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Description 

The  present  invention  relates  to  a  semiconduc- 
tor  integrated  circuit  device,  for  example  to  a  semi- 
conductor  delay  circuit  device  having  a  plurality  of 
inverter  circuits  which  are  cascade-connected. 

A  semiconductor  delay  circuit  device  is  used 
for  an  optical  disc  system,  for  example,  a  laser  disc 
system  or  a  compact  disc  system.  The  semicon- 
ductor  delay  circuit  device  is  used  for  delaying  a 
detected  signal  of  the  optical  disc  system  to  main- 
tain  synchronization  even  if  the  center  position  of 
the  optical  disc  is  shifted.  Namely,  since  the  center 
position  of  an  optical  disc  cannot  be  formed  per- 
fectly  at  the  exact  center  of  the  disc  in  a  production 
step,  a  semiconductor  delay  circuit  device  should 
be  provided  in  the  optical  disc  system  for  synchro- 
nization.  Note,  the  semiconductor  delay  circuit  de- 
vice  is,  for  example,  constituted  by  a  plurality  of 
inverter  circuits  which  are  cascade-connected,  and 
an  input  signal  of  the  semiconductor  delay  circuit 
device  is  delayed  in  accordance  with  a  value  of  a 
power  supply  voltage  applied  to  the  plurality  of 
inverter  circuits  in  the  semiconductor  delay  circuit 
device. 

Recently,  the  layout  pattern  of  proposed  semi- 
conductor  delay  circuit  devices  tends  to  be  in- 
creasingly  miniaturized  by  a  requirement  of  large 
scale  integration,  and  thus,  inverter  circuits  are 
arranged  adjacent  to  one  another.  The  same  con- 
duction  type  (P-channel  type  or  N-channel  type) 
transistors  of  the  plurality  of  inverter  circuits  in  the 
semiconductor  delay  circuit  device  are  then  ar- 
ranged  such  that  their  source  regions  are  integrally 
formed  with  each  other  to  constitute  a  common 
source  region.  In  this  case,  a  substrate  contact 
diffusion  region,  which  is  an  N+  layer  or  P+  layer 
that  is  an  opposite  conduction  type  relative  to  the 
common  source  region  and  has  a  higher  impurity 
density  than  a  substrate,  is  arranged  for  the  com- 
mon  source  region  separately  from  the  common 
source  region.  The  common  source  region  and 
substrate  contact  diffusion  region  are  connected  to 
power  sources  through  aluminum  wirings. 

However,  when  a  specific  transistor  is  operat- 
ing  with  the  above  arrangement,  an  operation  cur- 
rent  of  the  transistor  flows  to  an  aluminum  wiring 
through  the  common  source  region,  that  is,  the 
operation  current  of  the  transistor  does  not  flow 
only  through  a  source  region,  which  is  the  common 
source  region,  of  the  specific  transistor,  but  also 
flows  through  a  source  region,  which  is  also  the 
common  source  region,  of  a  transistor  neighboring 
the  specific  transistor.  Then,  due  to  contact  resis- 
tance  between  the  common  source  region  and  the 
aluminum  wiring,  etc.,  source  potentials  of  the  spe- 
cific  and  neighboring  transistors  which  have  the 
common  source  region  may  be  influenced  by  each 

other. 
Further,  in  the  layout  pattern  of  the  proposed 

semiconductor  delay  circuit  device,  lines  that  con- 
nect  the  respective  source  and  drain  regions  of  the 

5  P-channel  type  and  N-channel  type  transistors  run 
in  parallel  with  each  other,  and  a  polysilicon  layer 
constituting  a  gate  electrode  and  an  aluminum  wir- 
ing  for  connecting  the  drain  region  of  the  respec- 
tive  transistor  are  constituted  by  combining  linear 

io  portions.  Therefore,  a  pattern  forming  a  single  in- 
verter  circuit  may  have  many  useless  portions 
making  the  overall  pattern  larger.  Additionally,  in 
the  layout  pattern  of  the  proposed  semiconductor 
delay  circuit  device,  as  the  number  of  turning  rows 

75  increases,  the  duty  ratio  of  an  output  waveform 
gradually  changes  from  the  duty  ratio  of  a  first 
input  waveform.  These  problems  in  the  proposed 
semiconductor  delay  circuit  device  will  be  de- 
scribed  later  in  detail  with  reference  to  the  accom- 

20  panying  drawings. 
An  object  of  the  present  invention  is  to  provide 

a  semiconductor  integrated  circuit  device  having  an 
effect  where  operation  current  flowing  to  one  tran- 
sistor  never  influences  a  source  potential  of  another 

25  transistor  adjacent  to  and  facing  the  first  transistor. 
Another  object  of  the  present  invention  is  to  pro- 
vide  a  semiconductor  integrated  circuit  device  hav- 
ing  a  miniaturized  pattern  and  a  reduced  layout 
area  made  as  small  as  possible.  Additionally,  an- 

30  other  object  of  the  present  invention  is  to  provide  a 
semiconductor  integrated  circuit  device  having  an 
output  waveform  duty  ratio  equal  to  that  of  a  first 
input  waveform. 

According  to  the  present  invention,  there  is 
35  provided  a  semiconductor  integrated  circuit  device 

comprising  a  pair  of  transistors  of  the  same  con- 
duction  type  having  source  regions  receiving  a 
common  power  supply  voltage,  the  source  regions 
being  arranged  adjacent  to  each  other  and  facing 

40  each  other;  and  a  substrate  contact  diffusion  region 
whose  conduction  type  is  opposite  to  that  of  the 
source  regions,  the  substrate  contact  diffusion  re- 
gion  extending  between  the  source  regions.  There- 
fore,  the  source  regions  do  not  influence  each 

45  other. 
The  semiconductor  integrated  circuit  device 

may  comprise  a  plurality  of  pairs  of  the  same 
conduction  type  transistors.  A  substrate  contact 
diffusion  region  may  extend  to  respective  source 

50  regions  of  the  pairs  of  transistors  in  adjacent 
stages  and  protruding  to  approach  channel  forming 
regions  of  the  transistors  having  the  respective 
source  regions. 

Further,  an  embodiment  of  the  present  inven- 
55  tion  may  provide  a  semiconductor  integrated  circuit 

device  comprising  a  first  power  supply  line,  a  sec- 
ond  power  supply  line,  and  a  plurality  of  inverter 
circuits.  The  inverter  circuits  are  cascade-connect- 
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ed  and  each  of  the  inverter  circuits  is  connected  to 
the  first  and  second  power  supply  lines.  Each  of 
the  inverter  circuits  is  constituted  by  a  first  conduc- 
tion  type  transistor  and  a  second  conduction  type 
transistor.  A  pair  of  transistors  of  the  same  conduc- 
tion  type  has  source  regions  that  are  arranged 
adjacent  to  each  other  and  facing  each  other.  The 
conduction  type  of  the  substrate  contact  diffusion 
region  is  opposite  to  that  of  the  source  regions  and 
which  has  higher  impurity  density  than  the  sub- 
strate. 

The  substrate  contact  diffusion  region  may 
have  a  higher  impurity  density  than  the  substrate. 
The  first  conduction  type  transistor  may  be  a  P- 
channel  type  transistor  and  the  second  conduction 
type  transistor  may  be  an  N-channel  type  transis- 
tor,  and  the  first  power  supply  line  may  be  used  for 
applying  a  high  potential  power  supply  to  a  source 
region  of  each  P-channel  type  transistor  of  the 
inverter  circuits  and  the  second  power  supply  line 
may  be  used  for  applying  a  low  potential  power 
supply  to  a  source  region  of  each  N-channel  type 
transistor  of  the  inverter  circuits. 

The  substrate  contact  diffusion  region  between 
the  source  regions  of  the  pair  of  transistors  may 
include  a  contact  portion  for  connecting  aluminum 
wiring.  The  width  of  the  substrate  contact  diffusion 
region  between  the  source  regions  of  the  pair  of 
transistors  may  be  less  than  the  minimum  width  of 
diffusion.  The  width  of  the  substrate  contact  diffu- 
sion  region  between  the  source  regions  of  the  pair 
of  transistors  may  be  less  than  4  microns. 

The  plurality  of  inverter  circuits  may  be  ar- 
ranged  in  plural  rows,  sequentially  turned  an  even 
number  of  times  and  cascade-connected,  the  num- 
ber  of  stages  of  the  inverter  circuits  in  each  row 
may  be  odd.  the  number  of  stages  of  the  inverter 
circuits  in  the  last  row  may  be  even.  An  ON  resis- 
tance  value  of  the  first  conduction  type  transistor 
may  differ  from  that  of  the  second  conduction  type 
transistor. 

Additionally,  an  embodiment  of  the  present  in- 
vention  may  provide  a  semiconductor  integrated 
circuit  device  comprising  a  first  power  supply  line, 
a  second  power  supply  line,  and  a  plurality  of 
inverter  circuits.  The  inverter  circuits  are  cascade- 
connected  and  each  of  the  inverter  circuits  is  con- 
nected  to  the  first  and  second  power  supply  lines, 
and  each  of  the  inverter  circuits  is  constituted  by  a 
first  conduction  type  transistor  and  a  second  con- 
duction  type  transistor. 

Source  and  drain  regions  of  the  first  and  sec- 
ond  conduction  type  transistors  are  arranged  so 
that  extensions  of  lines  connecting  the  respective 
source  and  drain  regions  of  the  first  and  second 
conduction  type  transistors  intersect  each  other, 
and  a  conductive  layer  having  gate  electrodes  is 
disposed  orthogonal  to  the  source  and  drain  re- 

gions. 
A  plan  shape  of  a  wiring  contact  provided  for 

each  of  the  source  and  drain  regions  of  the  first 
and  second  conduction  type  transistors  may  be 

5  hexagonal.  The  wiring  for  connecting  the  drain  re- 
gions  of  the  first  and  second  conduction  type  tran- 
sistors  with  each  other  may  be  curved  opposite  to 
a  curve  of  the  conductive  layer  having  the  gate 
electrodes  of  the  first  and  second  conduction  type 

io  transactors.  The  wiring  for  connecting  the  drain 
regions  of  the  first  and  second  conduction  type 
transistors  with  each  other  may  be  connected  to  a 
conductive  layer  having  respective  gate  electrodes 
of  an  inverter  circuit  of  the  next  stage. 

is  Reference  is  made,  by  way  of  example,  to  the 
accompanying  drawings  in  which:- 

Figure  1  is  a  plan  view  showing  a  layout  of  a 
single  inverter  portion  of  a  proposed  prior  art 
semiconductor  delay  circuit  device; 

20  Fig.  2  is  a  sectional  view  showing  the  single 
inverter  portion  of  the  semiconductor  delay  cir- 
cuit  device  shown  in  Fig.  1; 
Fig  3  is  an  equivalent  circuit  view  showing  the 
single  inverter  portion  of  the  semiconductor  de- 

25  lay  circuit  device  shown  Fig.  1; 
Fig.  4  is  a  block  diagram  showing  an  optical 
disc  system  as  an  example  of  using  the  semi- 
conductor  delay  circuit  device; 
Fig.  5  is  a  circuit  view  showing  the  semiconduc- 

30  tor  delay  circuit  device  shown  in  Fig.  4; 
Fig.  6  is  a  plan  view  showing  a  layout  of  a 
semiconductor  delay  circuit  device  according  to 
a  first  embodiment  of  the  present  invention; 
Fig.  7  is  a  plan  view  showing  a  layout  of  the 

35  semiconductor  delay  circuit  device  of  Fig.  6  with 
a  first  aluminum  wiring  layer  emphasized; 
Fig.  8  is  a  plan  view  showing  a  layout  of  the 
semiconductor  delay  circuit  device  of  Fig.  6  with 
contacts  between  the  first  and  second  a  alu- 

40  minum  wiring  layers  emphasized; 
Fig.  9  is  a  plan  view  showing  a  layout  of  the 
semiconductor  delay  circuit  device  of  Fig.  6  with 
the  first  and  second  aluminum  wiring  layers 
emphasized; 

45  Fig.  10  is  an  equivalent  circuit  view  showing  one 
inverter  portion  of  the  semiconductor  delay  cir- 
cuit  device  shown  in  Fig.  8; 
Fig.  11  is  a  sectional  view  showing  the  semicon- 
ductor  delay  circuit  device  taken  along  a  line  A- 

50  A  of  Fig.  8; 
Fig.  12  is  a  sectional  view  showing  the  semicon- 
ductor  delay  circuit  device  taken  along  a  line  B- 
B  of  Fig.  8; 
Fig.  13  is  a  sectional  view  showing  a  part  of  the 

55  semiconductor  delay  circuit  device  according  to 
a  prior  proposal; 
Fig.  14  is  a  sectional  view  showing  a  part  of  the 
semiconductor  delay  circuit  device  embodying 
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the  present  invention; 
Fig.  15  a  circuit  view  showing  the  semiconductor 
delay  circuit  device  embodying  the  present  in- 
vention; 
Fig.  16  is  view  showing  the  details  of  a  connec- 
tion  portion  between  inverter  columns  shown  in 
Fig.  15; 
Fig.  17  is  a  plan  view  showing  a  layout  of  a 
semiconductor  delay  circuit  device  according  to 
a  prior  proposal; 
Fig.  18  is  a  plan  view  showing  a  layout  of  a 
semiconductor  delay  circuit  device  according  to 
a  second  embodiment  of  the  present  invention; 
Fig.  19  is  a  plan  view  showing  a  layout  of  the 
semiconductor  delay  circuit  device  of  Fig.  18 
with  aluminum  wiring  layers  emphasized; 
Fig.  20a  is  a  graph  showing  a  spectrum  of  an 
input  waveform  of  a  semiconductor  delay  circuit 
device; 
Fig.  20b  is  a  graph  showing  a  spectrum  of  an 
output  waveform  of  a  semiconductor  delay  cir- 
cuit  device  according  to  a  prior  proposal; 
Fig.  20c  is  a  graph  showing  a  spectrum  of  an 
output  waveform  of  a  semiconductor  delay  cir- 
cuit  device  embodying  the  present  invention; 
Fig.  21  is  a  view  showing  an  arrangement  of  a 
multistage  inverter  circuit  in  a  semiconductor 
delay  circuit  device  according  to  a  prior  pro- 
posal; 
Fig.  22  is  a  circuit  view  showing  the  arrange- 
ment  of  each  inverter  circuit  of  Fig.  21; 
Fig.  23  is  a  diagram  for  explaining  input  and 
output  waveforms  of  respective  points  of  the 
multistage  inverter  circuit  of  Fig.  21; 
Fig.  24  is  a  view  showing  an  arrangement  of  a 
multistage  inverter  circuit  in  a  semiconductor 
delay  circuit  device  as  a  variation  of  the  embodi- 
ments  according  to  the  present  invention; 
Fig.  25  is  a  diagram  for  explaining  input  and 
output  waveforms  of  respective  points  of  the 
multistage  inverter  circuit  of  Fig.  24;  and 
Fig.  26  is  a  plan  view  showing  an  arrangement 
of  a  part  of  the  multistage  inverter  circuit  shown 
in  Fig.  24. 

For  a  better  understanding  of  the  preferred 
embodiments  of  the  present  invention,  the  prob- 
lems  of  the  related  art  will  be  explained  first. 

Figure  1  is  a  plan  view  showing  a  layout  of  a 
single  inverter  portion  of  a  semiconductor  delay 
circuit  device  in  a  prior  proposal.  The  semiconduc- 
tor  delay  circuit  device  is  used  for  an  optical  disc 
system,  and  is  used  for  delaying  a  detected  signal 
of  the  optical  disc  system  to  maintain  synchroniza- 
tion,  even  if  a  center  position  of  the  optical  disc  is 
shifted.  Namely,  since  the  center  position  of  the 
optical  disc  cannot  be  formed  perfectly  at  the  exact 
center  of  the  disc  in  a  production  step,  a  semicon- 
ductor  delay  circuit  device  should  be  provided  in 

the  optical  disc  system  for  synchronization.  Note, 
the  semiconductor  delay  circuit  device  is,  for  ex- 
ample,  constituted  by  a  plurality  of  inverter  circuits 
which  are  cascade-connected,  and  an  input  signal 

5  of  the  semiconductor  delay  circuit  device  is  de- 
layed  in  accordance  with  a  value  of  a  power  supply 
voltage  applied  to  the  plurality  of  inverter  circuits  in 
the  semiconductor  delay  circuit  device. 

As  shown  in  Fig.  1,  an  N-channel  transistor  Qn' 
io  and  a  P-channel  transistor  Qp'  constitute  the  in- 

verter  circuit.  Figure  2  is  a  sectional  view  showing 
the  single  inverter  portion  of  the  semiconductor 
delay  circuit  device  shown  in  Fig.  1.  In  a  P~-type 
semiconductor  substrate  11',  the  N-channel  transis- 

15  tor  Qn'  comprises  an  N+  diffusion  layer  acting  as  a 
source  diffusion  region  21'  and  a  drain  diffusion 
region  22'.  Adjacent  to  the  source  diffusion  region 
21',  there  is  a  P+  diffusion  layer  acting  as  a  sub- 
strate  contact  diffusion  region  31'.  Such  an  arrange- 

20  ment  is  known  for  example  from  Patent  Abstracts 
of  Japan,  vol.  9,  no.  8,  (E-289)[1731]  Jan.  12,  1985 
and  JP-A-59  158  546,  Sept.  8,  1984.  The  numeral 
4'  is  a  polysilicon  layer  acting  as  a  common  gate 
electrode  with  respect  to  the  N-channel  transistor 

25  Qn'  and  P-channel  transistor  Qp'  (which  is  not 
shown  in  Fig.  2).  The  numeral  41'  is  an  aluminum 
wire  for  input  signals  connected  to  the  polysilicon 
layer  4'.  The  numeral  5'  is  an  aluminum  wire  con- 
nected  to  the  source  diffusion  region  21'  and  sub- 

30  strate  contact  diffusion  region  31'  at  respective 
contact  portions  51'  and  52'.  The  aluminum  wire  5' 
is,  for  example,  connected  to  a  low  potential  power 
source  Vss.  The  numeral  6'  is  an  aluminum  wire 
connecting  the  drain  diffusion  region  22'  of  the  N- 

35  channel  transistor  Qn'  to  a  drain  diffusion  region 
(P+  layer)  23'  of  the  P-channel  transistor  Qp'  at 
respective  contact  portions  61'  and  62'.  Through 
the  aluminum  wire  6',  output  signals  of  the  inverter 
circuit  are  picked  up.  On  the  other  hand,  a  source 

40  diffusion  region  (P+  layer)  24'  and  a  substrate  con- 
tact  diffusion  region  (N+  layer)  32'  adjacent  to  the 
region  24'  of  the  P-channel  transistor  Qp'  are  con- 
nected  to  an  aluminum  wire  7'  via  respective  con- 
tact  portions  71'  and  72'.  The  aluminum  wire  7'  is, 

45  for  example,  connected  to  a  high  potential  power 
source  Vcc.  The  numeral  8'  indicates  an  insulation 
film  such  as  a  silicon  oxide  film.  Figure  3  is  an 
equivalent  circuit  view  showing  the  single  inverter 
portion  of  the  semiconductor  delay  circuit  device 

50  shown  in  Fig.  1  . 
Figure  1  shows  only  the  layout  of  the  portion 

constituting  the  single  inverter  in  the  semiconductor 
delay  circuit  device.  Recently  such  a  layout  pattern 
of  a  semiconductor  delay  circuit  device  tends  to  be 

55  increasingly  miniaturized.  As  a  result,  an  inverter, 
for  example  the  one  mentioned  above,  is  arranged 
adjacent  to  another  inverter.  The  same  conduction 
type  (P-channel  type  or  N-channel  type)  transistors 

4 
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are  then  arranged  such  that  their  source  regions 
are  integrally  formed  with  each  other  to  constitute  a 
common  source  region.  In  this  case,  a  substrate 
contact  diffusion  layer  (region),  which  is  an  N+ 
layer  or  P+  layer  that  is  of  an  opposite  conduction 
type  relative  to  the  common  source  region  and  has 
a  higher  impurity  density  than  a  substrate,  is  ar- 
ranged  for  the  common  source  region,  and  sepa- 
rately  from  the  common  source  region.  The  com- 
mon  source  region  and  substrate  contact  diffusion 
region  are  connected  to  a  predetermined  power 
source  via  aluminum  wiring. 

However,  when  a  transistor  is  operating  with 
the  above-mentioned  arrangement,  an  operation 
current  of  the  transistor  flows  to  aluminum  wiring 
via  the  above-mentioned  common  source  region. 
Then,  due  to  contact  resistance  between  the  com- 
mon  source  region  and  the  aluminum  wiring,  etc.,  a 
source  potential  of  the  other  transistor  having  the 
common  source  region  varies  so  that  characteris- 
tics,  for  example,  a  threshold  voltage,  of  the  other 
transistor  may  be  influenced. 

It  is  an  object  of  the  present  invention  to  solve 
such  a  problem.  Even  if  source  regions  of  a  pair  of 
the  same  conduction  type  transistors  are  arranged 
adjacent  to  each  other  and  facing  each  other,  the 
source  regions  are  separated  by  a  substrate  con- 
tact  diffusion  region  that  is  of  an  opposite  conduc- 
tion  type  relative  to  the  source  regions  and  has  a 
higher  impurity  density  than  the  substrate.  As  a 
result,  the  effect  of  an  operation  current  flowing  to 
one  transistor  never  influences  a  source  of  the 
other  transistor. 

Further,  according  to  the  above-mentioned  lay- 
out,  the  lines  that  connect  the  respective  source 
and  drain  regions  of  the  P-channel  and  N-channel 
transistors  run  in  parallel  with  each  other.  The 
polysilicon  layer  having  the  gate  electrodes  of  the 
respective  transistors  and  the  aluminum  wiring  for 
connecting  the  drain  regions  of  the  respective  tran- 
sistors  are  constituted  by  combining  linear  portions. 
Accordingly,  a  pattern  forming  a  single  inverter 
circuit,  or  in  other  words,  an  area  needed  for  the 
layout  of  the  inverter  circuit,  may  have  many  use- 
less  portions  making  the  overall  pattern  larger. 

Therefore,  when  a  particularly  large  number  of 
inverter  circuits,  for  example,  connected  in  multiple 
stages,  are  provided,  a  problem  is  caused  that  they 
increase  the  general  layout  area  that  is  the  number 
of  inverter  circuits  that  can  be  arranged  in  a  unit 
area  is  considerably  limited. 

Embodiments  of  the  invention  may  also  solve 
the  above  problem,  so  that  the  pattern  of  an  in- 
verter  circuit  can  be  miniaturized  and  improved  to 
reduce  the  layout  area  to  be  as  small  as  possible, 
or  to  increase  the  number  of  inverter  circuits  to  be 
arranged  in  a  unit  area  as  much  as  possible. 

Figure  4  is  a  block  view  showing  an  optical 
disc  system  for  an  example  of  using  the  semicon- 
ductor  delay  circuit  device.  As  described  above,  a 
semiconductor  delay  circuit  device  is  used  for  an 

5  optical  disc  system,  and  is  used  for  delaying  a 
detected  signal  of  the  optical  disc  system  to  main- 
tain  synchronization,  even  if  a  center  position  of  an 
optical  disc  is  shifted. 

As  shown  in  Fig.  4,  an  optical  disc  system  is 
io  basically  constituted  by  a  pickup  401,  a  semicon- 

ductor  delay  circuit  device  (phase  controller)  402, 
an  FM-detection  portion  403,  a  synchronizing  sig- 
nal  select  portion  404,  and  a  phase  difference 
detector  405.  Data  (for  example,  a  video  signal 

is  data  or  an  audio  signal  data)  stored  on  an  optical 
disc  400  is  picked  up  by  the  pickup  401,  and  an 
output  signal  of  the  pickup  401  is  supplied  to  the 
semiconductor  delay  circuit  device  402.  An  output 
signal  of  the  semiconductor  delay  circuit  device 

20  402  is  supplied  to  the  FM-detection  portion  403, 
and  an  output  signal  of  the  optical  disc  system,  for 
example,  a  video  signal  or  an  audio  signal,  is 
output  from  the  FM-detection  portion  403.  Note,  a 
synchronizing  signal  is  selected  by  the  synchroniz- 

25  ing  signal  select  portion  404  via  the  FM-detection 
portion  403,  and  the  output  signal  of  the  synchro- 
nizing  signal  select  portion  404  is  supplied  to  the 
phase  difference  detector  405.  The  phase  differ- 
ence  detector  405  is  also  supplied  with  a  reference 

30  signal,  and  the  phase  difference  detector  405  out- 
puts  a  voltage  control  signal  to  the  semiconductor 
delay  circuit  device  402  by  comparing  the  synchro- 
nizing  signal  from  the  synchronizing  signal  select 
portion  404  and  the  reference  signal. 

35  In  the  above  description,  the  output  signal  of 
the  pickup  401  is  a  frequency  modulated  signal 
including  a  phase  fluctuation  of  ±27  usee,  and  this 
phase  fluctuation  is  caused  by,  for  example,  an 
eccentricity  of  a  center  position  in  the  optical  disc 

40  400.  Namely,  the  center  position  of  the  optical  disc 
400  cannot  be  formed  perfectly  at  the  exact  center 
of  the  disc  in  a  production  step,  so  the  semicon- 
ductor  delay  circuit  device  402  is  used  for  delaying 
the  output  signal  from  the  pickup  401  to  maintain  a 

45  synchronization  in  accordance  with  the  voltage 
control  signal  output  from  the  phase  difference 
detector  405.  Note,  the  semiconductor  delay  circuit 
device  402  is,  for  example,  constituted  by  a  plural- 
ity  of  inverter  circuits  which  are  cascade-connect- 

50  ed,  and  the  output  signal  of  the  pickup  401  is 
delayed  for  synchronizing  by  the  synchronizing 
signal  from  the  synchronizing  signal  select  portion 
404  and  the  reference  signal  in  accordance  with  a 
value  of  a  power  supply  voltage,  which  is  the 

55  voltage  control  signal,  applied  to  the  plurality  of 
inverter  circuits  in  the  semiconductor  delay  circuit 
device.  Consequently,  the  output  signal  of  the  op- 
tical  disc  system,  which  is  the  output  signal  of  the 

5 
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FM-detection  portion  403,  is  maintained  in  a  stable 
state  with  no  phase  fluctuation.  In  the  above  de- 
scription,  a  delay  value  of  the  semiconductor  delay 
circuit  device  402  is  determined  to  be  a  value 
larger  than  the  phase  fluctuation  range  (for  exam- 
ple,  ±27  usee.)  of  the  frequency  modulated  signal 
picked  up  by  the  pickup  401.  For  example,  the 
delay  value  of  the  semiconductor  delay  circuit  de- 
vice  402  is  determined  to  be  60  usee. 

Figure  5  is  a  circuit  view  showing  the  semicon- 
ductor  delay  circuit  device  shown  in  Fig.  4.  As 
shown  in  Fig.  5,  the  semiconductor  delay  circuit 
device  402  is  constituted  by  a  plurality  of  inverter 
circuits  I 1 . I 2 . I 3   In-i  ,  ln  .  In+  1  .  ■■■  For 
example,  the  semiconductor  delay  circuit  device 
402  is  constituted  by  a  plurality  of  rows  R1  ,  R2  , 
R3  ,  ...  with  each  of  the  rows  including  a  few 
hundred  inverters,  and  the  semiconductor  delay 
circuit  device  402  is  constituted  by  24000  stages  of 
inverter  circuits  which  are  cascade-connected. 

Next,  preferred  embodiments  of  the  present 
invention  will  be  described. 

Below,  some  embodiments  of  a  semiconductor 
delay  circuit  device  according  to  the  present  inven- 
tion  will  be  explained  with  reference  to  the  draw- 
ings. 

Figures  6  to  8  show  a  layout  of  a  semiconduc- 
tor  delay  circuit  device  according  to  an  embodi- 
ment  of  the  present  invention.  In  the  semiconductor 
delay  circuit  device,  multistage  inverter  circuits, 
which  comprise  P-channel  transistors  and  N-chan- 
nel  transistors,  are  cascade-connected.  Namely, 
wiring  (aluminum  wiring)  for  connecting  respective 
drain  regions  of  a  predetermined  inverter  circuit  is 
connected  to  a  conductive  layer,  for  example,  a 
polysilicon  layer,  having  respective  gate  electrodes 
of  an  inverter  circuit  of  the  next  stage.  In  this  way, 
many  inverters  are  successively  connected  in  mul- 
tiple  stages,  for  example,  24000  stages,  and  in 
multiple  columms  to  form  a  delay  circuit,  etc. 

Figure  6  shows  a  layout  pattern  including 
source  and  drain  diffusion  regions  of  the  P-channel 
transistors  and  N-channel  transistors  that  constitute 
inverter  circuits,  polysilicon  layers  having  gate 
electrodes  of  the  respective  transistors,  and  sub- 
strate  (power  source)  contact  diffusion  layers 
(regions)  that  are  arranged  between  respective 
source  regions  of  the  P-channel  transistors  con- 
stituting  adjacent  inverters  and  between  respective 
source  regions  of  the  N-channel  transistors  con- 
stituting  adjacent  inverters. 

Namely,  in  Fig.  6,  numerals  21  and  22  are 
source  and  drain  regions  (both  P+  diffusion  layers) 
of  the  P-channel  transistor  constituting  a  predeter- 
mined  inverter,  respectively.  Numerals  23  and  24 
are  source  and  drain  regions  (both  N+  diffusion 
layers)  of  the  N-channel  transistor  constituting  the 
inverter,  respectively.  Numeral  51  is  a  polysilicon 

layer.  Both  edge  portions  51'  and  52"  of  the  poly- 
silicon  layer  function  as  gate  electrodes  of  the  P- 
channel  transistor  and  N-channel  transistor.  Nu- 
meral  52  is  a  polysilicon  layer  having  gate  elec- 

5  trades  of  respective  transistors  constituting  an  in- 
verter  of  the  next  stage.  The  polysilicon  layer  52  is 
connected  to  aluminum  wiring  which  is  indicated  as 
a  first  layer  aluminum  wiring  62  in  Figs.  7,  8  and 
11,  for  connecting  the  drain  regions  22  and  24  of 

10  the  respective  transistors.  Numerals  62',  62"  and 
62  are  aluminum  contacts,  for  example,  refer  to 
Fig.  11,  for  connecting  the  aluminum  wiring  62  to 
the  drain  regions  22  and  24  and  polysilicon  layer 
52. 

15  Numerals  31  and  32  are  substrate  contact  dif- 
fusion  regions  (N+  diffusion  layers)  arranged  be- 
tween  the  respective  source  regions  of  P-channel 
transistors  that  constitute  adjacent  inverters.  The 
substrate  contact  diffusion  region  31  is  arranged  to 

20  interpose  between  the  source  regions  21  and  21'  of 
the  P-channel  transistors  that  face  each  other  in  the 
length  direction,  i.e.,  the  P-channel  transistors  that 
constitute  inverters  of  adjacent  columns.  The  width 
of  the  region  31,  i.e.,  a  facing  distance  of  the 

25  source  regions  21  and  21',  may  be  narrower  than, 
for  example,  the  minimum  channel  length  of  one  of 
the  transistors  constituting  the  inverter  (in  this  ex- 
ample,  the  channel  length  of  the  P-channel  transis- 
tor).  Numerals  22'  and  53"  are  a  drain  region  and  a 

30  gate  electrode,  respectively,  of  the  P-channel  tran- 
sistor  constituting  the  inverter  of  the  adjacent  col- 
umn  .  On  the  other  hand,  the  substrate  contact 
diffusion  region  32  is  arranged  to  interpose  be- 
tween  the  source  regions  of  the  P-channel  transis- 

35  tors  constituting  inverters  of  consecutive  stages. 
Each  edge  portion  of  the  region  32  protrudes  to 
approach  a  channel  forming  region,  which  is  a 
portion  just  under  a  gate  electrode  51',  of  a  transis- 
tor  having  the  corresponding  source  region,  for 

40  example,  the  P-channel  transistor  having  the 
source  region  21.  Numerals  61',  61"  and  32'  are 
aluminum  contacts  for  connecting  the  source  re- 
gions  21  and  21'  and  substrate  diffusion  regions  31 
and  32  with  aluminum  wiring,  for  example,  indi- 

45  cated  as  a  first  layer  aluminum  wiring  61  in  Figs.  7, 
8  and  1  1  . 

Similarly,  numerals  41  and  42  are  substrate 
contact  diffusion  regions  (P+  diffusion  layers)  ar- 
ranged  between  the  source  regions  of  N-channel 

50  transistors  constituting  adjacent  inverters.  The  re- 
gion  41  is  arranged  to  interpose  between  the 
source  regions  23  and  23'  of  the  N-channel  transis- 
tors  facing  each  other  in  the  length  direction,  i.e., 
the  N-channel  transistors  constituting  inverters  of 

55  adjacent  columns.  The  width  of  the  region  41,  i.e., 
a  facing  distance  between  the  source  regions  23 
and  23',  can  also  be  narrower  than  the  minimum 
channel  length  of  one  of  the  respective  transistors 
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constituting  the  inverter  (in  this  embodiment,  the 
channel  length  of  the  P-channel  transistor).  Nu- 
merals  24'  and  54"  are  a  drain  region  and  a  gate 
electrode,  respectively,  of  the  N-channel  transistor 
constituting  each  of  the  inverters  of  the  adjacent 
columns.  On  the  other  hand,  the  region  42  is 
arranged  to  interpose  between  the  source  regions 
of  the  N-channel  transistors  constituting  inverters  of 
adjacent  stages.  Each  edge  portion  of  the  region 
42  protrudes  to  approach  a  channel  forming  region, 
which  is  a  portion  just  under  a  gate  electrode  51", 
of  the  transistor  having  the  corresponding  source 
region,  for  example,  the  N-channel  transistor  having 
the  source  region  23.  Numerals  63',  63"  and  42'  are 
aluminum  contacts  for  connecting  the  source  re- 
gions  23  and  23'  and  substrate  contact  diffusion 
regions  41  and  42  with  aluminum  wiring,  for  exam- 
ple,  a  first  layer  aluminum  wiring  63  in  Figs.  7,  8 
and  1  1  . 

Figure  7  shows,  in  addition  to  the  layout  pat- 
tern  shown  in  Fig.  6,  a  layout  pattern  of  the  first 
layer  aluminum  wiring.  As  shown  in  Fig.  7,  the 
aluminum  wiring  62  for  connecting  the  drain  re- 
gions  of  respective  transistors  constituting  a  pre- 
determined  inverter  with  a  polysilicon  layer  has 
gate  electrodes  of  an  inverter  of  the  next  stage,  the 
aluminum  wiring  61  for  connecting  the  respective 
source  regions  of  P-channel  transistors  constituting 
respective  inverters  with  the  substrate  contact  diffu- 
sion  regions  (N+  layers)  is  disposed  between  the 
source  regions,  and  the  aluminum  wiring  63  for 
connecting  the  source  regions  of  N-channel  transis- 
tors  of  respective  inverters  with  the  substrate  con- 
tact  diffusion  regions  (P+  layers)  is  disposed  be- 
tween  the  source  regions.  Figure  8  shows,  in  addi- 
tion  to  the  respective  layout  patterns  shown  in  Fig. 
7,  a  layout  pattern  of  an  aluminum  contact  71'  for 
connecting  the  first  layer  aluminum  wiring  61  with  a 
second  layer  aluminum  wiring  71,  for  example, 
refer  to  Figs.  9  and  11,  and  an  aluminum  contact 
72'  for  connecting  the  first  aluminum  wiring  63  with 
an  aluminum  wiring  72,  for  example,  refer  to  Figs. 
9  and  11.  Figure  9  shows  a  layout  pattern  of  the 
first  layer  aluminum  wirings  61,  62  and  63,  and  the 
second  layer  aluminum  wirings  71  and  72. 

Figure  10  shows  an  equivalent  circuit  of  a 
single  inverter  portion  of  the  layout  pattern  shown 
in  Fig.  8.  A  reference  mark  Qp  indicates  a  P- 
channel  transistor  and  Qn  an  N-channel  transistor. 
Figures  11  and  12  are  sectional  views  showing  the 
semiconductor  delay  circuit  device,  taken  along  a 
line  A-A  and  a  line  B-B  of  Fig.  8,  respectively.  In 
Figs.  11  and  12,  numeral  11  is  a  P~-type  semicon- 
ductor  substrate,  12  an  N~-type  well,  8  a  field 
oxide  film,  and  9  an  interlayer  insulation  film. 

Figure  13  is  a  sectional  view  showing  a  part  of 
the  semiconductor  delay  circuit  device  according  to 
a  prior  proposal  ,  and  Figure  14  is  a  sectional  view 

showing  a  part  of  the  semiconductor  delay  circuit 
device  embodying  the  present  invention. 

As  shown  in  Fig.  13,  in  the  previously-pro- 
posed  type  delay  circuit  device,  two  P-channel 

5  transistors  Qpi  and  Qp2  ,  whose  source  regions 
are  commonly  formed  as  a  common  source  region 
21a  of  the  proposed  semiconductor  delay  circuit 
device,  influence  each  other  by  way  of  the  com- 
mon  source  region  21a. 

io  Namely,  when  the  P-channel  transistor  Qpi  is 
operating  and  a  current  flows  from  aluminum  wiring 
61  via  the  common  source  region  21a  to  a  drain 
region  22',  the  current  flowing  to  the  drain  region 
22'  of  the  transistors  Qpi  does  not  only  flow  from 

is  the  aluminum  wiring  61  passing  through  an  alu- 
minum  contact  61"  and  the  common  source  region 
21a  (which  is  shown  by  a  reference  io  1  '  in  Fig.  13), 
but  also  flows  from  the  aluminum  wiring  61  passing 
through  an  aluminum  contact  61'  and  the  common 

20  source  region  21a  (which  is  shown  by  a  reference 
io2'  in  Fig.  13). 

Similarly  when  the  P-channel  transistor  Qp2  is 
operating  and  a  current  flows  from  the  aluminum 
wiring  61  via  the  common  source  region  21a  to  a 

25  drain  region  22,  the  current  flowing  to  the  drain 
region  22  of  the  transistors  Qp2  does  not  only  flow 
from  the  aluminum  wiring  61  passing  through  the 
aluminum  contact  61'  and  the  common  source  re- 
gion  21a  (which  is  shown  by  a  reference  io  1  in  Fig. 

30  13),  but  also  flows  from  the  aluminum  wiring  61 
passing  through  the  aluminum  contact  61"  and  the 
common  source  region  21a  (which  is  shown  by  a 
reference  io2  in  Fig.  13).  Note,  the  above  pair  of 
transistors  of  the  same  conduction  type  are  ar- 

35  ranged  adjacent  to  each  other  and  facing  each 
other,  and  the  semiconductor  delay  circuit  device 
comprises  a  plurality  of  pairs  of  the  same  conduc- 
tion  type  transistors.  Therefore,  an  input  signal  of 
the  semiconductor  delay  circuit,  for  example,  an 

40  output  signal  of  a  pickup  in  an  optical  disc  system, 
is  distorted. 

Conversely,  as  shown  in  Fig.  14,  in  the  semi- 
conductor  delay  circuit  device  of  the  present  em- 
bodiment,  source  regions  21'  and  21  of  two  P- 

45  channel  transistors  Qpi  and  Qp2  are  formed  sepa- 
rately  by  a  substrate  contact  diffusion  region  31. 
Note,  a  conduction  type  of  the  substrate  contact 
diffusion  region  31  is  opposite  to  that  of  the  source 
regions  21  and  21'  of  the  two  P-channel  transistors 

50  Qpi  and  Qp2.  Namely,  the  substrate  contact  diffu- 
sion  region  31  is  an  N-channel  type  (N+  diffusion 
layer)  and  each  of  the  source  regions  21  and  21'  of 
the  two  P-channel  transistors  Qpi  and  Qp2  is  a  P- 
channel  type  (P+  diffusion  layer)  opposite  to  the 

55  substrate  contact  diffusion  region  31  .  Therefore,  the 
P-channel  transistors  Qpi  and  Qp2  are  not  influ- 
enced  by  each  other. 

7 
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Namely,  when  the  P-channel  transistor  Qpi  is 
operating  and  a  current  flows  from  aluminum  wiring 
61  to  a  drain  region  22',  the  current  flowing  to  the 
drain  region  22'  of  the  transistors  Qpi  only  flows 
from  the  aluminum  wiring  61  passing  through  an 
aluminum  contact  61"  and  the  source  region  21'  - 
(which  is  shown  by  a  reference  io  1  '  in  Fig.  14),  and 
the  current  never  flows  from  the  aluminum  wiring 
61  passing  through  an  aluminum  contact  61',  the 
source  region  21,  21'  and  the  substrate  contact 
diffusion  region  31  (which  is  shown  by  a  reference 
io2'  in  Fig.  14),  since  the  current  io2'  is  blocked  by 
the  substrate  contact  diffusion  region  31  . 

Similarly,  when  the  P-channel  transistor  Qp2  is 
operating  and  a  current  flows  from  aluminum  wiring 
61  to  a  drain  region  22,  the  current  flowing  to  the 
drain  region  22  of  the  transistors  Qp2  only  flows 
from  the  aluminum  wiring  61  passing  through  an 
aluminum  contact  61'  and  the  source  region  21 
(which  is  shown  by  a  reference  io  1  in  Fig.  14),  and 
the  current  never  flows  from  the  aluminum  wiring 
61  passing  through  an  aluminum  contact  61"  and 
the  source  region  21',  21  and  the  substrate  contact 
diffusion  region  31  (which  is  shown  by  a  reference 
io2  in  Fig.  14),  since  the  current  io2  is  blocked  by 
the  substrate  contact  diffusion  region  31  . 

As  described  above,  the  semiconductor  delay 
circuit  device  of  the  present  embodiment  has  the 
effect  that  operation  current  flowing  to  one  transis- 
tor  never  influences  a  source  potential  of  the  other 
transistor  adjacent  to  and  facing  the  first  transistor. 

Figure  15  shows  an  equivalent  circuit  of  the 
semiconductor  delay  circuit  device  employing  the 
present  invention,  in  which  numerals  li  to  h  in- 
dicate  inverters  and  "C"  an  IC  chip.  Figure  16 
shows  the  details  of  a  connection  portion  between 
inverter  columns  shown  in  Fig.  15.  The  connection 
portion  between  inverters  of  adjacent  columns  is 
indicated  with  a  numeral  64.  Other  reference  marks 
are  common  to  those  shown  in  the  other  figures. 

As  described  in  the  above,  according  to  the 
present  embodiment,  the  source  and  drain  regions 
21  ,  22  and  23,  24  of  the  P-channel  transistor  and 
N-channel  transistor  constituting  a  single  inverter 
circuit  are  arranged  with  an  inclination  such  that  a 
line  connecting  the  source  and  drain  regions  21 
and  22  and  a  line  connecting  the  regions  23  and  24 
intersect  each  other.  For  example,  they  are  inclined 
by  45°  in  a  predetermined  direction  from  a  hori- 
zontal  line  of  Fig.  6.  Both  faces  of  the  conductive 
layer  (polysilicon  layer)  51  having  the  gate  elec- 
trodes  of  these  transistors  are  curved  such  that  the 
gate  electrodes  51'  and  52"  are  orthogonal  to  a  line 
connecting  the  source  and  drain  regions  21  and  22 
and  a  line  connecting  the  regions  23  and  24.  On 
the  other  hand,  the  aluminum  wiring  62  for  con- 
necting  the  drain  regions  22  and  24  of  the  respec- 
tive  transistors  is  curved  opposite  to  the  curve  of 

the  polysilicon  layer  51.  Namely,  according  to  the 
present  embodiment,  a  layout  pattern  of  the  re- 
spective  component  elements  of  single  CMOS  in- 
verter  circuit  is  constituted  as  mentioned  above. 

5  Due  to  this,  an  area  needed  for  the  layout  is  fully 
reduced  in  both  longitudinal  and  lateral  directions. 
As  a  result,  the  number  of  inverters  to  be  arranged 
in  a  limited  chip  area  can  drastically  be  increased. 

In  addition  to  the  layout  pattern  of  the  respec- 
io  tive  component  elements  mentioned  above,  the 

aluminum  contacts,  for  instance,  61  and  63',  for  the 
aluminum  wiring  61  and  63  for  the  respective 
source  regions  and  the  aluminum  contacts,  for  in- 
stance,  62',  62"  and  62  ,  for  the  aluminum  wiring 

is  62  provided  for  the  respective  drain  regions  and 
polysilicon  layers  may  each  be  formed  with  a  hex- 
agonal  shape.  Compared  to  an  aluminum  contact 
having  the  same  contact  area  but  a  rectangular 
shape,  the  hexagonal  contact  can  reduce  the  dis- 

20  tance  between  adjacent  aluminum  contacts.  Note,  a 
design  criterion  related  to  the  distance  between  the 
contacts  is  mainly  determined  according  to  a  dis- 
tance  between  protruding  portions  thereof.  By  com- 
bining  the  above-mentioned  layout  pattern  with  the 

25  hexagonal  aluminum  contacts,  an  overall  layout 
area  can  effectively  be  miniaturized. 

The  reason  why  the  substrate  contact  diffusion 
regions  31,  32,  41  and  42  have  been  disposed 
according  to  the  present  embodiment  will  be  ex- 

30  plained  next. 
First,  the  substrate  contact  diffusion  region  32 

(N+  layer)  disposed  between  the  source  regions  of 
P-channel  transistors  and  the  substrate  contact  dif- 
fusion  region  42  (P+  layer)  disposed  between  the 

35  source  regions  of  N-channel  transistors  forming  the 
inverters  of  adjacent  stages  are  projectingly  formed 
as  mentioned  above  to  approach  the  channel  for- 
ming  regions  of  the  transistors  having  correspond- 
ing  source  regions.  For  example,  they  are  projec- 

40  tingly  formed  to  approach  the  channel  forming  re- 
gions,  which  are  portions  just  under  the  gate  elec- 
trodes  51',  of  the  P-channel  transistors  having  the 
source  regions  21,  and  the  channel  forming  re- 
gions,  which  are  portions  just  under  the  gate  elec- 

45  trades  51",  of  the  N-channel  transistors  having  the 
source  regions  23.  The  substrate  contacts  32  and 
42  are  N+  or  P+  layers  of  the  same  conduction 
type  as  that  of  the  corresponding  substrate  (or 
well),  and  have  a  high  impurity  density  and  low 

50  resistance.  By  positioning  the  substrate  contacts  32 
and  42  in  the  vicinities  of  the  channel  forming 
regions  of  respective  transistor  as  near  as  possible, 
potential  variations  in  the  substrate  around  the 
channel  forming  regions  can  be  surely  suppressed 

55  when  the  corresponding  transistors  are  turned  on. 
Therefore,  even  if  many  inverters,  which  are  con- 
nected  in  multiple  stages,  are  disposed  in  a  limited 
area  according  to  the  miniaturization  of  the  layout 

8 
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pattern  as  mentioned  above,  the  diffusion  regions 
32  and  42  can  surely  control  the  potential  vari- 
ations  in  the  substrate  which  corresponds  to  a 
potential  of  a  back  gate  around  the  transistors  that 
have  been  turned  on  so  that  the  characteristics,  for 
example,  threshold  voltages,  of  transistors  consti- 
tuting  inverters  of  the  next  stage  can  be  surely 
prevented  from  being  affected.  Arranging  the  diffu- 
sion  regions  32  and  42  of  the  above-mentioned 
shapes  does  not  hinder  the  miniaturization  of  the 
layout. 

As  the  layout  pattern  of  each  inverter  is  min- 
iaturized  as  mentioned  above,  transistors  constitut- 
ing  respective  inverters  are  closer  to  each  other. 
Therefore,  when  a  column  of  transistors  sequen- 
tially  connected  in  multiple  stages  (in  the  longitudi- 
nal  direction  of  the  figures)  as  mentioned  above 
returns  at  a  predetermined  position  to  form  an 
adjacent  transistor  column  ,  respective  source  re- 
gions  21  and  21'  of  P-channel  transistors  facing 
each  other  in  the  length  direction  (lateral  direction) 
come  remarkably  close  to  each  other,  and  source 
regions  23  and  23'  of  N-channel  transistors  also 
come  remarkably  close  to  each  other.  In  these 
cases,  the  source  regions  21  and  21',  or  23  and  23' 
may  in  theory  be  solidly  formed  with  no  problem. 
However,  in  practice,  an  operation  current  of  one 
operating  transistor,  for  example,  the  transistor  hav- 
ing  the  source  region  21,  may  flow  to  aluminum 
wiring  via  a  common  source  region  so  that  a 
source  potential  of  the  source  region  21'  of  the 
other  transistor  may  vary  due  to  contact  resistance, 
etc.,  between  the  source  region  and  the  aluminum 
wiring.  As  a  result,  the  characteristics  such  as 
threshold  voltage  of  the  adjacent  column  transistor 
having  the  source  region  21'  may  be  affected. 

However,  according  to  the  present  embodi- 
ment,  although  the  source  regions  of  transistors  in 
the  adjacent  columns  are  arranged  to  face  each 
other  in  the  length  direction  as  mentioned  above, 
the  N+  diffusion  layer  31  and  P+  diffusion  layer  41 
each  of  narrow  width  to  separate  all  the  source 
regions  of  adjacent  transistors,  are  arranged  be- 
tween  the  source  regions  21  and  21'  of  respective 
P-channel  transistors  and  between  the  source  re- 
gions  23  and  23'  of  respective  N-channel  transis- 
tors.  Then,  a  current  to  each  transistor  flows  to 
power  source  wiring  (aluminum  wiring)  only  via  a 
source  contact  of  the  transistor  itself  so  that  an 
operation  current  flowing  to  one  transistor  may  not 
influence  the  other  transistor  (i.e.,  its  characteris- 
tics). 

Namely,  even  if  adjacent  source  regions  are 
closely  positioned,  the  source  regions  are  sepa- 
rated  by  the  substrate  contact  diffusion  region 
comprising  the  N+  layer  or  P+  layer  of  opposite 
conduction  type  relative  to  the  source  regions  and 
of  higher  impurity  density  than  a  substrate.  This  is 

why  the  present  invention  provides  the  contact 
diffusion  region.  In  this  case,  the  width  of  the 
contact  diffusion  region,  i.e.,  a  distance  between 
the  facing  source  regions,  may  be  made  narrower 

5  than  the  minimum  length  of  a  channel  formed  in 
the  P-channel  transistor  or  in  the  N-channel  transis- 
tor,  as  mentioned  above. 

It  is  preferable  that  the  distance  between  the 
source  regions  that  are  separated  as  mentioned 

io  above  be  less  than  4  microns,  and  the  distance 
between  the  source  regions  be  less  than  the  mini- 
mum  width  of  diffusion. 

Figure  17  is  a  plan  view  showing  a  layout  of  a 
semiconductor  delay  circuit  device  of  a  prior  pro- 

15  posal, 
and  Fig.  18  is  a  plan  view  showing  a  layout  of 

a  semiconductor  delay  circuit  device  according  to  a 
second  embodiment  of  the  present  invention.  Note, 
the  semiconductor  delay  circuit  device  of  Fig.  18 

20  corresponds  to  the  proposed  semiconductor  delay 
circuit  device  of  Fig.  17.  Comparing  the  semicon- 
ductor  delay  circuit  devices  shown  in  Figs.  17  and 
18,  the  semiconductor  delay  circuit  device  of  Fig. 
17  has  a  common  source  region  121a,  and  the 

25  semiconductor  delay  circuit  device  of  the  present 
embodiment  (Fig.  18)  has  a  separated  source  re- 
gion  121  and  121'  for  each  transistor.  Namely,  the 
semiconductor  delay  circuit  device  of  the  present 
embodiment  has  a  substrate  contact  diffusion  re- 

30  gion  131  which  is  provided  between  the  source 
regions  121  and  121',  and  a  conduction  type  of  the 
substrate  contact  diffusion  region  131  is  opposite 
to  that  of  the  source  regions  121  and  121'  of  the 
transistors. 

35  The  semiconductor  delay  circuit  device  of  the 
present  embodiment  is  similar  to  the  embodiment 
shown  in  Figs.  6  to  12,  and  the  semiconductor 
delay  circuit  device  comprises  a  plurality  of  inverter 
circuits  which  comprise  P-channel  transistors  and 

40  N-channel  transistors  and  are  cascade-connected 
in  plural  columms. 

In  Fig.  18  numerals  121  and  123  are  source 
regions  of  P-channel  and  N-channel  transistors 
constituting  a  single  inverter  circuit,  122  and  124 

45  drain  regions  of  the  P-channel  and  N-channel  tran- 
sistors,  and  131  a  substrate  contact  diffusion  region 
(N+  layer)  disposed  between  the  source  regions 
121  of  the  P-channel  transistor  and  a  source  region 
121'  of  a  P-channel  transistor  that  is  in  the  next 

50  column  and  adjacent  to  the  source  region  121  to 
face  the  source  region  121.  The  substrate  contact 
diffusion  region  131  corresponds  to  the  substrate 
contact  diffusion  region  31  of  the  first  embodiment 
mentioned  in  the  above.  Numeral  132  is  a  sub- 

55  strate  contact  diffusion  region  (N+  layer)  disposed 
between  source  regions  of  P-channel  transistors 
that  constitute  inverters  of  adjacent  stages,  and 
corresponds  to  the  substrate  contact  diffusion  re- 

9 
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gion  32  of  the  first  embodiment.  Similar  to  the 
diffusion  region  32,  the  substrate  contact  diffusion 
region  132  protrudes  to  approach  channel  forming 
regions,  for  example,  portions  just  under  a  gate 
electrode  151',  of  the  P-channel  transistors. 

On  the  other  hand,  numeral  141  is  a  substrate 
contact  diffusion  region  (P+  layer)  disposed  be- 
tween  the  source  region  123  of  the  N-channel 
transistor  and  a  source  region  of  an  N-channel 
transistor  that  is  positioned  adjacent  to  the  source 
region  123  and  face  the  source  region  123.  The 
substrate  contact  diffusion  region  141  corresponds 
to  the  substrate  contact  diffusion  region  41  of  the 
first  embodiment.  Further,  numeral  142  is  a  sub- 
strate  contact  diffusion  region  (P+  layer)  disposed 
between  source  regions  of  N-channel  transistors 
that  constitute  inverters  of  adjacent  stages,  and 
corresponds  to  the  substrate  contact  diffusion  re- 
gion  42  of  the  embodiment  shown  in  Figs.  6  to  12. 
Similar  to  the  diffusion  region  42,  the  substrate 
contact  diffusion  region  142  protrudes  to  approach 
channel  forming  regions,  for  example,  a  portion  just 
under  a  gate  electrode  151",  of  the  N-channel  tran- 
sistors. 

Numeral  151  is  a  polysilicon  layer  both  ends  of 
which  have  gate  electrodes  151'  and  151".  A  nu- 
meral  152  is  a  similar  polysilicon  layer  disposed  for 
an  inverter  of  the  next  stage. 

Figure  19  shows  layout  patterns  of  aluminum 
wirings  161,  162  and  163,  which  correspond  to  the 
aluminum  wirings  61,  62  and  63  of  the  embodiment 
shown  in  Figs.  6  to  12  respectively,  disposed  on 
the  layout  pattern  shown  in  Fig.  18.  Namely,  nu- 
meral  161  is  a  power  source  connecting  aluminum 
wiring  disposed  on  the  source  side  of  P-channel 
transistors,  162  is  aluminum  wiring  for  connecting 
the  drain  regions  122  and  124  of  the  P-channel  and 
N-channel  transistors  constituting  an  inverter  with 
the  polysilicon  layer  disposed  for  an  inverter  of  the 
next  stage,  and  163  is  a  power  source  connecting 
aluminum  wiring  disposed  on  the  source  side  of  N- 
channel  transistors. 

Numerals  161',  161"  and  132'  are  contacts  for 
connecting  the  source  regions  121  and  121'  of  P- 
channel  transistors  and  the  substrate  contact  diffu- 
sion  regions  131  and  132  with  the  aluminum  wiring 
161.  Numerals  162',  162"  and  162"'  are  contacts  for 
connecting  the  drain  region  122  of  P-channel  tran- 
sistor,  the  drain  region  124  of  N-channel  transistor 
and  the  polysilicon  layer  152  respectively  to  the 
aluminum  wiring  162.  Numerals  163'  and  142'  are 
contacts  for  connecting  the  source  region  123  of  N- 
channel  transistor  and  the  substrate  contact  diffu- 
sion  regions  141  and  142  respectively  to  the  alu- 
minum  wiring  163  (a  source  region  of  N-channel 
transistor  in  the  next  column  adjacent  to  the  source 
region  123  to  face  the  source  region  123  being 
naturally  connected  to  the  aluminum  wiring  163). 

In  this  embodiment  also,  the  substrate  contact 
diffusion  regions  131,  141  and  132,  142  provide  the 
same  effect  as  the  regions  31  ,  41  and  32,  42  of  the 
embodiment  shown  in  Figs.  6  to  12. 

5  According  to  the  present  embodiment,  even  if 
source  regions  of  same  conduction  type  transistors 
are  arranged  adjacent  to  each  other  and  facing 
each  other,  an  effect  of  operation  current  flowing  to 
one  transistor  never  influences  a  source  potential  of 

io  the  other  transistor  adjacent  to  and  facing  the  first 
transistor.  Therefore,  characteristics,  for  example,  a 
threshold  voltage,  of  the  other  transistor  can  be 
surely  prevented  from  varying. 

Figure  20a  is  a  view  showing  a  spectrum  of  an 
is  input  waveform  of  a  semiconductor  delay  circuit 

device,  Fig.  20b  is  a  view  showing  a  spectrum  of 
an  output  wave-form  of  a  previously-proposed  type 
delay  circuit  device,  and  Fig.  20c  is  a  view  showing 
a  spectrum  of  an  output  wave-form  of  a  semicon- 

20  ductor  delay  circuit  device  embodying  the  present 
invention. 

Note,  the  input  signal  is  a  frequency  modulated 
wave,  a  carrier  of  the  input  signal  is  at  8.5  MHz, 
and  a  modulation  signal  of  the  input  signal  is  at 

25  3.58  MHz.  Further,  the  proposed  semiconductor 
delay  circuit  device  has  a  common  source  region 
such  as  shown  in  Figs.  13,  17,  and  the  like,  and  the 
semiconductor  delay  circuit  device  of  the  present 
embodiment  has  a  substrate  contact  diffusion  re- 

30  gion  and  separated  source  regions  such  as  shown 
in  Figs.  14,  18,  and  the  like. 

As  shown  in  Fig.  20a,  an  input  signal  of  a 
semiconductor  delay  circuit  device  has  some 
peaks  at  about  1.3  MHz,  4.9  MHz,  8.5  MHz,  12.1 

35  MHz,  and  15.7  MHz. 
As  shown  in  Fig.  20b,  an  output  signal  which  is 

delayed  and  output  from  the  previously-proposed 
type  delay  circuit  device  has  a  plurality  of  peaks. 
These  peaks  of  the  output  signal  from  the  pro- 

40  posed  semiconductor  delay  circuit  device  include 
the  peaks  of  the  input  signal,  but  other  peaks  are 
also  included  in  the  output  signal.  Conversely,  as 
shown  in  Fig.  20c,  an  output  signal  which  is  de- 
layed  and  output  from  the  semiconductor  delay 

45  circuit  device  of  the  present  embodiment  is  near- 
identical  to  the  input  signal  shown  in  Fig.  20a. 
Namely,  comparing  the  spectrum  of  Fig.  20c  with 
that  of  Fig.  20b,  the  output  signal  of  the  present 
semiconductor  delay  circuit  device  includes  few 

50  extraneous  peaks,  since  the  semiconductor  delay 
circuit  device  of  the  present  embodiment  has  a 
substrate  contact  diffusion  region  which  is  provided 
between  the  source  regions  of  a  pair  of  the  same 
conduction  type  transistors  and  has  the  effect  that 

55  operation  current  flowing  to  one  transistor  never 
influences  a  source  potential  of  the  other  transistor 
of  the  pair  transistors  which  are  arranged  adjacent 
to  each  other  and  facing  each  other. 
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Next,  further  embodiments  of  the  present  in- 
vention  will  be  explained.  For  a  better  understand- 
ing  of  these  preferred  embodiments,  the  problems 
of  the  related  art  will  be  explained  first. 

Generally,  to  form  a  semiconductor  delay  cir- 
cuit  device  multiple  stages  (for  instance,  24000 
stages)  of  inverter  circuits  are  arranged  on  a  chip 
C.  As  shown  in  Fig.  21,  multiple  stages  of  inverters 
ir,  h',  b',  ■■■  are  cascade-connected  and  sequen- 
tially  turned  to  form  plural  rows.  The  number  of 
inverter  circuits  in  each  row,  i.e.,  the  number  of 
stages  of  each  row,  is  made  even.  In  Fig.  21,  for 
the  sake  of  simplicity,  the  number  of  inverter  cir- 
cuits  in  each  row  is  4,  e.g.,  the  first  row,  comprises 
the  inverters  W  to  U'.  Each  (for  example  W)  of  the 
inverters  is  constituted  as  a  CMOS  inverter  circuit 
comprising  a  P-channel  transistor  Qp  and  an  N- 
channel  transistor  Qn  as  shown  in  Fig.  22. 

Figure  23  shows  changing  states  of  an  output 
signal  waveform  in  each  of  the  multiple  stage  in- 
verter  circuits  shown  in  Fig.  21  when  an  input 
signal  indicated  with  ©  (a  high  level  portion  and  a 
low  level  portion  having  the  same  width,  i.e.,  its 
duty  ratio  being  50%)  is  input  into  the  first  stage 
inverter  I',.  Here  /3  (current  gain)  of  the  P-channel 
transistor  (inverse  proportion  to  ON  resistance  of 
the  transistor)  of  each  inverter  is  supposed  to  be 
smaller  than  /3  of  the  N-channel  transistor  of  the 
inverter.  Generally,  if  the  P-channel  transistor  and 
N-channel  transistor  have  the  same  pattern,  /3  of 
the  P-channel  transistor  is  inevitably  smaller  than  /3 
of  the  N-channel  transistor  due  to  the  difference  of 
mobility  of  carriers  of  the  transistors. 

First,  an  output  waveform  ©  of  the  inverter  I', 
is  explained.  A  fall  of  the  same  is  delayed  by  a 
predetermined  time  t  behind  a  rise  of  the  waveform 

©  and  it  abruptly  falls  at  that  time.  Since  /3  of  the 
P-channel  transistor  is  low,  the  waveform  ©  gently 
rises  at  a  time  delayed  by  the  predetermined  time  t 
after  a  fall  of  the  waveform  ©  so  that  its  rising 
waveform  may  be  obtuse  (gradual).  Next,  an  output 
waveform  ©  of  the  inverter  I2  is  explained.  For  the 
same  reason,  the  waveforms  gently  rises  at  a  time 
delayed  by  the  predetermined  time  t  after  the  fall 
of  the  waveform  ©  ,  and  abruptly  falls  at  a  time 
delayed  by  the  predetermined  time  t  behind  an 
intermediate  level  point  of  a  rise  portion  of  the 
waveform  (2)  .  Accordingly,  a  duty  ratio  of  the 
output  waveform  ©  of  the  inverter  I2  in  the  second 
stage  (even  stage)  again  becomes  the  original  duty 
ratio.  Next,  an  output  waveform  @  of  the  inverter 
I3'  is  explained.  It  abruptly  falls  at  a  time  delayed 
by  the  predetermined  time  t  behind  an  intermediate 
level  point  of  the  rise  portion  of  the  waveform  ©  , 
and  it  obtusely  rises  at  a  time  delayed  by  the 
predetermined  time  t  after  the  fall  of  the  waveform 

©  .  Further,  an  output  waveform  ©  of  the  inverter 
W  is  explained.  Since  an  output  wiring  of  the  in- 

verter  W  is  turned  and  connected  to  an  input  of  the 
inverter  b'  of  the  next  row  (second  row),  the  length 
and  area  thereof  may  be  extended.  Therefore,  its 
wiring  capacity  increases  causing  a  large  load  so 

5  that  its  rising  waveform  becomes  extremely  obtuse 
and  large  (its  rise  time  being  delayed  by  t  after  the 
fall  of  the  waveform  @).  Its  falling  waveform  also 
becomes  slightly  obtuse.  (Its  falling  point  is  de- 
layed  by  t  behind  an  intermediate  level  point  of  the 

10  rising  portion  of  the  waveform  @  .)  In  this  way, 
compared  to  the  first  input  waveform  ©  ,  the 
waveform  ©  largely  influences  a  reduction  of  duty 
ratio  of  a  high  level  side,  particularly  the  rising 
portion  of  the  waveform  ©  (i.e.,  the  first  cycle  of 

15  the  waveform  ©  )  becomes  drastically  obtuse. 
Similarly,  an  output  waveform  ©  of  the  inverter  b' 
falls  at  a  time  delayed  by  t  behind  an  intermediate 
level  point  of  the  rising  portion  of  the  waveform  ©,  
and  obtusely  rises  at  a  time  delayed  by  t  behind  an 

20  intermediate  level  point  of  the  falling  portion  of  the 
waveform  ©  .  An  output  waveform  ©  of  last  stage 
inverter  Is'  of  the  second  row  rises  quite  obtusely 
similar  to  the  waveform  ©  and  falls  slightly  ob- 
tusely  for  the  same  reason  mentioned  above,  be- 

25  cause  an  output  of  the  inverter  Is'  is  turned  and 
connected  to  an  input  of  the  inverter  Ig'.  In  this 
way,  similar  to  the  waveform  ©,  the  rising  portion 
of  the  first  input  waveform  ©  (the  first  cycle  of  the 
waveform  ©  )  becomes  quite  obtuse,  and  the 

30  waveform  ©  is  affected  in  a  manner  similar  to  that 
in  the  waveform  ©  so  that  its  duty  ratio  on  the 
high  level  side  may  further  decrease.  In  this  way, 
output  waveforms  ®  and  ©  of  inverters  Ig'  and 
I1  0  '  in  the  third  row,  for  example,  will  be  as  shown 

35  in  the  figure.  As  the  number  of  stages  increases, 
the  duty  ratio  gradually  changes  from  the  first  duty 
ratio  (50%). 

As  described  above,  according  to  the  mul- 
tistage  inverter  circuit  already  proposed,  each  row 

40  contains  an  even  number  of  inverters,  and  an  out- 
put  of  one  row  is  turned  and  connected  to  the  next 
row.  An  output  waveform  of  the  last  stage  inverter 
of  each  row  (W  or  Is'  in  the  above  example)  be- 
comes  quite  obtuse  (affected  greatly)  always  on 

45  the  same  side  with  respect  to  the  signal  waveform 
©  input  into  the  first  stage  inverter  W  (i.e.,  always 
on  the  rising  side  of  the  above  example).  Accord- 
ingly,  as  the  number  of  turning  rows  increases,  the 
duty  ratio  of  an  output  waveform  gradually  changes 

50  from  the  duty  ratio  of  the  first  input  waveform  ©  - 
(causing  secondary  harmonic  distortion).  Finally,  a 
problem  is  caused  that  a  waveform  on  the  high 
level  or  low  level  side  almost  disappears.  The 
above  explanation  was  given  for  the  case  that  /3  of 

55  a  P-channel  transistor  is  smaller  than  /3  of  an  N- 
channel  transistor  in  each  inverter.  If  /3  of  the  P- 
channel  transistor  is  larger  than  /3  of  the  N-channel 
transistor,  for  example,  a  layout  pattern  of  the  P- 

11 



21 EP  0  357  410  B1 22 

channel  transistor  is  larger  than  a  layout  pattern  of 
the  N-channel  transistor,  an  output  waveform  of  the 
last  stage  inverter  of  each  row  is  greatly  affected 
always  on  the  same  side  (on  the  falling  side  in  this 
case  with  respect  to  the  signal  waveform  ©  input 
into  the  first  stage  inverter  ir,  thus  causing  the 
same  problem  as  above. 

Below,  an  example  of  a  semiconductor  delay 
circuit  device  of  a  further  embodiment  will  be  ex- 
plained  with  reference  to  Figs.  24  to  26. 

Figure  24  shows  a  semiconductor  delay  circuit 
device  having  multistage  inverter  circuits  on  a  chip 
C  according  to  an  embodiment  of  the  present  in- 
vention.  In  Fig.  24,  the  multistage  inverter  circuits 
are  sequentially  turned  (two  times)  to  form  three 
rows,  and  are  cascade-connected.  The  number  of 
inverter  circuits  in  each  row  is  made  odd  (three  in 
this  case).  As  shown  in  Fig.  22  each  inverter  is 
constituted  as  a  CMOS  inverter  circuit  comprising  a 
P-channel  transistor  and  an  N-channel  transistor. 

Figure  25  shows  waveforms  of  respective  por- 
tions  of  the  multistage  inverter  circuits  shown  in 
Fig.  24.  Similar  to  the  case  of  Fig.  23,  ©  indicates 
an  input  signal  waveform  with  a  duty  ratio  of  50% 
input  in  a  first  stage  inverter  li  .  In  each  inverter,  it 
is  supposed  that  /3  of  the  P-channel  transistor  is 
smaller  than  /3  of  the  N-channel  transistor. 

Due  to  this,  an  output  waveform  ©  of  the 
inverter  11  and  an  output  waveform  ©  will  be  the 
same  as  those  of  Fig.  23.  Since  the  output  wiring 
of  an  inverter  b  in  the  last  stage  of  the  first  row  is 
turned  and  connected  to  the  input  of  an  inverter  U 
of  the  next  row  (second  row),  an  output  waveform 

@  of  the  inverter  I3  rises  quite  obtusely  and  falls 
slightly  obtusely  for  the  same  reasons  explained 
with  reference  to  Fig.  23.  In  this  case,  its  rising 
point  is  delayed  by  a  time  t  behind  a  falling  point 
of  the  waveform  ©,  and  its  falling  point  is  delayed 
by  t  behind  an  intermediate  level  point  of  a  rising 
portion  of  the  waveform  ©  .  In  this  way,  with 
respect  to  the  first  input  waveform  ©  ,  the 
waveform  @  causes  a  variation  in  the  duty  ratio  (a 
reduction  of  the  duty  ratio  on  the  high  level  side) 
because  the  falling  portion  of  the  waveform  ©  (i.e., 
the  second  cycle  of  the  waveform  ©  )  becomes 
quite  obtuse.  Similarly,  output  wave  forms  ©  and 

©  of  inverters  U  and  b  in  the  second  row  are 
sequentially  delayed  by  the  predetermined  time  t 
to  become  those  shown  in  Fig  25.  Since  the  output 
of  an  inverter  Ig  in  the  last  stage  of  the  second  row 
is  turned  and  connected  to  the  input  of  an  inverter 
I7  of  the  next  row  (third  row),  an  output  waveform 

©  of  the  inverter  Ig  rises  quite  obtusely  and  falls 
slightly  obtusely  for  the  same  reasons  mentioned 
above.  Contrary  to  the  waveform  @,  with  respect 
to  the  first  input  waveform  ©,  the  rising  portion  of 
the  waveform  ©  (i.e.,  the  first  cycle  of  the 
waveform  ©  )  becomes  greatly  obtuse  in  the 

waveform  ©)  to  compensate  a  variation  in  the  duty 
ratio  in  the  waveform  @.  In  this  way,  by  sequen- 
tially  turning  and  connecting  the  inverters  an  even 
number  of  times,  and  by  making  the  number  of 

5  stages  of  inverters  in  each  row  (except  the  last 
row)  odd,  an  output  waveform  of  the  last  stage 
inverter  in  each  row  with  respect  to  the  first  input 
waveform  ©  becomes  such  that  portions  cor- 
responding  to  the  falling  and  rising  portions  of  the 

10  waveform  ©  are  alternately  affected  with  the  same 
influence.  A  duty  ratio  of  an  output  waveform  of  the 
last  stage  inverter  (for  example  Ig)  in  an  even  row 
whose  output  side  is  connected  to  a  turned  wiring 
is  always  equal  to  the  duty  ratio  of  the  first  input 

15  waveform  ©  (50%  in  this  case),  for  example,  the 
duty  ratio  of  the  waveform  ©  will  be  50%,  i.e.,  (ti 
=  t2),  at  each  intermediate  level  point.  Since  an 
output  waveform  of  each  inverter  in  the  last  row 
(third  row  in  this  case)  rises  Slightly  obtusely,  a 

20  duty  ratio  of  the  output  waveform  of  the  odd  in- 
verter  may  slightly  differ  from  the  duty  ratio  of  the 
input  waveform  ©  .  However,  at  an  output 
waveform  of  the  next  even  stage  inverter,  its  duty 
ratio  returns  to  the  original  one.  Unlike  the  type  of 

25  circuit  shown  in  Fig.  23,  the  duty  ratio  does  not 
gradually  change  as  the  number  of  stages  of  in- 
verters  that  are  sequentially  turned  and  connected 
in  plural  rows  increases. 

In  the  above  embodiment,  /3  of  the  P-channel 
30  transistor  was  smaller  than  /3  of  the  N-channel 

transistor  in  each  inverter.  However,  even  if  /3  of 
the  P-channel  transistor  is  larger  than  /3  of  the  N- 
channel  transistor,  the  same  effect  as  mentioned 
above  will  be  provided. 

35  Figure  26  shows  a  layout  pattern  of  wiring  to  a 
next  stage  inverter  in  the  multistage  inverter  cir- 
cuits  shown  in  Fig.  24.  In  Fig.  26,  V-shape  wiring 
(indicated  with  a  numeral  211)  shown  in  the  right 
row  is  aluminum  wiring  for  connecting  two  adjacent 

40  inverters  in  the  above-mentioned  first  row,  for  ex- 
ample,  with  each  other  (i.e.,  connecting  an  output 
of  the  previous  stage  inverter  with  an  input  of  the 
next  stage  inverter).  Numeral  212  is  aluminum  wir- 
ing  having  a  turning  portion  for  connecting,  for 

45  example,  an  output  of  the  last  stage  inverter  of  the 
first  row  with  an  input  of  the  first  stage  inverter  of 
the  second  row.  Numeral  213  is  aluminum  wiring 
for  connecting,  for  example,  two  adjacent  inverters 
in  the  second  row  with  each  other.  Namely,  the 

50  wiring  length  and  layout  area  of  the  aluminum 
wiring  212  having  the  turning  portion 
(corresponding  to  turning  wiring  for  connecting  the 
inverters  I3  and  U  or  Ig  and  I7  of  the  adjacent 
rows)  become  larger  than  those  of  the  aluminum 

55  wirings  211  and  213  for  connecting  inverters  of  the 
same  row,  as  shown  in  Fig.  26. 

In  Fig.  26,  numerals  221  and  222  are  poly- 
silicon  layers  having  gate  electrodes  of  P-channel 
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and  N-channel  transistors  constituting  each  invert- 
er;  231  is  aluminum  wiring  for  power  source  con- 
nection  disposed  on  the  source  region  side  of  P- 
channel  transistor  of  each  inverter;  232  is  aluminum 
wiring  for  power  source  connection  disposed  on 
the  source  region  side  of  N-channel  transistor  of 
each  inverter;  241  and  251  are  contacts  for  con- 
necting  source  regions  of  P-channel  transistors  of 
respective  inverters  with  the  aluminum  wiring  231; 
242  and  252  are  contacts  for  connecting  drain 
regions  of  P-channel  transistors  of  respective  in- 
verters  with  the  aluminum  wiring  211,  212  or  213; 
243  and  253  are  contacts  for  connecting  drain 
regions  of  N-channel  transistors  of  respective  in- 
verters  with  the  aluminum  wiring  211,  212  or 
213;254  is  a  contact  for  connecting  the  source 
region  of  N-channel  transistor  of  each  inverter  with 
the  aluminum  wiring  232;  261,  262  and  263  are 
contacts  for  connecting  the  aluminum  wiring  211, 
212  or  213  (i.e.,  the  output  side  of  an  inverter  of 
previous  stage)  with  an  input  side  (polysilicon  layer 
221  or  222)  of  the  next  stage  inverter;  271  is  a 
contact  for  connecting  a  substrate  contact  diffusion 
region  disposed  on  the  source  region  side  of  P- 
channel  transistor  of  each  inverter  with  the  alu- 
minum  wiring  231;  and  272  is  a  contact  for  con- 
necting  a  substrate  contact  diffusion  region  dis- 
posed  on  the  source  region  side  of  the  N-channel 
transistor  of  each  inverter  with  the  aluminum  wiring 
232. 

According  to  the  present  embodiment  even  if 
inverter  circuits  in  each  of  which  /3  of  the  P-channel 
transistor  and  N-channel  transistor  differ  from  each 
other  are  connected  in  plural  rows  and  in  plural 
stages,  a  duty  ratio  of  an  output  waveform  of  the 
last  stage  inverter  may  be  substantially  equal  to  a 
duty  ratio  of  a  signal  waveform  input  in  the  first 
stage  inverter. 

Many  widely  different  embodiments  of  the 
present  invention  may  be  constructed  without  de- 
parting  from  the  scope  of  the  present  invention, 
and  it  should  be  understood  that  the  present  inven- 
tion  is  not  limited  to  the  specific  embodiments 
described  in  this  specification,  except  as  defined  in 
the  appended  claims. 

Claims 

1.  A  semiconductor  integrated  circuit  device  com- 
prising  a  pair  of  transistors  (Qp;  Qn)  of  the 
same  conduction  type  having  source  regions 
(21,21';  23,23')  receiving  a  common  power 
supply  voltage  (Vcc,  Vss,)  said  source  regions 
(21,  21';  23,  23')  being  arranged  adjacent  to 
each  other  and  facing  each  other;  and  a  sub- 
strate  contact  diffusion  region  (31;  41)  whose 
conduction  type  is  opposite  to  that  of  the 
source  regions  (21,21';  23,23'),  said  substrate 

contact  diffusion  region  (31;  41)  extending  be- 
tween  said  source  regions  (21,  21';  23,  23'). 

2.  A  semiconductor  integrated  circuit  device  ac- 
5  cording  to  claim  1  ,  wherein  said  substrate  con- 

tact  diffusion  region  (31;  41)  has  a  higher  im- 
purity  density  than  a  well  (12)  or  a  substrate 
(11). 

io  3.  A  semiconductor  integrated  circuit  device  ac- 
cording  to  claim  1  or  2,  wherein  said  semicon- 
ductor  integrated  circuit  device  comprises  plu- 
ral  stages  of  pairs  of  the  same  conduction  type 
transistors  (Qp;  Qn),  said  substrate  contact  dif- 

15  fusion  region  (31;  34)  extending  to  respective 
source  regions  (21,21';  23,23')  of  the  pairs  of 
transistors  (Qp;  Qn)  in  adjacent  stages  and 
protruding  to  approach  channel  forming  re- 
gions  of  the  transistors  (Qp;Qn)  having  the 

20  respective  source  regions  (21,21';  23,23'). 

4.  A  semiconductor  integrated  circuit  device  ac- 
cording  to  claim  3,  wherein  said  semiconductor 
integrated  circuit  device  comprises: 

25  a  first  power  supply  line  (Vcc); 
a  second  power  supply  line  (Vss);  and 
a  plurality  of  inverter  circuits  (li  ,  h  ,  h  , 

...),  being  cascade-connected  and  each  of  said 
inverter  circuits  (li  ,  h,  h,  ■■■)  being  connected 

30  to  said  first  and  second  power  supply  lines 
(Vcc,  Vss),  each  of  said  inverter  circuits  (li  ,  h 
,  b  ,  ...)  being  constituted  by  a  first  conduction 
type  transistor  (Qp)  and  a  second  conduction 
type  transistor  (Qn),  and  said  plural  stage  of 

35  pairs  of  said  same  conduction  type  transistors 
(Qp;  Qn)  being  constituted  by  the  first  or  sec- 
ond  conduction  type  transistors  (Qp;  Qn)  of 
said  plurality  of  inverter  circuits  (li  ,  I2  ,  I3  ,  ■■■)■ 

40  5.  A  semiconductor  integrated  circuit  device  ac- 
cording  to  claim  4,  wherein  said  first  conduc- 
tion  type  transistor  (Qp)  is  a  P-channel  type 
transistor  and  said  second  conduction  type 
transistor  (Qn)  is  an  N-channel  type  transistor, 

45  and  said  first  power  supply  line  (Vcc)  is  used 
for  applying  a  high  potential  power  supply  to  a 
source  region  (21,21')  of  each  P-channel  type 
transistor  f(Qp)  of  said  inverter  circuits  (li  ,  I2  , 
I3  ,  ...)  and  said  second  power  supply  line 

50  (Vss)  is  used  for  applying  a  low  potential  pow- 
er  supply  to  a  source  region  (23,23')  of  each 
N-channel  type  transistor  (Qn)  of  said  inverter 
circuits  (li  ,  I2  ,  I3  ,  ■■■)■ 

55  6.  A  semiconductor  integrated  circuit  device  ac- 
cording  to  any  preceding  claim,  wherein  said 
substrate  contact  diffusion  region  (131;  141) 
between  the  source  regions  (121,121'; 
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123,123')  of  said  pair  of  transistors  (Qp;  Qn) 
includes  a  contact  portion  (132';142')  for  con- 
necting  aluminum  wiring. 

7.  A  semiconductor  integrated  circuit  device  ac- 
cording  to  any  preceding  claim,  wherein  a 
width  of  the  substrate  contact  diffusion  region 
(31;  41)  between  the  source  regions  (21,21'; 
23,23')  of  said  pair  of  transistors  (Qp;  Qn)  is 
less  than  the  minimum  width  of  diffusion. 

8.  A  semiconductor  integrated  circuit  device  ac- 
cording  to  claim  7,  wherein  the  width  of  the 
substrate  contact  diffusion  region  (31;  41)  be- 
tween  the  source  regions  (21,21';  23,23')  of 
said  pair  of  transistors  (Qp;  Qn)  is  less  than  4 
micrometres. 

9.  A  semiconductor  integrated  circuit  device  ac- 
cording  to  claim  4  or  5,  wherein  source  and 
drain  regions  (21,22;  23;24)  of  said  first  and 
second  conduction  type  transistors  (Qp;  Qn) 
are  arranged  so  that  extensions  of  lines  con- 
necting  the  respective  source  and  drain  re- 
gions  (21,22;  23,24)  of  said  first  and  second 
conduction  type  transistors  (Qp;  Qn)  intersect 
each  other,  and  a  conductive  layer  (51)  having 
gate  electrodes  (51  ',51")  is  disposed  ortho- 
gonal  to  the  source  and  drain  regions  (21,22; 
23,  24). 

10.  A  semiconductor  integrated  circuit  device  ac- 
cording  to  claim  9,  wherein  a  plan  shape  of  a 
wiring  contact  (61',62';63',62")  provided  for 
each  of  the  source  and  drain  regions  (21,22; 
23,24)  of  said  first  and  second  conduction  type 
transistors  (Qp;  Qn)  is  hexagonal. 

11.  A  semiconductor  integrated  circuit  device  ac- 
cording  to  claim  9  or  10,  wherein  wiring  (62) 
for  connecting  the  drain  regions  (22,24)  of  said 
first  and  second  conduction  type  transistors 
(Qp.Qn)  with  each  other  is  curved  opposite  to 
a  curve  of  the  conductive  layer  (51)  having  the 
gate  electrodes  (51  ',51")  said  first  and  second 
conduction  type  transistors  (Qp.Qn). 

12.  A  semiconductor  integrated  circuit  device  ac- 
cording  to  claim  9,  10,  or  11,  wherein  a  wiring 
(62)  for  connecting  the  drain  regions  (22,24)  of 
said  first  and  second  conduction  type  transis- 
tors  (Qp.Qn)  with  each  other  is  connected  to  a 
conductive  layer  (51)  having  respective  gate 
electrodes  (51  ',51")  of  a  next  stage  inverter 
circuit  (b  ,  I3  ,  U  ,  ■■■)■ 

13.  A  semiconductor  integrated  circuit  device  ac- 
cording  to  claim  9,  10,  11  or  12,  wherein  said 

plurality  of  inverter  circuits  (li  ,  I2,  I3,-)  are 
arranged  in  plural  rows  (R1  ,  R2  ,  R3  ,  ■■■), 
sequentially  turned  an  even  number  of  times 
and  cascade-connected,  the  number  of  stages 

5  of  the  inverter  circuits  in  each  row  (R1  ,  R2  , 
R3  ,  ...)  being  odd. 

14.  A  semiconductor  integrated  circuit  device  ac- 
cording  to  claim  13,  wherein  the  number  of 

10  stages  of  the  inverter  circuits  in  the  last  row  is 
even. 

15.  A  semiconductor  integrated  circuit  device  ac- 
cording  to  claim  13  ,or  14,  wherein  an  ON 

15  resistance  value  of  said  first  conduction  type 
transistor  (Qp)  differs  from  that  of  said  second 
conduction  type  transistor  (Qn). 

Patentanspruche 
20 

1.  Eine  integrierte  Halbleiterschaltungsanordnung 
mit  eincm  Transistorenpaar  (Qp;  Qn)  dessel- 
ben  Leitfahigkeitstyps,  das  Sourcezonen  (21, 
21';  23,  23')  hat,  die  eine  gemeinsame  Ener- 

25  gieversorgungsspannung  (Vcc,  Vss)  empfan- 
gen,  welche  Sourcezonen  (21,  21';  23,  23') 
angrenzend  aneinander  und  einander  zuge- 
wandt  angeordnet  sind;  und  einer  Substratkon- 
taktdiffusionszone  (31;  41),  deren  Leitfahig- 

30  keitstyp  dem  der  Sourcezonen  (21,  21';  23, 
23')  entgegengesetzt  ist,  welche  Substratkon- 
taktdiffusionszone  (31;  41)  sich  zwischen  den 
genannten  Sourcezonen  (21,  21';  23,  23')  er- 
streckt. 

35 
2.  Eine  integrierte  Halbleiterschaltungsanordnung 

nach  Anspruch  1,  bei  der  die  genannte  Sub- 
stratkontaktdiffusionszone  (31;  41)  eine  hohere 
Verunreinigungsdichte  als  eine  Mulde  (12) 

40  oder  ein  Substrat  (1  1)  hat. 

3.  Eine  integrierte  Halbleiterschaltungsanordnung 
nach  Anspruch  1  oder  2,  bei  der  die  genannte 
integrierte  Halbleiterschaltungsanordnung  viele 

45  Stufen  von  Transistorenpaaren  desselben  Leit- 
fahigkeitstyps  (Qp;  Qn)  umfaBt,  wobei  sich  die 
genannte  Substratkontaktdiffusionszone  (31  ; 
34)  zu  jeweiligen  Sourcezonen  (21,  21';  23, 
23')  der  Transistorenpaare  (Qp;  Qn)  in  angren- 

50  zenden  Stufen  erstreckt  und  hervorsteht,  urn 
sich  Kanalbildungszonen  der  Transistoren  (Qp; 
Qn),  die  die  jeweiligen  Sourcezonen  (21,  21'; 
23,  23')  haben,  zu  nahern. 

55  4.  Eine  integrierte  Halbleiterschaltungsanordnung 
nach  Anspruch  3,  bei  der  die  genannte  inte- 
grierte  Halbleiterschaltungsanordnung  umfaBt: 

eine  erste  Energieversorgungsleitung 

14 
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(Vcc); 
eine  zweite  Energieversorgungsleitung 

(Vss);  und 
eine  vielzahl  von  Inverterschaltungen  (li  , 

h  ,  h  ,  ■■■),  die  kaskadiert  sind  und  wobei  jede 
der  genannten  Inverterschaltungen  (li  ,  h  ,  h  , 
...)  mit  den  genannten  ersten  und  zweiten 
Energieversorgungsleitungen  (Vcc,  Vss)  ver- 
bunden  ist,  jede  dar  genannten  Inverterschal- 
tungen  (li  ,  h  ,  b  ,  ■■■)  durch  einen  Transistor 
des  ersten  Leitfahigkeitstyps  (Qp)  und  einen 
Transistor  des  zweiten  Leitfahigkeitstyp  (Qn) 
gebildet  ist,  und  die  genannten  vielen  Stufen 
von  Transistorenpaaren  desselben  Leitfahig- 
keitstyps  (Qp;  Qn)  durch  Transistoren  des  er- 
sten  oder  zweiten  Leitfahigkeitstyps  (Qp;  Qn) 
der  genannten  Vielzahl  von  Inverterschaltungen 
(li  ,  b  ,  I3  ,  ■■■)  gebildet  sind. 

5.  Eine  integrierte  Halbleiterschaltungsanordnung 
nach  Anspruch  4,  bei  der  der  genannte  Transi- 
stor  des  ersten  Leitfahigkeitstyps  (Qp)  ein  P- 
Kanal-Typ-Transistor  ist  und  der  genannte 
Transistor  des  zweiten  Leitfahigkeitstyps  (Qn) 
ein  N-Kanal-Typ-Transistor  ist,  und  die  ge- 
nannte  erste  Energieversorgungsleitung  (Vcc) 
zum  Anwenden  einer  Energieversorgung  mit 
hohem  Potential  auf  eine  Sourcezone  (21,  21') 
von  jedem  P-Kanal-Typ-Transistor  (Qp)  der  ge- 
nannten  Inverterschaltungen  (li  ,  I2  ,  I3  ,  ■■■) 
verwendet  wird,  und  die  genannte  zweite  Ener- 
gieversorgungsleitung  (Vss)  zum  Anwenden  ei- 
ner  Energieversorgung  mit  niedrigem  Potential 
aur  eine  Sourcezone  (23,  23')  von  jedem  N- 
Kanal-Typ-Transistor  (Qn)  der  genannten  Inver- 
terschaltungen  (li  ,  I2  ,  I3  ,  ■■■)  verwendet  wird. 

6.  Eine  integrierte  Halbleiterschaltungsanordnung 
nach  einem  vorhergehenden  Anspruch,  bei  der 
die  genannte  Substratkontaktdiffusionszone 
(131;  141)  zwischen  den  Sourcezonen  (121, 
121';  123,  123')  des  genannten  Transistoren- 
paares  (Qp;  Qn)  einen  Kontaktabschnitt  (132'; 
142')  zum  Verbinden  einer  Aluminiumverdrah- 
tung  enthalt. 

7.  Eine  integrierte  Halbleiterschaltungsanordnung 
nach  einem  vorhergehendem  Anspruch,  bei 
der  eine  Breite  der  Substratkontaktdiffusions- 
zone  (31;  41)  zwischen  den  Sourcezonen  (21, 
21',  23,  23')  des  genannten  Transistorenpaares 
(Qp;  Qn)  kleiner  als  die  minimale  Diffusions- 
breite  ist. 

8.  Eine  integrierte  Halbleiterschaltungsanordnung 
nach  Anspruch  7,  bei  der  die  Breite  der  Sub- 
stratkontaktdiffusionszone  (31;  41)  zwischen 
den  Sourcezonen  (21,  21';  23,  23')  des  ge- 

nannten  Transistorenpaares  (Qp;  Qn)  kleiner 
als  4  Mikrometer  ist. 

9.  Eine  integrierte  Halbleiterschaltungsanordnung 
5  nach  Anspruch  4  oder  5,  bei  der  Source-  und 

Drainzonen  (21,  22;  23,  24)  der  genannten 
Transistoren  des  ersten  und  zweiten  Leitfahig- 
keitstyps  (Qp;  Qn)  so  angeordnet  sind,  dal3 
Erweiterungen  von  Leitungen,  die  die  jeweili- 

10  gen  Source-  und  Drainzonen  (21,  22;  23,  24) 
der  genannten  Transistoren  des  ersten  und 
zweiten  Leitfahigkeitstyps  (Qp;  Qn)  verbinden, 
einander  uberschneiden,  und  eine  leitende 
Schicht  (51),  die  Gateelektroden  (51',  51")  hat, 

15  orthogonal  zu  den  Source-  und  Drainzonen 
(21  ,  22;  23,  24)  angeordnet  ist. 

10.  Eine  integrierte  Halbleiterschaltungsanordnung 
nach  Anspruch  9,  bei  der  eine  GrundriBform 

20  eines  Verdrahtungskontaktes  (61',  62';  63', 
62"),  der  fur  jede  der  Source-  und  Drainzonen 
(21,  22;  23,  24)  der  genannten  Transistoren 
des  ersten  und  zweiten  Leitfahigkeitstyps  (Qp; 
Qn)  vorgesehen  ist,  hexagonal  ist. 

25 
11.  Eine  integrierte  Halbleiterschaltungsanordnung 

nach  Anspruch  9  oder  10,  bei  dar  die  Verdrah- 
tung  (62)  zum  gegenseitigen  Verbinden  der 
Drainzonen  (22,  24)  der  genannten  Transisto- 

30  ren  des  ersten  und  zweiten  Leitfahigkeitstyps 
(Qp,  Qn)  gegenuber  einer  Krummung  der  lei- 
tenden  Schicht  (51),  die  die  Gateelektroden 
(51',  51")  der  genannten  Transistoren  des  er- 
sten  und  zweiten  Leitfahigkeitstyps  (Qp,  Qn) 

35  hat,  gekrummt  ist. 

12.  Eine  integrierte  Halbleiterschaltungsanordnung 
nach  Anspruch  9,  10  oder  11,  bei  der  eine 
Verdrahtung  (62)  zum  gegenseitigen  Verbinden 

40  der  Drainzonen  (22,  24)  der  genannten  Transi- 
storen  des  ersten  und  zweiten  Leitfahigkeits- 
typs  (Qp,  Qn)  mit  einer  leitenden  Schicht  (51), 
die  die  jeweiligen  Gateelektroden  (51',  51") 
hat,  einer  Inverterschaltung  der  nachsten  Stufe 

45  (I2  ,  I3  ,  U  ,■■■)  verbunden  ist. 

13.  Eine  integrierte  Halbleiterschaltungsanordnung 
nach  Anspruch  9,  10,  11  oder  12,  bei  der  die 
genannte  vielzahl  von  Inverterschaltungen  (li  , 

50  I2  ,  I3  ,  ■■■)  in  vielen  Reihen  (R1  ,  R2  ,  R3  ,  ■■■) 
angeordnet  ist,  geradzahlige  Male  sequentiell 
umgekehrt  und  kaskadiert  ist,  wobei  die  Anzahl 
von  Stufen  der  Inverterschaltungen  in  jeder 
Reihe  (R1  ,  R2  ,  R3  ,  ■■■)  ungerade  ist. 

55 
14.  Eine  integrierte  Halbleiterschaltungsanordnung 

nach  Anspruch  13,  bei  der  die  Anzahl  von 
Stufen  der  Inverterschaltungen  in  der  letzten 

15 
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Reihe  gerade  ist. 

15.  Eine  integrierte  Halbleiterschaltungsanordnung 
nach  Anspruch  13  oder  14,  bei  der  sich  ein 
EIN-Widerstandswert  des  genannten  Transi- 
stors  des  ersten  Leitfahigkeitstyps  (Qp)  von 
jenem  des  genannten  Transistors  des  zweiten 
Leitfahigkeitstyps  (Qn)  unterscheidet. 

etages  de  paires  de  transistors  du  meme  type 
dc  conduction  (Qp,  Qn),  ladite  zone  de  diffu- 
sion  du  contact  avec  le  substrat  (31;  34) 
s'etendant  aux  zones  sources  respectives  (21, 
21';  23,  23')  des  paires  de  transistors  (Qp,  Qn) 
dans  des  etages  adjacents  et  en  saillie  pour 
etre  proche  du  canal  formant  les  zones  des 
transistors  (Qp,  Qn)  ayant  les  zones  sources 
respectives  (21,  21';  23,  23'). 

type  de  conduction,  et  lesdits  plusieurs  etages 
des  paires  de  transistors  (Qp,  Qn)  du  meme 
type  de  conduction  etant  constitues  par  les 
transistors  (Qp,  Qn)  du  premier  et  du  second 

5  type  de  conduction  de  ladite  pluralite  de  cir- 
cuits  inverseurs  (li  ,  h,  h,  ■■■  )■ 

5.  Circuit  integre  a  semi-conducteur  selon  la  re- 
vendication  4,  dans  lequel  ledit  transistor  (Qp) 

io  du  premier  type  de  conduction  est  un  transis- 
tor  du  type  a  canal-P  et  ledit  transistor  (Qn)  du 
second  type  de  conduction  est  un  transistor  du 
type  a  canal-N,  et  ladite  premiere  ligne  d'ali- 
mentation  (Vcc)  est  utilisee  pour  appliquer  une 

is  tension  d'alimentation  de  niveau  haut  a  une 
zone  source  (21,  21')  de  chaque  transistor  f- 
(Qp)  du  type  a  canal-P  desdits  circuits  inver- 
seurs  (li  ,  h,  b,  ■■■  ),  et  ladite  seconde  ligne 
d'alimentation  (Vss)  est  utilisee  pour  appliquer 

20  une  tension  d'alimentation  de  niveau  bas  a  une 
zone  source  (21  ,  23')  de  chaque  transistor  (Qn) 
du  type  a  canal-N  desdits  circuits  inverseurs 
(li,  l2,  Is,  ...  ). 

25  6.  Circuit  integre  a  semi-conducteur  selon  I'une 
quelconque  des  revendications  precedentes, 
dans  lequel  ladite  zone  de  diffusion  du  contact 
avec  le  substrat  (131;  141)  entre  las  zones 
sources  (121,  121';  123,  123')  de  ladite  paire 

30  de  transistors  (Qp,  Qn)  comprend  une  partie 
de  contact  (133';  142')  pour  relier  un  conduc- 
teur  en  aluminium. 

7.  Circuit  integre  a  semi-conducteur  selon  I'une 
35  quelconque  des  revendications  precedentes, 

dans  lequel  la  largeur  de  la  zone  de  diffusion 
du  contact  avec  le  substrat  (31;  41)  entre  les 
zones  sources  (21,  21';  23,  23')  de  ladite  paire 
de  transistors  (Qp,  Qn)  est  inferieure  a  la  lar- 

40  geur  minimale  de  diffusion. 

8.  Circuit  integre,  a  semi-conducteur  selon  la  re- 
vendication  7,  dans  lequel  la  largeur  de  la  zone 
de  diffusion  du  contact  avec  le  substrate  (31; 

45  41)  entre  les  zones  sources  (21,  21';  23,  23') 
de  ladite  paire  de  transistors  (Qp,  Qn)  est 
inferieure  a  4  micrometres. 

4.  Circuit  integre  a  semi-conducteur  selon  la  re- 
vendication  3,  dans  lequel  ledit  circuit  integre  a 
semi-conducteur  comprend: 

une  premiere  ligne  d'alimentation  (Vcc); 
une  seconde  ligne  d'alimentation  (Vss);  et  50 
une  pluralite  dc  circuits  inverseurs  (li  ,  I2, 

I3,  ...  ),  etant  relies  en  cascade  et  chacun 
desdits  circuits  inverseurs  (li  ,  I2,  I3,  ■■■  )  etant 
relies  auxdites  premiere  et  seconde  lignes 
d'alimentation  (Vcc,  Vss),  chacun  desdits  cir-  55 
cuits  inverseurs  (li  ,  I2,  I3,  ■■■  )  etant  constitue 
par  un  transistor  (Qp)  d'un  premier  type  de 
conduction  et  un  transistor  (Qn)  d'un  second 

Revendications  10 

1.  Circuit  integre  a  semi-conducteur  comprenant 
une  paire  de  transistors  (Qp,  Qn)  du  meme 
type  de  conduction  ayant  des  zones  sources 
(21,  21';  23,  23')  recevant  une  tension  d'ali-  15 
mentation  commune  (Vcc,  Vss)  lesdites  zones 
sources  (21,  21';  23,  23')  etant  disposees  de 
fagon  adjacente  I'une  par  rapport  a  I'autre  et 
en  regard  I'une  avec  I'autre;  et  une  zone  de 
diffusion  du  contact  avec  le  substrat  (31;  41)  20 
dont  le  type  de  conduction  est  oppose  a  celui 
des  zones  sources  (21,  21';  21,  23'),  ladite 
zone  de  diffusion  du  contact  avec  le  substrat 
(31;  41)  s'etendant  entre  lesdites  zones  sour- 
ces  (21,  21';  23,  23').  25 

2.  Circuit  integre  a  semi-conducteur  selon  la  re- 
vendication  1  ,  dans  lequel  ladite  zone  de  diffu- 
sion  du  contact  avec  le  substrat  (31;  41)  a  une 
densite  d'impuretes  plus  grande  que  celle  d'un  30 
puits  (12)  ou  d'un  substrat  (11). 

3.  Circuit  integre  a  semi-conducteur  selon  la  re- 
vendication  1  ou  2,  dans  lequel  ledit  circuit 
integre  a  semi-conducteur  comprend  plusieurs  35 

9.  Circuit  integre  a  semi-conducteur  selon  la  re- 
vendication  4  ou  5,  dans  lequel  les  zones  des 
sources  ou  des  drains  121,  22;  23,  24)  desdits 
transistors  (Qp,  Qn)  du  premier  et  second  type 
de  conduction  dont  disposes  de  telle  sorte  que 
les  extensions  respectives  des  lignes  reliant 
les  zones  des  sources  et  des  drains  (21,  22; 
23,  24)  desdits  transistors  (Qp,  Qn)  du  premier 
et  du  second  type  de  conduction  se  croisent 
I'une  avec  I'autre,  et  une  couche  conductrice 

16 
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(51)  ayant  les  electrodes  des  grilles  (51',  51") 
est  disposee  de  fagon  orthogonale  aux  zones 
des  sources  et  des  drains  (21  ,  22;  23,  24). 

10.  Circuit  integre  a  semi-conducteur  selon  la  re-  5 
vendication  9,  dans  lequel  la  forme  plane  d'un 
contact  de  conducteur  (61',  62';  63',  62")  four- 
nie  pour  chacune  des  zones  des  sources  et 
des  drains  (21,  22;  21,  24)  desdits  transistors 
(Qp,  Qn)  du  premier  et  du  second  type  de  io 
conduction  est  hexagonale. 

11.  Circuit  integre  a  semi-conducteur  selon  la  re- 
vendication  9  ou  10,  dans  lequel  un  conduc- 
teur  (62)  pour  relier  les  zones  des  drains  (22,  is 
24)  les  unes  avec  les  autres  desdits  transistors 
(Qp,  Qn)  du  premier  et  du  seconds  type  de 
conduction  est  incline  de  fagon  opposee  a 
I'inclinaison  de  la  couche  conductrice  (51) 
ayant  les  electrodes  des  grilles  (51',  51")  des-  20 
dits  transistors  (Qp,  Qn)  du  premier  et  du 
second  type  de  conduction. 

12.  Circuit  integre  a  semi-conducteur  selon  la  re- 
vendications  9,  10  ou  11,  dans  lequel  un  25 
conducteur  (62)  pour  relier  les  zones  des 
drains  les  unes  avec  les  autres  (22,  24)  desdits 
transistors  (Qp,  Qn)  du  premier  et  du  second 
type  de  conduction  est  relie  a  une  couche 
conductrice  (51)  ayant  les  electrodes  des  gril-  30 
les  respectives  (51  ',51")  d'un  circuit  inverseur 
de  I'etage  suivant  (I2,  I3,  U,  ■■■  )■ 

13.  Circuit  integre  a  semi-conducteur  selon  la  re- 
vendications  9,  10,  11,  12,  dans  lequel  les  35 
circuits  inverseurs  de  ladite  pluralite  de  circuits 
inverseurs  (li  ,  I2,  I3,  ■■■  )  sont  disposes  en 
plusieurs  rangees  (R1,  R2,  R3,  ...  ),  tournent 
sequentiellement  un  nombre  pair  de  fois  et 
sont  relies  en  cascade,  le  nombre  d'etages  de  40 
circuits  inverseurs  dans  chaque  rangee  (R1, 
R2.  R3,  ...  )  etant  impair. 

14.  Circuit  integre  a  semi-conducteur  selon  la  re- 
vendication  13,  dans  lequel  le  nombre  d'etages  45 
de  circuits  inverseurs  dans  la  derniere  rangee 
est  pair. 

15.  Circuit  integre  a  semi-conducteur  selon  la  re- 
vendication  13  ou  14;  dans  lequel  la  valeur  de  so 
la  resistance  ON  dudit  transistor  (Qp)  du  pre- 
mier  type  de  conduction  differe  dc  celle  dudit 
transistor  (Qn)  du  second  type  de  conduction. 

17 
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