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0   Switching  boosting  circuit. 
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0   A  switching  boosting  circuit  including  a  clock 
oscillating  circuit  having  a  Schmitt  trigger  inverter,  a 
boosted-voltage  inducing  circuit  which  is  actuated  in 
a  switching-operation  mode  in  response  to  the  out- 
put  clock  of  the  clock  oscillating  circuit  to  induce  a 
boosted  voltage,  a  capacitor  which  is  charged  by  the 
boosted  voltage  from  the  boosted-voltage  inducing 
circuit  to  store  energy  to  be  supplied  to  a  load,  and 

a  feedback  path  for  feeding  back  current  whose 
intensity  corresponds  to  the  load  from  the  capacitor 
to  the  clock  oscillating  circuit.  The  feedback  current 
acts  such  that  the  duty  ratio  of  the  switching  opera- 
tion  is  set  to  be  smaller  than  a  predetermined  refer- 
ence  duty  ratio,  and  the  feedback  path  includes  a 
Zener  diode  for  reducing  the  boosted  voltage  below 
a  predetermined  value. 
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BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

This  invention  relates  to  a  boosting  circuit 
which  is  designed  in  a  switching  regulator  struc- 
ture. 

2.  Description  of  the  Related  Art 

In  general,  a  boosting  circuit  designed  in  a 
switching  regulator  structure  has  been  frequently 
provided  to  a  control  circuit  or  a  fault  (failure) 
diagnosis  circuit  for  a  safety  device  such  as  an  air 
bag  for  a  vehicle.  The  reason  for  this  is  as  follows. 
In  order  to  enable  actuation  of  such  a  device  even 
when  a  battery  voltage  for  the  device  is  lowered 
due  to  a  fault  or  other  matters,  sufficient  energy  is 
required  to  be  stored  in  a  electrolytic  capacitor, 
and  in  this  case  the  stored  energy  W  is  increased 
as  a  voltage  V  is  heightened,  as  represented  by  an 
equation  W=M2CV2. 

A  boosting  circuit  (booster)  used  in  the  above 
application  field  has  been  conventionally  designed 
to  have  such  sufficient  performance  that  it  is  also 
effectively  applicable  to  another  application  field  as 
a  power  source  circuit,  and  has  various  advantages 
that  the  control  precision  for  an  output  is  excellent, 
an  output  is  less  fluctuated  with  load  variation,  a 
large  amount  of  current  can  be  obtained,  etc. 

However,  the  above  performance  of  the  boost- 
ing  circuit  which  has  been  conventionally  used 
does  not  provide  a  sufficient  merit  to  an  air  bag 
control  unit  or  the  like  which  serves  as  a  relatively 
low  load.  Further,  in  the  application  field  to  the 
vehicles  as  described  above,  a  conventional  boost- 
ing  circuit  has  a  large  ON-duty  for  a  switching 
operation,  and  thus  it  has  large  rush  current  in  a 
switch-on  operation.  Therefore,  the  conventional 
boosting  circuit  has  frequently  have  large  noises 
because  of  its  large  On/Off  current,  and  thus  a 
countermeasure  for  preventing  affection  of  the 
noises  on  an  EMC  must  be  separately  provided. 
The  circuit  construction  for  obtaining  the  above 
performance  which  is  not  required  for  the  air  bag 
control  unit  or  the  like  is  more  complicated,  and 
thus  the  cost  of  the  boosting  circuit  having  such  a 
complicated  circuit  construction  is  high. 

SUMMARY  OF  THE  INVENTION 

An  object  of  this  invention  is  to  provide  a 
boosting  circuit  having  a  switching  regulator  struc- 
ture  which  can  be  suitably  used  for  an  applied 
equipment  such  as  an  air  bag  control  unit  for  a 
vehicle,  serving  as  a  relatively-low  load,  does  not 
require  high  output  precision,  but  requires  exclu- 
sion  of  occurrence  of  noises,  and  which  can  be 

implemented  with  a  relatively  simple  construction 
and  in  a  relatively  low  cost. 

In  order  to  attain  the  above  object,  the  switch- 
ing  boosting  circuit  according  to  this  invention  in- 

5  eludes  a  clock  oscillating  circuit  having  a  Schmitt 
trigger  inverter,  a  boosted-voltage  inducing  circuit 
which  is  actuated  in  a  switching-operation  mode  in 
response  to  the  output  clock  of  the  clock  oscillating 
circuit  to  induce  a  boosted  voltage,  a  capacitor 

io  which  is  charged  by  the  boosted  voltage  from  the 
boosted-voltage  inducing  circuit  to  store  energy  to 
be  supplied  to  a  load,  and  a  feedback  path  for 
feeding  back  a  current  of  intensity  corresponding  to 
the  load  from  the  capacitor  to  the  clock  oscillating 

75  circuit,  the  feedback  current  acting  such  that  the 
duty  ratio  of  the  switching  operation  is  set  to  be 
smaller  than  a  predetermined  reference  duty  ratio, 
wherein  the  feedback  path  includes  a  Zener  diode 
for  reducing  the  boosted  voltage  below  a  predeter- 

20  mined  value. 
According  to  the  boosting  circuit  of  this  inven- 

tion,  the  Schmitt  trigger  inverter  is  used  for  the 
clock  oscillating  circuit  which  is  actuated  in  a 
switching-operation  mode,  and  the  feedback  path 

25  for  feeding  back  the  output  from  the  clock  oscillat- 
ing  circuit  is  provided  to  make  the  duty  ratio  of  the 
clock  oscillating  circuit  variable.  The  zener  diode 
disposed  in  the  feedback  path  is  used  to  regulate 
the  output  voltage  of  the  boosting  circuit  to  be 

30  substantially  constant.  Therefore,  in  comparison 
with  a  conventional  boosting  circuit,  the  boosting 
circuit  of  this  invention  can  be  designed  in  simple 
structure  and  low  cost  although  its  output  precision 
is  low.  The  current  fed  back  through  the  feedback 

35  path  to  the  clock  oscillating  circuit  acts  such  that 
the  duty  ratio  is  set  to  be  smaller  than  the  pre- 
determined  reference  duty  ratio  (in  the  following 
embodiment,  50%)  to  prevent  the  duty  ratio  from 
exceeding  the  reference  duty  ratio,  so  that  the 

40  ON/OFF  current  in  the  switching  operation  is  limit- 
ed  to  be  below  a  predetermined  value,  and  noises 
can  be  suppressed. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
45 

Fig.  1  is  a  circuit  diagram  for  an  embodiment  of 
a  boosting  circuit  according  to  this  invention; 
Fig.  2  is  an  output-waveform  diagram  showing 
the  operation  of  the  boosting  circuit  of  the  em- 

50  bodiment;  and 
Fig.  3  is  an  output-waveform  diagram  showing 
the  operation  of  the  boosting  circuit  of  the  em- 
bodiment  when  a  load  is  reduced. 

55 
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DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

A  preferred  embodiment  according  to  this  in- 
vention  will  be  described  with  reference  to  the 
accompanying  drawings. 

Fig.  1  is  a  circuit  diagram  showing  an  embodi- 
ment  of  a  boosting  circuit  according  to  this  inven- 
tion. 

In  Fig.  1,  a  portion  surrounded  by  a  one-dotted 
chain  line  corresponds  to  an  oscillating  circuit 
(OSC)  having  variable  duty  ratio.  The  oscillating 
circuit  OSC  includes  a  Schmitt  trigger  inverter  IC1 
of  CMOS,  and  the  hysteresis  of  the  inverter  IC1  is 
set  to  have  a  width  range  of  about  ±0.5V  at  the 
center  of  2.5V,  that  is,  has  an  upper  (maximum) 
level  of  about  3V  and  a  lower  level  (minimum)  level 
of  about  2V  as  shown  in  Fig.  2.  A  feedback  resistor 
R1  is  connected  across  the  input  and  output  termi- 
nals  of  the  Schmitt  trigger  inverter  IC1,  and  a 
capacitor  C1  is  connected  across  the  input  terminal 
of  the  Schmitt  trigger  inverter  IC1  and  the  earth, 
thereby  forming  the  oscillating  circuit  which  is  os- 
cillated  by  repetitive  charging  and  discharging  op- 
erations  of  the  capacitor  C1  through  the  feedback 
resistor  R1  . 

The  output  point  a  of  the  clock  oscillating  cir- 
cuit  is  connected  to  a  control  gate  of  a  switching 
transistor  (FET)  Tr1  to  actuate  the  transistor  Tr1  in 
a  switching  operation  mode. 

A  source/drain  path  of  the  transistor  Tr1  is 
connected  across  the  earth  and  one  terminal  of  a 
switching  coil  L1  ,  the  other  terminal  of  the  switch- 
ing  coil  L1  being  connected  to  a  battery  VB,  and 
the  mutual  connection  point  C  between  the  switch- 
ing  coil  L1  and  the  transistor  Tr1  is  connected 
through  a  backflow  preventing  diode  D1  to  one 
terminal  of  an  electrolytic  capacitor  C2  for  storing 
energy.  The  other  terminal  of  the  electrolytic  ca- 
pacitor  C2  is  connected  to  the  earth. 

A  high  voltage  which  is  induced  through  the 
switching  operation  of  the  transistor  Tr1  is  supplied 
through  the  diode  D1  to  the  capacitor  C2,  that  is, 
the  energy  stored  in  the  coil  L1  is  transmitted 
through  the  diode  D1  to  the  capacitor  C2  to  charge 
the  capacitor  C2.  The  charge  voltage  of  the  capaci- 
tor  C2  is  subsequently  extracted  as  a  boosted 
output  voltage  V0,  and  output  to  an  air  bag  control 
circuit  for  a  vehicle,  for  example. 

The  boosted  output  voltage  V0  is  fed  back 
through  the  Zener  diode  D3  to  the  clock  oscillating 
circuit  OSC  as  described  above.  That  is,  the  output 
terminal  for  supplying  the  output  voltage  V0  is 
connected  through  the  Zener  diode  D3,  a  backflow 
preventing  diode  D2  and  a  current  limiting  resistor 
R2  to  the  input  terminal  b  of  the  clock  oscillating 
circuit  in  series. 

Accordingly,  the  output  voltage  V0  is  regulated 
in  amplitude  to  be  substantially  equal  to  the  sum 
value  (for  example,  from  15V  to  16V)  of  the  voltage 
at  the  input  terminal  b  of  the  clock  oscillating  circuit 

5  (varying  from  about  2  to  3V)  and  the  Zener  voltage 
of  the  Zener  diode  D3. 

In  addition  to  the  above  operation,  the  current 
whose  intensity  is  varied  in  accordance  with  the 
magnitude  of  a  load  for  the  boosting  circuit  is  fed 

io  back  from  the  capacitor  C2  to  the  input  terminal  b 
of  the  clock  oscillating  circuit  to  charge  the  capaci- 
tor  C1  ,  so  that  the  charging  and  discharging  time  of 
the  capacitor  C1  is  made  variable.  With  this  effect, 
the  duty  ratio  of  the  output  clock  of  the  clock 

is  oscillating  circuit  is  automatically  varied  to  thereby 
enable  automatic  adjustment  of  the  charging  and 
discharging  speed  of  the  electrolytic  capacitor  C2 
in  accordance  with  the  load. 

The  operation  of  the  boosting  circuit  thus  con- 
20  structed  will  be  next  described  with  reference  to 

Figs.  2  and  3. 
Fig.  2  is  an  output  waveform  diagram  of  each 

point  (a,b,c)  when  the  boosting  operation  is  termi- 
nated  and  the  feedback  current  from  the  electro- 

25  lytic  capacitor  C2  is  substantially  equal  to  zero.  In 
this  state,  the  output  of  the  oscillating  circuit  be- 
comes  a  clock  pulse  having  duty  ratio  of  50%  as 
shown  by  the  waveform  at  the  point  a  of  Fig.  1 
because  the  charging  and  discharging  operations 

30  of  the  capacitor  C1  of  the  oscillating  circuit  are 
repeated  at  the  same  period  as  shown  by  the 
waveform  at  the  point  b.  When  the  clock  pulse  is  in 
a  low  level,  that  is,  the  switching  transistor  Tr1  is 
switched  off,  a  boosted  voltage  as  shown  by  the 

35  waveform  at  the  point  C  is  induced  at  the  output 
terminal  C  point  of  the  coil  L1  to  charge  the  elec- 
trolytic  capacitor  C2.  At  that  time,  a  part  of  the 
output  voltage  of  the  electrolytic  capacitor  C2, 
which  exceeds  the  voltage  value  of  15  to  16V  as 

40  described  above,  is  cut  off  by  the  action  of  the 
Zener  diode  D3.  That  is,  the  boosted  output  volt- 
age  VO  is  regulated  to  be  equal  to  the  voltage 
value  of  15  to  16V. 

If  the  load  is  more  decreased  than  that  in  the 
45  above  state,  the  feedback  current  would  flow  from 

the  electrolytic  capacitor  C2  to  the  oscillating  cir- 
cuit,  so  that  the  charging  time  of  the  capacitor  C1 
in  the  oscillating  circuit  is  shortened,  whereas  the 
discharging  time  is  lengthened.  Therefore,  as 

50  shown  in  Fig.  3,  the  duty  ratio  of  the  output  clock 
of  the  oscillating  circuit  becomes  small,  so  that  the 
On-time  of  the  transistor  Tr1  is  shortened  and  the 
energy  to  be  stored  in  the  coil  L1  during  the  ON- 
time  of  the  transistor  Tr1  is  reduced.  Therefore,  the 

55  flow-in  energy  into  the  electrolytic  capacitor  C2  is 
also  reduced. 

If  the  load  is  more  increased  than  that  in  this 
state,  the  feedback  current  is  reduced  and  the  duty 

3 
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ratio  of  the  oscillating  clock  is  increased,  so  that  ing  transistor, 
the  flow-in  energy  into  the  electrolytic  capacitor  C2 
is  also  increased.  3.  The  switching  boosting  circuit  as  claimed  in 

Through  the  above  operations,  the  duty  ratio  in  claim  2,  wherein  said  capacitance  means  com- 
the  switching-regulating  operation  is  varied  in  ac-  5  prises  an  electrolytic  capacitor, 
cordance  with  the  magnitude  of  the  load,  and  the 
output  voltage  of  the  boosting  circuit  is  kept  to  be  4.  The  switching  boosting  circuit  as  claimed  in 
substantially  constant.  claim  1  ,  wherein  said  feedback  means  includes 

In  this  case,  even  when  the  load  is  increased  a  Zener  diode  for  reducing  the  boosted  voltage 
and  the  duty  ratio  is  heightened,  the  duty  ratio  is  10  below  a  predetermined  value,  a  backflow  pre- 
limited  to  50%  at  maximum.  Therefore,  when  the  venting  diode  and  a  current  limiting  resistor  for 
load  is  further  increased,  the  reduction  of  the  out-  feeding  back  the  voltage  below  the  predeter- 
put  voltage  V0  occurs.  However,  the  limitation  of  mined  value  to  said  oscillating  means, 
the  duty  ratio  to  the  value  below  50%  causes  the 
ON/OFF  current  to  be  also  limited  below  a  cor-  is  5.  A  switching  boosting  circuit  including: 
responding  value,  and  thus  the  noises  are  also  a  clock  oscillating  circuit  having  a  Schmitt 
suppressed.  Therefore,  the  above  effect  provides  a  trigger  inverter; 
great  merit  to  an  applied  equipment  such  as  an  air  a  boosted-voltage  inducing  circuit  which  is 
bag  control  circuit  for  a  vehicle  in  which  affection  of  actuated  in  a  switching-operation  mode  in  re- 
noises  on  an  EMC  must  be  prevented.  20  sponse  to  the  output  clock  of  said  clock  os- 

In  addition,  since  such  an  applied  equipment  cillating  circuit  to  induce  a  boosted  voltage; 
does  not  require  high  output  precision  and  its  load  a  capacitor  which  is  charged  by  the  boost- 
is  low,  the  embodiment  of  this  invention  has  an  ed  voltage  from  said  boosted-voltage  inducing 
advantage  that  a  sufficient  desired  performance  circuit  to  store  energy  to  be  supplied  to  a  load; 
can  be  provided  in  simple  construction  and  low  25  and 
cost.  a  feedback  path  for  feeding  back  current 

As  described  above,  according  to  this  inven-  whose  intensity  corresponds  to  the  load  from 
tion,  a  boosting  circuit  having  a  switching  regulator  said  capacitor  to  the  clock  oscillating  circuit, 
structure  with  suppressed  noises  can  be  provided  the  feedback  current  acting  such  that  the  duty 
in  relatively  simple  construction.  30  ratio  of  the  switching  operation  is  set  to  be 

smaller  than  a  predetermined  reference  duty 
Claims  ratio,  wherein  the  feedback  path  includes  a 

Zener  diode  for  reducing  the  boosted  voltage 
1.  A  switching  boosting  circuit  including:  below  a  predetermined  value, 

oscillating  means  having  a  Schmitt  trigger  35 
inverter  for  producing  a  clock  pulse; 

voltage  boosting  means  which  is  actuated 
in  a  switching-operation  mode  in  response  to 
the  output  clock  pulse  of  said  oscillating 
means  to  induce  a  boosted  voltage;  40 

capacitance  means  which  is  charged  by 
the  boosted  voltage  from  said  voltage  boosting 
means  to  store  energy  to  be  supplied  to  a 
load;  and 

feedback  means  for  feeding  back  a  current  45 
variable  in  accordance  with  the  load  from  said 
capacitance  means  to  said  oscillating  means, 
the  feedback  current  acting  such  that  the  duty 
ratio  of  a  switching  operation  is  set  to  be 
smaller  than  a  predetermined  reference  duty  so 
ratio. 

2.  The  switching  boosting  circuit  as  claimed  in 
claim  1,  wherein  said  voltage  boosting  means 
comprises  a  switching  transistor  which  is  ac-  55 
tuated  in  a  switching  operation  mode,  and  a 
coil  for  inducing  the  boosted  voltage  on  the 
basis  of  the  switching  operation  of  said  switch- 

4 

ratio  of  the  oscillating  clock  is  increased,  so  that 
the  flow-in  energy  into  the  electrolytic  capacitor  C2 
is  also  increased.  3. 

Through  the  above  operations,  the  duty  ratio  in 
the  switching-regulating  operation  is  varied  in  ac-  5 
cordance  with  the  magnitude  of  the  load,  and  the 
output  voltage  of  the  boosting  circuit  is  kept  to  be  4. 
substantially  constant. 

In  this  case,  even  when  the  load  is  increased 
and  the  duty  ratio  is  heightened,  the  duty  ratio  is  io 
limited  to  50%  at  maximum.  Therefore,  when  the 
load  is  further  increased,  the  reduction  of  the  out- 
put  voltage  V0  occurs.  However,  the  limitation  of 
the  duty  ratio  to  the  value  below  50%  causes  the 
ON/OFF  current  to  be  also  limited  below  a  cor-  is  5. 
responding  value,  and  thus  the  noises  are  also 
suppressed.  Therefore,  the  above  effect  provides  a 
great  merit  to  an  applied  equipment  such  as  an  air 
bag  control  circuit  for  a  vehicle  in  which  affection  of 
noises  on  an  EMC  must  be  prevented.  20 

In  addition,  since  such  an  applied  equipment 
does  not  require  high  output  precision  and  its  load 
is  low,  the  embodiment  of  this  invention  has  an 
advantage  that  a  sufficient  desired  performance 
can  be  provided  in  simple  construction  and  low  25 
cost. 

As  described  above,  according  to  this  inven- 
tion,  a  boosting  circuit  having  a  switching  regulator 
structure  with  suppressed  noises  can  be  provided 
in  relatively  simple  construction.  30 

Claims 

1.  A  switching  boosting  circuit  including: 
oscillatina  means  havina  a  Schmitt  triaaer  35 



EP  0  590  666  A2 

F I G   1  

� o ( 1 5 ~ l 6 v )  

F I G   2  

HYSTERESIS 
WIDTH 

F I G .   3  


	bibliography
	description
	claims
	drawings

