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Description 

This  invention  relates  to  a  power  supply  which 
includes  a  voltage  regulator  having  an  FET  inverter 
stage  and  a  driver  circuit  for  that  stage. 

One  well  known  type  of  switching  regulator 
employs  a  full  bridge  topology  for  the  inverter 
switches,  with  each  of  the  four  switching  devices 
being  driven  by  an  isolated  signal.  The  use  of 
MOSFETS  for  these  main  switches  allows  lower 
drive  power,  but  due  to  the  desirably  fast  switching 
speeds  and  unavoidably  relatively  large  input  ca- 
pacitance,  gate  voltage  ringing  can  be  a  problem. 
Moreover,  power  switching  circuits  are  often  driven 
by  transformers  to  provide  isolation  for  the  high 
voltages  at  reasonable  cost.  These  transformers 
introduce  additional  inductances  that  make  control 
of  gate  voltage  very  difficult. 

EP-A-  177  148  describes  a  power  supply  in- 
cluding  a  main  switch  section  comprising  a  bridge 
arrangement  of  field  effect  transistors.  A  driving 
transformer  is  connected  to  drive  the  gates  of  the 
driving  transistors.  A  driver  circuit  is  connected  to  a 
primary  winding  of  the  driving  transformer.  The 
driver  circuit  is  arranged  to  drive  the  primary  of  the 
driving  transformer  alternately  in  opposite  direc- 
tions  with  deadtimes  therebetween  and  to  short 
circuit  the  primary  of  the  driving  transformer  during 
said  deadtimes. 

The  use  of  transformer  coupling  between  the 
driver  and  inverter  stages  is  accompanied  by  the 
well-known  problem  of  transformer  core  "walking", 
that  is  saturation  of  the  core  due  to  asymmetrical 
operation  thereof.  Known  solutions  to  these  prob- 
lems  include  compromises  between  switching  fre- 
quency  and  the  cost  of  special  magnetics  designed 
to  reduce  voltage  spikes,  and  anti-walking  schemes 
which  reduce  efficiency,  increase  cost,  or  carry 
with  them  resident  problems  of  their  own. 

The  invention  seeks  to  provide  an  improved 
power  supply  which  overcomes  the  aforedescribed 
problems. 

The  invention  provides  a  power  supply  includ- 
ing  a  main  switch  section  comprising:  a  bridge 
arrangement  of  field  effect  transistors;  a  driving 
transformer  connected  to  drive  the  gates  of  the 
driving  transistors;  and  a  driver  circuit  connected  to 
a  primary  winding  of  the  driving  transformer  and 
arranged  to  drive  the  primary  of  the  driving  trans- 
former  alternately  in  opposite  directions  with  dead- 
times  therebetween  and  to  short  circuit  the  primary 
of  the  driving  transformer  during  said  deadtimes; 
characterised  in  that  the  power  supply  further  com- 
prises  a  voltage  supply  for  the  driver  circuit,  said 
voltage  supply  including  a  resistance  across  which 
there  is  developed  a  voltage  proportional  to  the 
current  drawn  by  the  primary  in  each  half  cycle  of 
its  operation,  whereby  the  voltage  applied  to  that 

primary  is  reduced  asymmetrically  in  a  corrective 
direction  when  the  currents  drawn  during  the  re- 
spective  half  cycles  are  not  equal. 

Shorting  the  transformer  primary  during  OFF 
5  time  of  the  main  switches  of  the  regulator  removes 

the  effects  of  the  large  magnetizing  inductance  and 
the  associated  energy  from  the  secondary  circuit  of 
the  transformer.  With  the  transformer  shorted,  the 
secondary  L/C  circuit,  consisting  of  the  main  switch 

io  gate  capacitances  and  the  transformer  leakage  and 
wiring  inductances,  is  much  more  easily  damped. 

In  a  preferred  arrangement,  the  drive  circuit 
operates  from  two,  interleaved  input  signals  pro- 
vided  by  regulator  control  circuits  of  the  power 

75  supply.  These  signals  may  have  duty  cycles  rang- 
ing  from  0  to  nearly  50%.  Each  input  pulse  pro- 
duces  positive  gate  signals  to  one  diagonal  pair  of 
main  switches  and  negative  gate  signals  to  the 
other  pair.  When  both  inputs  are  OFF,  all  main 

20  switches  are  biased  OFF. 
In  one  preferred  embodiment  of  the  invention, 

an  FET  full  bridge  regulator  has  a  driving  trans- 
former  for  the  gates  of  the  power  FETs  of  the 
regulator,  and  a  driving  circuit  for  the  primary  of 

25  the  driving  transformer,  the  driving  circuit  compris- 
ing  a  full  bridge  formed  by  first  and  second  sets  of 
driving  FETs,  which  include  diodes  for  reverse, 
drain-source  conduction,  each  set  comprising  a 
complementary  pair  of  FETS  and  being  connected 

30  across  the  transformer  primary,  one  FET  of  each 
set  being  driven  ON  to  together  form  a  conducting 
path  connecting  a  voltage  source  across  the  pri- 
mary  of  the  transformer  and  in  the  absence  of 
driving  signals  one  transistor  of  each  pair  conducts 

35  forwardly  and  one  conducts  reversely  to  establish  a 
short  circuit  across  the  primary.  The  voltage  supply 
for  the  driving  FETS  in  the  driving  circuits  of  the 
primary  of  the  driving  transformer  can  include  a 
resistance  across  which  there  is  developed  a  volt- 

40  age  proportional  to  the  current  drawn  by  the  driving 
transformer  primary  in  each  half  cycle  of  its  opera- 
tion,  whereby  the  voltage  applied  to  that  primary  is 
reduced  asymmetrically  in  a  corrective  direction 
when  the  currents  drawn  during  the  respective  half 

45  cycles  are  not  equal. 
How  the  invention  can  be  carried  out  will  now 

be  described  by  way  of  example,  with  reference  to 
the  accompanying  drawings  in  which:- 

Fig.  1  is  a  block  diagram  of  a  power  system 
50  including  driver  and  inverter  stages  embodying 

the  invention; 
Fig.  2  is  a  simplified  circuit  diagram  of  the  driver 
and  inverter  stages  of  the  power  system  of  Fig. 
1; 

55  Fig.  3  is  a  set  of  curves  representing  drive 
circuit  voltage  wave  shapes  illustrative  of  the 
operation  of  the  driver  stage  shown  in  Fig.  2; 
Fig.  4  is  a  set  of  curves  representative  of  current 
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waveshapes  in  the  operation  of  the  driver  stage 
of  Fig.  1,  for  time  periods  corresponding  to 
those  of  Fig.  3; 
Figs.  5a  to  5d,  show  paths  of  control  current  and 
load  current  during  periods  "I"  through  "IV"  of 
the  operation  as  shown  in  Figs.  3  and  4; 
Fig.  6  is  a  simplified  equivalent  circuit  repre- 
sentative  of  principles  involved  in  the  operation 
of  the  circuit  of  Fig.  2; 
Fig.  7  is  a  set  of  curves  illustrative  of  the 
"walking"  problem  which  can  be  solved  by  ap- 
plication  of  the  invention;  and 
Fig.  8  is  a  fragmentary  detail  showing  an  alter- 
native  embodiment  of  the  damping  network  con- 
nected  to  the  gate  drives  of  the  main  switch 
scheme  of  Fig.  2. 

Fig.  1  is  a  diagram  of  a  power  supply  system 
which  in  gross  aspects  is  similar  to  many  conven- 
tional  power  supply  systems.  That  is,  energy  de- 
rived  from  an  A.C.  Source  10  is  rectified  and  fil- 
tered  at  12  and  the  resulting  D.C.  is  chopped  by 
switches  14  into  pulses  which  are  delivered  via 
power  transformer  16  to  a  rectifier  and  filter  ar- 
rangement  18  which  delivers  regulated  and 
smoothed  D.C.  to  a  load  20.  Typically,  in  such  a 
system,  regulation  is  achieved  by  a  feedback  loop 
22  including  a  pulse  width  modulation  control  24  by 
which  the  driver  circuits  26  of  the  main  switches  14 
are  operated  in  such  a  manner  as  to  vary  the  width 
of  the  pulses  delivered  to  power  transformer  16  in 
a  manner  to  compensate  for  error  detected  by  the 
loop  22  at  the  terminal  supplying  the  load  20. 

In  the  preferred  embodiment  of  the  invention, 
the  main  switches  14  comprise  a  bridge  arrange- 
ment  of  field  effect  transistors  (FETS)  driven  via  a 
transformer  28,  and  the  drivers  26  are  arranged  in 
a  circuit  whereby  they  respond  to  a  three-state 
control  30  to  drive  the  primary  32  of  transformer  28 
in  opposite  directions  with  deadtimes  therebetween 
during  which  the  primary  32  is  short-circuited.  Also, 
the  complementary  drivers  26  are  energized  via  a 
source  34  which  includes  means  such  as  a  resistor 
36  operable  to  apply  voltages  to  the  drivers  in 
accordance  with  an  inverse  function  of  their  re- 
spective  current  loads. 

The  pulse  width  modulation  control  24  utilizes 
a  ramp  signal  derived  from  a  current  transformer 
38  in  series  with  the  primary  of  the  power  trans- 
former  16.  The  ramp  signal  is  compared  with  an 
error  signal,  developed  by  comparing  the  output 
DC  voltage  on  lines  22,  to  yield  a  Reset  A  or  Reset 
B  signal  as  determined  by  an  A/B  phase  signal 
emitted  by  a  clock  unit  40.  Clock  40  also  provides 
A  Limit  and  B  Limit  signals  which  act  as  sup- 
plementary  A  Reset  and  B  Reset  controls.  Clock  40 
also  provides  Set  A  and  Set  B  signals  to  the  three 
State  Control  30.  That  Control  30  comprises 
latches  which  are  set  and  reset  to  yield  signals  A 

and  B  as  will  be  described. 
Fig.  2  shows  simplified  circuit  diagrams  illustra- 

tive  of  a  preferred  embodiment  of  the  driver  26  and 
main  switch  14  sections  of  the  power  supply  of  Fig. 

5  1. 
The  circuit  arrangement  shown  in  Fig.  2  uses 

four  small,  low  voltage  MOSFET's  M5,  M6,  M7, 
M8,  the  single  drive  transformer  28,  and  five  resis- 
tors  78,  80,  82,  84,  and  36  to  achieve  the  overall 

io  function  when  operated  by  the  signals  A  and  B 
from  the  three  state  control  30  of  Fig.  1. 

Transistor  M5  is  a  P-channel  device  the  source 
S  of  which  is  referenced  via  conductor  50  to  +  Vcc 
less  any  drop  across  resistor  36,  and  transistor  M7 

is  is  an  N  channel  device  the  source  S  of  which  is 
referenced  to  -Vcc  via  conductor  52.  The  gates  G 
of  transistors  M5  and  M7  are  connected  together 
and  via  conductor  54  to  control  input  A  of  the  three 
state  control  30  (Fig.  1).  The  drains  D  of  transistors 

20  M5  and  M7  are  connected  together  and  to  one 
terminal  56  of  the  primary  32  of  the  driver  trans- 
former  28. 

The  control  signal  applied  at  terminal  A  by  the 
three  state  control  30  is  referenced  to  a  "zero"  volt 

25  level  equal  to  -Vcc  so  that  when  the  signal  at 
terminal  A  is  up  (positive)  transistor  M5  is  OFF  and 
transistor  M7  is  ON,  thereby  disconnecting  terminal 
56  from  conductor  50  and  +Vcc  and  connecting 
terminal  56  to  conductor  52  and  -Vcc. 

30  Transistor  M6  is  a  P  channel  device  the  source 
S  of  which  is  referenced  via  conductor  60  to  +Vcc 
less  any  drop  across  resistor  36,  and  transistor  M8 
is  an  N-channel  device  the  source  S  of  which  is 
referenced  to  -Vcc  via  conductor  62.  The  gates  G 

35  of  transistors  M6  and  M8  are  connected  together 
and  via  conductor  64  to  control  input  B  of  the  three 
state  control  30  (Fig.  1).  The  drains  D  of  transistors 
M6  and  M8  are  connected  together  and  to  the 
other  terminal  66  of  the  primary  32  of  the  driver 

40  transformer  28. 
The  control  signal  applied  at  terminal  B  by  the 

three  state  control  30  is  referenced  to  the  same 
"zero"  level  equal  to  -Vcc  as  is  the  above  de- 
scribed  "A"  signal,  so  that  when  the  signal  at 

45  terminal  B  is  up  (positive)  transistor  M6  is  OFF  and 
transistor  M8  is  on,  thereby  disconnecting  terminal 
66  from  conductor  60  and  +Vcc  and  connecting 
terminal  66  to  conductor  62  and  -Vcc. 

When  the  signal  at  terminal  A  is  down  (zero), 
50  the  gate  G  of  transistor  M5  is  at  -Vcc  turning  M5 

ON,  and  the  gate  G  of  transistor  M7  is  at  approxi- 
mately  the  same  potential  as  its  source  S,  depriv- 
ing  M7  of  gate  drive  and  turning  transistor  M7  OFF. 
Similarly,  when  the  signal  at  terminal  B  is  down, 

55  transistor  M6  is  ON  and  transistor  M8  is  OFF. 
Figure  2  also  shows  a  basic  embodiment  of  the 

main  switch  stage  14.  Four  MOSFET  transistors 
Q1,  Q2,  Q3,  Q4  are  connected  in  a  full  bridge 
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configuration  to  gate  pulses  of  current  from  the 
+  VB  terminal  of  bulk  DC  source  12  to  the  main 
power  transformer  16.  Gate  drive  for  the  main 
switch  transistors  Q1,  Q2,  Q3,  Q4  is  provided  by 
respective  secondaries  70,  72,  74,  76  of  driver 
transformer  28  in  response  to  energization  of  pri- 
mary  32  of  that  transformer,  as  will  be  described. 
Additionally,  resistors  78,  80,  82,  84  are  provided 
across  the  respective  drive  secondaries  70,  72,  74, 
76;  that  is,  between  the  source  and  gate  terminals 
of  the  respective  main  transistor  switches  Q1,  Q2, 
Q3,  Q4. 

Circuit  operation  will  now  be  described  with  the 
aid  of  waveshapes  shown  in  Fig.  3  and  4,  and  the 
current  paths  illustrated  in  Figs.  5a  through  5d. 
Inputs  V(a)  and  V(b)  are  the  signals  from  the  con- 
trol  circuit  terminals  A  and  B,  Figs  1  and  2.  These 
signals  are  alternately  ON  positive,  have  essentially 
equal  ON  times  and  equal  timing  between  the 
beginning  of  each  pulse.  When  V(a)  is  positive,  as 
shown  at  100,  Fig.  3,  drive  switch  M7,  Fig.  2,  is  ON 
and  M5  is  OFF.  M6  will  be  ON  due  to  the  zero 
level  of  V(b)  which  is  negative  relative  to  the 
source  terminal  S  of  M6.  This  results  in  a  positive 
primary  voltage  V(p)  at  terminal  66  relative  to  ter- 
minal  56,  and  positive  gate  signals  to  main  switch 
transistors  Q1  and  Q4.  The  other  two  main  switch- 
es  (Q2  and  Q3)  will  have  negative  gate  voltages  as 
indicated  by  the  dotting  on  secondaries  72  and  74, 
and  hence  will  be  OFF.  The  drive  transformer  28 
will  have  a  primary  current  l(p),  Figs.  2  and  4,  as  a 
result  of  reflected  load  current  in  resistors  78,  80, 
82,  84,  and  due  to  magnetizing  current  in  trans- 
former  28. 

When  V(a)  returns  to  zero,  as  shown  at  102, 
Fig.  3,  M7  will  turn  OFF  and  M5  will  turn  ON.  M6 
remains  ON.  V(p)  and  all  main  gate  signals  from 
secondaries  70,  72,  74,  76  now  drop  to  zero,  stop- 
ping  conduction  in  all  main  switches  Q1,  Q2,  Q3, 
Q4.  The  magnetizing  current  established  in  trans- 
former  28  during  the  ON  time  must  continue  to 
flow.  This  current,  shown  at  104,  Fig.  4,  will  flow 
through  transistors  M5  and  M6  resulting  in  an  ef- 
fective  short-circuit  on  the  primary  winding  32.  This 
shorted  primary  condition  is  reflected  to  the  secon- 
daries  70,  72,  74,  78  as  a  low  impedance  across  all 
gate-source  terminals  of  the  main  switches  Q1  ,  Q2, 
Q3,  Q4,  holding  them  OFF. 

When  V(b)  at  terminal  B,  Figs.  1  and  2,  goes 
positive  as  shown  at  110,  Fig.  3,  the  circuit  opera- 
tion  is  reversed.  M6  turns  off,  M8  turns  on,  V(p)  is 
negative  and  i(p)  through  primary  32  reverses  as 
shown  at  112,  Fig.  4.  Main  switches  Q2  and  Q3 
now  conduct.  The  magnetizing  current  in  drive 
transformer  28  decreases  and  reverses.  When  V- 
(b)  returns  to  zero,  as  shown  at  114,  Fig.  3,  M8 
turns  OFF,  M6  turns  ON,  and  the  reversed  mag- 
netizing  current,  shown  at  116,  Fig.  4,  flows  in  M5 

and  "backwards"  through  M6.  The  shorted  primary 
condition  is  established  again  and  all  main  switches 
Q1  ,  Q2,  Q3,  Q4  are  held  off. 

Figs.  5a-5d  trace  the  current  flow  in  portion  I,  II, 
5  III,  IV  of  the  above  described  cycle  of  operation. 

These  figures  relate  to  the  voltage  and  current 
curves  of  Figs.  3  and  4  in  accordance  with  the 
portions  I,  II,  III,  IV  delineated  thereon. 

If  the  ON  (i.e.,  up)  times  of  V(a)  and  V(b)  are 
io  equal,  the  magnetizing  current  and  core  flux  of 

drive  transformer  28  will  centre  around  zero. 
Hence,  the  peak  flux  in  transformer  28  will  be  one 
half  of  the  total  flux  excursion.  If  the  A  and  B 
signals  from  the  control  circuits  do  not  have  exactly 

is  the  same  ON  time,  "core  walking"  or  asymmetrical 
magnetic  cycling  of  the  core  of  transformer  28  may 
result,  leading  to  non-symmetrical  magnetizing  cur- 
rent.  Under  these  conditions,  the  voltage  drop 
across  resistor  36,  Figs.  1  and  2,  during  the  ON 

20  times  of  signals  A  and  B  will  be  different,  tending 
to  reduce  the  voltage  on  primary  32  of  transformer 
28  during  the  longer  ON  time  and  to  increase  the 
primary  voltage  for  the  shorter  ON  time.  Volt-time 
unbalance  on  transformer  28  is  thus  limited  by  the 

25  drop  across  resistor  36.  Resistor  36  also  serves  to 
limit  the  peak  current  in  the  drive  switches  which 
occurs  when  M5  and  M7  (or  M6  and  M8)  conduct 
simultaneously  during  the  transitions  of  V(a)  (or  V- 
(b)).  Although  the  internal  resistances  of  M5,  M6, 

30  M7  and  M8  also  contribute  to  the  peak  current 
limiting  and  transformer  anti-walking,  the  external 
resistor  36,  which  has  a  value  significantly  greater 
than  the  operating  internal  resistance  of  the  MOS- 
FETS  M5  through  8,  predominates  in  this  effect 

35  and  does  not  limit  the  magnetizing  currents  104, 
116  during  OFF  times  of  the  drive  control. 

Figs.  6  and  7  summarize  the  operation  of  driver 
section  26  of  Figs.  1  and  2.  Transistors  M5,  M6, 
M7,  and  M8  of  Fig.  2  are  represented  by  a  double 

40  pole,  triple  throw  switch  120,  each  pole  having 
three  positions  1,  2,  3.  Position  1  corresponds  to 
the  A,  not  B  input  condition;  position  2  to  the  not  A, 
not  B  condition;  and  position  3  to  the  B,  not  A 
condition.  In  the  position  1  shown,  conventional 

45  current  flows  from  +Vcc  through  balancing  resistor 
36'  to  terminal  66',  through  primary  32'  to  primary 
terminal  56',  to  -Vcc.  This  state  is  represented  at 
portion  I  of  the  family  of  curves  of  Fig.  7.  Switch 
position  2  corresponds  to  portions  II  and  IV  of  Fig. 

50  7,  and  switch  position  3  corresponds  to  portion  III 
of  Fig.  7. 

As  shown  in  solid  line  in  Fig.  7  during  state  or 
curve  portions  I  and  III  current  ip  through  primary 
32'  should  be  mirror  images  of  each  other.  Core 

55  28'  "walks",  if  a  shift,  delta  t,  occurs  in  Vp  and  ip 
as  shown  in  dotted  line.  However,  this  undesirable 
condition  is  corrected  by  the  differential  voltage 
drop  in  balancing  resistor  36'.  When  the  primary 

4 
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current  during  operation  portion  I  starts  to  exceed 
its  norm,  as  shown  at  delta  i,  curve  portion  I,  the 
drop  across  resistor  36'  reduces  Vp  by  delta  i 
times  the  resistance  value  of  36',  thereby  reducing 
vp  during  that  portion  I  of  the  operation  so  as  to 
bring  the  operation  back  into  balance  or  at  least 
restrain  it  from  further  drift  from  balance. 

The  values  of  resistors  78,  80,  82,  84  are 
dictated  by  the  amount  of  damping  required  in  the 
secondary  circuits  driven  by  transformer  28.  The 
critical  time  occurs  at  the  end  of  the  ON  time  when 
gate  signals  of  two  of  the  main  switches  Q1  ,  Q4  or 
Q2,  Q3  fall,  initiating  turn-off.  Gate  signals  to  the 
other  main  switches  go  from  a  negative  voltage  to 
zero  and,  in  fact,  overshoot  positive  due  to  leakage 
inductance  of  transformer  28  and  gate  capacitance 
of  the  main  switches  Q1-Q4.  If  turn-off  of  the  ON 
main  switches  Q1,  Q4  or  Q2,  Q3  is  slow  and  the 
positive  overshoot  exceeds  the  threshold  voltage 
on  the  OFF  devices,  both  main  switches  Q1  ,  Q3  or 
Q2,  Q4  on  one  "leg"  of  the  bridge  conduct  forming 
a  short  circuit  across  V(b).  The  values  of  resistors 
78,  80,  82,  84  must  be  reduced  to  limit  this  over- 
shoot  to  voltages  less  than  the  main  switch  turn-on 
threshold  voltage. 

Reducing  the  values  of  78,  80,  82,  84,  how- 
ever,  increases  the  primary  current  and  power  dis- 
sipation  in  drive  switches  M5,  M6,  M7,  M8  and  all 
resistors.  An  alternative  approach  to  provide  damp- 
ing  of  the  main  gate  signals  is  to  introduce  series 
resistors  130  as  shown  in  Fig.  8.  For  the  usual 
range  of  leakage  inductance  and  gate  capacitance 
encountered,  small  values  of  series  resistance  have 
a  major  impact  on  circuit  damping.  Hence,  the 
positive  overshoot  problem  can  be  controlled  with- 
out  significant  increase  in  primary  current  and  over- 
all  power  dissipation. 

The  drive  circuit  must  also  contend  with  tran- 
sient  voltages  produced  by  drain  voltage  excur- 
sions  of  the  main  switches  Q1-Q4.  Of  particular 
interest  is  the  negative  excursion  on  the  drain  of  a 
main  switch  caused  by  switching  of  the  other  de- 
vice  in  the  same  leg.  This  occurs  at  nearly  the 
same  time  as  the  positive  overshoot  discussed 
above.  The  effect  is  to  produce  a  negative  "spike" 
on  the  gate  due  to  coupling  through  the  drain-gate 
capacitance.  The  amplitude  of  this  spike  must  be 
limited  to  values  less  than  the  gate-source  voltage 
rating.  Reducing  the  values  of  resistors  78,  80,  82, 
84,  will  reduce  the  amplitude  of  this  spike  but  at 
the  same  "cost"  as  above  -  i.e.,  increased  primary 
current  and  overall  power  dissipation.  Note  that  the 
introduction  of  the  series  resistors  alone  will  in- 
crease  the  spike  amplitude. 

Also  shown  in  Fig.  8  are  additional  elements 
comprising  an  alternative  circuit  to  limit  the  spike 
voltage.  A  clipping  network  composed  of  a  diode 
132,  resistor  134  and  zener  diode  136  may  be 

added  to  each  main  switch  gate  circuit  (Q1  is 
shown)  which  will  "clip"  the  negative  spike  at  ap- 
proximately  the  zener  voltage.  This  voltage  would 
be  selected  to  be  greater  than  the  normal  drive 

5  voltages  but  well  below  the  gate-source  voltage 
rating.  During  positive  gate  pulses,  diode  132 
blocks.  During  negative  gate  pulses,  diode  132 
conducts,  allowing  zener  diode  136  to  clip  the 
voltage. 

io  Specific  designs  may,  or  may  not,  require  the 
series  resistor  and/or  clipping  circuitry,  dependent 
on  transformer  leakage,  MOSFET  gate  characteris- 
tics,  and  wiring  parasitics  or  trade-off's  of  circuit 
complexity  vs.  control  bias  power  and  overall  pow- 

15  er  dissipation  may  favour  the  use  of  one  or  both  of 
these  alternative  circuits. 

In  the  foregoing,  a  current  mode  control  of  the 
ON  times  of  the  A  and  B  signals  is  achieved  by 
use  of  ramp  signals  derived  by  means  of  the 

20  current  transformer  38  from  the  current  in  the  pri- 
mary  of  the  power  transformer  16,  in  other  words, 
the  main  switch  current  rises  as  energy  is  delivered 
to  inductance  in  the  output  filter  of  section  18 
during  the  A  and  B  ON  times.  Alternatively,  this 

25  ramp  function  could  be  provided  by  a  saw  tooth 
generator  in  the  control  24.  Both  control  schemes 
are  well-known.  Moreover,  the  drive  circuit  26  may 
be  adapted  to  provide  the  drive  function  in  other 
regulator  topologies  such  as  dual  switch,  half 

30  bridge,  and  push-pull  configurations.  Also,  alternate 
connection  of  the  P  and  N  channel  drive  switches 
is  possible  and  still  achieve  equivalent  operation. 

Claims 
35 

1.  A  power  supply  including  a  main  switch  sec- 
tion  (14)  comprising:  a  bridge  arrangement  of 
field  effect  transistors;  a  driving  transformer 
(28)  connected  to  drive  the  gates  of  the  driving 

40  transistors;  and  a  driver  circuit  (26)  connected 
to  a  primary  winding  (32)  of  the  driving  trans- 
former  and  arranged  to  drive  the  primary  (32) 
of  the  driving  transformer  (28)  alternately  in 
opposite  directions  with  deadtimes  there- 

45  between  and  to  short  circuit  the  primary  (32)  of 
the  driving  transformer  (28)  during  said  dead- 
times;  characterised  in  that  the  power  supply 
further  comprises  a  voltage  supply  for  the  driv- 
er  circuit  (26),  said  voltage  supply  including  a 

50  resistance  (36)  across  which  there  is  devel- 
oped  a  voltage  proportional  to  the  current 
drawn  by  the  primary  (32)  in  each  half  cycle  of 
its  operation,  whereby  the  voltage  applied  to 
that  primary  (32)  is  reduced  asymmetrically  in 

55  a  corrective  direction  when  the  currents  drawn 
during  the  respective  half  cycles  are  not  equal. 

2.  A  power  supply  as  claimed  in  claim  1,  in  which 

5 
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the  driver  circuit  (26)  comprises: 
a  full  bridge  comprising  first  and  second 

pairs  of  complementary  driving  FETS  (M5,  M7, 
M6,  M8),  each  pair  being  interconnected  in 
series  at  a  common  node  (56,  66),  the  com- 
mon  nodes  (56,  66)  of  the  first  and  second 
pairs  being  connected  to  opposite  ends  of  the 
primary  (32)  of  the  driving  transformer  (28), 
one  FET  of  each  pair  being  turned  on  in  the 
presence  of  a  driving  signal  to  together  form  a 
current  path  connecting  the  voltage  supply 
across  the  primary  (32),  and  one  FET  of  each 
pair  being  turned  on  in  the  absence  of  the 
driving  signal  to  together  establish  a  short  cir- 
cuit  across  the  primary. 

Patentanspruche 

1.  Energieversorgung  mit  einem  Hauptschaltteil 
(14),  die  folgendes  aufweist:  eine  Bruckenan- 
ordnung  von  Feldeffekttransistoren,  einen  Trei- 
bertransformator  (28),  der  zum  Treiben  der  Ga- 
tes  der  Treibertransistoren  angeschlossen  ist, 
und  eine  Treiberschaltung  (26),  die  an  eine 
Primarwicklung  (32)  des  Treibertransformators 
angeschlossen  ist  und  eingerichtet  ist,  urn  die 
Primarseite  (32)  des  Treibertransformators  (28) 
abwechselnd  in  entgegengesetzte  Richtungen 
mit  dazwischenliegenden  Totzeiten  zu  treiben 
und  urn  die  Primarseite  (32)  des  Treibertrans- 
formators  (28)  wahrend  der  Totzeiten  kurzzu- 
schlie/Sen,  dadurch  gekennzeichnet,  da/S  die 
Energieversorgung  ferner  eine  Spannungsver- 
sorgung  fur  die  Treiberschaltung  (26)  besitzt, 
wobei  die  Spannungsversorgung  einen  Wider- 
stand  (36)  aufweist,  an  dem  eine  Spannung 
abfallt,  die  zu  dem  Strom  proportional  ist,  der 
von  der  Primarseite  (32)  bei  deren  Betrieb  in 
jeder  Halbperiode  gezogen  wird,  wodurch  die 
an  jene  Primarseite  (32)  gelegte  Spannung 
asymmetrisch  in  eine  korrigierende  Richtung 
verringert  wird,  wenn  die  wahrend  der  entspre- 
chenden  Halbperioden  gezogenen  Strome 
nicht  gleich  sind. 

2.  Energieversorgung  nach  Anspruch  1,  bei  wel- 
cher  die  Treiberschaltung  (26)  folgendes  auf- 
weist: 
eine  Vollbrucke,  die  erste  und  zweite  Paare 
komplementarer  Treiber-FET-s  (M5,  M7,  M6, 
M8)  aufweist,  wobei  jedes  Paar  in  Reihe  bei 
einem  gemeinsamen  Knoten  (56,  66)  zusam- 
mengeschaltet  ist,  die  gemeinsamen  Knoten 
(56,  66)  des  ersten  und  des  zweiten  Paares  an 
entgegengesetzte  Enden  der  Primarseite  (32) 
des  Treibertransformators  (28)  geschaltet  sind, 
ein  FET  jedes  Paares  beim  Vorhandensein  ei- 
nes  Treibersignals  eingeschaltet  ist,  urn  einen 

gemeinsamen  Strompfad  zu  bilden,  welcher 
die  Spannungsversorgung  uber  die  Primarseite 
(32)  verbindet  und  ein  FET  jedes  Paares  bei 
Abwesenheit  des  Treibersignals  eingeschaltet 

5  ist,  urn  gemeinsam  einen  Kurzschlu/S  uber  die 
Primarseite  herzustellen. 

Revendicatlons 

io  1.  Alimentation  de  puissance  comportant  une 
section  de  commutateurs  principaux  (14)  com- 
prenant:  un  agencement  en  pont  de  transistors 
a  effet  de  champ;  un  transformateur  de  com- 
mande  (28)  connecte  pour  commander  les  por- 

15  tes  des  transistors  de  commande;  et  un  circuit 
de  commande  (26)  connecte  a  un  enroulement 
primaire  (32)  du  transformateur  de  commande 
et  agence  de  maniere  a  commander  I'enroule- 
ment  primaire  (32)  du  transformateur  de  com- 

20  mande  (28)  alternativement  dans  des  direc- 
tions  opposees  ayant  entre  elles  des  temps 
morts,  et  a  court-circuiter  I'enroulement  primai- 
re  (32)  du  transformateur  de  commande  (28) 
durant  lesdits  temps  morts;  caracterisee  en  ce 

25  que  ladite  alimentation  de  puissance  comprend 
en  outre  une  source  de  tension  pour  le  circuit 
de  commande  (26),  ladite  source  de  tension 
comportant  une  resistance  (36)  dans  laquelle 
est  produite  une  tension  proportionnelle  au 

30  courant  tire  par  I'enroulement  primaire  (32) 
dans  chaque  demi-periode  de  son  operation, 
ce  qui  fait  que  la  tension  appliquee  a  cet 
enroulement  primaire  (32)  est  reduite  asymetri- 
quement  dans  une  direction  corrective  lorsque 

35  les  courants  tires  durant  les  demi-periodes  res- 
pectives  ne  sont  pas  egaux. 

2.  Alimentation  de  puissance  selon  la  revendica- 
tion  1,  dans  laquelle  le  circuit  de  commande 

40  (26)  comprend: 
un  pont  entier  constitue  de  premiere  et 

deuxieme  paires  de  transistors  FET  de  com- 
mande  complementaires  (M5,  M7,  M6,  M8), 
chaque  paire  etant  interconnected  en  serie  a 

45  un  noeud  commun  (56,  66),  les  noeuds  com- 
muns  (56,  66)  des  premiere  et  deuxieme  pai- 
res  etant  connectes  aux  extremites  opposees 
de  I'enroulement  primaire  (32)  du  transforma- 
teur  de  commande  (28),  un  FET  de  chaque 

50  paire  etant  rendu  actif  en  presence  d'un  signal 
de  commande  pour  former  ensemble  un  trajet 
de  courant  connectant  la  source  de  tension  sur 
I'enroulement  primaire  (32),  et  un  FET  de  cha- 
que  paire  etant  rendu  actif  en  I'absence  du 

55  signal  de  commande  pour  etablir  ensemble  un 
court-circuit  sur  I'enroulement  primaire. 
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