a function.
where the voltagéhi$'maintained for a prescribed period of
time after the pqﬁérfsupply is OFF are therefore increasing.

Next, the aﬁérémentioned related power supply circuit
example is descri?éa;with reference to FIG. 1 and FIG. 2.

First, in a fifét related example shown in FIG. 1, a
transistor Ql1 1s prov1ded 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,pOWQ: supply is on so that a power supply
switch S11 is tdﬁﬁed*ON, a capacitor Cll starts to charge,
with a charge voi;égg vCcil finally reaching a battery voltage
E0. Further, a-ﬁéééﬁvoltage VB of a transistor 012 becomes

thg voltage VCllfaiViaed by a resistor R13 and a resistor R14

(the internal res ééhce of the battery is considered to be 0
for simplicity) in- manner such thatfﬁhe voltage VB becomes:

VB = VC11-R14/(R13 + R14) (1).
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Here, the transistor Ql2 becoﬁes ON when this base
voltage VB exceeds a voltage VBE across the base and emitter
,:Qt the transistor Ql2, current is drawn out from the
:ra}nsistolr Q11, transistor Q11 is made to go .ON, and a
§1tage is supplied to the DC-DC convgrter 13. This supplied
ffi--__.___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

;ﬁrder to break the power supply, the'discharge of the load

”fpored at the capacitor Cll1 starts v1a re31stors R13 and R14.
f:t this time, the discharge voltage VC11l becomes:
VCll = Elexpl-1/Cl1l1(R13 + R14)]1t {(2),

and the base voltage of the transistor Q12 becomes the

oltage VC11l divided by resistor R13 and resistor R1l4 so as

» become:

VB = E0exp[-1/C11(R13 + R14)]t X R14/(R13 + R14) (3).

The transistor Q12 then goes off_ﬁhen this base voltage
fﬁh becomes lower than the voltage VBE across fhe base and
emitter of transistor Q12 after a t1me tl The transistor Q11

;therefore also becomes OFF and the operatlon of the DC-DC

'1converter 13 is halted.

Namely, at the power supply circuit of the

gaforementloned configuration, after tég power supply switch

jSII goes OQFF, the operation of théuDC—DC converter 13
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continues unﬁil the passage of time tl, and the supplying of
power to the 1oad_circuit is possible.’

Here, iﬁ is necessary for a base current of Ib to flow
iin order to wake ﬁhe transistor Qlllxakeﬁ as an electronic
 switch go ON. Howéver, 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

:operation then being the same as the first related example.

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

can therefore be reduced when comparég with transistors. The
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null current is therefore lowered and the efficiency of the

power supply can therefore be improved. There is, however, 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
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quickly.

It is therefore the object of the present invention to
provide a power supply circuit capabll;of eff1c1ently raising
the efficiency of a low voltage of a;battery etc. used as a

power supply in eiectronic equipmégt for use with 1load

circuitry within theielectronic edpipment 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:$Witched off.
SUMMARY OF THE INVENTION

In order to resolve the aforementioned problems, in a

wireless transmitter of the present iﬁ@ention uses a battery as
a power supply and uses a power sﬁﬁély circuit to raise the

voltage of said battery, the power sggply circuit comprises an

oscillating circuit,-a rectificationfq;rcuit and a controller.
The oscillating circuit is capablé?of being activateé and
halted. The rectification c1rcu1t is for rectlfylng an
oscillation output of the osc111at1ng c1rcu1t The controller

is for carrylng out a rectlflcatron operation when the

rectification pat-_;_l'_;_g__ _when the osc] 'atlng circuit is not

oscillating. Thexbattery is directly coupled to the oscillating

circuit.

Further, in order to resoly? the aforementioned
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problems, the contrgller has time con§;ant setting means and

the oscillating cinénit and rectifidaﬁion circuit are made to
operate after said power supply ié switched off for a
prescribed period-bfltime decided by said time constant
setting means.

Therefore,Ain'ﬁhe power supply;bircuit of the present
invention, a battery€§nd the primarykgide circuit of a DC-DC
converter are dirgctly coupled. Thé null current of the
semiconductor element occurring at the related power supply
circuit and voltag§ drops due to thg'ON resistaﬁce of the
semiconductor elemenﬁ 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 example of a power supply

FIG. 3 is a viéw,illustrating thé.system configuration of
a power supply circgiﬁ according to th§ present invention and a
device using this power supply circuit;

FIG. 4 is a block view illustraﬁing the configuration of
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a power supply cirsﬁiﬁiaccording to thefpresent invention;
FIG. 5 is an eﬁample of the firSt_embodiment of the power
supply circuit accordlng to the present invention; and

FIG. 6 is an- example of a second embodlment of the power

supply circuit accprglng 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 configﬁragion 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 isjﬁn example of a first embodiment of a power
supply circuit ofiﬁﬁe.present ihventfbn. FIG. 6 is an example
of a second embodiﬁent a power supplyzcircuit of the present
invention.

An example Of ‘- .a. device necessary for carrying out

operations a presér{béd time after theapower supply is turned

OFF will now be descrlbed with reference to FIG. 3. This

device is the k1nd’”f¥dev1ce that sends a signal showing that

the power supply of_phe transmitter bes gone OFF to the side

Yer when the QQQEr supply is OFF when

usage of the wirehess transmitter'ﬁes stopped, causes the
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aﬁdio muting circuit of the receiver éo operate and prevents-
the occurrence of unnecessary noise etc.

The power supply 1 converts the #p__ltage of the battery 4
to the voltage necessary for operatir;é 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 ca.r__r-ies 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 sup_ply 1 is configured in
such a manner as to continue supplyix_;é the voltage while the
load circuit 3 is carrying out processes necessary when the
power supply goes off, after the pqw_er supply switch 5 is
turned off. '.

Next, the block structure of the power supply circuit
according to the present invention .will be described with
reference to FIG. 4. The battery 4J.S taken as the power
supply, and operatio_g_s of the entire:‘ E__:?_i_evice are started and
stopped by the power supply switch 5 A oscillator 6 is
capable of being operated and halted é;éternally, switches the
voltage of the battery 4, and makeé;- a conversion to the

voltage required by the load circ;té;j:t 3. An oscillation
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controller 7 controls operatlng and haltlng of the oscillator

6 using the state of the power supply sw1tch 5. A rectifier 8
rectifies in synchronlzatlon w1th the operat:.on of the
oscillator 6 and A rlpple filter 10 removes unnecessary
ripple components from the output voltage from the rectifier
8. |

Next, the operatlon will be descrlbed First, when the
power supply is tgrned ON, a s1gnal is received from the
oscillation controi;or 7 and the oscillator 6 is activated.
The oscillator 6 tﬁﬁn switches the'?dltage of the battery 4
while detecting the;value of the oﬁtput voltage so that a
stipulated voltagégis obtained. Thé:reotifier 8 then starts
operation based op?tﬁe signal for ‘the oscillator 6 or the
oscillation controll§r17, ripple components are removed from
the obtained d.c.'ﬁéltage by passing;%his_voltége through the
ripple filter 1ofng this voltage is then supplied to the
load circuit 3. o

When the power;g@pply'is turnedfdff if the power supply

switch 5 is turnea GFF, an operatlon halt signal is sent to

the oscillator Gfafter a prescrlbed period of time by

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

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

and a voltage is coéiinually supplié@ito the load circuit 3.
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When the oscillator 6 is halted by anfbpefation halt signal,

the rectifier 8 also stops the rectification circuit. That
is, the circuit voltage of the load circuit 3 is kept for a
period determined by the time’constani 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 thé battery 4 are
directly coupled, with the efficiencf of power consumption
therefore being improved as a resg}t. Further, 1leakage
current when the power supply is OFF Qan be removed by using
the rectifier 8 which operates in syﬁchronization 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 examplé configﬁration of the first embodiment, as
shown in FIG. 5, the oscillator 6 comp%ises a converter ICl1l,
an oscillation transistor Q2, a resistor R3, a capacitor cs
and the primary coil of transformer T;, and the rectifier 8
comprises the secondary coil of transformer T1l, resistors R1
and R2, capacitors C3 and C4, and reétifying transistor Q1.
Control of the converter IC1l1 is.icarried. out by the
configuration of the capacitor C2, re%istors R5 and R6, and

the transistor Q3. The ripple filtertlo comprises a choke
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coil L1 and ripple capacitors C6 and C7, and a converter

activation part comprises a switch 8132 interlocked with the
power supply switch S1-1 and an activation diode D1. A ripple
capacitor is also provided on the primary side of the
;convertér 1.

The operation of this circuit Will now be described.
First, at the time of activation, £he 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
converﬁer ICll is made active in the wéy 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
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due to the transistor Q2 is captured by the secondary coil of
the transformer T1 through induction and the base of the
rectification transistor Q1 is switéhed. The transistor Q1
therefore rectifies the aforemegﬁioned. pulse waveform
occurring at the collector side as airésult 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(RS + R6)1t (4)

and the base voltage VB of traqéistor Q3 which is the

voltage VC2 divided by the resistors R:;and'Rs becomes:
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VB = EQexp(~1/C2(R5 + R6)]1t X RG/{RS + R6) (5).

When this base voltage VB fallg_below a voltage VBE
across the base and emitter at a timg.tl, the transistor Q3
goes OFF. That instant, the maintained converter output
voltage is applied to the collector of transistor Q3 and the
CE terminal 21 of the converter IC1l1 ﬁia 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 dgsq;ibed with reference to
FIG. 6. This example is the present;invention applied to a
self-oscillating method power supply. ;

Transistors Q31 and Q32, resistor§£331, R32 and R33, and
capacitors C31 and C32 are added to??he self-oscillating

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



- 1 5 .
R31 and R32 are for deciding the time the voltage is supplied

to the load circuit after switch S31-hgs been turned OFF, in
the same way as for that described\ébgye. The transistor Q31
goes ON/OFF in response to it’s ba?e 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 Cié?starts via resistors
R31 and R32. The time in which @gis discharge voltage
dissipates is thé same as that showq;in the firét example.
After a prescribed period of time, wﬁeh the base voltage VB

of the transistor Q31 becomes 1owenfthan the voltage VBE
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écross the base andjeﬁitter, the tranéistor Q31 goes OFF and
the base of transistor Q32 goes high so that transistor Q32
goes ON, with the éqllector of transistor Q32 therefore
becoming of zero potential as a resﬁlt; 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 swiﬁch goes OFF cai be removed by the
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rectification circuit that interrupts in synchroqization with
the DC-DC converter.
Necessary voltages continue to be supplied to the load

circuit for a prescribed period of time after the power supply

switch goes OFF.
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WHAT IS CLAIMED IS:
1. A powerfsupply circuit for a wireless transmitter

.using a battery és a power supply and using a power supply
circuit to raise the voltage of said battery, said power
supply circuit cOmQrising:

an-oscillating 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 pdth when said osdiilating circuit is not
oscillating, | |

wherein said battery is 'dir;e_ctly coupled to said
oscillating'circuig. |

2. A power snpﬁly cifcuit for'n 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 sw1tched off for a prescrlbed period of time decided

by said time constant setting means.




