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WIRELESS TRAHSMI'Pl'ER .. "·· .. 

BACl<GRotJND OF THE ItDjENTION 

tJ7tJ0441-7 
I fog 

'.. The present invention relates to. :a. power supply circuit 

using a battery as a power supply and ;-a,ising the voltage of 

this battery, and more particularly re,:Lates to a power supply 

circuit for a wireless transmitter which keeps supplying 

P()wer to a load for a prescribed period of time after 

switching off operation of the power supply circuit. 

In recent years, the progress towa;-ds compact, portable 

electronic equipment has been accompanied by the widespread 

need for power supplies to be comprised of a single battery. 

However, in spite of developments which have been enabling 

electronic components or IC• s etc. to be operated with a 

voltage of a single battery, few el.ectronic equipments· are 

capable of controlling all of their qperations with a low 

voltage of, for example, 1. 5 vol ts. Consequently I power 

supplying in most of such equipments ha~ been carried out by 

bOosting this low voltage up to the higp.-voltage required.for 

th~ir circuits. 

Further, ·electronic equipmeJ?.t also exists where, when 

th~ .. Po~er supply is turned off after u~e, it is necessacy for 

th.e circuits· to be made to operate tc:ii::'. a prescribed time so 

that all circuit operations can be com:Pl~ted. For example, in 
. ·~ : ' 

.. ,._·· ..• ·:-. . ;:. ,:::, 

·: ·.; 
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the case of a wireless transmitter, when use is over, a 

signal indicating~#~t "the transmission side power supply is 

OFF" is sent from:~li~·receiving side when the power supply is 

turned OFF, the. i:.ec::1aiver audio mute circuit is made to 
.·· .. 

operate and the e>c::durrence o_f unnecessary noise is prevented, 

-i.e. after the power supply is OFF, ct voltage is maintained 

for a prescribed.period of time and the transmitter is made 

to operate, anddEnUands for power supplies having a function 

where the voltag~is maintained for a prescribed period of 

time after the powe·r.·supply is OFF are· therefore increasing. 

Next, the afo'rementioned related power supply circuit 

example is descri.~d \'lith reference to FIG. 1 and FIG. 2. 

First, in a_ .··~irst related example shown in FIG. 1, a 

transistor Qll ii; · p~ovided across a battery 4 and a DC-DC 

converter 13, with,-.·.the DC-DC converter 13 being controlled by 

the trans~stor Qll~. 

When the .POW~.r supply is on so that a power supply 

switch Sll is tu,rlledON, a capacitor Cll starts to charge, 

with a charge voitag~ VCll finally reaching a battery voltage 
. . ;·:;-, .. 

EO. Further, a QCl.se:voltage VB of a· transistor Q12 becomes 

the voltage VCll :_a~vided by a resistor Rl3 and a resistor R14 

(the internal resistance of the batte:i;y is considered to be o 
··:~.': .·. :·: .... 

for simplicity) ii{~a:*1anner such that the voltage VB becomes: 

VB = VCll•R14/(R13 + R14) (1) • 
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Here, the transistor Q12 becoiltes ON whep. this base 
: :·.· 

voltage VB exceeds a voltage VBE across the base and emitter 

·; 9°f the transistor Ql2, -current is drawn out from the 

'. iransistor Qll, transistor Qll is made to go . ON, and. a 

··;:voltage is supplied to the DC-DC conv~rter 13. This supplied 
,. ;.:· 

v.oltage is then converted to a P~·escribed voltage and 

. :s,upplied to the load circuit. 

Next, when the power supply switch Sll is put OFF in 

··:·~rder to break ·the power supply, the discharge of the load 

·stored at the capacitor Cll starts via resistors Rl3 and R14. 
_;·.: 

.>A:t this time, the discharge voltage VCll becomes: 

VCll = E0exp[-l/Cll(R13 + R14)]t (2) I 

· and the base voltage of the transistor Q12 becomes the 

v9ltage VCll divided by resistor R13 and resistor R14 so as 
·.,· .. ·. 
'.to become: 

VB= E0exp[-1/Cll(Rl3 + R14)]t X R14/(R13 + R14} (3). 

The transistor Q12 then goes off when this base voltage 
·.< 

··w becomes lower than the voltage VBE across t~e base and 
... _,. 

enlitter of transistor Q12 after a time:.tl. The transistor Q11 

therefore also becomes OFF and the Qperation of the DC-DC 
.:-..: .:'.:·· 

converter 13 is halted. 

Namely, at the power supp+y circuit of the 

.·.~~-Or~entioned configuration, after t!iE:! power supply switch 

.S~1 goes OFF, the operation of th~ . DC-DC converter 13 
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continues until the .. passage of time tl1 and the supplying of 

power to the load circuit is possible.·· 

Here, it is necessary for a baei~ .current of Ib to flow 

in order to make the transistor Qll taken as an electronic 

· switch go ON. However, it is necessary' for the relationship: 

Ib X hf e > 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 a~tivated, a rush current 

several times larger than under normal conditions flows and a 

base current Ib therefore has to be set to maintain this 

activation. Further, because hfe fl~ctuates a great deal, 

. this margin h?ls to be maintained and a base current Ib having 

·a margin with respect to the temperature characteristics has 

·to be made tp flow. This effeqtively usually means that a 

null current flows and power supply·ef~iciency is lowered. 

Next, in a second related example shown in FIG. 2, the 

transistor Ql·l of the first related e~le is replaced with 

a Field Effect Transistor (hereinafter referred to simple as 

"FET•) Q21, with other aspects of the configuration and 

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

·An FET is a voltage.,-controlled elemen~ and control cuz:rent 

can therefore be reduced when compared' 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 deteriorates if the ON resistance 

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 from a single 

battery because the VGS ON voltage of current general-purpose 

FETs is high. 

In the aforementioned related example, a transistor Qll 

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 possible but 

there is the fear of· current leaking to the secondary 

circuitry. 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 ~ia the diode as a 

result of the voltage of the battery 4 even when the power 

supply switch 11 is OFF and the operation of the DC-DC 

converter 13 is halted. When the power supply switch Sll is 

OFF over long periods of time the battery 4 is consumed 
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quickly. 

It is therefor¢: the object of th~·present invention to 

provide a power supi;,1y circuit capable/of efficiently raising 

the efficiency of a low·voltage of a.battery etc. used as a 

power supply in e.iectronic equipm,t:1J::1.t for use with load 

circuitry within t:..he electronic e<P~pment operating at a 

higher voltage than tbe low voltage ~#d capable of supplying 

a voltage to the load circuitry for· .. a prescribed period of 

time after the power supply has been ~~itched off . 

. StJMMABY OF THE rNV'ENTroN 
. ·_:·.> 

In order to resolve the afore#l~ntioned problems, in a 

wireless transmitte:r of the present in-\rention uses a b~ttery as 

a power supply and uses a power supi;>ly circuit to raise the 

voltage of said battery, the power supply circuit comprises an 
.. ":.::;.": 

oscillating circuit, a rectification<¢ircuit and a controller. 

The oscillating circuit is capable of being activated and 

halted. The rectification circuit is for rectifying an 
.. ·>;..: 

oscillation output of the. oscillati~~'circu~t. The controller 

is for carrying out a rectific~t~on operation when the 

oscillating circ.µ;:t. is oscillatfhg and discontinuing a 

rectification path when the oscilJating 
,.:: ... ·· 

circuit is not 
··.-; .. ··_, 

oscillating. The. batt~ry is directly ::¢oupled to the oscillating 

circuit. 

Further, in order to resoi«'7:e the aforementioned 

- · . . i:" 
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problems, the contr.ol:ler has tim~ cori~.tant setting means and 

the oscillating ciJ:'cuit and rectific.ation circuit are made to 

operate after sa:i.d: power supply !s switched , off for a 

prescribed period of time decided . by said time constant 

setting means. 

Therefore, in the power supply ·circuit of the present 

invention, a battery· and the primacy . .t;1ide circuit of a DC-DC 

converter are dir~ctly coupled. The null current of the 

semiconductor elem~nt occurring at th~ related power supply 

circuit and voltag~ drops due to th~ ON resistance of the 

semiconductor elem~nt can therefore be prevented as can falls 

in conversion efficiency. Further, c.urrent leakage to the 

secondary circuitcy when the power s~pply switch is OFF can 

be removed by a rectification circuit synchronized with the 

DC-DC converter. 

BRIEF:PESCRifTIONOF THE·DBAWINGS 

FIG. 1 is a first related ex~ple of a power supply 

circuit; 

FIG. 2 is a s~cond related ex.ample of a power supply 

circuit; 

FIG. 3 is a vi.ew illustrating th~ system configuration of 

a power supply circ\J.i~ according to tJ;ie present invention and a 

device using this pow;er supply circuit.; 

FIG. 4 is a block view illustrating the configuration of 
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a power supply circuit according to t}?.~present invention; 

FIG. 5 is an ~Jtample of the first embodiment of the power 
·.· .·.:- . 

supply circuit acc?rciin:g to the preseil,t invention; and 

FIG.. 6 is an ~Xcunple of a second~ embodiment of the power 

·supply circuit acco~<:ling to the present invention. 
. . . 

DETAILED DES9R%PTION OF THE PREFERRED EMBODIMENTS 

First Embodiment 

A descriptio~ \'llill now be given of the embodiments of the 

power supply circµi.t according to the present invention with 

reference to FIG. 3 to FIG. 6. FIG. 3 is a view illustrating 

the system configura~_ion of the power· supply according to the 

present invention.and·a device using this power supply. FIG. 4 

is a block view showing the configuration of this power supply 

circuit. FIG. 5 is ~n example of a firs,t embodiment of a power 

supply circuit of .t.he present invention. FIG. 6 is an example 

of a second embodiment a power supply: circuit of the present 

invention. 

An exampl_e ·o·f a device necessary for carrying out 

operations a presci::Lb'd time after tb,~-power supply is turned 

OFF will now be d~i;¢ribeci with ref.erence to FIG. 3 • This 
· .. 

device is the kin,~. (:).~<device that setjd~ a signal showing that 

the power supply of' t-J;le transmitter Jic;1.s gone OFF to the side 

of the signal r~ceiyer when the po\.ier supply is OFF when 

usage of the wirei~ss transmitter ~as stopped, causes the 
-~·-: :.-.:; :· . 

. . ~ : . 
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audio muting circuit 9f the receiver to operate and prevents· 

the occurrence of unnecessary noise etc. 

The power supply 1 converts the voltage of the battery 4 

to the voltage necessary for operating a load circuit 3 with 

the power supply switch 5 in the closed (ON) state and 

supplies this voltage to the load circu,,it 3. The load circuit 

3 carries out prescribed operations while the necessary 

voltage is being supplied. When the power supply swi"tch 5 is 

opened (OFF), the load circuit 3 carries out the processes 

necessary when the power supply goes ()FF 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 proces~es necessary when the 

power supply goes off, after the po~~r 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 4 ;s taken as the power 

supply, and operation~ of the entire ~evice are started and 

stopped by the power: supply switch : ·? • A oscillator 6 is 

capable of being operated and halted ~ternally, switches the 

voltage of the battery 4, and make~- a conversion to the 

voltage required by the load circ:U,].t 3. An oscillation 
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controller 7 control.s operating and halting of the oscillat9r 
. . . 

6 using the state of'. ~he power supply: switch 5. A rectifier 8 

rectifies in sync;::qr:<;>nization with. the operation of the 

oscillator 6 and _a, ripple filter lo remqyes unnecessary 

ripple components from the output voltage from the rectifier 

8. 

Next, the ope.ration will be dei;c~ibed. First, when the 

power supply is t\l:rned ON, a signal is received from the 

oscillation contro'lier 7 and the oscillator 6 is activated . 
. ' : =·~:. . 

The oscillator 6 t~~~ switches the voltage of the battery 4 

while detecting the< value of the oµt;put voltage so that a 

stipulated voltage, ·is obtained. The. rectifier 8 then starts 

operation based on?t~e signal for 'the oscillator 6 or the 

oscillation controllE!r 7, ripple COltl.P:onents are removed from 

the obtained d.c. y9ltage by passing:t?his voltage through the 

ripple filter 10 cu:i4 this voltage is then supplied to the 

load circuit 3 . 

When the powe.r·$upply is turned' O'ff, if the power supply 
·'·: . 

switch 5 is turned OF.F, an operati~n.: balt signal is sent to 

the oscillator 6' }~~ter a prescr~l:)E!:d period of time by 

equipping the osc-iJ.1·~tion controller'.. 7 with a time constant 

circu-~t. ·Operation ·is then continueQ, .until an operation halt 

signal is receive~:{ .. ,l::>y the oscillat9r 6 and the rectifier 8 

and a voltage is cc)ntinually suppli~d :to the load circuit 3. 
·. ~:- . :- .. 
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When the oscillator 6 is halted by a~~operation halt signal, 

the rectifier 8 also stops the rectification circuit. That 

is, the circuit voltage of th~ load·circuit 3 is kept for a 

period determined by the time constaiit of the time constant 

circuit in the oscillation controller 7. 

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 ef·ficiency of power consumption 

the ref ore being improved as a resl,ll t. Further, leakage 
··:.:.· 

current when the power supply is OFF c~n be removed by using 

the rectifier 8 which operates in synchronization with the 

operation of the oscillator 6. 

Next, an example embodiment of a power supply circuit 

according to the present invention will. be described. 

In an example configuration of the first embodiment, as 

shown in FIG. 5, the oscillator 6 comp~ises a converter ICll, 

an oscillation transistor Q2, a resistor R3, a capacitor CS 

and the primary coil of transformer Tl, and the rectifier 8 

comprises the secondary coil of transformer Tl, resistors Rl 

and R2, capacitors C3 and C4, and rectifying transistor Ql. 

Control of the converter ICll is ·.carried out by the 

configuration of the capacitor C2, resistors RS and R6, and 

the transistor Q3. The ripple filter.lo comprises a choke 
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coil Ll and ripple capacitors C6 a,nd C7, and a converter 

activation part comprises a switch Sl-2 interlocked with the 

power supply switch Sl-1 and an ac~ivation diode Dl. A ripple 

capacit.o:i;- is also provided on the primary side of the 

converter 1. 

The operation of this circuit will now be described. 

First, at the time of activation, the interlocked power 

supply switches Sl-1 and Sl-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 Dl. At the same time, this voltage is applied to 

the base of transistor Q3 via the resistor RS 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 disc.barging, the base input 

of the transistor Q3 becomes of a high impedance and 

erroneous operations are prevented. 

Next, regarding the operation of the converter,· the 

converter ICll is made active in the w~y described above, and 

the oscillation pulse of EXT 23 swit~hes the transistor·o2 

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

waveform occurring at the primary coil of the transformer Tl 
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due to the transistor Q2 is captured py the secondary coil of 

the transformer Tl through induction and the base of the 

rectification transistor Ql is switched. The transistor Ql 

therefore rectifies the aforementioned pulse waveform 

occurring at the collector side as a :result of this operation 

and a d.c. voltage having ripples is pbtained on the emitter 

side. The d.c. voltage is then again applied to the OUT 

terminal 22 of the converter ICll and: the converter operation 

continues. The d.c. voltage obtained in this way is then 

applied to the load circuit after ~~moval of unnecessary 

ripples using the ripple filter 10. 

When the power supply goes OFF, the power supply 

switches Sl-1 and Sl-2 are opened in :unison. The switch Sl-2 

is for activating the power supply in the way described above 

and is therefore unrelated to the operation thereafter. On 

the other hand, the charge path for the capacitor C2 is 

broken by opening the power supply switch Sl-1 and discharge 

of the load charged at the ·capacitpr C2 starts via the 

resistors RS and R6. 

In the same way as for the ex~ple described in the 

related art, the discharge voltage VC2 _}::)ecomes: 

VC2 = E0exp[-1/C2(R5 + R6)]t (4) 

and the base voltage VB of trans.istor Q3 which is the 
;..-·.: 

voltage VC2 divided by the resistors ~5\and R6 becomes: 
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VB = EOexp [-1/C2 (RS + R6)] t X R6./ (RS + R6) (5) . 

When this base voltage VB falls below a voltage VBE 

across the base and emitter at a time 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 ICll via the resistor R4, the 

CE terminal 21 becomes High and the oscillation 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 Sl-2 is open. The time tl from 
' the power supply switch Sl-1 being clo~~d until the converter. 

is actually halted is then the circuit voltage retention 

time, i.e. in the power supply circuit of the aforementioned 

cortf iguration, the converter continues to operate after the 

power supply switch Sl-2 has been turned off until the 

passage of the time tl and a voltage can be supplied to the 

load circuit. 

s~cond Embodiment 

Next, a second embodiment is d~scribed with reference to 

FIG. 6. This example is the present .invention applied to a 

self-oscillating method power supply. 

Transistors Q31 and Q32, resistors.~31, R32 and R33, and 

capacitors C31 and C32 are added to· ·the self-oscillating 
\: . 

method DC-DC converter 12. The capaci~.or C32 and resistors 

,· .,._ 
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R31 and R32 are for deciding the time_the voltage is supplied 

to the load circuit after switch S31 ~as been turned OFF, in 

the same way as for that described ~oye. The transistor Q31 

goes ON/OFF in response to it's b(ise voltage, with the 

transistor Q32 controlling the oscillation 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 of a choke coil L31 and 

capacitors C36 and C37. 

Next, the operatic~ will be described. When the power 

supply goes ON and the switch S31 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 converter 12 then begins. 

When the switch S31 is opened an(l-the power supply goes 

OFF, discharge from the capacitor C3_2- ·starts via resistors 

R31 and R32. The time in which t'his disch~rge voltage 
. ·~ .. 

dissipates is the same as that show1( in the first example. 

After a prescribed period of time, when the base voltage VB 

of the transistor Q31 becomes lower- than the voltage VBE 
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across the base and .emitter, the transistor Q31 goes OFF and 

the base of transis:tpr Q32 goes high so that transistor Q32 

goes ON, with the collector of transistor Q32 therefore 

becoming of z_ero potential as a r~sul t. The base of the 

transistor Q33 of tJie self-oscillating part is therefore 

forced to zero potential, the ope.ration 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 lpad circuit from when the switch S31 is 

opened and the power·e;upply is turned OFF until the discharge 

voltage becomes of a pl;'.escribed voltage. 

Further, in the first and second embodiments, examples 

were given using resistors R and cap~citors C as the time 

constant circuits but it can be easily understood that ·it is 

also possible to use means such as a so-called timer etc. 

employing a persoilCll computer as the time constant circuits. 

In the power supply circuit of the present invention, the 

battery and the primary circuit of the converter are directly 

coupled. The null C\l,l::"rents and voltage ·drops due to the ON 

resistance due to tb.~ semiconductor el~ent conventionally used 

for switching are therefore removed ··and voltage conversion 

efficiency is improv~d. 

Leakage curre~t to the secondary~side circuitry when the 

power supply switcQ. goes OFF ca'ii be removed by the 
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rectification circuit that interrupts. in synchronization with 

the DC-DC convert~r. 

Necessary voltages continue to be:· supplied to the load 

c;irc.uit for a prescribed period of ti~e. after the power supply 

switch goes OFF . 
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WHAT IS CLAIMED I$:'-

1. A power· supply circuit for a wireless transmitter 

. using a battery as a power supply and using a power supply 

circuit to raise the voltage of said battery, 

supply circuit comi;:>rising: 

said power 

an oscillating circuit capabl~ of being activated and 

halted; 

a rectificat,:i,on circuit for r~ctifying an oscillation 

output of said oscillating circuit; ahd 

a controller for carrying out a' rectification operation 

when said oscillat~ng circui~ is oscil_lating and discontinuing 

a rectification path when said oscillating circuit is not 

oscillating, 

wherein said ]:)attery is directly coupled to said 

oscillating· circuit;:. 

2. A power supply circuit for a wire.less transmitter 

according to claim 1, wherein said controller has time 

constant setting :means and said oscillating circuit and 

rectification ci+cµit are made to ()perate after said power 

supply is switchecif'bff ~or a prescrib~d period of time decided 

by said time constant. setting means. 

:·= ~· 


