
1                      WIRELESS TRANSMITTER                   BACKGROUND OF
THE INVENTION      The present invention relates to a power supply circuit
using a battery as a power supply and raising the voltage of  this battery,
and more particularly relates to a power supply  circuit for a wireless
transmitter which keeps supplying  power to a load for a prescribed period
of time after  switching off operation of the power supply circuit.
In recent years, the progress towards 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 electronic equipments are  capable
of controlling all of their operations with a low  voltage of, for example,
1.5 volts. Consequently, power 



supplying in most of such equipments has been carried out by  boosting this
low voltage up to the high-voltage required for  their circuits.
Further, electronic equipment also exists where, when  the power supply is
turned off after use, it is necessary for  the circuits to be made to
operate for a prescribed time so  that all circuit operations can be
completed. For example, in                                          2  the
case of a wireless transmitter, when use is over, a  signal indicating that
"the transmission side power supply is  OFF" is sent from the receiving
side when the power supply is  turned OFF,  the receiver audio mute circuit
is made to  operate and the occurrence of unnecessary noise is prevented,
i.e. after the power supply is OFF, a voltage is maintained  for a
prescribed period of time and the transmitter is made  to operate, and
demands for power supplies having a function 



where the voltage is maintained for a prescribed period of  time after the
power supply is OFF are therefore increasing.       Next, the
aforementioned related power supply circuit  example is described with
reference to FIG. 1 and FIG. 2.       First, in a first related example
shown in FIG. 1, a  transistor Q11 is provided across a battery 4 and a
DC-DC  converter 13, with the DC-DC converter 13 being controlled by  the
transistor Q11.       When the power supply is on so that a power supply
switch S11 is turned ON, a capacitor C11 starts to charge,  with a charge
voltage VC11 finally reaching a battery voltage  E0. Further, a base
voltage VB of a transistor Q12 becomes  the voltage VC11 divided by a
resistor R13 and a resistor R14  (the internal resistance of the battery is
considered to be 0  for simplicity) in a manner such that the voltage VB
becomes:       VB = VC11-R14/(R13 + R14)               (1).          



3      Here, the transistor Q12 becomes ON when this base  voltage VB
exceeds a voltage VBE across the base and emitter  of the transistor Q12,
current is drawn out from the  transistor Q11, transistor Q11 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 load
circuit.       Next, when the power supply switch S11  is put OFF in  order
to break the power supply, the discharge of the load  stored at the
capacitor C11 starts via resistors R13 and R14.  At this time, the
discharge voltage VC11 becomes:       VC11 = E0exp[-1/C11(R13 + R14)]t
(2),       and the base voltage of the transistor Q12 becomes the  Voltage
VC11 divided by resistor R13 and resistor R14 so as  to become:       VB
E0exp[-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   emitter of transistor Q12 after a time t1. The
transistor Q11   therefore also becomes OFF and the operation of the DC-DC 



converter 13 is halted.        Namely,   at  the  power  supply  circuit
of  the   aforementioned configuration, after the power supply switch   S11
goes OFF,  the operation of the DC-DC converter 13
4 continues until the passage of time t1, and the supplying of  power to
the load circuit is possible.       Here, it is necessary for a base
current of Ib to flow  in order to make the transistor Q1l taken as an
electronic  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 activated, 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 fluctuates a great deal,   this margin has to be
maintained and a base current Ib having   a margin with respect to the
temperature characteristics has   to be made to flow. This effectively
usually means that a   null current flows and power supply efficiency is
lowered.        Next, in a second related example shown in FIG. 2, the
transistor Q11 of the first related example 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 element and
control current   can therefore be reduced when compared with transistors.
The                                         5 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 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 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 via 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 S11 is  



OFF over long periods of time the battery 4 is consumed
6 quickly.       It is therefore the object of the present invention to
provide a power supply circuit capable of efficiently raising  the
efficiency of a low voltage of a battery etc. used as a  power supply in
electronic equipment for use with load  circuitry within the electronic
equipment operating at a  higher voltage than the low voltage and capable
of supplying  a voltage to the load circuitry for a prescribed period of
time after the power supply has been switched off.
SUMMARY OF THE INVENTION       In order to resolve the aforementioned
problems, in a  wireless transmitter of the present invention uses a
battery as  a power supply and uses a power supply circuit to raise the
voltage of said battery,  the power supply circuit comprises an  



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 circuit is not  oscillating. The
battery is directly coupled to the oscillating  circuit.       Further,  in
order  to  resolve  the  aforementioned
7 problems, the controller has time constant setting means and  the
oscillating circuit and rectification circuit are made to  operate after
said power supply is 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 primary side circuit of a DC-DC  converter are directly coupled.
The null current of the  semiconductor element occurring at the related
power supply  circuit and voltage drops due to the ON resistance of the
semiconductor element can therefore be prevented as can falls  in
conversion efficiency. 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.                BRIEF
DESCRIPTION OF THE DRAWINGS       FIG. 1 is a first related example of a
power supply  circuit;       FIG. 2 is a second related example of a power
supply  circuit;       FIG. 3 is a view illustrating the system
configuration of  a power supply circuit according to the present invention
and a  device using this power supply circuit;       FIG. 4 is a block view
illustrating the configuration of     



a power supply circuit according to the present invention;       FIG. 5 is
an example of the first embodiment of the power  supply circuit according
to the present invention; and       FIG. 6 is an example of a second
embodiment of the power  supply circuit according to the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS  First Embodiment       A
description will now be given of the embodiments of the  power supply
circuit according to the present invention with  reference to FIG. 3 to
FIG. 6. FIG. 3 is a view illustrating  the system configuration 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 an example of a first embodiment of a
power  supply circuit of the present invention. FIG. 6 is an example  of a
second embodiment a power supply circuit of the present  invention. 



An example 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
showing that  the power supply of the transmitter has gone OFF to the side
of the signal receiver when the power supply is OFF when  usage of the
wireless transmitter has stopped, causes the
9 audio muting circuit of 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 circuit 3. The load circuit  3 carries
out prescribed operations 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 power 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 is taken as the power  supply, and operations of the entire device are
started and  stopped by the power supply switch 5. A oscillator 6 is
capable of being operated and halted externally, switches the  voltage of
the battery 4, and makes a conversion to the  voltage required by the load
circuit 3. An oscillation           



10 controller 7 controls operating and halting of the oscillator  6 using
the state of the power supply switch 5. A rectifier 8  rectifies in
synchronization with the operation of the  oscillator 6 and a ripple filter
10 removes unnecessary  ripple components from the output voltage from the
rectifier  8.       Next, the operation will be described. First, when the
power supply is turned ON, a signal is received from the  oscillation
controller 7 and the oscillator 6 is activated.  The oscillator 6 then
switches the voltage of the battery 4  while detecting the value of the
output voltage so that a  stipulated voltage is obtained. The rectifier 8
then starts  operation based on the signal for the oscillator 6 or the
oscillation controller 7, ripple components are removed from  the obtained
d.c. voltage by passing this voltage through the  ripple filter 10 and this
voltage is then supplied to the  load circuit 3.       When the powersupply
is turned off, if the power supply  switch 5 is turned OFF, an operation
halt signal is sent to  the oscillator 6 after a prescribed period of time
by  



equipping the oscillation controller 7 with a time constant  circuit.
Operation 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  is, the circuit voltage of the load circuit 3 is kept for a
period determined by the time constant 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 efficiency of power consumption  therefore being
improved as a result. Further, leakage  current when the power supply is
OFF can 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 comprises a converter IC11,  an oscillation transistor Q2, a
resistor R3, a capacitor C5  and the primary coil of transformer T1, and
the rectifier 8  comprises the secondary coil of transformer T1, resistors
R1  and R2, capacitors C3 and C4, and rectifying transistor Q1.  Control
of  the converter  IC11  is carried out by  the  configuration of the
capacitor C2, resistors R5 and R6, and  the transistor Q3. The ripple
filter 10 comprises a choke                                          12
coil L1 and ripple capacitors C6 and C7, and a converter  activation part
comprises a switch S1-2 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  converter 1.
The operation of this circuit will now be described.  First, at the time of
activation,  the 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 T1 to an OUT terminal 22 of the converter IC11 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 IC11 goes ON. The resistor R6
forms a discharge  circuit for the capacitor C2 together with the resistor
R5.  Further, when the capacitor C2 is discharging, 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 IC11 is made active in the way described above, and  the
oscillation pulse of EXT 23 switches the transistor Q2  via the parallel
resistor R3 and the capacitor C5. The pulse  



waveform occurring at the primary coil of the transformer T1
13 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 switched. The transistor Q1  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 obtained on the
emitter  side. The d.c. voltage is then again applied to the OUT  terminal
22 of the converter IC11 and the converter operation  continues. The d.c.
voltage obtained in this way is then  applied to the load circuit after
removal of unnecessary  ripples using the ripple filter 10.       When the
power supply goes OFF, the power supply  switches S1-1 and S1-2 are opened
in unison. The switch S1-2  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 S1-1 and discharge  of the load charged at the
capacitor C2 starts via the  resistors R5 and R6.       In the same way as
for the example described in the  related art, the discharge voltage VC2
becomes:       VC2 = E0exp[-1/C2(R5 + R6)]t             (4)       and the
base voltage VB of transistor Q3 which is the   voltage VC2 divided by the
resistors R5 and R6 becomes:                                         14
VB = E0exp[-1/C2(R5 + R6)]t X R6/(R5 + R6) (5).      When this base voltage
VB falls below a voltage VBE  across the base and emitter at a time t1, 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 IC11 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 S1-2 is open.
The time t1 from  the power supply switch S1-1 being closed until the
converter  is actually halted is then the circuit voltage retention  time,
i.e. in the power supply circuit of the aforementioned  configuration, the
converter continues to operate after the  power supply switch S1-2 has been
turned off until the  passage of the time t1 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 capacitor C32 and
resistors       



15 R31 and R32 are for deciding the time the voltage is supplied  to the
load circuit after switch S31 has been turned OFF, in  the same way as for
that described above. The transistor Q31  goes ON/OFF in response to it's
base 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 operation 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 and the power supply goes  OFF, discharge
from the capacitor C32 starts via resistors  R31 and R32. The time in which
this discharge voltage  dissipates is the same as that shown 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
16 across the base and emitter, the transistor Q31 goes OFF and  the base
of transistor Q32 goes high so that transistor Q32  goes ON, with the
collector of transistor Q32 therefore  becoming of zero potential as a
result. The base of the  transistor Q33 of the self-oscillating part is
therefore  forced to zero potential, the operation 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 load
circuit from when the switch S31 is  



opened and the power supply is turned OFF until the discharge  voltage
becomes of a prescribed voltage.       Further, in the first and second
embodiments, examples  were given using resistors R and capacitors 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 personal
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 currents and voltage drops due to
the ON  resistance due to the semiconductor element conventionally used
for switching are therefore removed and voltage conversion  efficiency is
improved.       Leakage current to the secondary-side circuitry when the
power  supply  switch  goes  OFF  can  be  removed  by  the
17  



rectification circuit that interrupts in synchronization 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.                   18 WHAT IS CLAIMED IS:      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,   said
power  supply circuit comprising:      an oscillating circuit capable of
being activated and  halted;      a rectification circuit for rectifying an
oscillation  output of said oscillating circuit; and      a controller for
carrying out a rectification operation  when said oscillating circuit is
oscillating and discontinuing 



a rectification path when said oscillating circuit is not  oscillating,
wherein  said battery  is directly coupled  to said  oscillating circuit.
2.    A power supply circuit for a wireless transmitter  according to claim
1, wherein said controller has time  constant setting means and said
oscillating circuit and  rectification circuit are made to operate after
said power  supply is switched off for a prescribed period of time decided
by said time constant setting means.    


