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©  Driving  circuit  for  bipolar  transistors  and  ballast  inverter  provided  with  such  circuit. 

©  A  driving  circuit  for  bipolar  transistors  suit- 
able  for  use  in  a  ballast  inverter,  having  a  i  "_,  ""j  > 
reference  voltage  device  for  producing  a  refer-  j   pn  p  j  j  Ikr 
ence  voltage  associated  with  each  transistor.  A  £\  I  '  ,  i  i  "  
tertiary  winding,  serving  as  the  base  winding  for  8  \  h  __p  —  rrHo* 
the  bipolar  transistors,  supplies  current  to  the  \--  ~-~:~::::::::::::::::::'\  "  
base  of  each  bipolar  transistor  based  on  the  j  .̂yrJMi  ^  
associated  reference  voltage.  Separate  feed-  i  "  |  jET  \  y 
back  circuits  associated  with  each  transistor  j  5  j 
carry  a  feedback  signal  reflecting  the  minority  j  \ l   r^  \ s   ^X~t?~ 
carrier  charge  stored  in  the  associated  transis-  ;5==  j  ii;s  UT  Q 
tor.  The  reference  voltage  associated  with  each  i  s?  [  j  ■  '  g i   s  [ 
transistor  varies  based  on  the  associated  feed-  i  "pB  |L_r~-^s  \  

"  P  . back  signal.  j  f  n   ̂ ^-i  ir* 
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This  invention  relates  generally  to  a  driving  circuit 
for  bipolar  transistors,  and  more  particularly  to  a  cir- 
cuit  for  driving  a  pair  of  bipolar  transistors  of  a  ballast 
inverter. 

Conventional  ballast  inverters,  such  as  the  push- 
pull  type,  employ  bipolar  power  transistors  having  rel- 
atively  high  switching  losses  when  driven  into  deep 
saturation  during  other  than  maximum  load  condi- 
tions.  Switching  losses  vary  based  on  load  conditions 
imposed  on  the  ballast  inverter  and  are  difficult  to 
minimize  for  all  load  conditions.  The  relatively  high 
switching  losses  also  result  in  the  transistors  operat- 
ing  at  relatively  high  temperatures  which  are  typically 
above  60°C.  Such  relatively  high  operating  tempera- 
tures  require  heat  sinks  thereby  raising  the  inverter 
manufacturing  cost. 

In  selecting/designing  the  base  driving  circuit  for 
a  ballast  inverter,  characteristics/parameters  of  the 
power  transistors  such  as  current  gain  must  be  care- 
fully  chosen  for  achieving  desired  ballast  operating 
characteristics.  Different  types  of  bipolar  transistors 
can  have  different  characteristics/parameters  and 
therefore  cannot  be  readily  substituted  for  one  an- 
other  for  a  given  base  driving  circuit. 

Significant  voltage  transients  can  also  appear 
across  the  bipolar  transistors  during  turn-on  of  the 
lamp  ballast.  These  voltage  transients  when  applied 
across  the  bipolar  transistors  can  result  in  transistor 
failure. 

Conventional  ballast  inverters  also  can  employ 
Baker  clamps  in  order  to  more  quickly  turn-off  the  bi- 
polar  transistor,  that  is,  to  more  closely  simulate  the 
switching  speed  of  a  field  effect  transistor.  The  Baker 
clamp,  however,  requires  use  of  a  relatively  expen- 
sive  high  voltage  fast  recovery  diode  further  increas- 
ing  power  losses. 

A  typical  base  driving  scheme  for  a  conventional 
ballast  inverter  also  requires  the  bipolar  transistors 
have  a  constant,  forced  current  gain.  In  other  words, 
the  base  current  is  maintained  in  a  fixed  relationship 
relative  to  the  collector  or  emitter  current.  Use  of  such 
bipolartransistorslimitthe  range  of  equivalent  bipolar 
transistors  which  can  be  employed  within  the  ballast 
inverter  design,  that  is,  limits  standardization  of  com- 
ponents  used  within  the  ballast  inverter. 

Accordingly,  it  is  desirable  to  provide  an  improved 
driving  scheme  for  bipolar  transistors  in  which  rela- 
tively  high  switching  losses  are  avoided  resulting  in 
relatively  low  operating  temperatures  of  the  bipolar 
transistors.  The  driving  scheme  should  permit  a  rela- 
tively  wide  range  of  different  bipolar  transistors  to  be 
used  while  optimizing  (i.e.  minimizing)  switching 
losses  regardless  of  load  conditions.  The  driving 
scheme  should  also  minimize  the  possibility  of  rela- 
tively  large  voltage  transients  appearing  across  the 
transistors  and  avoid  the  need  for  Baker  clamps  in 
providing  relatively  high  speed  switching  of  the  bipo- 
lar  transistors. 

Generally  speaking,  in  accordance  with  the  in- 
vention,  a  driving  circuit  for  bipolar  transistors  in 
which  each  transistor  has  at  least  a  base  and  a  minor- 
ity  carrier  charge  includes  a  reference  voltage  device 

5  for  producing  a  reference  voltage  associated  with 
each  transistor,  a  current  supply  for  supplying  current 
to  the  base  of  each  transistor  based  on  the  associated 
reference  voltage  and  a  feedback  circuit  associated 
with  each  transistor  for  varying  the  reference  voltage 

10  associated  with  that  transistor  based  on  the  minority 
carrier  charge  stored  in  the  latter. 

By  varying  the  reference  voltage  associated  with 
each  transistor  based  on  the  minority  carrier  charge 
stored  in  the  latter,  each  transistor  is  prevented  from 

15  being  deeply  saturated.  Switching  losses  during  no- 
load  conditions  are  therefore  minimized.  The  reduc- 
tion  in  the  amount  of  stored  minority  carriers  within 
each  transistor  results  in  switching  of  each  bipolar 
transistor  much  more  quickly.  The  switching  times  of 

20  the  bipolar  transistors  approach  the  switching  times 
of  a  field  effect  transistor. 

The  present  invention  need  not  employ  Baker 
clamps  in  its  base  driving  scheme  and  therefore  avoid 
the  relatively  high  power  losses  associated  with  this 

25  clamp.  The  reduced  switching  losses  also  result  in  the 
transistors  operating  at  lower  temperatures. 

The  self  correcting  feedback  circuits  can  main- 
tain  the  transistors  in  lightly  saturated  conductive 
states.  Each  feedback  circuit  is  independent  of  one 

30  another.  The  transistors  used  in  the  driving  scheme 
therefore  need  not  have  the  same  operating  charac- 
teristics.  In  fact,  a  wide  range  of  bipolar  transistors 
having  different  operating  characteristics  can  be  em- 
ployed  in  the  driving  scheme  of  the  present  invention. 

35  In  accordance  with  a  feature  of  the  invention,  the  ref- 
erence  voltage  device  includes  a  storage  device  as- 
sociated  with  each  transistor.  The  voltage  across  the 
storage  device  serves  as  the  reference  voltage  asso- 
ciated  with  that  transistor.  Preferably,  the  storage  de- 

40  vice  is  a  capacitor. 
The  feedback  circuit  includes  a  switching  device 

associated  with  each  transistor.  The  switching  device 
is  responsive  to  the  conductive  state  of  the  associat- 
ed  transistor  for  controlling  when  reduction  of  the  as- 

45  sociated  reference  voltage  occurs.  The  switching  de- 
vice  and  capacitor  associated  with  each  transistor  are 
preferably  connected  in  parallel.  The  level  of  current 
supplied  to  the  base  of  each  transistor  by  the  current 
supply  is  directly  proportional  to  the  associated  refer- 

so  ence  voltage. 
In  another  feature  of  the  invention,  the  reference 

voltage  device  further  includes  a  conduction  control 
device  associated  with  each  transistor  for  controlling 
the  increase  of  current  supplied  to  the  base  of  and 

55  thereby  reducing  power  losses  during  conduction  of 
that  transistor.  The  conduction  control  device  and 
storage  device  associated  with  each  transistor  are 
typically  serially  connected  together. 
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In  accordance  with  yet  another  feature  of  the  in- 
vention,  a  stabilizing  device  associated  with  each 
transistor  limits  decremental  variation  to  only  one  ref- 
erence  voltage  at  any  instant  in  time.  The  stabilizing 
device  and  reference  voltage  device  are  preferably 
connected  in  parallel  with  each  other.  The  stabilizing 
device  typically  includes  a  diode. 

Still  other  objects  and  advantages  of  the  inven- 
tion  will,  in  part,  be  obvious,  and  will,  in  part,  be  ap- 
parent  from  the  specification. 

The  invention  accordingly  comprises  several 
steps  and  a  relation  of  one  or  more  of  such  steps  with 
respect  to  each  of  the  others,  and  the  device  embody- 
ing  features  of  construction,  combination  of  elements 
and  arrangements  of  parts  which  are  adapted  to  ef- 
fect  such  steps,  all  is  exemplified  in  the  following  de- 
tailed  disclosure,  and  the  scope  of  the  invention  will 
be  indicated  in  the  claims. 

For  a  fuller  understanding  of  the  invention,  refer- 
ence  is  had  to  the  following  description  taken  in  com- 
bination  with  the  accompanying  drawings,  in  which: 

Fig.  1  is  a  schematic  diagram  of  a  ballast  which 
includes  a  bipolar  transistor  base  driving  circuit  in 
accordance  with  one  embodiment  of  the  inven- 
tion;  and 
Fig.  2  is  a  schematic  diagram  of  a  ballast  which 
includes  a  bipolar  transistor  base  driving  circuit  in 
accordance  with  an  alternative  embodiment  of 
the  invention. 
As  shown  in  Fig.  1,  a  ballast  10,  in  accordance 

with  a  first  embodiment  of  the  invention,  includes  an 
electromagnetic  interference  (EMI)  filter  200  for  pow- 
er  factor  correction  and  harmonic  content  reduction 
of  an  a.c.  current  drawn  from  an  a.c.  voltage  source 
100.  Ballast  10  also  includes  a  rectifier  300  for  recti- 
fying  the  filtered  a.c.  voltage,  an  inverter  400  for  con- 
verting  the  rectified  a.c.  voltage  produced  by  rectifier 
300  into  a  high  frequency  a.c.  voltage.  Inverter400  in- 
cludes  a  base  drive  circuit  500  for  driving  a  pair  of  bi- 
polar  power  transistors  Q1  and  Q2  of  inverter  400. 
The  high  frequency  a.c.  voltage  produced  by  inverter 
400  is  supplied  to  a  lamp  load  600  for  powering  of  the 
latter. 

EMI  filter  200  includes  a  varistorVI  which  is  con- 
nected  to  a  first  end  of  an  inductor  L1  Aand  a  first  end 
of  an  inductor  L1B.  The  other  ends  of  inductors  L1A 
and  L1  B  are  connected  to  either  end  of  a  capacitor 
C1.  A  capacitor  C7  is  connected  at  one  end  to  the 
junction  between  inductor  L1B  and  capacitor  C1  and 
at  its  other  end  to  earth  ground  (e.g.  to  a  grounded 
ballast  can).  The  output  voltage  of  filter  200  is  pro- 
duced  across  capacitor  C1  and  is  then  rectified  by 
rectifier  300. 

Rectifier  300  includes  four  diodes  D1,  D2,  D3and 
D4.  The  anode  of  diode  D1  and  cathode  of  diode  D2 
are  connected  to  the  junction  between  inductor  L1A 
and  capacitor  C1  .  The  anode  of  diode  D3  and  cathode 
of  diode  D4  are  connected  at  a  first  junction  joining 

capacitors  C1  and  C7  and  inductor  L1  B  together.  The 
cathodes  of  diodes  D1  and  D3  are  connected  togeth- 
er  at  a  second  junction.  The  anodes  of  diodes  D2  and 
D4  are  also  connected  together.  The  junctions  be- 

5  tween  the  cathodes  of  diodes  D1  and  D3  and  the 
anodes  of  diodes  D2  and  D4  serve  as  the  outputs  of 
rectifier  300  and  are  connected  to  a  buffer  (e.g.  elec- 
trolytic)  capacitor  C11,  the  latter  of  which  is  shown 
within  inverter  400.  Alternatively,  capacitor  C11  can 

10  be  viewed  as  part  of  and  across  the  output  of  rectifier 
300. 

Inverter  400,  which  is  of  the  push-pull  oscillator 
type,  also  includes  an  inductor  L2  connected  at  one 
end  to  the  junction  joining  capacitor  C11  and  the 

15  anodes  of  diodes  D2  and  D4  together.  A  resistor  R1 
is  connected  to  the  junction  joining  capacitor  C11,  the 
cathodes  of  diodes  D1  and  D3  and  a  center  tap  TP3 
of  an  inductor  PW  together.  Inductor  PW  serves  as 
the  primary  winding  of  a  transformer  T1.  The  other 

20  end  of  resistor  R1  is  connected  to  a  first  end  of  a  re- 
sistor  R2  and  to  a  first  end  of  a  resistor  R3.  The  other 
end  of  inductor  L2  is  connected  to  an  emitter  of  a  bi- 
polar  NPN  transistor  Q2,  a  collector  of  an  NPN  tran- 
sistor  Q5  and  an  emitter  of  a  bipolar  NPN  transistor 

25  Q1.  The  other  end  of  resistor  R3  is  connected  to  a 
base  of  transistor  Q2,  an  emitter  of  a  bipolar  NPN 
transistor  Q4  and  one  end  of  a  resistor  R5. 

The  other  end  of  resistor  of  R2  is  connected  to  the 
junction  joining  a  base  of  transistor  Q5,  a  collector  of 

30  an  NPN  transistor  Q8  and  a  resistor  R9.  The  anodes 
of  a  pair  of  diodes  D5  and  D8  are  connected  to  the 
other  end  of  resistor  R9.  The  emitter  of  transistor  Q5 
is  connected  to  one  end  of  a  resistor  R6  and  a  base 
of  transistor  Q8.  The  other  end  of  resistor  R6  is  con- 

35  nected  to  the  anodes  of  a  pair  of  diodes  D6  and  D7 
and  an  emitter  of  transistor  Q8.  The  cathode  of  diode 
D6  is  connected  to  one  end  of  a  capacitor  C2,  a  base 
of  a  bipolar  NPN  transistor  Q3,  one  end  of  an  inductor 
TW  and  one  end  of  a  resistor  R4.  Inductor  TW,  which 

40  is  the  tertiary  winding  of  a  transformer  T1,  is  com- 
monly  referred  to  as  the  base  winding  (i.e.  the  base 
winding  for  supplying  power  to  the  bases  of  transis- 
tors  Q1  and  Q2).  The  otherend  of  capacitor  C2  is  con- 
nected  to  the  cathode  of  diode  D5  and  a  collector  of 

45  transistor  Q3.  The  emitter  of  transistor  Q3  is  connect- 
ed  to  the  other  end  of  resistor  R4  and  a  base  of  tran- 
sistor  Q1. 

The  cathode  of  diode  D7  is  connected  to  one  end 
of  a  capacitor  C3,  a  base  of  transistor  of  Q4,  the  other 

so  end  of  resistor  R5  and  the  other  end  of  tertiary  wind- 
ing  TW  of  transformer  T1  .  The  other  end  of  capacitor 
C3  is  connected  to  the  cathode  of  diode  D8  and  a  col- 
lector  of  transistor  Q4.  Resistors  R2,  R4,  R5,  R6  and 
R9,  diodes  D5,  D6,  D7  and  D8,  capacitors  C2  and  C3, 

55  tertiary  winding  TW  of  transformer  T1  and  transistors 
Q3,  Q4  and  Q8  serve  together  as  base  drive  circuit 
500  for  bipolar  transistors  Q1  and  Q2  as  further  dis- 
cussed  below. 
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Connected  to  a  collector  of  transistor  Q2  is  a  first 
end  of  a  capacitor  C1  3  and  a  first  end  of  pri  mary  wind- 
ing  PW.  The  other  end  of  capacitor  C13  is  connected 
to  one  end  of  a  capacitor  C15.  The  other  end  of  ca- 
pacitor  C1  5  is  connected  to  a  collector  of  transistor  Q1 
and  the  other  end  of  primary  winding  PW. 

A  secondary  winding  SW  of  transformer  T1  is 
connected  at  one  end  to  a  pair  of  first  ends  of  a  ca- 
pacitor  C20  and  a  capacitor  C22.  The  other  ends  of 
secondary  winding  SW  and  capacitors  C20  and  C22 
serve  as  the  outputs  for  inverter  400  to  which  lamp 
load  600  is  connected.  Lamp  load  600  includes  a  pair 
of  fluorescent  lamps  LL1  and  LL2. 

Ballast  1  0  operates  as  follows.  Varistor  V1  serves 
as  a  current  protection/limiting  device  for  ballast  10. 
Inductors  LIAand  L1B  and  capacitor  C1  serve  as  a 
filter  for  power  factor  correction  and  harmonic  con- 
tent  reduction  of  the  a.c.  current  drawn  by  filter  200 
from  voltage  source  100.  Capacitor  C7  of  filter  200 
serves  as  a  common  mode  capacitor  to  ground.  The 
output  of  filter  200,  that  is,  the  voltage  across  capac- 
itor  C1,  is  supplied  to  rectifier  300  for  rectification  of 
the  a.c.  voltage  across  capacitor  C1.  The  rectified 
a.c.  voltage  produced  by  rectifier  300  is  stored  across 
buffer  (e.g.  electrolytic)  capacitor  C11.  The  peak  vol- 
tage  across  capacitor  C1  appears  across  capacitor 
C11  .  The  voltage  across  capacitor  C11  serves  as  the 
bus  voltage  for  inverter  400.  Typically,  the  bus  voltage 
is  about  1  50  volts  or  about  345  volts  when  the  voltage 
applied  to  filter  200  by  voltage  source  100  is  about 
120  volts  or  about  277  volts,  respectively.  The  bus 
voltage  is  applied  to  center  tap  TP3  of  primary  wind- 
ing  PW. 

Inductor  L2  serves  as  a  current  radio  frequency 
choke  providing  constant  current  to  inverter  400.  Ca- 
pacitors  C20  and  C22  serve  as  ballasts  for  lamps  LL1 
and  LL2,  respectively.  Typically,  the  voltage  across 
secondary  winding  SW  of  transformer  T1  is  about  550 
volts  RMS;  the  lamp  current  flowing  through  each  of 
capacitors  C20  and  C22  being  approximately  180 
milliamperes  at  steady  state  full  load  conditions. 

Primary  winding  PW  resonates  with  capacitors 
C13  and  C15  to  produce  a  desired  resonant 
tank/tuned  oscillating  frequency.  Transistors  Q1  and 
Q2  are  switched  by  base  drive  circuit  500  for  refresh- 
ing  capacitors  C13  and  C15  and  primary  winding  PW 
of  the  resonant  tank  circuit. 

The  ignition  scheme  for  starting  the  resonant 
tank  circuit  (i.e.  initiating  oscillation)  includes  resis- 
tors  R1  and  R3.  Current  flows  through  resistors  R1 
and  R3  for  proper  bias  of  transistors  Q1  and  Q2  in  ini- 
tiating  oscillation  of  the  resonant  tank  circuit  (i.e.  for 
initial  switching  of  transistors  Q1  and  Q2). 

Capacitors  C2  and  C3  are  charged  and  dis- 
charged  at  different  times.  There  are  no  periods  of 
time  when  capacitors  C2  and  C3  are  both  charging  or 
when  both  capacitors  C2  and  C3  are  both  discharg- 
ing.  Following  discharge,  capacitors  C2  and  C3  are 

neither  charging  nor  discharging  (referred  to  herein- 
after  as  "idling").  The  operational  sequence  of  each 
capacitor  C2  and  C3  includes  charging  (during  ap- 
proximately  1/2  of  each  oscillation  cycle)  followed  by 

5  discharging  (during  approximately  1/20  of  each  oscil- 
lation  cycle)  followed  by  idling  (during  approximately 
1/2  of  each  oscillation  cycle)  before  repeating  the 
foregoing  sequence. 

Capacitor  C2  begins  to  charge  once  transistor  Q1 
10  is  completely  turned  OFF  and  continues  to  charge  un- 

til  transistor  Q2  begins  to  turn  OFF.  Current  for  charg- 
ing  capacitor  C2  flows  from  capacitor  C11  through  re- 
sistors  R1  ,  R2  and  R9,  diode  D5,  capacitor  C2,  terti- 
ary  winding  TW,  resistor  R5,  base-emitter  junction  of 

15  transistor  Q2  and  inductor  L2  before  returning  to  ca- 
pacitor  C11.  The  forward  base  current  for  switching 
transistor  Q2  is  based  on  the  voltage  across  capacitor 
C2  as  further  explained  below. 

Capacitor  C3  begins  to  charge  once  transistor  Q2 
20  is  completely  turned  OFF  and  continues  to  charge  un- 

til  transistor  Q1  begins  to  turn  OFF.  Current  for  charg- 
ing  of  capacitor  C3  flows  from  capacitor  C1  1  through 
resistors  R1  ,  R2  and  R9,  diode  D8,  capacitor  C3,  ter- 
tiary  winding  TW,  resistor  R4,  the  base-emitter  junc- 

25  tion  of  transistor  Q1  and  inductor  L2  before  returning 
to  capacitor  C1  1  .  The  forward  base  current  for  tran- 
sistor  Q1  is  based  on  the  voltage  across  capacitor  C3 
as  further  explained  below. 

As  transistor  Q2  or  Q1  is  being  turned  OFF,  a 
30  large  spike  or  reverse  base  current  from  the  transis- 

tor  being  turned  OFF  sufficient  for  turning  ON  the 
other  transistor  (Q1  or  Q2)  is  sensed  by  resistor  R4 
or  R5,  respectively.  The  voltage  developed  across  re- 
sistor  R4  or  R5,  as  transistor  Q2  or  transistor  Q1  be- 

35  gins  to  turn  OFF,  is  sufficient  to  turn  ON  sensing  tran- 
sistors  Q3  or  Q4,  respectively.  The  reverse  base  cur- 
rent  of  transistor  Q2  or  Q1  now  flows,  in  part,  through 
the  emitter-collector  path  of  transistor  Q4  or  Q3,  re- 
spectively.  For  each  oscillation  of  the  resonant  tank 

40  circuit,  discharge  current  from  capacitor  C3  flows 
along  a  path  which  includes  the  collector-emitter  path 
of  transistor  Q4,  the  base-collector  junction  of  tran- 
sistor  Q2,  primary  winding  PW,  the  collector-base 
junction  of  transistor  Q1,  resistor  R4  and  tertiary 

45  winding  TW  before  returning  to  capacitor  C3.  Similar- 
ly,  during  each  oscillation  of  the  resonant  tank  circuit, 
discharge  current  from  capacitor  C2  flows  along  a 
path  which  includes  the  collector-emitter  path  of  tran- 
sistorQ3,  base-collector  junction  of  transistor  Q1,  pri- 

50  mary  winding  PW,  collector-base  junction  of  transis- 
tor  Q2,  resistor  R5  and  tertiary  winding  TW  before  re- 
turning  to  capacitor  C2. 

During  one-half  of  each  oscillation  cycle  of  the 
resonant  tuned  circuit,  capacitor  C3  serves  to  set  the 

55  voltage  across  resistor  R6.  During  the  other  half  cycle 
of  oscillation  of  the  resonant  tuned  circuit,  capacitor 
C2  serves  to  set  the  voltage  across  resistor  R6.  The 
voltage  across  resistor  R6  set  by  capacitor  C3  is  de- 

4 
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signed  to  be  approximately  equal  to  the  sum  of  the 
voltages  across  capacitor  C3  and  resistor  R9  less  the 
voltage  drop  across  diode  D7.  Similarly,  the  voltage 
developed  across  resistor  R6  during  the  other  half  cy- 
cle  of  oscillation  is  designed  to  be  approximately 
equal  to  the  sum  of  the  voltages  across  capacitor  C2 
and  resistor  R9  less  the  voltage  drop  across  diode  D6. 

During  one-half  of  each  oscillation  cycle,  capac- 
itor  C3  controls  (i.e.  establishes)  the  voltage  devel- 
oped  across  and  therefore  the  current  flowing 
through  resistor  R6.  During  the  other  half  cycle  of 
each  oscillation,  capacitor  C2  controls  (i.e.  estab- 
lishes)  the  voltage  developed  across  and  therefore 
the  current  flowing  through  resistor  R6. 

Shortly  after  the  resonant  tank  circuit  begins  to 
oscillate,  a  voltage  of  sufficiently  high  amplitude  de- 
velops  across  the  resonant  tank  circuit  to  turn  ON 
transistor  Q5.  Current  for  forward  biasing  of  transistor 
Q2  flows  from  tertiary  winding  TW  along  a  path  which 
includes  resistor  R5,  the  base-emitter  junction  of 
transistor  Q2,  the  collector-emitter  path  of  transistor 
Q5,  resistor  R6  and  diode  D6  before  returning  to  ter- 
tiary  winding  TW.  Current  for  forward  biasing  of  tran- 
sistor  Q1  flows  from  tertiary  winding  TW  along  a  path 
which  includes  resistor  R4,  the  base-emitter  junction 
of  transistor  Q1,  the  collector-emitter  path  of  transis- 
tor  Q5,  resistor  R6  and  diode  D7  before  returning  to 
tertiary  winding  TW.  In  other  words,  current  for  for- 
ward  biasing  by  the  transistor  Q1  or  Q2  always  flows 
through  resistor  R6.  By  controlling  the  current  flowing 
through  resistor  R6,  capacitors  C2  and  C3  control  the 
forward  base  drive  of  transistors  Q1  and  Q2,  respec- 
tively.  The  average  voltage  across  capacitors  C2  and 
C3  is  maintained  at  a  relatively  constant  value  during 
steady-state  operation  of  lamp  load  600. 

Of  particular  importance  are  the  two  self- 
correcting  feedback  circuits  for  maintaining  transis- 
tors  Q1  and  Q2  in  relatively  lightly  saturated,  conduc- 
tive  states.  The  discharge  paths  of  capacitors  C2  and 
C3  serve  as  respective  feedback  circuits.  The  first 
feedback  path  (i.e.  discharge  path  of  capacitor  C3)  in- 
cludes  the  collector-base  junction  and  therefore  the 
minority  carrier  charge  stored  in  a  collector  of  transis- 
tor  Q1  .  When  more  or  less  current  flows  into  the  base 
of  transistor  Q1  during  a  push-pull  cycle,  the  amount 
of  minority  carrier  charge  stored  in  the  collector  of 
transistor  Q1  varies.  During  discharge  of  capacitor  C3 
such  variation  in  stored  minority  carrier  charge  of  col- 
lector  Q1  is  reflected  in  the  level  to  which  capacitor  C3 
discharges.  For  example,  when  transistor  Q1  is  tem- 
porarily  driven  into  deep  saturation  due  to  a  reduction 
in  power  consumed  by  lamp  load  600,  the  minority 
carrier  charge  of  the  collector  of  transistor  Q1  in- 
creases  thereby  lowering  the  level  of  voltage  to  which 
capacitor  C3  discharges.  When  the  power  consumed 
by  lamp  load  600  increases,  the  minority  carrier 
charge  stored  in  the  collector  of  transistor  Q1  de- 
creases  thereby  raising  the  voltage  level  to  which  ca- 

pacitor  C3  discharges. 
Similarly,  the  voltage  across  capacitor  C2  follow- 

ing  discharge  reflects  changes  in  the  amount  of  mi- 
nority  carrier  charge  stored  in  the  collector  of  transis- 

5  tor  Q2  based  on  variations  in  power  consumption  of 
lamp  load  600.  When  transistor  Q2  is  temporarily  driv- 
en  into  deep  saturation  due  to  a  reduction  in  power 
consumed  by  lamp  load  600,  the  minority  carrier 
charge  of  the  collector  of  transistor  Q2  increases 

10  thereby  lowering  the  level  of  voltage  to  which  capac- 
itor  C2  discharges.  When  the  power  consumed  by 
lamp  load  600  increases,  the  minority  carrier  charge 
in  the  collector  of  transistor  Q2  decreases  thereby 
raising  the  voltage  level  to  its  capacitor  C2  discharg- 

15  es. 
Transistor  Q8  limits  the  current  flowing  through 

resistor  R6  during  the  separate  charging  of  capacitors 
C2  and  C3.  When  the  voltage  across  resistor  R6  is 
sufficient  to  turn  ON  transistor  Q8,  a  portion  of  the 

20  current  flowing  into  the  base  of  transistor  Q5  is  now 
diverted  through  the  collector-emitter  path  of  transis- 
tor  Q8  into  the  junction  joining  the  anode  of  diodes  D6 
and  D7  and  resistor  R6  together.  By  limiting  the  flow 
of  current  into  the  base  of  transistor  Q5,  the  emitter 

25  current  of  transistor  Q5  during  forward  biasing  of 
transistors  Q1  and  Q2  is  limited  to  a  predetermined 
level. 

The  voltage  across  resistor  R6  is  designed  to  be 
greater  than  the  voltage  across  resistor  R5  during  for- 

30  ward  biasing  of  transistor  Q2  and  to  be  greater  than 
the  voltage  across  resistor  R4  during  forward  biasing 
of  transistor  Q1  .  The  voltage  developed  across  resis- 
tor  R6  is  limited  by  transistor  Q8  (i.e.  limited  by  the 
level  of  transistor  Q5  emitter  current)  so  that  the  vol- 

35  tage  developed  across  resistor  R5  during  charging  of 
capacitor  C2  is  insufficient  to  turn  ON  transistor  Q4. 
By  preventing  transistor  Q4  from  being  turned  ON, 
discharging  of  capacitor  C3  during  charging  of  capac- 
itor  C2  is  prevented.  Similarly,  the  voltage  developed 

40  across  resistor  R4  during  charging  of  capacitor  C3  is 
insufficient  to  turn  ON  transistor  Q3.  Discharge  of  ca- 
pacitor  C2  during  charging  of  capacitor  C3  is  there- 
fore  prevented. 

By  preventing  capacitor  C2  from  discharging 
45  while  capacitor  C3  is  being  charged,  transistor  Q8 

serves  to  stabilize  oscillator  operation.  That  is,  tran- 
sistor  Q8  prevents  the  untimely  discharge  of  capaci- 
tor  C3  imposing  a  very  low  voltage  across  resistor  R6 
resulting  in  a  level  of  transistor  Q1  forward  base  cur- 

50  rent  being  too  low  to  turn  ON  transistor  Q1  .  There  is 
no  change  in  the  voltage  across  capacitor  C2  during 
charging  and  discharging  of  capacitor  C3.  Transistor 
Q8  also  prevents  capacitor  C3  from  discharging  whi  le 
capacitor  C2  is  being  charged  and  therefore  serves  to 

55  stabilize  oscillator  operation  during  the  charging  of 
capacitor  C2.  That  is,  transistor  Q8  prevents  the  un- 
timely  discharge  of  capacitor  C2  imposing  a  very  low 
voltage  across  resistor  R6  resulting  in  a  level  of  tran- 

5 
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sistor  Q2  forward  base  current  being  too  low  to  turn 
ON  transistor  Q2.  There  is  no  change  in  the  voltage 
across  capacitor  C3  during  charging  and  discharging 
of  capacitor  C2.  Transistor  Q8  can  also  be  viewed  as 
diverting  the  flow  of  current  away  from  capacitors  C2 
and  C3  during  charging  of  these  capacitors. 

Resistor  R9  serves  to  control  the  shape  of  the 
voltage  waveform  across  resistor  R6  to  permit  tran- 
sistors  Q1  and  Q2  to  be  driven  into  deeper  saturation 
(i.e.  smaller  emitter-collector  voltage  drop)  so  as  to 
decrease  transistor  conduction  losses. 

In  accordance  with  an  alternative  embodiment  of 
the  invention,  a  ballast  20,  as  shown  in  Fig.  2,  is  sim- 
ilar  in  construction  and  operation  to  ballast  10  of  Fig. 
1.  Those  elements  of  ballasts  10  and  20  of  similar 
construction  and  operating  in  a  similar  manner  have 
been  identified  by  like  reference  numerals  and  will 
not  be  further  discussed  herein.  The  differences  be- 
tween  ballast  20  and  ballast  1  0  relate  to  the  protection 
of  transistors  Q1  and  Q2  and  the  discharge  (feed- 
back)  and  charging  paths  of  capacitors  C2  and  C3. 

Base  driving  circuit  700  of  ballast  20  includes  re- 
sistor  R2  connected  to  the  anodes  of  diodes  D9,  D10 
and  D11.  The  cathode  of  diode  D11  is  connected  to 
the  junction  joining  one  end  of  inductor  L2,  the  collec- 
tors  of  a  pair  of  bipolar  NPN  transistors  Q6  and  Q7 
and  the  emitters  of  transistors  Q1  and  Q2  together. 
The  cathode  of  diode  D9  is  connected  to  the  anode 
of  a  diode  D14  and  the  base  of  transistor  Q7.  The 
cathode  of  diode  D10  is  connected  to  the  anode  of  a 
diode  D15  and  the  base  of  transistor  Q6.  The  emitter 
of  transistor  Q7  is  connected  to  the  junction  joining 
the  base  of  transistor  Q2,  resistors  R3  and  R5  and  the 
emitter  of  transistor  Q4  together.  The  emitter  of  tran- 
sistor  Q6  is  connected  to  the  emitter  of  transistor  Q3, 
the  base  of  transistor  Q1  and  one  end  of  resistor  R4. 

The  cathode  of  diode  D14  is  connected  to  one 
end  of  a  resistor  R8  and  the  anode  of  a  diode  D1  7.  The 
other  end  of  resistor  R8  is  connected  to  one  end  of  ca- 
pacitor  C3  and  the  collector  of  transistor  Q4.  The 
cathode  of  diode  of  D17  is  connected  to  the  junction 
joining  capacitor  C3,  the  base  of  transistor  Q4,  resis- 
tor  R5  and  a  ferrite  bead  B1  together.  The  other  end 
of  ferrite  bead  B1  is  connected  to  one  end  of  tertiary 
winding  TW. 

The  cathode  of  diode  D15  is  connected  to  the 
anode  of  diode  D1  6  and  one  end  of  a  resistor  R7.  The 
cathode  of  diode  D16  is  connected  to  the  junction 
joining  capacitor  C2,  the  base  of  transistor  Q3,  terti- 
ary  winding  TW  and  resistor  R4  together.  The  other 
end  of  resistor  R7  is  connected  to  the  junction  joining 
capacitor  C2  and  the  collector  of  transistor  Q3  togeth- 
er. 

Resistors  R2,  R4,  R5,  R7  and  R8,  diodes  D9, 
D10,  D11,  D14,  D15,  D16and  D1  7,  capacitors  C2  and 
C3,  transistors  Q3,  Q4,  Q6  and  Q7,  ferrite  bead  B1 
and  tertiary  winding  TW  in  combination  serve  as  a 
base  drive  circuit  700  for  switching  ON  and  OFF  tran- 

sistors  Q1  and  Q2. 
Aside  from  base  drive  circuit  700,  ballast  20  also 

differs  from  ballast  10  in  that  the  junction  joining  the 
anodes  of  diodes  D2  and  D4  and  inductor  L2  together 

5  is  also  connected  through  a  pair  of  diodes  D12  and 
D13  to  a  pair  of  taps  TP1  and  TP2  of  primary  winding 
PW,  respectively.  Ballast  20  is  capable  of  powering  a 
lamp  load  800  which  includes  fluorescent  lamps  LL1  , 
LL2,  LL3  and  LL4.  Ballast  20  includes  capacitors  C20, 

10  C22,  C24  and  C26  for  ballasting  lamps  LL1  ,  LL2,  LL3 
and  LL4,  respectively. 

Operation  of  ballast  20  is  substantially  the  same 
as  previously  described  with  respect  to  ballast  10  in 
that  capacitors  C2  and  C3  provide  reference  voltages 

15  for  establishing  (controlling)  the  forward  base  current 
supplied  to  transistors  Q2  and  Q1,  respectively.  Cur- 
rent  for  charging  capacitor  C3  flows  from  capacitor 
C11  through  resistors  R1  and  R2,  diodes  D9  and  D14, 
resistor  R8,  capacitor  C3,  ferrite  bead  B1,  tertiary 

20  winding  TW,  resistor  R4,  base-emitter  junction  of 
transistor  Q1  and  inductor  L2  before  returning  to  ca- 
pacitor  C11.  Current  for  charging  capacitor  C2  flows 
from  capacitor  C11  through  resistors  R1  and  R2,  di- 
odes  D1  0  and  D1  5,  resistor  R7,  capacitor  C2,  tertiary 

25  winding  TW,  ferrite  bead  B1,  resistor  R5,  base- 
emitter  junction  of  transistor  Q2  and  inductor  L2  be- 
fore  returning  to  capacitor  C11  . 

The  discharge  (feedback)  path  of  capacitor  C3  in- 
cludes  the  loop  formed  by  capacitor  C3,  emitter-col- 

30  lector  path  of  transistor  Q4,  base-collector  junction  of 
transistor  Q2,  primary  winding  PW,  collector-base 
junction  of  transistor  Q1  ,  resistor  R4,  tertiary  winding 
TW  and  ferrite  bead  B1  .  The  discharge  (feedback) 
path  of  capacitor  C2  includes  the  loop  formed  by  ca- 

35  pacitor  C2,  collector-emitter  path  of  transistor  Q3, 
base-collector  junction  of  transistor  Q1,  primary 
winding  PW,  collector-base  junction  of  transistor  Q2, 
resistor  R5,  ferrite  bead  B1  and  tertiary  winding  TW. 

Ballast  20  eliminates  the  need  for  resistor  R6  of 
40  ballast  10  by  now  having  capacitors  C2  and  C3  con- 

trol  the  voltages  across  resistors  R4  and  R5,  respec- 
tively.  In  other  words,  resistors  R4  and  R5  now  each 
serve  two  purposes.  Similar  to  ballast  10,  resistors 
R4  and  R5  determine  when  to  turn  ON  transistors  Q3 

45  and  Q4  for  initiating  discharge  of  capacitors  C2  and 
C3  for  purposes  of  feedback  as  discussed  above,  re- 
spectively.  Additionally,  resistors  R4  and  R5  are  also 
used  to  determine  the  level  of  forward  base  current 
for  transistors  Q2  and  Q1  by  capacitor  C2/resistor  R7 

so  and  capacitor  C3/resistor  R8  controlling  the  voltages 
developed  across  resistors  R4  and  R5,  respectively. 

The  forward  base  current  flowing  into  the  base  of 
transistor  Q1  also  flows  through  and  is  determined 
based  on  the  voltage  developed  across  resistor  R5. 

55  The  voltage  developed  across  resistor  R5  is  designed 
to  be  substantially  equal  to  the  voltage  across  the  ser- 
ies  combination  of  resistor  R8  and  capacitor  C3.  The 
forward  base  current  flowing  into  transistor  Q2  also 

6 
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flows  through  and  is  determined  based  on  the  voltage 
developed  across  resistor  R4.  The  voltage  developed 
across  resistor  R4  is  designed  to  be  substantially 
equal  to  the  voltage  across  the  series  combination  of 
resistor  R7  and  capacitor  C2.  5 

By  including  resistor  R8,  the  shape  of  the  voltage 
waveform  developed  across  resistor  R5  also  can  be 
changed  to  permit  transistor  Q1  to  be  driven  into 
deeper  saturation  (i.e.  smaller  emitter-collector  vol- 
tage  drop)  so  as  to  decrease  conduction  loss  of  tran-  10 
sistor  Q1.  Similarly,  resistor  R7  also  serves  to  re- 
shape  the  voltage  waveform  developed  across  resis- 
tor  R4  to  permit  transistor  Q2  to  be  driven  into  deeper 
saturation  so  as  to  reduce  conduction  loss  of  transis- 
tor  Q2.  As  can  readily  be  appreciated,  in  an  alterna-  15 
tive  embodiment  of  the  invention  resistors  R7and  R8 
can  be  short-circuited  provided  higher  conduction 
losses  can  be  tolerated. 

Ballast  20  unlike  ballast  10  also  includes  ferrite 
bead  B1,  that  is,  an  inductor.  Ferrite  bead  B1  serves  20 
to  increase  the  rise  time  of  the  current  spike  created 
by  the  flow  of  reverse  base  current  of  transistor  Q1 
or  Q2  flowing  through  tertiary  winding  TW.  The  in- 
creased  rise  time  permits  removal  more  efficiently  of 
minority  carriers  stored  in  the  collector  of  the  transis-  25 
tor  (i.e.  Q1  or  Q2)  which  is  being  turned  OFF.  There 
are  therefore  less  switching  losses  in  the  collector 
when  the  transistor  is  turned  OFF. 

Diode  D17  limits  the  voltage  across  the  series 
combination  of  capacitor  C3  and  resistor  R8  during  30 
charging  and  discharging  of  capacitor  C3.  The  voltage 
across  diode  D17  is  designed  to  be  equal  to  the  vol- 
tage  across  resistor  R4.  Since  the  voltage  across  re- 
sistor  R4  is  limited  to  the  threshold  voltage  of  diode 
D1  7,  the  voltage  developed  across  resistor  R4  during  35 
charging  and  discharging  of  capacitor  C3  is  insuffi- 
cient  to  turn  ON  transistor  Q3  and  thereby  permit  dis- 
charge  of  capacitor  C2.  In  other  words,  diode  D1  7  pre- 
vents  capacitor  C2  from  discharging  when  capacitor 
C3  is  being  charged  and  therefore  serves  to  stabilize  40 
oscillator  operation  (i.e.  prevent  the  push-pull  oscilla- 
tor  from  being  turned  OFF).  There  is  no  change  in  the 
voltage  across  capacitor  C2  during  charging  and  dis- 
charging  of  capacitor  C3,  that  is,  the  voltage  across 
capacitor  C2  is  maintained  at  the  same  level  during  its  45 
idling  state. 

Diode  D16,  similar  to  diode  D17,  prevents  capac- 
itor  C3  from  discharging  when  capacitor  C2  is  being 
charged.  More  particularly,  the  voltage  across  capac- 
itor  C2  and  resistor  R7  is  limited  to  the  threshold  vol-  50 
tage  of  diode  D16  during  charging  of  capacitor  C2. 
The  voltage  across  resistor  R5  is  designed  to  be  equal 
to  the  voltage  across  diode  D16  and  therefore  can 
never  exceed  the  threshold  voltage  of  diode  D16 
when  capacitor  C2  is  being  charged.  Therefore,  when  55 
capacitor  C2  is  being  charged,  transistor  Q4  cannot 
be  turned  ON  and  therefore  prevents  discharge  of  ca- 
pacitor  C3.  In  other  words,  capacitor  C3  is  prevented 

from  discharging  when  capacitor  C2  is  being  charged 
and  therefore  serves  to  stabilize  oscillator  operation 
(i.e.  prevents  oscillator  from  being  turned  OFF). 
There  is  no  change  in  the  voltage  across  capacitor  C3 
during  charging  and  discharging  of  capacitor  C2,  that 
is,  the  voltage  across  capacitor  C2  is  maintained  at 
the  same  level  during  its  idling  state. 

The  source  of  current  for  forward  biasing  transis- 
tor  Q1  is  produced  by  tertiary  (base)  winding  TW.  The 
path  of  forward  base  current  for  transistor  Q1  flows 
from  tertiary  winding  TW  through  resistor  R4  through 
the  base-emitter  junction  of  transistor  Q1,  the  collec- 
tor-emitter  path  of  transistor  Q7,  resistor  R5  and  fer- 
rite  bead  B1  before  returning  to  tertiary  winding  TW. 
The  forward  base  current  for  transistor  Q2,  which  is 
also  produced  by  tertiary  TW,  flows  from  tertiary 
winding  TW  through  ferrite  bead  B1,  resistor  R5, 
base-emitter  junction  of  transistor  Q2,  collector-emit- 
ter  path  of  transistor  Q6  and  resistor  R4  before  return- 
ing  to  tertiary  winding  TW. 

Diode  D12  will  turn  ON  when  the  voltage  devel- 
oped  between  taps  TP1  and  TP3  of  primary  winding 
PW  exceeds  the  voltage  across  capacitor  C11  .  Sim- 
ilarly,  diode  D13  will  turn  ON  when  the  voltage  be- 
tween  taps  TP2  and  TP3  is  greater  than  the  voltage 
across  capacitor  C11.  Consequently,  the  magnetiz- 
ing  current  of  primary  winding  PW  is  diverted  to  ca- 
pacitor  C11  whenever  the  voltage  difference  between 
the  collectors  of  transistors  Q1  and  Q2  exceeds  a 
predetermined  level.  Any  undesired  voltages  (e.g. 
voltage  s  pi  kes)  which  ap  pear  across  pri  mary  wi  nd  i  ng 
PW  are  diverted  from  transistors  Q1  and  Q2  thereby 
protecting  these  transistors. 

In  accordance  with  yet  another  alternative  em- 
bodiment  of  the  invention,  resistor  R2  can  be  short- 
circuited,  diode  D11  can  be  open  circuited  and  diodes 
D9  and  D10  can  be  replaced  with  a  corresponding 
pair  of  resistors  in  orderto  reduce  the  number  of  com- 
ponents  and  particularly  the  number  of  diodes  re- 
quired.  As  can  also  be  readily  appreciated,  the  source 
for  biasing  transistors  Q6  and  Q7  need  not  be  derived 
from  the  junction  formed  by  capacitor  C11  and  the 
cathodes  of  diodes  D1  and  D3.  For  example,  biasing 
of  transistors  Q6  and  Q7  can  be  provided  from  the 
junction  between  the  collectors  of  transistors  Q6  and 
Q7  or  from  a  tap  of  inductor  L2. 

As  now  can  be  readily  appreciated,  ballast  10  and 
ballast  20  each  provide  two  discharge/feedback 
paths  which  are  independent  of  one  another.  Transis- 
tors  Q1  and  Q2  need  not  have  the  same  characteris- 
tics,  such  as,  but  not  limited  to,  current  gain,  storage 
time  or  saturation  voltage. 

Unlike  conventional  base  driving  schemes  in 
which  high  switching  losses  can  occur  during  no  load 
conditions,  the  present  invention  by  sensing  changes 
in  the  minority  carrier  charge  stored  in  the  collectors 
of  the  power  transistors  avoids  deep  saturation  of  the 
power  transistors.  Switching  losses  during  no  load 
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conditions  are  therefore  minimized. 
Power  losses  associated  with  transistors  Q1  and 

Q2  regardless  of  load  conditions  are  minimized.  Base 
drive  circuits  500  and  700  can  accommodate  a  wide 
range  of  in  put  voltages  while  maintaining  lossless  op- 
eration  with  minimum  loss  of  power  during  switching 
of  transistors  Q1  and  Q2.  Ballasts  10  and  20  substan- 
tially  eliminate  overshoot  of  tank  voltage  when  the 
resonant  tank  is  turned  ON.  The  need  for  a  Baker 
clamp  (and  the  relatively  high  power  losses  accompa- 
nying  the  Baker  clamp)  is  eliminated  by  base  drive  cir- 
cuits  500  and  700.  Losses  in  base  drive  circuits  500 
and  700  are  relatively  lower  than  in  a  conventional 
base  driving  scheme  inasmuch  as  the  level  of  current 
required  to  drive  the  power  transistors  is  maintained 
at  a  relatively  lower  level. 

Base  drive  circuits  500  and  700  also  do  not  em- 
ploy  a  proportional  driving  scheme,  that  is,  maintain- 
ing  a  constant,  forced  current  gain  for  the  power  tran- 
sistors.  The  forced  current  gain  of  transistor  Q1 
and/or  Q2  can  vary  based  on  and  to  accommodate 
variations  in  lamp  load  600  or  800  and/or  transistor 
characteristics. 

The  base  driving  scheme  in  accordance  with  the 
present  invention  provides  base  current  to  individual 
power  switching  bipolar  transistors.  The  amount  of 
forward  base  drive  is  dependent  on  lamp  load  600  or 
800.  In  other  words,  the  switching  characteristics 
vary  based  on  lamp  load  600  or  800  in  response  to  de- 
tection  of  lightly  saturated  conditions  of  transistors 
Q1  and  Q2.  Detection  of  such  lightly  saturated  con- 
ditions  is  based  on  detection  of  a  signal  representing 
the  storage  of  collector  minority  carriers  ineithertran- 
sistor  Q1  or  Q2.  This  signal  flows  within  the  feedback 
path  during  discharge  of  the  associated  reference  ca- 
pacitor  (i.e.  capacitor  C2  or  C3). 

The  base  driving  scheme  in  accordance  with  the 
invention  therefore  results  in  switching  of  bipolartran- 
sistors  much  more  quickly  by  reducing  the  amount  of 
stored  minority  carriers  within  the  power  transistors. 
Advantageously,  the  switching  times  of  the  bipolar 
transistors  approach  the  switching  times  of  a  field  ef- 
fect  transistor  (FET). 

It  will  thus  been  seen  that  the  objects  set  forth 
above,  among  those  made  apparent  from  the  preced- 
ing  description,  are  efficiently  attained  and  since  cer- 
tain  changes  may  be  made  in  the  above  construc- 
tions  without  departing  from  the  spirit  and  scope  of 
the  invention,  it  is  intended  that  all  matter  contained 
in  the  above  description  and  shown  in  the  accompa- 
nying  drawings  shall  be  interpreted  as  illustrative  and 
not  in  a  limiting  sense. 

It  is  also  to  be  understood  that  the  following 
claims  are  intended  to  cover  all  of  the  generic  and 
specific  features  of  the  invention  herein  described, 
and  all  statements  of  the  scope  of  the  invention 
which,  as  a  matter  of  language,  might  be  said  to  fall 
therebetween. 

Claims 

1.  A  driving  circuit  for  one  or  more  bipolar  transis- 
tors,  each  transistor  having  a  base  and  a  minority 

5  carrier  charge,  comprising: 
reference  voltage  means  for  producing  a 

reference  voltage  associated  with  each  transis- 
tor; 

current  supply  means  for  supplying  cur- 
io  rent  to  the  base  of  each  transistor  based  on  the 

associated  reference  voltage;  and 
feedback  means  associated  with  each 

transistor  for  varying  the  reference  voltage  asso- 
ciated  with  that  transistor  based  on  the  minority 

15  carrier  charge  stored  in  the  latter. 

2.  The  driving  circuit  of  claim  1,  wherein  the  refer- 
ence  voltage  means  includes  a  storage  device  for 
each  of  the  transistors,  the  voltage  across  each 

20  storage  device  serving  as  the  reference  voltage 
for  the  associated  transistor. 

3.  The  driving  circuit  of  claim  2,  wherein  a  capacitor 
serves  as  the  storage  device. 

25 
4.  The  driving  circuit  of  claim  1  ,  2  or  3,  wherein  the 

feedback  means  includes  switching  means  asso- 
ciated  with  each  transistor  responsive  to  the  con- 
ductive  state  of  that  transistor  for  controlling 

30  when  a  change  in  the  associated  reference  vol- 
tage  occurs. 

5.  Driving  circuit  according  to  claim  3  and  4,  wherein 
the  switching  means  and  capacitor  associated 

35  with  each  transistor  are  coupled. 

6.  Driving  circuit  according  to  any  of  the  previous 
claims,  wherein  the  current  supply  means  in- 
cludes  current  control  means  for  controlling  the 

40  level  of  current  supplied  to  the  base  of  each  tran- 
sistor. 

7.  Driving  circuit  according  to  any  of  the  previous 
claims,  wherein  the  level  of  current  supplied  to 

45  the  base  of  each  transistor  by  said  current  supply 
means  is  proportional  to  the  associated  refer- 
ence  voltage. 

8.  Driving  circuit  according  to  any  of  the  previous 
so  claims,  further  including  stabilizing  means  asso- 

ciated  with  each  transistor  for  limiting  variation  to 
only  one  reference  voltage  at  any  instant  in  time. 

9.  The  driving  circuit  of  claim  8,  wherein  the  stabil- 
55  izing  means  is  further  operable  for  diverting  the 

flow  of  current  away  from  the  reference  voltage 
means  and  includes  a  semiconductor  device. 
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10.  Ballast  Inverter,  comprising  a  bipolar  transistor 
and  a  driving  circuit  according  to  one  or  more  of 
the  previous  claims,  coupled  to  said  bipolar  tran- 
sistor. 
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