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(54)  Switching  power  supply. 

(57)  A  switching  power  supply  has  one  or  more 
transformers  (1,2)  of  which  the  primary  and 
secondary  windings  are  respectively  isolated 
from  each  other.  Switching  elements  (3,6)  pro- 
vide  on-off  control  of  DC  voltage  applied  to  the 
primary  winding  of  the  or  each  transformer 
(1,2).  A  current  detection  circuit  (15)  detects 
voltage  drop  caused  by  the  resistance  of  the 
secondary  winding  (1B,2B)  of  the  or  each  trans- 
former  (1,2),  the  current  detection  circuit  (15) 
outputting  current  detection  signals  pro- 
portional  to  the  secondary  load  current  of  the  or 
each  transformer. 
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The  present  invention  relates  to  Switching  Power 
Supply  equipped  with  current  detection  circuits  both 
for  protection  against  excess  current  and  current 
sharing  function  in  paralell  operation. 

In  general,  conventional  Switching  Power  Supply  5 
for  stabilizing  D.C.output  voltage  by  switching  ele- 
ments  thereof  is  coupled  with  excess  current  protec- 
tive  circuitry  for  suppressing  the  secondary  excess 
current  of  a  transformer  in  an  overload  condition.  On 
the  other  hand,  in  the  event  of  parallel  operation  of  10 
multiple  Switching  Power  Supplies,  it  is  desirable,  for 
reliability's  point  of  view,  that  a  current  sharing  func- 
tion  may  be  integrated  therewith  in  order  to  equalize 
load  current  from  each  Power  Supply.  For  the  afore- 
mentioned  excess  current  protective  circuitry  and  15 
current  sharing  function,  current  detection  circuit  is  in- 
dispensable  to  monitor  the  secondary  output  load 
current  of  a  transformer,  which,  for  example,  is  dis- 
closed  in  Japanese  Patent  Application  Laid-open 
No.61-231875.  20 

Said  Japanese  Patent  Application  discloses  such 
circuit  arrangements  that  between  the  primary  or 
secondary  lines  of  a  transformer  is  interposed  a  cur- 
rent  detector  such  as  a  resistor  or  a  current  transfor- 
mer,  and  the  current  flowing  therethrough  is  supplied  25 
to  a  current  detection  circuit  to  output  current  detec- 
tion  signals  in  proportion  to  load  current  thereof. 

However,  the  above  conventinal  art  has  a  few 
problems  described  below; 

First,  in  the  event  of  using  a  resistor  as  a  current  30 
detector,  power  consumption  by  said  resistor  itself 
causes  the  large  loss  of  said  Power  Supply  itself.  Sec- 
ondly,  specifically  in  the  case  of  Power  Supply  with  a 
large  output  current,  the  current  flowing  through  the 
resistor  also  increases,  thus  such  resistor  requires  35 
larger  permissible  power  capacity,  which  prevents 
the  saving  of  space  of  Power  Supply. 

On  the  other  hand,  in  the  event  of  using  a  current 
transformer  as  a  current  detector,  said  loss  of  Power 
Supply  becomes  less  thanin  using  a  resistor,  how-  40 
ever,  Power  Supply  for  Super  Power  needs  a  large 
transformer  as  well  as  in  using  said  resistor,  which 
prevents  the  space  saving  and  low-cost  manufactur- 
ing  of  Power  Supply. 

Accordingly,  it  is  the  main  object  of  the  present  in-  45 
vention  to  provide  Switching  Power  Supply  which  can 
realize  the  saving  of  space  even  for  a  larger  output 
current 

It  is  another  object  of  the  present  invention  to  pro- 
vide  Switching  Power  Supply  which  can  realize  low-  so 
cost  manufacturing  even  for  a  larger  output  current. 

In  accordance  with  a  major  feature  of  the  present 
invention,  there  is  provided  a  structure  for  Switching 
Power  Supply  comprising: 

one  or  more  transformers  isolated  between  55 
the  primary  side  and  secondary  side  thereof; 

switching  elements  for  on-off  control  of  D.C.in- 
put  voltage  applied  to  the  primary  winding  of  said 

transformer; 
one  or  more  current  detection  circuits  to  output 

current  detection  signals  in  proportion  to  the  second- 
ary  load  current  of  the  transformer,  detecting  voltage 
drop  caused  by  the  secondary  winding  resistance  of 
said  transformer. 

Other  objects,  features  and  advantages  of  the  in- 
vention  will  be  apparent  to  those  skilled  inthe  art  from 
the  following  description  of  the  preferred  embodi- 
ments  of  the  invention,  wherein  reference  is  made  to 
the  accompanying  drawings,  of  which: 

FIG.1  is  a  circuit  diagram  showing  the  first  em- 
bodiment  of  a  Switching  Power  Supply  of  the  inven- 
tion. 

FIG.2  is  a  waveform  illustrating  the  primary  and 
secondary  voltage  of  a  transformer  of  the  invention. 

FIG.  3  is  a  circuit  diagram  showing  the  second 
embodiment  of  a  Switching  Power  Supply  of  the  in- 
vention. 

FIG.4  is  a  waveform  illustrating  the  primary  and 
secondary  voltage  of  a  transformer  of  t  he  second  em- 
bodiment  of  the  invention. 

FIG.  5  is  a  circuit  diagram  showing  the  third  em- 
bodiment  of  a  Switching  Power  Supply  of  the  inven- 
tion. 

Hereinafter  is  explained  a  first  embodiment  of  the 
invention  with  reference  to  FIGS.1  to  5. 

In  FIGS.1  and  2  showing  a  first  embodiment  of 
the  invention,  reference  numerals  1  and  2  designate 
transformers,  of  which  the  primary  and  secondary 
sides  are  isolated,  wherein  the  primary  windings  1A 
and  2Aare  connected  in  series,  while  the  secondary 
windings  1B  and  2B  are  connected  in  series  respec- 
tively.  Said  primary  windings  1Aand  2Aare  connect- 
ed  in  series  to  D.C.power  supply  4  via  a  switching  ele- 
ment  or  MOS  FET  3  in  order  to  apply  D.C.input  vol- 
tage  V-IN  thereto.  Further,  series  circuit  of  a  blocking 
capacitor  5  and  switching  element  or  MOS  FET  6  is 
connected  in  parallel  with  said  series  circuit  of  said 
primary  windings  1A,2A. 

Between  each  drain  and  source  of  said  FETS  3,6 
are  provided  capacitors  7,8  having  discrete  inherent 
capacitances.  Although  not  shown  in  FIGS,  each  FET 
is  integrated  with  body  diodes  therein,  and  driving  sig- 
nals  from  pulse  width  control  circuit  9  are  alternately 
supplied  to  discrete  gates  of  FETS3,6,  so  that  output 
voltage  V-OUT  can  be  held  constant  by  controling 
pulse  width  of  said  driving  siganls. 

On  the  other  hand,  the  voltage  V1,V2  induced  in 
the  secondary  windings  1B,2B  of  transformers  1,2 
are  rectified  by  rectifier  circuit  of  center-tap  type  fab- 
ricated  by  connecting  diodes  10,11  to  said  secondary 
windings  1B,2B  respectively.  After  that,  saidvoltage 
V1  ,  V2  are  smoothed  by  smoothing  capacitor  12  to  be 
supplied  to  load  13  as  D.C.output  voltage  V-OUT.  In- 
cidentally,reference  numeral  14  designates  voltage 
detection  circuit  connected  to  opposite  terminals  of 
said  smoothing  capacitor  12,  which  supplies  detected 
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voltage  to  pulse  width  control  circuit  9,  corresponding 
to  variation  of  said  D.C.output  voltage  V-OUT. 

Reference  numeral  15  designates  current  detec- 
tion  circuit  for  protection  against  excess  current  pro- 
vided  on  the  secondary  sides  of  transformers  1,2. 
Said  current  detection  circuit  15  detects  voltage  drop 
in  the  secondary  windings  1B,2B  of  transformers  1,2 
in  order  to  output  current  detection  signals  in  propor- 
tion  to  the  secondary  load  current  il_  of  transformers 
1,2.  In  other  words,  to  the  connnection  points  of  the 
secondary  winding  1B  with  diode  10  and  the  second- 
ary  winding  2B  with  diode  11  are  connected  respec- 
tively  one  of  terminals  of  resistors  16,17,  while  the 
other  terminal  thereof  are  connected  to  each  other. 
Further,  between  said  other  terminal  of  resistors 
16,17  and  the  connection  point  of  the  secondary 
windings  1  B  and  2B  is  interposed  capacitor  1  8  to  form 
filter  circuit  comprising  resistors  16,17  and  capacitor 
18.  Reference  numeral  19  designates  conventional 
amplifier  circuit  comprising  resistors  20,21  and  opera- 
tional  amplifier  22,  which  amplifies  output  signals 
from  said  filter  circuit  at  predetermined  amplification 
factor  defined  by  said  resistors  20,21  to  output  the 
same  as  current  detection  signals. 

Said  current  detection  signals  from  current  detec- 
tion  circuit  15  are  supplied  to  negative  input  terminal 
of  the  operational  amplifier  23,  while  predetermined 
reference  voltage  is  applied  to  the  positive  input  ter- 
minal  thereof,  thus  higher  electric  potential  of  current 
detection  signals  compared  to  said  reference  voltage 
permits  the  output  terminal  of  said  operational  ampli- 
fier  23  to  supply  High-level  control  signals  to  pulse 
width  control  circuit  9.  And  said  control  signals  force 
pulse  width  control  circuit  9  to  narrow  the  pulse  width 
of  the  driving  signals  to  each  FET  3,6in  order  to  limit 
load  current  il_. 

Hereinafter  is  described  the  action  of  the  struc- 
ture  thus  far  described. 

First,  FET  3  is  on-off  controlled  by  means  of  driv- 
ing  signals  from  pulse  width  control  circuit  9  on  the  pri- 
mary  sides  of  transformers  1,2,  whereby  D.C  input 
voltage  V-IN  is  intermittently  applied  to  the  primary 
windings  1A,2A  of  transformers  1,2. 

On  the  other  hand,  FET  6  is  turned-on/off  alter- 
nately  with  respect  to  FET  3,  while  each  FET  3,6  is  so 
controlled  that  there  exists  certain  dead  band  in 
changing  over  from  switching-on  to  switching-off  of 
each  FET  3,6. 

At  this  time,  driving  signals  from  pulse  width  con- 
trol  circuit  9  are  supplied  in  order  that  capacitor  7  may 
be  discharged  by  accumulated  energy  in  the  primary 
windings  1A,2A  of  transformers  1,2  prior  to  turning-on 
of  FET  3,  while  capacitor  8  may  be  discharged  by  ac- 
cumulated  energy  in  the  primary  windings  1A,2Aof 
transformers  1  ,2  prior  to  turning-on  of  FET  6,  whereby 
switching  loss  can  be  minimum  to  attain  so  called 
"Zero-Voltage  Switching". 

With  the  above  serial  action  of  FETs  3,6,  the  vol- 

tage  induced  in  the  secondary  windings  1B,2B  is  rec- 
tified  and  smoothed  by  diodes  10,11  and  smoothing 
capacitor  12  to  supply  predetermined  D.C  output  vol- 
tage  V-OUT  to  load  13.  And  pulse  width  control  circuit 

5  9  controls  the  pulse  width  of  driving  signals  supplied 
to  each  FET  3,6  with  reference  to  detected  voltage 
from  voltage  detection  circuit  so  that  said  D.C.output 
voltage  V-OUT  will  be  held  constant. 

On  the  other  hand,  at  the  both  terminals  of  the 
10  secondary  windings  1  B,2B  of  transformers  1  ,2  sym- 

metrically  emerge  output  voltage  V1,V2  having  such 
waveforms  as  shown  in  FIG.2  respectively.  At  this 
time,  electrical  nature  of  transformers  1,2  shows  that 
products  of  output  voltage  V1  and  time,  output  voltage 

15  V2  and  time  in  turning-on  of  FET  3  are  respectively 
equal  to  those  in  turning-off  of  FET  3.  However,  wind- 
ing  resistance  in  each  secondary  windings  1B,2B 
causes  voltage  drop  VA  when  electric  current  flows 
through  said  secondary  windings  1B,2B. 

20  That  is  to  say,  if  the  output  voltage  V1,V2are  neg- 
ative,  current  supply  to  load  13  is  interrupted  by  di- 
odes  10,11,  thus  no  electric  current  flows  through 
said  secondary  windings  1B,2B,  therefore,  no  voltage 
drop  caused  by  the  resistance  therein  occur.  On  the 

25  other  hand,  if  the  output  voltage  V1  ,V2  are  positive, 
current  supply  to  load  13  is  permitted  by  diodes  10,11, 
thus  electric  current  flows  through  said  secondary 
windings  1B,2B,  whereby  voltage  drop  will  occur  in 
proportion  to  load  current  il_  at  both  terminals  of  the 

30  secondary  windings  1  B,  2B. 
In  order  to  detect  said  voltage  drop  VA  caused  in 

each  secondary  windings  1B,2B,  the  current  detec- 
tion  circuit  15  eliminates  such  signals  included  within 
a  switching  frequency  region  from  each  output  vol- 

35  tage  V1  ,V2  by  means  of  said  filter  circuit  comprising 
resistors  16,17  and  capacitor  18,  whereby  only  the 
D.C.signals  corresponding  to  said  voltage  drop  VA  is 
supplied  to  amplifier  circuit  19.  Thereafter,  said  am- 
plifier  circuit  19  amplifies  said  D.C.signals  from  said 

40  filter  circuit  in  order  to  obtain  current  detection  signals 
in  proportion  to  load  current  il_. 

In  accordance  with  the  structure  of  the  present 
embodiment,  said  current  detection  signals  can  be 
utilized  for  protection  against  excess  current.  That  is, 

45  if  load  current  il_  exceeds  predetermined  value  be- 
cause  of,  for  example,  short-circuiting  of  load  13, 
electric  potential  of  said  current  detection  signals  is 
also  to  become  high  in  proportion  to  said  load  current 
il_.  Therefore,  High-Level  control  signals  from  said  op- 

50  erational  amplifier  23  will  be  output  to  said  pulse  width 
control  circuit  9,  which  immediately  narrows  the  pulse 
width  of  driving  signals  to  FET  3  in  order  to  limit  the 
supply  of  load  current  il_. 

As  hereinbefore  described,  the  present  embodi- 
55  ment  employs  the  winding  resistance  in  the  second- 

ary  windings  1B,2B  of  transformers  1,2  as  current  de- 
tector,  so  that  load  current  il_  can  be  monitored  by 
means  of  the  voltage  drop  caused  in  said  secondary 
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windings  1B,2B.  Accordingly,  conventional  resistors 
or  transformers  for  detection  of  electric  current  are  no 
longer  necessary,  and  as  a  result,  parts  can  be 
saved.  Especially,  the  present  embodiment  enables 
Large-Power  Power  Supply  to  easily  realize  the  sav- 
ing  of  space  and  low-cost  manufacturing  thereof.  Fur- 
ther,  said  current  detection  circuit  1  5  detects  the  cur- 
rent  in  the  secondary  windings  1  B,2B  of  transformers 
1,2,  of  which  the  detection  is  approximately  equal  to 
direct  detection  of  load  current  iL.  Therefore,  constant 
current/voltage  drooping  characteristic  can  be  easily 
obtained  in  utilizing  said  current  detection  circuit  15 
for  protection  against  excess  current. 

Hereinafter  is  explained  a  second  embodiment 
with  reference  to  FIGS.  3,4,  in  which  the  same  por- 
tions  as  those  of  the  first  embodiment  are  designated 
as  common  reference  numerals,  and  their  repeated 
detail  description  will  be  omitted. 

The  present  embodiment  relates  to  so  called  For- 
ward  switching  Power  Supply,  in  which  on-off  control 
of  FET  3  allows  D.C.input  voltage  V-IN  to  be  intermit- 
tently  applied  to  the  primary  winding  1A  of  transfor- 
mer  1,  and  the  voltage  induced  in  the  secondary 
winding  1B  of  said  transformer  1  is  rectified  and 
smoothed  by  means  of  diodes  10,11,  capacitor  12, 
and  choking  coil  31,  whereby  D.C.output  voltage  V- 
OUT  can  be  supplied  to  load  13.  And  the  connection 
point  of  said  choking  coil  31  and  secondary  winding 
1  B  of  transformer  1  is  further  connected  to  resistor  16 
of  current  detection  circuit  15. 

At  both  terminals  of  choking  coil  31  emerges  ter- 
minal  voltage  V3  having  such  waveform  as  shown  in 
FIG.4  in  accordance  with  on-off  control  of  FET  3.  At 
this  time,  winding  resistance  in  said  choking  coil  31  it- 
self  causes  voltage  drop  VA  in  proportion  to  load  cur- 
rent  iL  in  turning-on/off  of  said  FET  3,  thus  terminal 
voltage  V3  including  said  voltage  drop  VA  is  detected 
by  current  detection  circuit  15,  whereby  current  de- 
tection  signals  can  be  output  to  operational  amplifier 
23  to  attain  the  same  action  and  effect  as  those  of  the 
first  embodiment. 

In  FIG.  5  showing  a  third  embodiment  of  the  in- 
vention,  current  sharing  function  is  applied  to  said 
Switching  Power  Supply.  Again,  the  same  portions  as 
those  of  the  forgoing  embodiments  are  designated  as 
common  reference  numerals,  and  their  repeated  de- 
tail  description  will  be  omitted. 

The  current  detection  signals  from  said  current 
detection  circuit  1  5  is  divided  by  resistors  41  ,42  to  be 
supplied  to  negative  input  terminal  of  the  operational 
amplifier  43.  On  the  other  hand,  to  the  positive  input 
terminal  of  said  operational  amplifier  43  is  connected 
current  sharing  terminal  PC  and  is  supplied  said  cur- 
rent  detection  siganls  divided  by  resistors  44,45.  Fur- 
ther,  between  the  negative  terminal  and  output  termi- 
nal  of  said  operational  amplifier  43  is  interposed  re- 
sistor  46,  while  said  output  terminal  of  operational  am- 
plifier  43  is  connected  via  diode  47  to  the  positive  ter- 

minal  of  operational  amplifier  48,  to  which  is  supplied 
reference  voltage.  Additionally,  to  the  negative  input 
terminal  of  said  operational  amplifier  48  are  supplied 
detection  signals  from  voltage  detection  circuit  14, 

5  while  the  output  terminal  thereof  is  connected  to 
pulse  width  control  circuit  9. 

Since  each  Power  Supply  device  allows  the  cur- 
rent  detection  circuit  15  integrated  therewith  to  output 
current  detection  signals  in  proportion  to  load  current 

10  iL  thereof,  the  electric  potential  at  said  current  shar- 
ing  terminal  PC  varies  depending  upon  the  variation 
of  said  load  current  iL.  Therefore,  in  the  case  of  single 
operation,  such  Power  Supply  having  smaller  load 
current  iL  has  corresponding  smaller  electric  poten- 

15  tial  at  its  current  sharing  terminal  PC  as  compared 
with  that  of  such  Power  Supply  having  larger  load 
current  iL, 

On  the  other  hand,  in  the  case  of  parallel  opera- 
tion,  as  each  current  sharing  terminal  of  each  Power 

20  Supply  device  is  connected  to  one  another,  the  poten- 
tial  at  current  sharing  terminal  PC  of  such  Power  Sup- 
ply  with  smaller  load  current  iL  inevitably  rises, 
whereas  the  electric  potential  at  current  sharing  ter- 
minal  PC  of  such  Power  Supply  with  larger  load  cur- 

25  rent  iL  inevitably  falls. 
Accordingly,  each  Power  Supply  having  smaller 

load  current  iL  permits  the  electric  potential  at  the 
positive  input  terminal  of  operational  amplifier  43  to 
rise,  thus  the  output  terminal  of  said  operational  am- 

30  plif  ier  43  becomes  High  so  as  to  raise  the  potential  at 
the  positive  input  terminal  provided  on  the  reference 
voltage  side  of  operational  amplifier  48. 

On  the  other  hand,  each  Power  Supply  having 
larger  load  current  iL  allows  the  potential  at  the  pos- 

35  itive  input  terminal  of  operational  amplifier43  to  inevi- 
tably  fall,  thus  the  output  terminal  of  said  each  opera- 
tional  amplifier  43  becomes  Low-Level,  neverthe- 
less,  current  flow  from  the  reference  voltage  into  op- 
erational  amplifier  43  is  interrupted  by  diode  47  so 

40  that  the  electric  potential  of  reference  voltage  is  held 
constant  at  the  positive  input  terminal  of  said  opera- 
tional  amplifier  48. 

Consequently,  each  Power  Supply  having  small- 
er  load  current  iL  permits  the  reference  potential  of 

45  operational  amplifier  48  to  rise,  whereby  pulse  width 
control  circuit  9  can  control  the  driving  signals  to  each 
FET  3,6  in  order  to  permit  more  load  current  iL  to  flow 
thereinto  in  accordance  with  the  output  signals  from 
said  operational  amplifier  48. 

so  Incidentally,  the  present  invention  should  not  be 
limited  to  the  aforementioned  embodiments  thus  far 
described,  but  can  be  modified  within  the  scope  of 
the  invention. 

For  example,  besides  Zero-Voltage-Swithichg  or 
55  Forward  Switching  Power  Supply,  the  present  inven- 

tion  may  be  applied  to  Push  and  Pull  or  Full  Bridge 
Switching  Power  Supply.  Further,  current  detection 
signals  from  current  detection  circuit  may  be  utilized 
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for  such  functions  other  than  for  said  protection  agan- 
ist  excess  current  or  current  sharing. 

Claims  5 

1  .  A  switching  power  supply  comprising: 
one  or  more  transformers  (1,2)  of  which 

the  primary  and  secondary  windings  are  respec- 
tively  isolated  from  each  other;  10 

switching  elements  (3,6)  for  on-off  control 
of  DC  voltage  applied  to  the  primary  winding  of 
the  or  each  transformer  (1  ,2); 

one  or  more  current  detection  circuits  (15) 
for  detection  of  voltage  drop  caused  by  the  resis-  15 
tance  of  the  secondary  winding  (1B,2B)  of  the  or 
each  transformer  (1,2),  the  or  each  current  de- 
tection  circuit  (15)  outputting  current  detection 
signals  proportional  to  the  secondary  load  cur- 
rent  of  the  or  each  transformer.  20 

2.  A  power  supply  according  to  claim  1,  wherein 
each  current  sharing  terminal  is  connected  to 
each  transmitting  line  of  said  each  current  detec- 
tion  signal  for  parallel  operation  of  each  switching  25 
power  supply. 

3.  A  power  supply  according  to  claim  1  ,  comprising 
a  pulse  width  control  circuit  (9)  for  controlling 
switching  of  the  switching  elements  (3,6)  and  30 
narrowing  the  pulse  width  of  control  signals  sup- 
plied  to  the  switching  elements  (3,6)  to  limit  the 
supply  of  load  current  when  the  current  detection 
signals  reach  a  predetermined  level. 

A  power  supply  according  to  claim  1  ,  wherein  said 
current  detection  circuit  is  coupled  with  a  filter 
network  (18)  for  rejection  of  signals  within  a 
switching  frequency  region. 

A  power  supply  according  to  any  of  claims  1  to  4, 
further  comprising  one  or  more  choking  coils  (31) 
connected  to  the  secondary  side  of  the  transfor- 
mer. 
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