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(54)  Protection  circuit  used  for  deactivating  a  transistor  during  a  short  circuit  having  an  inductive 
component. 

(57)  A  protection  circuit  for  a  semiconductor 
switch  (1)  for  switching  a  load  (2)  is  disclosed. 
Control  circuitry  is  used  for  switching  the  semi- 
conductor  switch  on  in  response  to  a  switching 
signal  and  for  switching  the  semiconductor 
switch  off  in  response  to  a  deactivation  signal.  A 
deactivation  circuit  is  used  for  generating  the 
deactivation  signal.  An  overvoltage  detector  cir- 
cuit  (7)  responsive  to  a  voltage  at  an  output  of 
the  semiconductor  switch  that  exceeds  a  pre- 
determined  value  is  used  for  generating  an 
overvoltage  signal.  The  overvoltage  detector 
circuit  includes  a  Zener  diode  that  has  its 
cathode  coupled  through  a  resistor  to  the  out- 
put  of  the  semiconductor  switch  and  its  anode 
coupled  to  the  collector  of  the  diode  connected 
transistor.  A  first  logic  circuit  (17)  is  used  for 
causing  the  deactivation  circuit  to  generate  the 
deactivation  signal  in  response  to  the  switching 
signal  and  the  overvoltage  signal.  The  first  logic 
circuit  includes  a  first  npn  transistor  that  has  its 
base  coupled  through  a  resistor  to  receive  the 
switching  signal.  A  second  npn  transistor  re- 
ceives  the  overvoltage  signal  through  a  resistor 
at  its  base.  The  collector  of  the  first  npn  transis- 
tor  is  coupled  to  the  collector  of  the  second  npn 
transistor.  A  third  npn  transistor  has  its  base 
coupled  to  the  collector  of  the  second  npn 
transistor.  A  first  pnp  transistor  has  its  base 
coupled  to  the  collector  of  the  third  npn  transis- 
tor.  One  of  the  two  collectors  is  coupled  to  the 
deactivation  circuit. 
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The  present  invention  relates  to  protection  cir- 
cuits  for  power  transistors,  and  more  particularly,  to 
protection  circuits  used  to  deactivate  a  transistor  in 
the  event  of  a  short-circuit  in  the  output  of  the  tran- 
sistor  that  has  an  inductive  component. 

Large  power  transistors  are  often  used  for 
switching  loads.  For  example,  a  power  transistor  may 
be  used  for  connecting  a  load  to  ground  potential  in 
order  to  draw  current  through  the  load.  Such  uses  of 
power  transistors  are  common  in  automotive  electri- 
cal  systems. 

One,  two,  or  several  power  transistors  are  typi- 
cally  integrated  into  a  single  semiconductor  chip.  One 
of  the  inputs  on  such  a  chip  receives  a  digital  switch- 
ing  signal  that  is  used  for  activating  and  deactivating 
the  power  transistor,  i.e.,  switching  it  on  and  off.  The 
main  output  of  such  a  chip  is  typically  the  collector  of 
the  power  transistor.  This  output  is  normally  connect- 
ed  to  the  load. 

The  emitter  of  the  power  transistor  is  coupled  to 
ground  internally  within  the  chip,  and  the  base  is  nor- 
mally  coupled  to  some  type  of  main  activation  and  de- 
activation  circuitry  that  is  at  least  partially  controlled 
by  the  switching  signal  to  activate  and  deactivate  the 
power  transistor. 

Although  theoretically  the  power  transistor  will 
function  properly  if  connected  to  the  proper  load, 
there  is  always  the  practical  danger  that  the  output  of 
the  chip,  i.e.,  the  collector  of  the  power  transistor,  will 
accidentally  be  short-circuited  by  connecting  it  direct- 
ly  to  a  power  source.  Various  protection  circuits  have 
been  devised  in  the  prior  art  to  guard  against  such 
short-circuiting.  Such  protection  circuits  typically  in- 
clude  some  type  of  deactivation  circuit  that  deacti- 
vates  the  power  transistor,  i.e.,  turns  it  off,  in  the 
event  of  a  short-circuit. 

It  has  been  found,  however,  that  typical  short- 
circuit  protection  circuits  will  not  protect  a  powertran- 
sistorfrom  a  short-circuit  having  an  inductive  compo- 
nent  caused  by  five  to  ten  or  more  feet  of  wire.  Such 
short-circuits  are  common  in  automotive  applications 
where  cables  having  lengths  of  five  to  ten  feet  are  fre- 
quently  employed. 

Thus,  there  is  a  need  for  a  protection  circuit  that 
will  deactivate  a  power  transistor  when  its  output  is 
shorted  to  a  power  source  with  five  to  ten  or  more  feet 
of  wire. 

Objects  and  Summary  of  the  Invention 

An  object  of  this  invention  is  to  ensure  that  reli- 
able  deactivation  occurs  during  a  short  circuit  caused 
by  a  length  of  wire. 

The  present  invention  provides  a  protection  cir- 
cuit  for  a  semiconductor  switch  for  switching  a  load 
that  includes  control  circuitry  for  switching  the  semi- 
conductor  switch  on  in  response  to  a  switching  signal 
and  for  switching  the  semiconductor  switch  off  in  re- 

sponse  to  a  deactivation  signal.  Adeactivation  circuit 
is  used  for  generating  the  deactivation  signal.  An 
overvoltage  detector  circuit  responsive  to  a  voltage  at 
an  output  of  the  semiconductor  switch  that  exceeds  a 

5  predetermined  value  is  used  for  generating  an  over- 
voltage  signal.  The  overvoltage  detector  circuit  in- 
cludes  a  resistor,  a  diode  connected  transistor,  and  a 
Zener  diode.  The  Zener  diode  has  its  cathode  cou- 
pled  through  the  resistor  to  the  output  of  the  semicon- 

10  ductor  switch  and  its  anode  coupled  to  the  collector 
of  the  diode  connected  transistor.  The  overvoltage 
signal  is  generated  at  the  emitter  of  the  diode  con- 
nected  transistor.  Afirst  logic  circuit  is  used  for  caus- 
ing  the  deactivation  circuit  to  generate  the  deactiva- 

15  tion  signal  in  response  to  the  switching  signal  and  the 
overvoltage  signal.  The  first  logic  circuit  includes  a 
first  npn  transistor  having  its  emitter  connected  to 
ground  and  its  base  coupled  through  a  resistor  to  re- 
ceive  the  switching  signal.  A  second  npn  transistor 

20  having  its  collector  coupled  through  a  resistor  to  its 
base  and  its  emitter  connected  to  ground  receives  the 
overvoltage  signal  through  a  resistor  at  its  base.  The 
collector  of  the  first  npn  transistor  is  coupled  to  the 
collector  of  the  second  npn  transistor.  Athird  npn  tran- 

25  sistor  has  its  emitter  coupled  through  a  resistor  to 
ground  and  its  base  coupled  to  the  collector  of  the 
second  npn  transistor.  A  first  pnp  transistor  having 
two  collectors  has  its  base  coupled  to  the  collector  of 
the  third  npn  transistor.  The  emitter  of  the  first  pnp 

30  transistor  is  coupled  to  a  positive  voltage  supply  and 
a  first  of  the  two  collectors  is  coupled  to  the  base  of 
the  first  pnp  transistor.  Asecond  of  the  two  collectors 
is  coupled  to  the  deactivation  circuit. 

A  better  understanding  of  the  features  and  ad- 
35  vantages  of  the  present  invention  will  be  obtained  by 

reference  to  the  following  detailed  description  of  the 
invention  and  accompanying  drawings  which  set 
forth  an  illustrative  embodiment  in  which  the  princi- 
ples  of  the  invention  are  utilized. 

40 
Brief  Description  of  the  Drawings 

Figure  1  is  a  block  diagram  illustrating  a  protec- 
tion  circuit  in  accordance  with  the  present  invention. 

45  Figure  2  is  a  schematic  diagram  illustrating  one 
embodiment  of  the  Fig.  1  protection  circuit. 

Figure  3  is  a  schematic  diagram  illustrating  an- 
other  embodiment  of  the  Fig.  1  protection  circuit. 

Figure  4  is  a  schematic  diagram  illustrating  an 
so  overvoltage  detector  shown  in  Figs.  1-3.  

Figure  5  is  a  schematic  diagram  illustrating  a  log- 
ic  circuit  that  receives  the  output  of  the  overvoltage 
detector  shown  in  Figs  1-3.  

Identical  parts  in  the  figures  have  the  same  des- 
55  ig  nations. 
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Detailed  Description  of  the  Preferred  Embodiments 

Figure  1  shows  a  circuit  design  having  a  semicon- 
ductor  switch  100  for  switching  a  load  102,  in  partic- 
ular  an  actuator  in  open-loop  or  closed-loop  control 
equipment.  Switching  occurs  as  a  function  of  a 
switching  signal  supplied  via  line  104  and  main  acti- 
vation  and  deactivation  circuitry  105  using  a  deacti- 
vation  circuit  106  for  deactivating  the  switch  100  dur- 
ing  a  short  circuit.  The  deactivation  circuit  106  is  con- 
trolled  by  a  current  sensor  108  via  a  filter  110. 

Such  circuit  designs  are  used  particularly  if  the 
load  102  is  connected  to  the  semiconductor  switch 
100  via  cables,  for  example,  in  the  engine  compart- 
ment  of  a  motor  vehicle.  In  such  a  case,  a  short  circuit 
cannot  be  ruled  out  because  of  the  severe  operating 
conditions  that  can  occur  in  that  environment.  How- 
ever,  the  deactivation  circuit  106  is  controlled  byway 
of  the  filter  110  because  brief  current  spikes  must  not 
cause  deactivation  of  the  switch  100.  These  circuit 
designs  include  current  limiters,  so  that  the  current  is 
limited  until  deactivation  during  a  short  circuit.  In  the 
event  of  a  very  rapid  increase  in  current,  the  current 
is  initially  limited  by  the  characteristics  of  the  transis- 
tor  used  as  the  semiconductor  switch  100  before  lim- 
iting  starts. 

It  is  believed  that  a  short-circuit  caused  by  five  to 
ten  or  more  feet  of  wire  does  not  activate  typical  pro- 
tection  circuits  because  of  the  inductive  component 
present  in  such  a  short-circuit.  If  the  load  seen  during 
a  short  circuit  contains  an  inductive  component, 
which  may  fall  in  the  range  of  4  to  10  micro-Henry,  the 
decrease  in  current  brought  about  by  the  control  cir- 
cuitry  1  05  causes  a  voltage  spike.  This  spike  may  de- 
stroy  the  semiconductor  switch  100  or  temporarily 
trigger  an  overvoltage  deactivation  device,  if  present. 
Once  the  voltage  spike  has  passed,  the  semiconduc- 
tor  switch  100  is  activated  again  so  that,  if  the  short 
circuit  is  still  present,  a  new  voltage  spike  is  created. 
The  filter  110  connected  between  the  current  sensor 
1  08  and  the  deactivation  circuit  1  06  prevents  the  out- 
put  voltage  spike  of  the  current  sensor  108  caused  by 
this  oscillation  from  triggering  the  deactivation  circuit 
106.  The  lack  of  deactivation,  that  is  necessary  in 
theory,  may  lead  to  destruction  of  the  semiconductor 
switch  100. 

An  object  of  this  invention  is  to  ensure  that  reli- 
able  deactivation  occurs  during  a  short  circuit  even 
with  an  inductive  component.  This  object  is  achieved 
by  the  short-circuit  protection  circuitry  112  shown  in 
Figure  1. 

Specifically,  as  shown  in  Figure  1,  the  deactiva- 
tion  device  106  is  controlled  via  a  logic  circuit  17.  This 
control  is  provided  by  the  switching  signal  and  by  the 
output  signal  from  an  overvoltage  detector  7  at  the 
semiconductor  switch  100  such  that  deactivation  oc- 
curs  if  a  specified  overvoltage  is  present  and  the 
switching  signal  reaches  a  level  set  for  activation.  In 

one  exemplary  embodiment  of  this  invention,  the  log- 
ic  circuit  112  includes  an  AND  circuit  that  triggers  the 
deactivation  circuit  1  06  if  both  the  switching  signal  for 
activation  and  the  output  signal  from  the  overvoltage 

5  detector  7  are  simultaneously  "active"  high. 
The  short-circuit  protection  circuitry  112  of  this 

invention  has  the  advantage  that,  when  the  semicon- 
ductor  switch  100  is  activated,  overvoltages  are  rec- 
ognized  as  overvoltages  caused  by  a  short  circuit 

10  with  an  inductive  load  and  result  in  immediate  deac- 
tivation. 

The  present  invention  allows  several  embodi- 
ments.  Two  of  these  embodiments  are  shown  sche- 
matically  in  Figures  2  and  3  and  are  described  below. 

15  Figure  2  shows  a  logic  circuit  11  in  the  signal  path 
between  the  switching  signal  and  a  control  electrode 
of  the  semiconductor  switch  1.  This  logic  circuit  11  in- 
terrupts  the  switching  signal  to  the  control  electrode 
of  switch  1  when  the  deactivation  device  106  is  acti- 

20  vated. 
In  the  circuit  design  of  Figure  2,  the  emitter-col- 

lector  path  of  a  switch  transistor  1  is  connected  in  ser- 
ies  with  a  load  2.  The  load  2  is  connected  to  the  pos- 
itive  terminal  of  an  operating  voltage  supply  (not 

25  shown).  Current  sensor  3  is  coupled  to  the  emitter  of 
transistor  1  .  Current  sensor  3  produces  a  voltage  cor- 
responding  to  the  emitter  current.  This  voltage  is  ap- 
plied  both  to  the  inverting  input  of  current  Iimiter4  and 
to  the  input  of  filter  5.  The  collector-emitter  path  of 

30  switch  transistor  1  is  connected  in  parallel  with  Zener 
diode  6.  The  diode  6  clamps  voltage  spikes  that  are 
far  too  high.  Further,  an  overvoltage  detector  7  is  con- 
nected  to  the  collector  of  transistor  1  .  The  output  vol- 
tage  of  overvoltage  detector  7  reaches  a  level  of  1 

35  ("HIGH")  when  the  collector  voltage  exceeds  a  speci- 
fied  value.  As  used  below,  the  term  "overvoltage  sig- 
nal"  refers  to  the  output  voltage  of  the  overvoltage  de- 
tector  7. 

The  overvoltage  signal,  which  is  applied  to  the 
40  base  of  npn  transistor  9  via  resistor  8,  causes  transis- 

tor  9  to  conduct  as  soon  as  the  collector  voltage  of 
switch  transistor  1  has  exceeded  the  specified  value. 
In  this  way,  since  the  collector  of  transistor  9  is  con- 
nected  to  the  base  of  switch  transistor  1,  the  base  of 

45  transistor  1  is  depleted,  a  prerequisite  for  using  the 
permissible  voltage  range  of  transistor  1. 

To  control  activation  and  deactivation  of  the 
switch  transistor  1  ,  a  switching  signal  is  fed  to  one  in- 
put  10.  This  signal  reaches  a  positive  level  foractiva- 

50  tion.  In  the  example,  this  level  has  been  assigned  to 
logic  1  level.  During  normal  operation,  the  switching 
signal  is  applied  to  an  input  of  current  Iimiter4  byway 
of  AND  gate  11.  From  current  Iimiter4,  the  signal  is 
fed  to  the  base  of  transistor  1  .  This  signal  is  at  the  lev- 

55  el  necessary  for  complete  conduction  if  the  output 
voltage  of  current  sensor  3  has  not  reached  a  level  to 
cause  current  limiting.  In  addition,  a  reference  vol- 
tage  specifying  the  maxi  mum  current  is  fed  to  current 

3 
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I  i  miter  4  by  way  of  another  input  12. 
To  deactivate  transistor  1  in  case  of  a  short  cir- 

cuit,  the  output  voltage  of  filter  5  is  fed  to  comparator 
13.  The  output  signal  of  comparator  13  reaches  logic 
1  level  when  the  current  exceeds  a  specified  limit.  In 
circuit  designs  of  prior  art,  the  output  signal  of  com- 
parator  1  3  is  fed  directly  to  a  deactivation  device  con- 
sisting  of  flip-flop  14  and  inverter  15.  Flip-flop  14  is 
reset,  if  it  had  been  set  previously,  by  a  rapid  increase 
in  the  voltage  of  the  switching  signal  at  input  1  0.  In  the 
event  of  a  short  circuit,  the  output  signal  of  compara- 
tor  1  3  sets  flip-flop  14  such  that  the  output  voltage  of 
the  flip-flop  reaches  logic  1  level.  This  output  voltage 
interrupts  the  connection  of  the  switching  signal  to 
the  current  limiter  4  by  way  of  inverter  15  and  AND 
gate  11.  In  addition,  a  signal  indicating  short-circuit 
deactivation  can  be  taken  from  output  16. 

To  ensure  deactivation  during  a  short  circuit  even 
with  an  inductive  load,  the  overvoltage  signal  is  fed  to 
one  input  of  another  AND  gate  17.  The  switching  sig- 
nal  is  applied  to  the  other  input  of  AND  gate  17.  The 
output  of  AND  gate  17  is  connected  to  one  input  of  OR 
gate  18.  OR  circuit  18  is  connected  in  the  signal  path 
between  comparator  1  3  and  the  SET  input  of  flip-flop 
14.  During  the  turn-on  time  of  transistor  1,  the  switch- 
ing  signal  at  input  10  is  at  the  1  level.  If  a  short  circuit 
occurs  during  this  time,  it  causes  a  voltage  spike  due 
to  the  inductive  component  of  the  short-circuit  load. 
Flip-flop  14  is  then  set  by  way  of  AND  gate  17  and  OR 
gate  18  because  of  the  overvoltage  signal  that  is  also 
at  the  1  level.  Flip-flop  14,  in  turn,  causes  the  transis- 
tor  1  to  switch  off  by  way  of  inverter  1  5  and  AND  gate 
11. 

Figure  3  shows  a  practical  implementation  of  the 
above-described  concepts.  In  this  figure,  a  multi- 
emitter  transistor  22  forms  the  power  switch.  One 
emitter  of  transistor  22  is  coupled  to  ground  and  the 
collector  is  connected  to  output  23.  Areverse-connec- 
tion  protectdiode  24  and  Zenerdiode  6  are  connected 
in  parallel  to  protect  transistor  22  against  overvoltag- 
es  because  the  circuit  is  designed  essentially  to 
switch  inductive  loads. 

Aswitching  signal  for  transistor  22  is  supplied  via 
input  28.  This  input  is  connected  to  ground  through  in- 
put  resistor  29.  The  switching  signal  reaches  the  base 
of  transistor  22  by  way  of  the  series-connected  NAND 
gate  30,  inverting  amplifier  31  and  resistor  32. 

An  open-circuit  monitor  101  and  a  short-circuit 
monitor  1  03  are  provided  to  detect  faults  on  output  23. 
The  open-circuit  monitor  101  responds  if  the  current 
through  transistor  22  drops  below  a  specified  thresh- 
old.  Thus,  it  responds  in  case  of  a  cable  break  be- 
tween  the  collector  of  transistor  22  and  the  load,  or  a 
cable  break  within  the  load,  or  a  cable  break  between 
the  load  and  the  positive  operating  voltage.  In  addi- 
tion,  the  open-circuit  monitor  reacts  in  the  event  of  a 
short  circuit  of  output  23  to  ground. 

The  short-circuit  monitor  103  responds  when  the 

current  through  transistor  22  exceeds  a  specified  val- 
ue.  This  is  primarily  the  case  in  the  event  of  a  short 
between  output  23  or  the  cable  to  the  load  on  the  one 
side  and  the  positive  terminal  of  the  operating  voltage 

5  source  on  the  other. 
The  open-circuit  monitor  101  includes  a  threshold 

circuit  33,  a  low-pass  filter  34,  a  flip-flop  35,  NOR 
gate  36,  and  an  npn  output  transistor  37.  A  signal  in- 
dicating  an  open  circuit,  for  example,  a  cable  break, 

10  can  be  taken  from  output  38. 
Threshold  circuit  33  produces  an  output  signal 

that  becomes  positive  if  the  current  flowing  through 
transistor  22  exceeds  a  specified  value.  This  speci- 
fied  value  lies  below  the  current  expected  for  the 

15  load.  Tolerances  of  the  individual  loads,  fluctuations 
over  time  and  thermal  changes  must  be  considered. 
Transient  disturbances  are  suppressed  by  low-pass 
filter  34  that  has  a  time  constant  of  200  us,  for  exam- 
ple. 

20  Flip-flop  35  is  set  at  the  beginning  of  a  control 
pulse  used  to  drive  transistor  22  into  the  conducting 
state.  Then,  the  value  0  ("LOW")  is  present  at  output 
Q.  This  signal  is  fed  to  NOR  gate  36  with  the  control 
signal  that  has  a  value  of  1  at  this  time.  This  creates 

25  a  0  signal  at  the  output  of  the  NOR  gate  36,  driving 
the  transistor  37  into  the  off  state  by  way  of  resistor 
39.  In  this  manner,  output  38  reaches  the  1  level. 

If,  while  transistor  22  is  conducting,  the  current 
increases  over  the  threshold,  flip-flop  35  is  reset.  At 

30  the  end  of  the  conducting  phase,  the  control  signal 
reaches  the  0  value  so  that  the  signal  at  output  38  is 
a  function  of  the  level  at  the  output  Q  of  flip-flop  35 
because  of  NOR  gate  36.  The  1  level  is  present  at  out- 
put  Q  because  flip-flop  35  has  been  reset.  In  this  way, 

35  transistor  37  still  does  not  conduct  and  the  1  level  is 
present  at  output  38. 

However,  if  the  current  through  transistor  22  has 
not  exceeded  the  specified  value  during  the  conduct- 
ing  phase,  flip-flop  35  remains  set  so  that  output  Q 

40  continues  carrying  the  0  level.  This  causes  transistor 
37  to  be  driven  so  that  the  0  level  appears  at  output 
38  as  a  fault  indication. 

The  short-circuit  monitor  103  consists  of  a 
threshold  circuit  41,  a  low-pass  filter  42,  OR  gate  43, 

45  flip-flop  44  and  an  npn  output  transistor  45.  The  col- 
lector  of  transistor  45  forms  an  output  46.  The  output 
signal  from  threshold  circuit  41  jumps  to  a  positive 
value  if  the  current  through  transistor  22  exceeds  the 
current  expected  during  normal  operation.  Low-pass 

so  f  ilter42  suppresses  brief  disturbances.  To  form  a  cur- 
rent  limiter,  the  base  of  transistor  48  is  connected  to 
the  output  of  the  threshold  circuit  41  via  resistor  47. 
Transistor  48,  with  resistor  32  as  a  dropping  resistor, 
reduces  the  voltage  at  the  base  of  transistor  22  during 

55  a  short  circuit,  thereby  limiting  the  current  to  a  value 
that  does  not  overload  the  transistor  and  is  enough  to 
set  flip-flop  44  being  clocked  by  the  control  signals. 
In  addition,  transistor  48  can  be  driven  into  the  con- 

4 
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ducting  state  by  the  overvoltage  signal  by  way  of  di- 
ode  25  to  deplete  the  base  of  transistor  22. 

Transistor  45  is  connected  to  output  Q  of  flip-flop 
44  by  way  of  resistor  49.  Setting  flip-flop  44  causes 
transistor  45  to  conduct  so  that  output  46  reaches  the 
0  level  in  the  event  of  a  short  circuit.  At  the  same  ti  me, 
connecting  output  Q  of  flip-flop  44  to  NAND  gate  30 
interrupts  the  control  signals  to  transistor  22  until  the 
switching  signal  at  input  28  again  changes  from  the  0 
level  to  the  1  level.  This  resets  flip-flop  44  again. 

Temperature  sensor  51  is  also  provided.  This 
sensor  outputs  the  signal  Thx  that  takes  on  the  1  val- 
ue  if  a  permissible  temperature  is  exceeded.  This  sig- 
nal  is  fed  to  OR  gate  43  triggering  a  short-circuit  fault 
indication. 

As  in  the  circuit  design  of  Fig.  1,  in  order  to  ensure 
deactivation  during  a  short  circuit  having  an  inductive 
component,  the  switching  signal  and  the  overvoltage 
signal  are  fed  to  AND  gate  1  7.  The  output  of  AND  gate 
1  7  is  connected  to  a  third  input  of  OR  gate  43.  The  out- 
put  of  OR  gate  43  is  connected  to  the  set  input  of  flip- 
flop  44. 

The  purpose  of  AND  gate  17  is  to  ensure  that  flip- 
flop  44  is  set  by  overvoltage  detector  7  only  in  cases 
of  severe  current  overload  or  current  limit.  These  cas- 
es  occur  only  when  both  node  116  of  the  overvoltage 
detector  7  and  the  switching  signal  at  node  28  are  si- 
multaneously  at  HIGH  levels.  AND  gate  17  prevents 
flip-flop  44  from  being  set  when  the  overvoltage  de- 
tector  7  is  at  a  HIGH  level  and  the  switching  signal  at 
node  28  is  at  a  LOW  level. 

For  example,  at  the  end  of  every  cycle  when  the 
switching  signal  at  node  28  goes  LOW  in  order  to 
switch  off  the  semiconductor  switch  22,  the  output 
voltage  at  node  23  increases  to  a  very  high  voltage. 
This  increase  in  voltage  at  the  end  of  every  cycle,  i.e., 
when  the  switching  signal  at  node  28  goes  LOW,  is  a 
normal  occurrence  and  is  not  a  case  in  which  deac- 
tivation  should  occur.  However,  when  the  output  vol- 
tage  at  node  23  increases  to  this  high  level,  node  116 
of  the  overvoltage  detector  7  goes  to  a  HIGH  level.  If 
node  116  were  connected  directly  to  flip-flop  44  with- 
out  AND  gate  17,  deactivation  would  occur  at  the  end 
of  every  cycle,  an  undesirable  result.  Instead,  AND 
gate  17  permits  flip-flop  44  to  be  set  only  when  the 
overvoltage  detector  7  and  the  switching  signal  at 
node  28  are  both  at  HIGH  levels.  Thus,  deactivation 
will  not  occur  during  normal  increases  in  voltage  at 
node  23  when  the  switching  signal  at  node  28  goes 
LOW. 

Figure  4  shows  an  example  of  detailed  circuitry 
for  implementing  overvoltage  detector  circuit  7  of  Fig- 
ures  1  through  3.  The  overvoltage  detector  circuit  7  is 
responsive  to  a  voltage  at  the  output  of  the  semicon- 
ductor  switch  that  exceeds  a  predetermined  value  for 
generating  an  overvoltage  signal.  Normally,  the  pre- 
determined  voltage  is  approximately  24  Volts.  Spe- 
cifically,  three  series-connected  8  Volt  Zener  diodes 

124,  126,  and  128  are  coupled  through  a  6  KQ  resistor 
1  22  to  the  output  of  the  semiconductor  switch  at  node 
114.  The  cathode  of  Zener  diode  128  is  connected  to 
the  anode  of  Zener  diode  126,  the  cathode  of  Zener 

5  diode  126  is  connected  to  the  anode  of  Zener  diode 
124,  and  the  cathode  of  Zener  diode  124  is  connected 
to  the  resistor  122.  A  diode-connected  transistor  130 
has  its  collector  connected  to  the  anode  of  Zener  di- 
ode  128.  The  overvoltage  signal  is  generated  at  the 

10  emitter  of  the  diode-connected  transistor  1  30. 
During  operation,  if  the  voltage  at  the  output  of 

the  semiconductor  switch  (node  114)  becomes  great- 
er  than  24  Volts,  the  three  Zener  diodes  124,  126,  and 
128  begin  to  conduct  and  current  flows  through  them 

15  from  cathode  to  anode.  Current  flows  through  the  di- 
ode-connected  transistor  130  from  collector  to  emit- 
ter  and  into  the  logic  circuit  17.  Although  three  8  Volt 
Zener  diodes  are  shown  in  Figure  4,  any  combination 
of  Zener  diodes  having  a  reverse-biased  voltage  of 

20  approximately  24  Volts  may  be  used. 
Figure  5  shows  an  example  of  detailed  circuitry 

utilizable  in  implementing  the  logic  circuit  17  of 
Figures  1  through  3.  The  logic  circuit  17  causes 

the  deactivation  circuit  to  generate  the  deactivation 
25  signal  in  response  to  the  switching  signal  and  the 

overvoltage  signal.  Specifically,  the  logic  circuit  1  7  in- 
cludes  a  first  npn  transistor  132  that  has  its  emitter 
connected  to  ground  and  its  base  coupled  through  a 
10  KQ  resistor  142  to  node  118  to  receive  the  switch- 

30  ing  signal.  A  second  npn  transistor  136  has  its  collec- 
tor  coupled  to  its  base  through  a  200  Q  resistor  148 
and  its  emitter  connected  to  ground.  The  base  of  the 
second  npn  transistor  136  is  coupled  to  node  120 
through  a  5  KQ  resistor  146  and  a  3  KQ  resistor  144 

35  to  receive  the  overvoltage  signal.  The  collector  of  the 
first  npn  transistor  132  is  coupled  to  the  collector  of 
the  second  npn  transistor  136.  Because  the  collec- 
tors  of  the  first  and  second  npn  transistors  132  and 
1  36  are  connected  together,  the  same  silicon  tub  can 

40  be  used  for  the  two  collectors.  Thus,  only  two  tubs  are 
required  to  implement  the  first  and  second  npn  tran- 
sistors  132  and  136  in  silicon. 

A  third  npn  transistor  138  has  its  emitter  coupled 
to  ground  through  a  350  Q  resistor  150  and  its  base 

45  coupled  to  the  collector  of  the  second  npn  transistor 
136.  The  collector  of  the  third  npn  transistor  138  is 
coupled  to  the  base  of  a  first  pnp  transistor  140  that 
has  two  collectors.  The  emitter  of  the  first  pnp  tran- 
sistor  140  is  coupled  to  a  2.6  Volt  voltage  supply.  One 

so  of  the  two  collectors  of  transistor  140  is  coupled  to  its 
base,  and  the  other  collector  is  coupled  to  the  deac- 
tivation  circuit  at  node  122.  A  second  pnp  transistor 
134  has  its  collector  connected  to  ground,  its  emitter 
coupled  to  the  node  between  resistors  144  and  146, 

55  and  its  base  coupled  to  the  collector  of  the  first  npn 
transistor  132. 

During  operation,  the  logic  circuit  17  generates  a 
high  signal  at  node  1  22  only  when  the  switching  signal 

5 
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at  node  117  and  the  overvoltage  signal  at  node  120 
both  go  high.  Specifically,  when  the  switching  signal 
at  node  117  goes  high,  the  inverter  119  inverts  the 
switching  signal  such  that  a  low  signal  is  received  at 
the  base  of  the  first  npn  transistor  132  which  causes 
it  to  switch  off.  If,  at  the  same  time,  the  overvoltage 
signal  at  node  120  goes  high,  a  high  signal  is  received 
at  the  base  of  the  second  npn  transistor  136  which 
causes  it  to  switch  on.  Current  then  flows  through  the 
second  npn  transistor  136  which  causes  the  third  npn 
transistor  138  to  switch  on.  As  a  result,  the  first  pnp 
transistor  140  switches  on,  causing  current  to  flow  out 
of  node  122.  If  the  current  flowing  into  node  120  be- 
comes  too  large,  the  second  pnp  transistor  134 
switches  on  in  order  to  clamp  the  current  to  an  accept- 
able  level. 

When  the  switching  signal  at  node  117  goes  low, 
the  inverter  119  causes  a  high  signal  to  be  received 
at  the  base  of  the  first  npn  transistor  1  32  which  caus- 
es  it  to  switch  on.  When  the  first  npn  transistor  132 
switches  on,  the  collector  of  the  second  npn  transistor 
1  36  is  effectively  coupled  to  ground.  This  causes  the 
third  npn  transistor  138  and  the  first  pnp  transistor 
1  40  to  switch  off,  which  causes  current  to  stop  flowing 
through  node  122.  Similarly,  when  the  overvoltage 
signal  at  node  120  goes  low,  the  second  npn  transis- 
tor  136  switches  off,  which  causes  the  third  npn  tran- 
sistor  138  and  the  first  pnp  transistor  140  to  switch 
off.  Thus,  when  either  the  switching  signal  at  node 
117  or  the  overvoltage  signal  at  node  120  goes  low, 
the  logic  circuit  17  output  at  node  122  also  goes  low. 

Claims 

1.  A  protection  circuit  for  a  semiconductor  switch 
(100)  utilizable  for  switching  a  load,  the  protec- 
tion  circuit  comprising: 

a  control  circuit  (105)  connected  to  the 
semiconductor  switch  for  switching  the  semicon- 
ductor  switch  on  in  response  to  a  switching  signal 
and  for  switching  the  semiconductor  switch  off  in 
response  to  a  deactivation  signal; 

a  deactivation  circuit  (106)  for  generating 
the  deactivation  signal; 

an  overvoltage  detector  (7)  circuit  that  re- 
sponds  to  a  voltage  at  an  output  of  the  semicon- 
ductor  switch  that  exceeds  a  predetermined  val- 
ue  by  generating  an  overvoltage  signal;  and 

a  first  logic  circuit  (17)  for  causing  the  de- 
act  ivat  ion  circu  it  to  generate  the  deact  ivat  ion  sig- 
nal  in  response  to  the  switching  signal  and  the 
overvoltage  signal. 

2.  A  protection  circuit  according  to  claim  1  wherein 
the  first  logic  circuit  comprises: 

a  first  transistor  (132)  which  has  its  emit- 
ter  connected  to  ground  and  receives  the  switch- 

ing  signal  at  its  base  through  a  resistor; 
a  second  transistor  (136)  having  its  collec- 

tor  coupled  to  its  base  through  a  resistor,  its  emit- 
ter  connected  to  ground,  and  receives  the  over- 

5  voltage  signal  at  its  base  through  a  resistor,  the 
collector  of  the  first  transistor  being  coupled  to 
the  collector  of  the  second  transistor; 

a  third  transistor  (138)  having  its  emitter 
coupled  to  ground  through  a  resistor,  the  collector 

10  of  the  second  transistor  being  coupled  to  the 
base  of  the  third  transistor;  and 

a  fourth  transistor  (140)  having  two  collec- 
tors,  the  collector  of  the  third  transistor  being  cou- 
pled  to  the  base  of  the  fourth  transistor,  the  emit- 

15  ter  of  the  fourth  transistor  being  coupled  toa  pos- 
itive  voltage  supply,  a  first  of  the  two  collectors 
being  coupled  to  the  base  of  the  fourth  transistor, 
and  a  second  of  the  two  collectors  being  coupled 
to  the  deactivation  circuit. 

20 
3.  A  protection  circuit  according  to  claim  2  wherein 

the  first  logic  circuit  further  comprises: 
a  fifth  transistor  (134)  having  its  collector 

connected  to  ground,  its  emitter  coupled  to  the 
25  overvoltage  signal  through  a  resistor,  and  its 

base  coupled  to  the  collector  of  the  first  transis- 
tor. 

4.  A  protection  circuit  according  to  any  foregoing 
30  claim,  further  comprising: 

a  current  limiter  circuit  (48)  responsive  to 
the  overvoltage  signal  for  limiting  current  that  is 
delivered  to  the  semiconductor  switch  by  the  con- 
trol  circuitry. 

35 
5.  A  protection  circuit  according  to  claim  4  wherein 

the  current  limiter  circuit  comprises  a  transistor 
(48)  having  its  base  connected  to  receive  the 
overvoltage  signal  and  its  collector  connected  to 

40  the  output  of  the  control  circuit. 

6.  A  protection  circuit  according  to  any  foregoing 
claim,  further  comprising: 

a  current  sensor  (108)  responsive  to  the 
45  current  flowing  through  the  semiconductor  switch 

for  generating  a  current  sensor  output  signal  for 
causing  the  deactivation  circuit  to  generate  the 
deactivation  signal;  and 

a  filter  (110)  for  attenuating  the  current 
so  sensor  output  signal  so  that  brief  current  spikes 

present  in  the  semiconductor  switch  will  not  acti- 
vate  the  deactivation  circuit. 

7.  A  protection  circuit  according  to  any  foregoing 
55  claim,  wherein  the  control  circuit  comprises: 

a  second  logic  circuit  which  receives  as  in- 
puts  the  switching  signal  and  the  deactivation 
signal  generated  by  the  deactivation  circuit. 

6 
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8.  A  protection  circuit  according  to  any  foregoing 
claim,  wherein: 

the  deactivation  circuit  comprises  a  flip- 
flop  which  generates  the  deactivation  signal  at 
an  inverted  output  thereof;  and  5 

wherein  the  output  of  the  first  logic  circuit 
is  connected  to  the  input  of  a  third  logic  circuit  and 
the  output  of  the  third  logic  circuit  is  connected  to 
the  set  input  of  the  flip  flop. 

10 
9.  A  protection  circuit  according  to  any  foregoing 

claim  wherein  the  overvoltage  detector  circuit 
comprises: 

a  resistor  (122), 
a  diode  connected  transistor  (1  30),  and  15 
a  Zener  diode  (128)  having  its  cathode 

coupled  through  the  resistor  to  the  output  of  the 
semiconductor  switch  and  its  anode  coupled  to 
the  collector  of  the  diode-connected  transistor, 
the  overvoltage  signal  being  generated  at  the  20 
emitter  of  the  diode-connected  transistor. 
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