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(54)  Electrostatic  discharge  protection  structure. 

(57)  A  protection  structure  (15)  for  protecting 
electrostatically  sensitive  electrical  circuits 
from  ESD  includes  an  SCR  (17),  and  an  n-well  or 
p-well  resistor  (19)  which  is  connectable  be- 
tween  the  SCR  (17)  and  the  electrostatically 
sensitive  circuit  (11). 
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FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  circuitry  for  pro- 
tecting  sensitive  electronic  devices  from  damage  due 
to  overvoltage  conditions  and,  more  particularly,  to 
an  improved  electrostatic  discharge  (ESD)  protection 
structure. 

BACKGROUND  OF  THE  INVENTION 

ESD  protection  circuitry  is  essential  for  modern 
integrated  circuits.  In  particular,  integrated  circuits 
which  are  based  on  field  effect  transistors  are  very 
sensitive  to  the  high  voltages  which  may  be  generat- 
ed  by  the  electrostatic  discharge  developed  in  the  hu- 
man  body.  During  installation  of  such  integrated  cir- 
cuits  into  products,  they  may  be  destroyed  by  ESD, 
thus  requiring  replacement  of  the  destroyed  integrat- 
ed  circuits  in  the  fully  assembled  product,  which  re- 
placement  is  generally  a  costly  and  tedious  process. 
The  damaging  effect  of  ESD  is  particularly  acute  in 
complimentary  metal  oxide  semiconductor  (CMOS) 
integrated  circuits.  Extremely  high  ESD  voltages  can 
easily  destroy  the  very  thin  gate  oxides  and  very 
short  channel  devices  of  typical  CMOS  integrated  cir- 
cuits. 

Some  known  ESD  protection  circuits  use  a  silicon 
controlled  rectifier  (SCR)  as  the  ESD  protection  ele- 
ment.  U.S.  Patent  Number  4,939,616,  assigned  tothe 
assignee  of  this  application  and  incorporated  herein 
by  reference,  discloses  one  example  of  an  SCR  used 
as  an  ESD  protection  element.  The  SCR  used  in  that 
patent  is  illustrated  in  Figures  2-4  of  the  present  ap- 
plication. 

Another  example  of  a  known  ESD  protection 
structure  is  disclosed  in  "A  Low-Voltage  Triggering 
SCRforOn-Chip  ESD  Protection  at  Output  and  Input 
Pads",  by  A.  Chatterjee  and  T.  Polgreen,  which  is  in- 
corporated  herein  by  reference  and  which  was  pub- 
lished  in  IEEE  Electron  Device  Letters,  Vol.  12,  #1, 
January  1991.  Figures  5-7  of  the  present  application 
illustrate  the  SCR  structure  used  in  that  publication. 

The  aforementioned  conventional  ESD  protec- 
tion  circuits  can  provide  protection  against  ESD  dam- 
age.  However,  they  do  not  reproducibly  provide  effec- 
tive  ESD  immunity  beyond  2KV  (human  body  model). 
The  industry  target  is  to  achieve  ESD  immunity  great- 
er  than  2KV. 

It  is  therefore  desirable  to  provide  an  ESD  protec- 
tion  structure  which  reproducibly  gives  an  increased 
level  of  ESD  immunity. 

In  addition,  it  is  difficult  to  ensure  that  the  SCR 
will  trigger  before  the  ESD  event  damages  the  pro- 
tected  circuit.  It  is  therefore  desirable  to  provide  an 
ESD  protection  structure  which  reproducibly  causes 
the  SCR  to  trigger  during  an  ESD  event  before  the 
protected  circuit  is  damaged. 

SCRs  have  been  combined  with  diffusion  resis- 

tors  and  polysilicon  resistors  to  protect  CMOS  inputs, 
as  discussed  in  "A  Synthesis  of  ESD  Input  Protection 
Scheme",  by  Charvaka  Duvvury  and  Robert  Roun- 
tree,  1991  EOS/ESD  Symposium  Proceedings,  pp 

5  88-97,  incorporated  herein  by  reference.  However, 
this  structure  has  not  been  used  to  protect  CMOS  out- 
puts  against  ESD. 

It  is  therefore  desirable  to  provide  an  ESD  protec- 
tion  structure  which  can  effectively  protect  any  des- 

10  ignated  circuit  structure,  regardless  of  whether  that 
circuit  structure  is  an  input  structure,  an  output  struc- 
ture,  or  a  bidirectional  structure. 

According  to  the  present  invention,  a  protection 
structure  is  provided  to  protect  electrostatically  sen- 

15  sitive  electrical  circuits  and  provide  greater  ESD  im- 
munity  than  the  prior  art.  The  ESD  protection  struc- 
ture  includes  an  SCR,  and  an  n-well  or  p-well  resistor 
arrangement  between  the  SCR  and  the  electrostati- 
cally  sensitive  circuit. 

20  The  present  invention  also  demonstrates  how  the 
resistor  values  may  be  chosen  to  provide  adequate 
ESD  isolation  and  meet  the  circuit  input  and  output 
specifications,  and  how  the  lateral  bipolar  design  di- 
mensions  of  the  SCR  may  be  optimized  to  compen- 

25  sate  for  the  parasitic  vertical  bipolar  transistor  that  is 
inherent  in  the  CMOS  process. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

30  Exemplary  embodiments  of  the  present  invention 
are  described  below  in  conjunction  with  the  attached 
drawings,  wherein: 

Figure  1  is  a  block  diagram  of  an  integrated  circuit 
incorporating  the  ESD  protection  structure  ac- 

35  cording  to  the  present  invention; 
Figure  1  A  illustrates  the  ESD  protection  structure 
of  Figure  1  applied  to  an  input  circuit  structure; 
Figure  1  B  illustrates  the  ESD  protection  structure 
of  Figure  1  applied  to  an  output  circuit  structure; 

40  Figure  1  C  illustrates  the  ESD  protection  structure 
of  Figure  1  applied  to  a  bidirectional  circuit  struc- 
ture; 
Figure  2  is  a  cross-sectional  diagram  of  a  prior  art 
SCR  which  may  be  used  in  the  integrated  circuit 

45  of  Figure  1  ; 
Figure  3  is  a  plan  view  of  the  SCR  of  Figure  2; 
Figure  4  is  an  equivalent  circuit  diagram  of  the 
SCR  of  Figure  2; 
Figure  5  is  a  cross-sectional  diagram  of  another 

so  prior  art  SCR  which  may  alternatively  be  used  in 
the  integrated  circuit  of  Figure  1  ; 
Figure  6  is  a  plan  view  of  the  SCR  of  Figure  5; 
Figure  7  is  an  equivalent  circuit  diagram  of  the 
SCR  of  Figure  5; 

55  Figure  8  is  a  cross-sectional  diagram  of  the  n-well 
resistor  arrangement  of  Figure  1  B; 
Figure  8A  is  a  cross-sectional  diagram  of  the  n- 
well  resistor  arrangement  of  Figure  1  A; 
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Figure  9  is  a  plan  view  of  a  prior  art  n-well  resistor 
used  in  the  present  invention;  and 
Figure  10  is  a  cross-sectional  view  which  illus- 
trates  the  breakdown  mode  of  a  conventional  out- 
put  structure  when  subjected  to  ESD  without  pro- 
tection. 

DETAILED  DESCRIPTION 

Figure  1  illustrates  an  integrated  circuit  10  which 
incorporates  the  ESD  protection  structure  according 
to  the  present  invention.  The  integrated  circuit  10  in- 
cludes  circuit  structure  11  which  represents  the  func- 
tional  operating  circuit  of  the  integrated  circuit  10.  In 
the  embodiment  illustrated  in  Figure  1,  the  ESD  pro- 
tection  structure  15  is  interposed  between  the  circuit 
structure  11  and  the  contact  pad  13  of  the  integrated 
circuit  10. 

The  ESD  protection  structure  15  is  a  circuit  which 
includes  an  SCR  17  having  its  cathode  grounded  and 
having  its  anode  connected  to  the  contact  pad  1  3,  and 
an  n-well  resistor  19  having  a  first  node  connected  to 
the  anode  of  the  SCR  17  and  having  a  second  node 
connected  to  the  circuit  structure  11. 

Figures  1  A,  1  B,  and  1  C  respectively  illustrate  the 
ESD  protection  structure  of  Figure  1  as  applied  to  an 
input  structure,  an  output  structure,  and  a  bidirection- 
al  structure.  These  drawings  are  discussed  in  more 
detail  below. 

Figures  2-4  illustrate  one  embodiment  of  the  SCR 
1  7  used  in  the  present  invention.  As  noted  above,  the 
SCR  structure  of  Figures  2-4  is  conventional  and  will 
therefore  be  familiar  to  those  skilled  in  the  art.  Figure 
2  is  a  cross  sectional  diagram  of  the  SCR  17.  The 
SCR  17  is  formed  in  a  silicon  semiconductor  sub- 
strate  21  which  is  lightly  doped  p-type.  Alightly  doped 
n-well  23  is  formed  in  the  substrate  21  .  Heavily  doped 
n-type  region  25  and  the  adjacent  heavily  doped  p-ty- 
pe  region  27  are  formed  in  the  n-well  23.  These  re- 
gions  25  and  27  (often  referred  to  as  moats)  represent 
the  anode  of  the  SCR  17,  and  are  electrically  con- 
nected  to  the  contact  pad  13.  Heavily  doped  n-type 
region  29  is  disposed  at  the  interface  between  the  n- 
well  23  and  the  p-substrate  21,  which  interface  is  lat- 
erally  spaced  from  heavily  doped  p-type  region  27  by 
a  distance  BLp.  Heavily  doped  n-type  region  31, 
formed  in  p-substrate  21,  is  laterally  spaced  from  the 
n-well  23  by  a  distance  BLn  and  functions  as  the  cath- 
ode  of  the  SCR  17. 

Referring  also  to  Figure  4,  the  npn  transistor 
of  SCR  17  has  a  collector  provided  by  the  n-well  23, 
a  base  provided  by  the  p-substrate  21  ,  and  an  emitter 
provided  by  the  heavily  doped  n-type  region  31.  The 
pnp  transistor  T2  has  a  collector  provided  by  the  p- 
substrate  21,  a  base  provided  by  the  n-well  23,  and 
an  emitter  provided  by  the  heavily  doped  p-type  re- 
gion  27.  The  resistor  Rwen  is  provided  by  the  resistive 
nature  of  the  lightly  doped  n-well  23  extending  from 

heavily  doped  n-type  region  25.  The  resistor  Rsub  is 
provided  by  the  resistance  of  the  p-substrate  21. 

In  addition  to  the  so-called  lateral  transistors 
5  and  T2,  the  SCR  17  also  includes  a  parasitic  vertical 

pnp  transistor  Tp  (Figures  2  and  4)  having  a  collector 
provided  by  the  p-substrate  21,  a  base  provided  by 
the  n-well  23,  and  an  emitter  provided  by  the  heavily 
doped  p-type  region  27.  Rsub'  in  Figure  4  is  provided 

10  by  the  resistance  ofthe  p-substrate  21.  Parasitic  vert- 
ical  pnp  transistor  Tp  is  disposed  in  parallel  with  the 
lateral  pnp  transistor  T2.  The  lateral  and  vertical  geo- 
metries  ofthe  SCR  17  must  be  ratioed  such  that  the 
lateral  pnp  transistor  T2  and  the  lateral  npn  transistor 

15  Ti  will  interact  to  provide  effective  SCR  action  without 
adverse  effects  from  the  parasitic  vertical  pnp  tran- 
sistor  Tp.  In  this  regard,  the  vertical  dimensions  ofthe 
regions  21,  23,  25,  27,  29  and  31  are  determined  by 
the  process  flow  used  to  produce  the  SCR.  Thus,  the 

20  characteristics  of  the  parasitic  vertical  pnp  transistor 
Tp  are  determined  by  the  process  flow  being  used. 
Therefore,  the  adverse  effects  of  Tp  must  be  compen- 
sated  for  by  appropriately  designing  the  characteris- 
tics  of  the  lateral  transistors  and  T2.  The  lateral 

25  spacing  BLp  is  the  design  parameter  for  the  lateral 
pnp  transistor  T2,  and  the  lateral  spacing  BLn  is  the 
design  parameter  for  the  lateral  npn  transistor  T^ 
When  the  lateral  spacings  BLp  and  BLn  are  selected 
properly,  the  adverse  effects  of  Tp  can  be  reduced, 

30  resulting  in  effective  SCR  action. 
Figures  5-7  illustrate  another  example  of  a  con- 

ventional  SCR  which  may  be  used  in  the  ESD  protec- 
tion  structure  of  Figure  1  .  The  SCR  1  7'  of  Figures  5- 
7  is  similar  to  that  of  Figures  2-4,  except  that  a  field 

35  effect  transistor  T3  has  been  added  as  illustrated  in 
Figure  7.  Referring  now  to  Figure  5,  the  regions  33, 
35,  37,  39,  41  and  45  operate  in  the  same  manner  as 
regions  21  ,  23,  25,  27,  29  and  31  of  Figure  2.  The  SCR 
1  7'  of  Figure  5  differs  from  the  SCR  1  7  of  Figure  2  in 

40  that  a  poly  gate  43  has  been  provided  between  re- 
gions  41  and  45  to  thereby  produce  the  field  effect 
transistor  T3  of  Figure  7.  The  length  of  poly  gate  43 
should  be  equivalent  to  the  length  of  the  poly  gates 
used  in  the  circuit  structure  11  of  Figure  1  . 

45  As  an  illustrative  example,  if  a  1.0  micron  high 
performance  CMOS  process  flow  is  used  to  produce 
the  integrated  circuit  10  of  Figure  1,  then  the  regions 
25,  27,  29  and  31  of  Figures  2-4  (or  the  corresponding 
regions  37,  39,  41  and  45  of  Figures  5-7)  have  a  vert- 

50  ical  dimension  of  approximately  0.3  microns,  the  vert- 
ical  dimension  ofthe  n-well  23  (or  35)  is  approximate- 
ly  2.5  microns,  and  the  vertical  dimension  of  the  p- 
substrate  21  (or  33)  is  approximately  6.5  microns. 
With  these  vertical  parameters  as  fixed  by  the  proc- 

55  ess  flow,  the  Applicants  have  determined  that,  for 
each  SCR  17  (Figures  2-4)  and  17'  (Figures  5-7),  the 
lateral  spacings  BLp  and  BLn  should  each  be  approx- 
imately  2.4  microns  in  order  to  compensate  adequate- 
ly  for  the  effects  of  parasitic  pnp  transistor  Tp  and  pro- 

4 
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vide  effective  SCR  performance.  Thus,  effective 
SCR  performance  has  been  obtained  when  the  later- 
al  spacings  BLp  and  BLn  are  approximately  equal  to 
the  vertical  dimension  (i.e.  the  depth)  ofthe  n-well. 

The  SCR  1  7  of  Figures  2-4  typically  triggers  in  the 
range  of  20-30  volts.  The  trigger  voltage  is  controlled 
by  the  breakdown  of  n+  region  29  to  the  substrate  21  . 
If  the  lateral  dimensions,  BLp  and  BLn  are  properly 
controlled,  the  ability  of  the  SCR  to  dissipate  several 
watts  of  power  during  an  ESD  event  is  controlled  by 
the  width,  BWpand  BWn  ofthe  SCR.  BWp  and  BWn 
are  100  microns  in  the  disclosed  embodiments.  How- 
ever,  these  dimensions  can  be  set  as  needed  to  dis- 
sipate  the  desired  amount  of  power,  as  is  well  known 
in  the  art.  Thus  the  SCR  can  be  designed  to  be  ef- 
fective  for  ESD  events  greater  than  2KV.  However,  if 
the  electrostatically  sensitive  circuit  elements  in  cir- 
cuit  structure  11  breakdown  before  the  SCR  trigger 
voltage  is  reached,  the  SCR  1  7  will  not  provide  circuit 
protection  during  an  ESD  event. 

The  SCR  17'  of  Figures  5-7  typically  triggers  in 
the  range  of  1  0-14  volts  when  fabricated  on  the  afore- 
mentioned  1  .0  micron  high  performance  CMOS  proc- 
ess  flow.  The  trigger  voltage  is  controlled  by  the 
BVdss  of  the  field  effect  transistor  T3.  As  in  SCR  17, 
if  the  lateral  dimensions,  BLp  and  BLn  are  properly 
controlled,  the  ability  ofthe  SCR  17'  to  dissipate  sev- 
eral  watts  of  power  during  an  ESD  event  is  controlled 
by  the  width,  BWp  and  BWn  of  the  SCR.  Thus  the 
SCR  17'  can  be  designed  to  be  effective  for  ESD 
events  greater  than  2KV.  Again,  if  the  electrostatically 
sensitive  circuit  elements  breakdown  before  the  SCR 
trigger  voltage  is  reached,  the  SCR  17'  will  not  pro- 
vide  circuit  protection  during  an  ESD  event. 

Figure  10,  illustrates  output  n-channel  transistors 
53  produced  by  the  aforementioned  1.0  micron  high 
performance  CMOS  process.  The  n-channel  transis- 
tors  53  have  a  breakdown  voltage,  BVdss,  in  the 
range  of  10-14  volts.  Parasitic  npn  bipolar  transistors 
55  exist  in  parallel  with  the  n-channel  transistors  53. 
At  breakdown,  one  ofthe  parasitic  npn  bipolar  transis- 
tors  55  will  go  into  snap  back,  causing  the  applied  vol- 
tage  to  decrease.  As  the  applied  power  increases,  the 
npn  transistor  goes  from  snap  back  into  secondary 
breakdown,  and  the  power  is  localized  along  a  sec- 
ondary  breakdown  path  P,  causing  the  npn  transistor 
to  self  destruct.  This  is  the  typical  failure  mode  of  n- 
channel  transistors  when  too  much  voltage  is  applied 
to  the  drain  regions. 

In  the  case  of  a  CMOS  output  transistor,  the  in- 
terdigitated  drain  region  has  many  parallel  n-channel 
transistors  53  and  their  parasitic  npn  bipolar  counter- 
parts  55.  A  breakdown  by  any  of  the  interdigitated  re- 
gions  will  cause  the  applied  voltage  to  decrease  and 
focus  the  power  into  the  localized  secondary  break- 
down  region  P.  Since  the  breakdown  voltage  ofthe  n- 
channel  transistors  53  is  equivalent  to  the  trigger  vol- 
tage  ofthe  SCR  17'  and  significantly  lower  than  the 

trigger  voltage  of  SCR  17,  neither  of  these  SCRs 
alone  will  provide  consistent  ESD  protection  to  a 
CMOS  circuit.  More  specifically,  there  is  no  guaran- 

5  tee  that  SCR  17'  will  trigger  soon  enough  to  protect 
the  circuit  structure,  while  SCR  17  will  never  trigger 
soon  enough  to  provide  protection. 

As  shown  in  Figures  8-9,  the  n-well  resistor  19 
has  a  plurality  of  heavily  doped  n-type  regions  49  and 

10  51  arranged  in  parallel  along  the  length  of  a  lightly 
doped  n-well  47.  The  n-well  47  is  provided  in  the  p- 
substrate  21  (or  33).  The  n-well  resistor  per  se  is 
known  in  the  art  and  should  therefore  be  familiar  to 
those  skilled  in  the  art  (see  e.  g.,  G.  Krieger  and  P. 

15  Niles,  "Diffused  Resistors  Characteristics  at  High 
Current  Density  Levels  -  Analysis  and  Applications", 
IEEE  Trans.  Elec.  Dev.,  Vol.  36,  No.  2,  p.  416,  1989). 
Figure  8  illustrates  the  connection  scheme  used  in 
conjunction  with  the  output  structure  of  Figure  1  B.  Al- 

20  ternate  ones  of  the  n-type  regions  represented  by  49 
are  connected  together  and  to  the  pad  13  and  SCR 
17.  The  remaining  alternate  n-type  regions  51  are 
separately  connected  to  the  respective  output  com- 
ponents  11  B  in  order  to  realize  the  separate  resistors 

25  19Bof  Figure  1B. 
In  the  disclosed  embodiments  using  the  afore- 

mentioned  1.0  micron  high  performance  CMOS  proc- 
ess  flow,  the  vertical  dimension  ofthe  n-well  47  (that 
is,  the  n-well  depth)  is  approximately  2.5  microns, 

30  while  the  vertical  dimension  of  the  n-type  regions  49 
and  51  is  approximately  0.3  microns.  The  sheet  resis- 
tance  is  approximately  1800  ohms/square.  This  n- 
well  resistor  is  used  to  ensure  that  the  SCR  will  trigger 
before  secondary  breakdown  ofthe  electrostatically 

35  sensitive  circuit  structure. 
Referring  to  Figure  1  B,  the  value  of  resistors  1  9B 

is  chosen  to  generate  an  acceptably  small  voltage 
drop  at  the  rated  current  of  the  output  structure  11. 
For  example,  with  a  rated  output  current  of  16  mill  i- 

40  amps,  if  a  100  millivolt  drop  is  desired,  then  the  equiv- 
alent  resistance  between  node  18  and  output  struc- 
ture  11  should  be  6.25  ohms.  Because  there  are  four 
resistors  19B  in  the  resistor  array  of  Figure  1B,  the  re- 
sistance  value  of  each  resistor  19B  should  be  25 

45  ohms  in  order  to  realize  the  desired  equivalent  paral- 
lel  resistance  of  6.25  ohms.  Given  the  aforemen- 
tioned  sheet  resistance  of  1800  ohms/square,  the  de- 
sired  25  ohm  resistors  can  be  realized  by  the  arrange- 
ment  illustrated  in  Figures  8-9.  More  specifically,  if 

so  the  length  dimension  L  is  2  microns  and  the  width  di- 
mension  W/2  is  70  microns,  then  the  connection 
scheme  illustrated  in  Figure  8  produces  a  plurality  of 
resistors  each  having  a  length-to-width  ratio  of  2/140, 
thereby  providing  a  resistance  of  about  25  ohms 

55  each.  The  ratio  of  2/140  results  because  the  alternate 
n-type  regions  49  are  connected  together  and  to  the 
SCR,  so  that  each  ofthe  n-type  regions  51  is  asso- 
ciated  with  two  of  the  regions  49,  giving  each  of  the 
resistors  an  effective  width  which  is  twice  the  width 

5 
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W/2  shown  in  Figure  9,  that  is,  2  x  70  =  140  microns. 
Referring  again  to  Figure  1B,  it  should  be  noted 

that  the  individual  outputs  11  B  can  be  expected  to 
draw  approximately  equal  amounts  of  current,  about 
4  milliamps  each  in  the  disclosed  example.  That  is, 
the  output  components  11  B  contribute  about  equally 
to  the  total  rated  output  current  of  16  milliamps.  The 
output  protection  structure  of  Figure  1  B  can  be  easily 
extended  to  other  output  configurations  in  the  follow- 
ing  manner.  As  an  example,  if  a  fifth  output  is  added 
in  Figure  1  B,  the  output  current  increases  to  20  milli- 
amps.  By  adding  a  fifth  25  ohm  resistor  between  this 
fifth  output  and  node  18,  the  equivalent  resistance 
between  node  18  and  output  structure  11  is  reduced 
to  5  ohms,  which  provides  a  100  millivolt  drop  at  the 
rated  current  of  20  milliamps.  Thus,  by  providing  a 
separate  resistor  1  9B  for  each  output  11  B,  the  desired 
ESD  protection  is  provided  for  any  given  number  of 
outputs  11  B  while  also  maintaining  the  desired  vol- 
tage  drop  during  normal  operation. 

Referring  now  to  Figure  1  A,  the  value  of  the  re- 
sistor  19A  used  in  conjunction  with  the  input  structure 
1  1  should  be  in  the  range  of  1  00-250  ohms.  A  1  67  ohm 
resistor  is  obtained  by  connecting  the  n-well  resistor 
19  of  Figure  9  in  the  manner  illustrated  in  Figure  8A. 
The  n-type  regions  of  Figure  9  have  a  length  Ln  of  ap- 
proximately  2.5  microns.  Thus,  given  that  L  is  2  mi- 
crons  and  W/2  is  70  microns,  the  length-to-width  ratio 
ofthe  resistor  illustrated  in  Figure  8A  is  6.5/70. 

Based  on  the  above  descriptions  of  SCR  1  7,  SCR 
17',  n-channel  transistor  breakdown  characteristics 
and  resistor  ranges,  one  can  see  howthe  ESD  protect 
structure  according  to  the  invention  will  work  on  a 
CMOS  output,  Figure  1B.  During  an  ESD  event  the 
voltage  on  pad  13  begins  to  rise  and  a  breakdown  oc- 
curs  in  the  range  of  1  0-14  volts.  As  an  example,  if  ini- 
tial  breakdown  occurs  in  one  ofthe  n-channel  transis- 
tors,  then  the  snap  back  current  must  flow  through 
the  corresponding  resistor  1  9B.  Avoltage  drop  is  gen- 
erated  across  the  resistor  19B  as  current  flows  into 
the  n-channel  transistor,  causing  the  voltage  at  node 
18  to  be  higher  than  the  voltage  at  node  20.  The  n- 
well  resistor  restricts  the  amount  of  current  that  can 
flow  and  prevents  the  parasitic  npn  transistorfrom  go- 
ing  into  the  secondary  breakdown  region.  The  n-well 
resistor  is  particularly  well  suited  to  restrict  current 
flow  due  to  its  relatively  flat  l-V  curve  at  higher  voltag- 
es.  As  the  voltage  at  node  1  8  rises  to  exceed  the  trig- 
ger  voltage  ofthe  SCR  17  (or  SCR  17'),  the  power  of 
the  ESD  event  is  discharged  through  the  SCR  to 
ground  with  no  resultant  damage  to  the  output  struc- 
ture  at  11  B. 

When  SCR  17'  of  Figures  5-7  is  used,  it  is  possi- 
ble  for  initial  breakdown  to  occur  in  the  SCR  17'  in- 
stead  of  the  n-channel  transistor,  in  which  case  the 
SCR  1  7'  safely  dissipates  the  power  of  the  ESD  event 
without  damage  to  the  protected  circuit  structure.  The 
SCR  17  of  Figures  2-4  has  a  trigger  voltage  in  the 

range  of  20-30  volts,  and  therefore  would  never  trig- 
ger  before  breakdown  ofthe  n-channel  transistor. 

Based  on  the  above  descriptions  of  SCR  17,  SCR 
5  17',  and  resistor  ranges,  one  can  see  how  the  ESD 

protect  structure  will  work  on  a  CMOS  input  as  shown 
in  Figure  1A.  The  field  plated  diode  (FPD)  16,  also 
known  as  a  gated  diode,  has  been  included  in  the  in- 
put  protection  structure  of  Figure  1A.  The  FPD  16,  a 

10  conventional  input  protection  device  having  a  break- 
down  voltage  in  the  range  of  10-14  volts,  protects  the 
thin  gate  oxide  from  damaging  voltages.  During  an 
ESD  event,  when  the  voltage  across  FPD  16  reaches 
the  breakdown  voltage  of  FPD  16,  the  current  drawn 

15  by  FPD  16through  n-well  resistor  19A  causes  the  vol- 
tage  at  node  18  to  rise.  This  situation  is  analogous  to 
the  snap  back  phase  of  output  protection  discussed 
above.  In  the  case  of  SCR  17',  the  description  of  out- 
put  protection  above  describes  the  sequence  of  pos- 

20  sible  events.  The  case  for  SCR  17  is  also  described 
above.  The  resistor  value  for  resistor  19A  as  used 
with  the  input  structure  11Ais  in  the  range  of  1  00-250 
ohms. 

A  bidirectional  pin  is  a  combination  of  a  standard 
25  input  and  a  three-state  output.  The  ESD  protect  cir- 

cuit,  shown  in  Figure  1C,  is  a  combination  of  a  single 
SCR  17  (or  SCR  17')  and  the  appropriate  input  resis- 
tor  19A  and  output  resistor  array  19B  as  described 
above.  All  ofthe  resistors  19Aand  19B  can  be  real- 

30  ized  using  a  single  n-well  47  (Figure  9)  and  the  con- 
nections  shown  in  Figures  8  and  8A.  The  power  of  the 
ESD  event  is  discharged  to  ground  through  the  SCR 
1  7  (or  SCR  1  7')  with  no  resultant  damage  to  the  input 
structure  HAorthe  output  structure  11  B. 

35  The  ESD  protection  structure  described  above 
will  reproducibly  provide  consistent  ESD  immunity  to 
ESD  events  greater  than  2KV  in  magnitude.  In  fact, 
using  eitherthe  SCRof  Figures  2-4  or  the  SCRof  Fig- 
ures  5-7  in  conjunction  with  the  resistor  of  Figures  8- 

40  9,  ESD  immunity  of  over  4KV  has  been  successfully 
demonstrated.  This  4KV  level  far  exceeds  the  ESD 
immunity  available  using  the  SCRs  of  Figures  2-4  or 
Figures  5-7  alone.  Moreover,  the  ESD  protection 
structure  according  to  the  present  invention  is  inde- 

45  pendent  of  the  resistance  ofthe  heavily  doped  p+  and 
n+  regions  and  can  be  used  with  normal  and  low  re- 
sistance  n+  and  p+  regions.  The  ESD  protection 
structure  of  the  present  invention  can  be  used  for  all 
types  of  inputs,  outputs  and  bidirectional  structures, 

so  and  can  be  used  with  processes  otherthan  the  afore- 
mentioned  1.0  micron  high  performance  CMOS  proc- 
ess.  Of  course,  if  a  different  process  flow  is  used,  it 
would  likely  be  necessary  to  adjust  the  values  ofthe 
lateral  spacings  BLp  and  BLn  of  the  SCR  in  order  to 

55  achieve  acceptable  lateral  pnp  transistor  versus  para- 
sitic  vertical  pnp  transistor  performance. 

Although  specific  embodiments  ofthe  present  in- 
vention  are  disclosed  above  in  detail,  they  are  not  to 
be  construed  as  limiting  the  scope  of  the  invention. 

6 
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Many  variations  and  modifications  of  the  disclosed 
embodiments  will  be  apparent  to  those  skilled  in  the 
art.  As  examples,  the  invention  can  clearly  use  SCR 
structures  other  than  those  disclosed  above,  and  it  is 
clearly  within  the  scope  of  the  invention  to  change 
the  doping  polarities  so  that  the  components  of  ESD 
protection  structure  15  are  constructed  using  a  p-well 
in  an  n-substrate.  Thus,  the  present  invention  is  only 
limited  by  the  scope  ofthe  attached  claims. 

Claims 

1.  An  integrated  circuit  having  an  electrostatic  dis- 
charge  protection  feature,  comprising: 

a  primary  functional  circuit;  and 
a  protection  structure  connected  to  said 

primary  functional  circuit  for  protecting  said  pri- 
mary  functional  circuit  from  electrostatic  dis- 
charge,  said  protection  structure  including  an 
SCR  and  a  resistor  connected  in  series  between 
said  SCR  and  said  primary  functional  circuit. 

2.  An  integrated  circuit  according  to  claim  1,  wherein 
said  SCR  has  an  anode  and  a  cathode,  said  cath- 
ode  being  fixed  to  a  known  electrical  potential, 
and  said  resistor  is  an  n-well  resistor  having  a  first 
node  connected  to  said  anode  and  a  second  node 
connected  to  said  primary  functional  circuit. 

3.  An  integrated  circuit  according  to  claim  2,  wherein 
said  primary  functional  circuit  has  an  output  tran- 
sistor  which  is  connected  to  said  second  node  of 
said  n-well  resistor. 

4.  An  integrated  circuit  according  to  any  preceding 
claim,  wherein  said  primary  functional  circuit  is  a 
CMOS  circuit. 

5.  An  integrated  circuit  according  to  any  preceding 
claim,  wherein  said  primary  functional  circuit  in- 
cludes  a  plurality  of  output  components,  said  pro- 
tection  structure  including  a  plurality  of  said  resis- 
tors  adapted  so  that  each  said  resistor  is  uniquely 
associated  with  a  respective  output  component 
and  provides  a  dedicated  resistive  connection  be- 
tween  the  respective  output  component  and  the 
SCR. 

6.  An  integrated  circuit  according  to  claim  5,  wherein 
said  plurality  of  resistors  are  formed  from  a  row 
of  relatively  heavily  doped  n-type  regions  dis- 
posed  within  a  relatively  lightly  doped  n-well,  said 
first  nodes  being  respectively  defined  by  alter- 
nate  ones  of  said  n-type  regions,  said  alternate 
regions  being  connected  together  and  to  said 
SCR,  said  second  nodes  being  respectively  de- 
fined  by  the  remainder  of  said  n-type  regions. 

7.  An  integrated  circuit  according  to  claim  5  or  claim 
6,  wherein  said  primary  functional  circuit  includes 
an  input  circuit  structure,  said  protection  struc- 

5  ture  including  a  further  n-well  resistor  having  a 
first  node  connected  to  said  SCR  and  a  second 
node  connected  to  said  input  circuit  structure, 
and  means  connected  to  said  second  node  of 
said  further  n-well  resistor  for  selectively  permit- 

10  ting  current  to  flow  through  said  further  n-well  re- 
sistor  toward  said  second  node  thereof,  said  first 
and  second  nodes  of  said  further  n-well  resistor 
being  respectively  defined  by  a  pair  of  further  rel- 
atively  heavily  doped  n-type  regions  within  said 

15  n-well. 

8.  An  integrated  circuit  according  to  claim  7,  wherein 
said  means  for  permitting  current  flow  is  a  field 
plated  diode. 

20 
9.  An  integrated  circuit  according  to  any  preceding 

claim,  wherein  said  SCR  includes  a  relatively 
lightly  doped  substrate  having  a  first  conductivity 
type,  a  relatively  lightly  doped  first  region  dis- 

25  posed  within  said  substrate  and  having  a  second 
conductivity  type,  a  relatively  heavily  doped  sec- 
ond  region  disposed  within  said  first  region  and 
having  said  first  conductivity  type,  and  a  relative- 
ly  heavily  doped  third  region  disposed  within  said 

30  substrate  but  outside  of  said  first  region,  said 
third  region  having  said  second  conductivity  type 
and  being  laterally  spaced  from  said  first  and  sec- 
ond  regions,  said  first  region  having  a  depth  of 
penetration  into  said  substrate,  said  first  region 

35  and  said  substrate  adjoining  each  other  along  an 
interface  disposed  laterally  between  said  second 
and  third  regions,  said  second  and  third  regions 
each  being  laterally  spaced  from  said  interface  by 
a  distance  which  is  approximately  equal  to  said 

40  depth  of  said  first  region. 

1  0.  A  protection  structure  for  protecting  an  eletrostat- 
ically  sensitive  electrical  circuit  from  electrostatic 
discharge,  comprising: 

45  an  SCR;  and 
a  resistor  arrangement  having  a  first  node 

connected  to  said  SCR  and  a  second  node  which 
is  connectable  to  the  electrostatically  sensitive 
circuit. 

50 
11.  A  protection  structure  according  to  claim  10, 

wherein  said  resistor  arrangement  including  one 
of  an  n-well  resistor  in  a  p-substrate  and  a  p-well 
resistor  in  an  n-substrate. 

55 
12.  A  protection  structure  according  to  claim  10  or 

claim  11,  wherein  said  SCR  includes  a  relatively 
lightly  doped  substrate  having  a  first  conductivity 
type,  a  relatively  lightly  doped  first  region  dis- 

7 
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posed  within  said  substrate  and  having  a  second 
conductivity  type,  a  relatively  heavily  doped  sec- 
ond  region  disposed  within  said  first  region  and 
having  said  first  conductivity  type,  and  a  relative-  5 
ly  heavily  doped  third  region  disposed  within  said 
substrate  but  outside  of  said  first  region,  said 
third  region  having  said  second  conductivity  type 
and  being  laterally  spaced  from  said  first  and  sec- 
ond  regions,  said  first  region  having  a  depth  of  10 
penetration  into  said  substrate,  said  first  region 
and  said  substrate  adjoining  each  other  along  an 
interface  disposed  laterally  between  said  second 
and  third  regions,  said  second  and  third  regions 
each  being  laterally  spaced  from  said  interface  by  15 
a  distance  which  is  approximately  equal  to  said 
depth  of  said  first  region. 
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