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(54)  Transistor  programmable  voltage  reference  generator 

(57)  The  voltage  reference  generator  of  the  present 
invention  includes  a  plurality  of  p-channel  transistors 
(50-53)  configured  to  act  as  resistors.  Switching  transis- 
tors  (40-43),  responsive  to  input  signals,  are  utilized  to  |  

~ 

bypass  the  resistors  when  in  the  "on"  state,  and  enable  I 
the  resistor  when  in  the  "off"  state.  Thus,  when  enabled,  | 
the  resistors  become  part  of  a  total  resistance  value  in  a  ! 
branch  of  a  voltage  divider  circuit  (6).  A  minimum  ; 
amount  of  space  is  used  on  an  integrated  circuit  I 
because  the  switching  transistors  (40-43)  are  of  the  ; 
same  type  as  the  transistors  (50-53)  which  are  config-  i  J- 
ured  to  act  as  resistors.  ; 
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Description 

FIELD  OF  THE  INVENTION 

This  invention  relates  generally  to  integrated  cir- 
cuits  and  more  specifically  to  a  programmable  voltage 
reference  generator,  and  its  layout  configuration. 

BACKGROUND  OF  THE  INVENTION 

Integrated  circuits  often  require  an  internal  voltage 
that  is  different  from  the  external  voltage  which  is  pro- 
vided  to  the  integrated  circuit  at  the  power  supply  input. 
This  internal  voltage  is  oftentimes  not  known  ahead  of 
time.  In  fact,  this  internal  voltage  is  often  determined 
during  the  actual  testing  of  the  integrated  circuit  itself. 

To  simplify  the  task  of  selecting  an  internal,  or  refer- 
ence  voltage,  voltage  reference  circuits  are  typically 
designed  into  the  power  supply  part  of  an  integrated  cir- 
cuit.  These  voltage  reference  circuits  are  essentially 
voltage  divider  circuits,  wherein  branches  of  resistors  of 
varying  resistances  are  available  to  provide  a  scaled 
down  voltage. 

During  the  testing  stage  of  integrated  circuit  pro- 
duction,  combinations  of  branches  of  resistors  are 
tested  to  achieve  an  optimum  voltage  level.  When  a 
desired  combination  is  found,  it  is  selected  by  either 
burning  one  or  several  fuses,  or  by  adjusting  a  metal 
mask  to  permanently  select  the  combination.  These 
methods  suffer  from  being  inflexible,  since  programming 
with  fuses  or  metal  masks  is  a  one-time  only  event  and 
cannot  be  modified  should  a  different  optimum  voltage 
level  later  be  desired.  Another  disadvantage  is  that 
oftentimes  a  fuse  is  blown  before  the  optimum  voltage  is 
reached. 

One  way  of  solving  the  problem  of  inflexibility  asso- 
ciated  with  programming  an  optimum  voltage  level  with 
fuses  or  metal  masks  is  to  use  transistor  programmabil- 
ity  An  example  of  this  prior  art  method  is  shown  in  Fig. 
2.  In  Fig.  2,  the  top  four  p-channel  transistors  20-23 
each  have  their  respective  gates  tied  to  ground  and  are 
thus  always  in  the  on  state.  In  this  configuration,  each 
transistor  20-23  acts  as  a  resistor  whose  resistance 
value  is  determined  by  the  area  of  the  respective  tran- 
sistor  channel.  One  or  a  combination  of  the  four  transis- 
tor/resistors  20-23  are  selected  by  selecting  one  or  a 
combination  of  n-channel  switching  transistors  30-33 
and  n-channel  enable  switch  transistors  34-37,  which 
are  connected  in  series  with  the  transistor/resistors  20- 
23.  A  disadvantage  of  using  this  prior  art  type  of  transis- 
tor  programming  is  that  it  occupies  a  substantial  amount 
of  area  on  the  integrated  circuit  due  to  the  fact  that  it 
uses  both  n-channel  and  p-channel  transistors.  See 
also,  Cordoba,  Hardee  and  Butler,  U.S.  Patent  No. 
5,315,230  entitled  "Temperature  Compensated  Voltage 
Reference  For  Low  and  Wide  Voltage  Ranges"  issued 
May  24,  1994. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  provides  a  voltage  reference 
which  is  both  flexible  and  occupies  a  minimum  amount 

5  of  space  on  an  integrated  circuit.  The  voltage  reference 
circuit  utilizes  switching  transistors  that  bypass  a  resist- 
ance  value  when  in  the  on  state,  and  enable  a  resist- 
ance  value  when  in  the  off  state,  thereby  causing  that 
resistance  value  to  be  part  of  the  total  resistance  in  a 

10  branch  of  the  voltage  divider  circuit.  A  minimum  amount 
of  space  is  used  on  an  integrated  circuit  because  the 
switching  transistors  are  of  the  same  transistor  type  as 
the  transistors  which  are  configured  to  act  as  resistors. 
Besides  being  more  compact,  programming  with  volt- 

15  age  levels  results  in  a  dynamic  circuit  that  can  be  modi- 
fied  at  any  time  during  circuit  operation. 

A  further  advantage  is  gained  in  the  present  inven- 
tion  in  that  the  enabling  or  switching  transistors  can 
have  any  size  or  shape  to  accommodate  the  aspect 

20  ratio  of  the  resistor  chain.  This  results  in  saved  space, 
as  well  as  added  flexibility  for  the  integrated  circuit 
designer. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
25 

The  following  detailed  description  of  this  invention 
may  be  better  understood  by  reference  to  the  following 
drawings,  of  which: 

30  Fig.  1  is  a  schematic  diagram  of  a  first  embodiment 
of  a  programmable  reference  generator  according 
to  the  present  invention; 
Fig.  2  is  a  schematic  diagram  of  a  prior  art  program- 
mable  reference  generator; 

35  Fig.  3  is  a  chip  layout  of  the  circuit  shown  in  Fig.  1  ; 
Fig.  4  is  schematic  diagram  of  a  second  embodi- 
ment  of  a  programmable  divider  block  of  a  program- 
mable  reference  generator  according  to  the  present 
invention; 

40  Fig.  5  is  a  chip  layout  of  the  circuit  shown  in  Fig.  4; 
and 
Fig.  6  is  a  chip  layout  of  the  prior  art  circuit  shown  in 
Fig.  2; 
Fig.  7  is  a  cross  section  of  the  chip  layout  of  Fig.  3 

45  along  line  C; 
Fig.  8  is  a  cross  section  of  the  chip  layout  of  Fig.  5 
along  line  A; 
Fig.  9  is  an  alternative  chip  layout  of  the  circuit 
shown  in  Fig.  1  ; 

so  Fig.  10  is  a  chip  layout  of  a  prior  art  programmable 
reference  generator; 
Fig.  1  1  is  a  schematic  diagram  of  the  chip  layout  of 
Fig.  10. 

55  DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

The  specific  embodiments  of  the  present  invention 
will  be  described  below  in  connection  with  the  Figures. 
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It  is  to  be  understood  that  specific  embodiments  of  this 
invention  may  be  modified  to  suit  the  requirements  in 
other  integrated  circuits  without  departing  from  the 
scope  and  spirit  of  the  present  invention.  The  embodi- 
ments  described  herein  comprise  four  transistors/resis-  5 
tors,  however,  it  is  to  be  understood  that  any  number  of 
transistors/resistors  may  be  used  to  conform  to  the 
needs  of  a  specific  application. 

Fig.  1  shows  a  schematic  diagram  depicting  an 
application  of  the  first  embodiment  of  the  present  inven-  10 
tion.  The  voltage  reference  generator  10  of  this  embod- 
iment  comprises  a  voltage  source  block  8  and  a 
programmable  divider  block  6.  The  programmable 
divider  block  6  comprises  four  switching  transistors  40- 
43,  four  transistors  configured  to  act  as  resistors  50-53,  15 
a  voltage  reference  node  (VREF)  60,  a  common  node 
(Vss)  62,  first  through  third  nodes  70-72,  and  first 
through  fourth  inputs  80-83.  The  output  of  voltage  refer- 
ence  generator  10  is  taken  from  VREF  node  60. 

The  eight  transistors  of  programmable  divider  block  20 
6  are  p-channel  and  are  sized  according  to  a  desired 
voltage  drop  across  each  of  their  source/drains.  Specif- 
ically,  transistor/resistor  50  is  connected  to  VREF  node 
60  through  its  source,  its  drain  is  connected  to  first  node 
70,  and  its  gate  is  connected  to  Vss  node  62.  Switching  25 
transistor  40  is  connected  to  VREF  node  60  through  its 
source,  its  drain  is  connected  to  first  node  70,  and  its 
gate  is  connected  to  first  input  80.  The  sources  of  tran- 
sistor/resistor  51  and  switching  transistor  41  are  con- 
nected  to  first  node  70,  while  their  drains  are  connected  30 
to  second  node  71  .  The  gate  of  transistor/resistor  51  is 
connected  to  Vss  node  62,  and  the  gate  of  switching 
transistor  41  is  connected  to  second  input  81.  The 
sources  of  transistor/resistor  52  and  switching  transistor 
42  are  connected  to  second  node  71  ,  while  their  drains  35 
are  connected  to  third  node  72.  The  gate  of  transis- 
tor/resistor  52  is  connected  to  Vss  node  62,  and  the 
gate  of  switching  transistor  42  is  connected  to  third  input 
82.  Finally,  the  sources  of  transistor/resistor  53  and 
switching  transistor  43  are  connected  to  third  node  72,  40 
while  their  drains  are  connected  to  Vss  node  62.  The 
gate  of  transistor/resistor  53  is  connected  to  Vss  node 
62,  and  the  gate  of  switching  transistor  42  is  connected 
to  fourth  input  83. 

The  voltage  source  block  8  of  voltage  reference  45 
generator  10  is  comprised  of  two  resistors  12  and  14, 
and  two  transistors  16  and  18.  A  voltage  Vcc  is  input  to 
voltage  source  block  8,  which  produces  an  output  at 
VREF  node  60.  Transistors  16  and  18  are  p-channel  and 
are  configured  to  act  as  resistors.  Resistor  14  and  tran-  so 
sistor  1  6  are  connected  in  series  between  Vcc  and  VREF 
node  60.  Transistor  18  and  resistor  12  are  connected  in 
series  between  Vcc  and  ground.  The  gate  of  transistor 
1  8  is  connected  to  resistor  1  4  and  the  source  of  transis- 
tor  16,  while  the  gate  of  transistor  16  is  connected  to  55 
resistor  1  2  and  the  drain  of  transistor  1  8.  Furthermore, 
the  channel  of  transistor  1  6  is  connected  to  its  source, 
and  the  channel  of  transistor  18  is  connected  to  Vcc. 

A  voltage  reference  signal  VREF  is  generated  at 

VREF  node  60  when  a  voltage  is  supplied  by  the  voltage 
source  block  8  to  the  programmable  voltage  divider 
block  6  at  VREF  node  60.  The  voltage  reference  signal 
VREF  is  essentially  the  intermediate  voltage  in  a  voltage 
divider  circuit.  This  voltage  divider  circuit  is  formed 
when  one  or  a  combination  of  the  transistor/resistors 
50-53  are  selected  to  establish  a  VREF  node  60  to  Vss 
node  62  branch.  Resistor  14  and  transistor  16  of  the 
voltage  source  block  8  establish  the  VREF  node  60  to 
Vcc  branch.  Voltage  reference  signal  VREF  is  then  the 
intermediate  voltage  between  Vcc  and  Vss  node  62. 

The  programmability  of  the  voltage  reference  gen- 
erator  10  results  when  switching  transistors  40-43  are 
either  turned  off  or  on.  Transistor/resistors  50-53  are 
selected  either  individually  or  in  combination  by  proper 
voltage  settings  at  the  inputs  80-83.  These  inputs  80-83 
are  the  voltage  levels  necessary  to  keep  the  switching 
transistors  40-43  in  either  the  on  state  or  the  off  state. 
When  switching  transistor  40  is  in  the  on  state,  its  corre- 
sponding  transistor/resistor  50  will  be  bypassed.  When 
turned  on,  the  resistance  through  switching  transistor 
40  is  such  that  it  is  essentially  a  conductor,  and  current 
will  flow  through  switching  transistor  40,  shorting  VREF 
node  60  to  first  node  70,  rather  than  through  transis- 
tor/resistor  50.  When  the  voltage  level  at  first  input  80  is 
such  that  it  turns  off  switching  transistor  40,  a  voltage 
drop  will  occur  across  transistor/resistor  50,  since  in  its 
off  state,  switching  transistor  40  is  not  conducting.  In  the 
embodiment  shown,  where  switching  transistor  40  is  a 
p-channel  device,  it  is  off  when  the  gate  voltage  is  not 
more  than  1  Vt  below  the  source  voltage.  Thus,  a  high 
voltage  at  first  input  80,  such  as  Vcc,  is  sufficient  to  turn 
off  switching  transistor  40. 

The  remaining  transistor/resistors  51-53  are  pro- 
grammed  in  a  similar  fashion. 

Through  choosing  various  combinations  of  inputs 
80-83,  a  wide  range  of  resistance  values  may  be 
achieved  by  selecting  individual  transistor/resistors  50- 
53  or  any  combination  of  transistor/resistors  50-53, 
resulting  in  several  different  levels  of  reference  signal 
VREF  For  example,  if  the  voltage  level  at  first  input  80  is 
such  that  switching  transistor  40  is  in  its  off  state,  and  if 
the  voltage  levels  at  the  other  inputs  81  -83  are  such  that 
switching  transistors  41  -43  are  in  the  on  state,  then  tran- 
sistor/resistor  50  will  be  the  only  transistor/resistor  ena- 
bled. 

If,  however,  the  voltage  levels  at  second  and  fourth 
inputs  81  and  83  are  such  that  switching  transistors  41 
and  43  are  turned  off,  and  the  voltage  levels  at  first  and 
third  inputs  80  and  82  are  such  that  switching  transis- 
tors  40,  42  are  turned  on,  then  the  resulting  resistance 
will  be  the  sum  of  the  resistance  values  of  transis- 
tor/resistor  51  and  transistor/resistor  53,  since  their 
respective  resistance  values  will  be  in  series. 

Further,  with  regard  to  Fig.  1  ,  VREF  node  60  is  also 
connected  to  each  of  the  channels  of  transistor/resistors 
50-53.  In  this  configuration,  the  resistance  values  of 
transistor/resistors  50-53  can  be  modified  to  permit  fur- 
ther  variations  of  reference  signal  VREF 
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Fig.  3  depicts  a  preferred  chip  layout  of  the  pro- 
grammable  divider  block  6  shown  in  Fig.  1  .  Fig.  3  shows 
how  the  geometries  of  transistors  50-53  may  differ  to 
establish  different  resistance  values  for  each  transis- 
tor/resistor.  As  shown  in  Fig.3,  switching  transistors  40-  5 
43  are  disposed  horizontally  at  the  bottom  of  the  Figure, 
and  inputs  80-83  are  received  below  them.  Transis- 
tor/resistors  50-53  extend  upward.  Transistor/resistor  50 
is  longer  than  transistor/resistor  51  ,  which  is  longer  than 
transistor/resistor  52,  which  is  longer  than  transis-  w 
tor/resistor  53.  The  longer  the  transistor,  the  lower  its 
"on"  resistance.  VREF  node  60  extends  vertically  at  the 
left  side  of  Fig.  3,  and  Vss  node  62  extends  vertically  at 
the  right  side  of  the  Figure.  Nodes  70,  71  ,  and  72  are 
shown  also  extending  vertically  from  contact  points  in  15 
switching  transistors  40/41,  41/42,  and  42/43.  Nodes 
60,  70-72,  and  62  may  be  formed  of  metal,  doped  poly- 
silicon,  polycide,  or  other  suitable  conductive  material. 
In  Fig.  3,  the  conductors  representing  VREF  node  60 
and  first  node  70  are  longest  because  they  flank  transis-  20 
tor/resistor  50,  which  is  the  longest.  The  conductors  for 
nodes  71  ,  72,  and  62  are  progressively  shorter,  due  to 
the  shorter  lengths  of  corresponding  transistor/resistors 
51  ,  52,  and  53. 

Fig.  7  is  a  cross  sectional  view  of  the  chip  layout  of  25 
Fig.  3  along  line  C.  In  Fig.  7,  a  region  180  is  shown  as 
being  doped  with  p-type  impurities.  Region  180  may 
comprise  a  substrate,  an  epitaxial  layer,  a  well,  moat,  or 
any  other  region  of  an  integrated  circuit  device.  Within 
region  180  is  a  further  region  182,  which  is  shown  to  be  30 
doped  with  n-type  impurities.  Region  182  may  be 
referred  to  as  a  region,  moat,  or  well.  The  p-channel 
transistor/resistors  50-53  and  switching  transistors  40- 
43  will  be  formed  within  and  above  region  182. 

With  respect  to  transistor/resistor  50,  source  and  35 
drain  regions  184,  186  are  shown  as  P+  regions  within 
region  182.  A  gate  electrode  188  is  shown  over  the 
upper  surface  of  region  182.  Gate  electrode  188  may  be 
formed  of  polysilicon,  a  polycide,  a  metal  conductor,  or 
another  conductive  material  as  is  commonly  used  in  40 
integrated  circuit  fabrication.  (It  should  be  understood 
that  pad  oxides  below  the  gate  electrodes,  isolation 
oxide  or  other  isolation  mechanisms,  interlevel  dielec- 
tric,  and  passivation,  as  well  as  other  regions  normally 
seen  in  a  cross  sectional  view  of  an  integrated  circuit,  45 
are  not  shown  in  Fig.  7  but  have  been  omitted  to  pro- 
mote  clarity  of  illustration.  Those  skilled  in  the  art  will 
also  understand  that  the  gate  electrodes  and  all  other 
regions  have  some  depth  to  them,  and  could  extend  sig- 
nificantly.)  Other  source  and  drain  regions,  as  well  as  so 
the  gate  electrodes,  are  formed  of  similar  materials  as 
the  source,  drain,  and  gate  electrode  of  transistor/resis- 
tor  50,  thereby  forming  transistor/resistors  51  ,  52,  and 
53  to  right  side  of  transistor/resistor  50. 

To  the  left  of  transistor/resistor  50  and  to  the  right  of  55 
transistor/resistor  53  in  Fig.  7  there  are  shown  regions 
190  and  192  having  impurities  of  N+.  That  is,  they  may 
be  doped  to  a  higher  concentration  than  the  concentra- 
tion  of  impurities  within  region  182.  Regions  190  and 

1  92  are  connected  to  VREF  node  60,  which  is  connected 
to  the  source  region  184  of  transistor  50.  Vss  node  62  is 
shown  to  be  connected  to  the  gates  of  each  transistor 
50-53  and  also  to  the  drain  region  of  transistor  53. 

Fig.  2  is  a  schematic  diagram  of  a  prior  art  voltage 
reference  generator.  One  disadvantage  in  this  circuit  is 
that  the  switching  transistors  30-33,  as  well  as  the  ena- 
ble  switch  transistors  34-37,  are  n-channel  transistors, 
whereas  the  transistors  configured  as  resistors  20-23 
are  p-channel  transistors.  Utilizing  two  different  types  of 
transistors  increases  the  amount  of  area  necessary  to 
layout  this  technique  on  the  integrated  circuit,  thus  leav- 
ing  less  room  for  other  components.  This  is  clearly  evi- 
dent  when  comparing  the  layout  of  Fig.  3  with  the  layout 
of  the  prior  art  circuit  in  Fig.  6.  It  should  be  understood 
that  the  layout  of  Fig.  6  includes  guard  rings,  which  are 
not  shown  in  any  of  the  other  chip  layouts.  Guard  rings 
are  common  in  the  art  of  integrated  circuit  fabrication 
and  were  not  included  in  determining  the  square  area  of 
the  layout  of  Fig.  6.  The  Fig.  6  layout  calls  for  an  area  of 
1  ,670  square  microns,  where  the  resistive  devices  20- 
23  are  10  microns  wide  and  have  lengths  of  14.8,  12.5, 
10.6,  and  9  microns,  respectively.  The  layout  of  Fig.  3, 
by  comparison,  calls  for  an  area  of  only  1  ,300  square 
microns,  a  decrease  of  approximately  22%,  using  the 
same  dimensions  for  resistive  devices  50-53  as  prior  art 
resistive  devices  20-23.  Also  evident  is  the  fact  that  the 
present  invention  requires  fewer  transistors  than  the 
prior  art,  which  further  decreases  the  area  necessary  to 
layout  the  present  invention  on  an  integrated  circuit. 

A  second  embodiment  of  the  programmable  divider 
block  6  according  to  the  present  invention  is  shown  in 
the  schematic  diagram  of  Fig.  4.  Nodes  VREF  160  and 
Vss  162  in  Fig.  4  correspond  to  nodes  VREF  60  and  Vss 
62  in  Fig.  1  .  The  voltage  source  block  8  of  Fig.  1  is  also 
used  with  the  embodiment  of  Fig.  4,  and  produces  an 
output  at  VREF  node  160.  The  output  of  Fig.  4  is  taken 
from  VREF  node  160.  The  embodiment  in  Fig.  4  takes  up 
very  little  space  on  the  integrated  circuit  due  to  the  fact 
that  switching  transistors  110,  120-122,  130-133  and 
140-144  enable  resistor  segments  of  each  transis- 
tor/resistor  assembly  or  block  101-104.  A  transis- 
tor/resistor  block  may  be  comprised  of  one  or  a  plurality 
of  resistor  segments,  which  are  either  enabled  or 
bypassed  simultaneously.  Each  resistor  segment  is 
comprised  of  a  p-channel  transistor. 

Fig.  5  is  a  layout  diagram  of  the  Fig.  4  circuit.  In  this 
embodiment,  each  resistor  segment  101,  102a-b,  103a- 
c  and  104a-d  is  U-shaped  when  looked  at  from  over- 
head.  An  example  of  this  shape  is  shown  at  transis- 
tor/resistor  block  101  ,  which  is  essentially  a  one  resistor 
segment.  That  is,  Fig.  5  shows  the  several  U-shaped 
structures  formed  in  gate  polysilicon.  Regions  within  the 
vertical  members  of  each  "U"  and  regions  between 
adjacent  "U's"  are  comprised  of  active  gate  polysilicon, 
while  the  non-U-shaped  areas  comprise  non-active 
gate  polysilicon.  As  shown  in  Fig.  5,  switching  transis- 
tors  110,  120-122,  130-133,  and  140-144  are  disposed 
horizontally  below  transistor/resistor  blocks  101-104, 
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and  inputs  150-153  are  received  below  them.  Vss  node 
162  surrounds  the  perimeter  on  all  sides  and  is  con- 
nected  to  the  gate  of  each  respective  resistor  segment 
and  to  the  drains  of  resistor  segment  1  04d  and  switch- 
ing  transistor  144.  VREF  node  160  is  located  at  the  left  5 
side  of  the  Figure  between  switching  transistor  110  and 
transistor/resistor  101.  Nodes  170-172  are  located  in  a 
horizontal  line  with  VREF  node  160.  Nodes  160,  170- 
172,  and  162  may  be  formed  of  metal,  doped  polysili- 
con,  polycide,  or  other  suitable  conductive  material.  w 

Each  transistor/resistor  block  101,  102,  103,  and 
104  has  more  resistance  than  the  prior  one  in  sequence 
since  each  comprises,  in  this  embodiment,  one  more 
resistance  segment  than  the  previous  one.  For  exam- 
ple,  while  transistor/resistor  block  101  has  a  single  U-  15 
shaped  element,  transistor/resistor  block  102  is  com- 
prised  of  series-connected  first  and  second  U-shaped 
resistor  segments  1  02a  and  1  02b,  respectively.  Transis- 
tor/resistor  block  103  is  comprised  of  series-connected 
first,  second  and  third  U-shaped  resistor  segments  20 
103a,  103b  and  103c,  respectively.  Finally,  transis- 
tor/resistor  block  104  is  comprised  of  series-connected 
first,  second,  third  and  fourth  U-shaped  resistor  seg- 
ments  104a,  104b,  104c  and  104d,  respectively.  It 
should  be  understood  that  any  number  of  resistance  25 
values  can  be  created  in  this  manner  simply  by  adding 
further  resistor  segments.  The  area  of  Fig.  5  is  1  ,400 
square  microns.  Not  only  is  this  area  smaller  than  the 
area  of  the  prior  art  layout  of  Fig.  6,  but  the  aspect  ratio 
for  the  transistors  in  Fig.  5  is  different  than  those  in  any  30 
other  Figure.  Thus,  Fig.  5  illustrates  another  way  the 
present  invention  can  be  implemented  to  accommodate 
various  device  configurations. 

Fig.  8  is  a  cross  sectional  view  of  the  chip  layout  of 
Fig.  5  along  line  A.  Similar  to  Fig.  7,  an  N-well  1  94  is  dis-  35 
posed  within  a  P-substrate  1  96.  The  p-channel  transis- 
tors  of  this  alternative  embodiment  will  be  formed  within 
and  above  N-well  194. 

The  cross  section  of  Fig.  8  is  taken  along  one  of  the 
vertical  members  of  U-shaped  resistor  segment  102a.  40 
Thus,  only  resistor  segment  102a  and  switching  transis- 
tor  121  are  shown  in  the  cross  section  of  Fig.  8.  The  line 
N678  connected  to  the  drain  region  198  of  switching 
transistor  121  represents  the  common  drain  node  of 
switching  transistors  120-122.  As  in  Fig.  7,  regions  nor-  45 
mally  seen  in  a  cross  sectional  view  of  an  integrated  cir- 
cuit,  such  as  pad  oxides  below  the  gate  electrodes, 
isolation  oxides  or  other  isolation  mechanisms,  inter- 
level  dielectric,  and  passivation,  are  not  shown  in  Fig.  8 
but  have  been  omitted  for  promoting  clarity  of  illustra-  so 
tion.  Other  source  and  drain  regions,  as  well  as  the  gate 
electrodes,  are  formed  of  similar  materials  as  the 
source,  drain,  and  gate  electrode  for  switching  transistor 
121. 

The  operation  of  this  alternative  embodiment  will  be  ss 
described  with  reference  to  the  schematic  diagram  of 
Fig.  4.  Each  resistor  segment  in  Fig.  4,  101,  102a-b, 
103a-c,  and  104a-d,  is  comprised  of  a  p-channel  tran- 
sistor  and  is  shown  as  being  enabled  by  a  separate 

switching  transistor.  This  is  because  the  resistor  seg- 
ments  of  each  transistor/resistor  block  are  extended  to 
where  the  switching  transistors  can  enable  each  resistor 
segment. 

The  switching  transistors  that  enable  each  resistor 
segment  are  all  switched  on  or  off  by  a  single  input. 
Specifically,  the  voltage  at  a  first  input  1  50  turns  on  or 
off  switching  transistor  1  10,  a  second  input  151  turns  on 
or  off  switching  transistors  120-122  simultaneously,  a 
third  input  152  turns  on  or  off  switching  transistors  130- 
133  simultaneously,  and  a  fourth  input  153  turns  on  or 
off  switching  transistors  140-144  simultaneously.  For 
example,  when  third  input  152  turns  on  switching  tran- 
sistors  130-133  simultaneously,  this  causes  resistor 
segments  103a-c  to  be  bypassed.  Similarly,  when  third 
input  152  turns  off  switching  transistors  130-133  simul- 
taneously,  resistor  segments  103a-c  are  enabled.  In  the 
embodiment  shown,  where  switching  transistors  130- 
1  33  are  p-channel  devices,  they  are  off  when  their  gate 
voltage  is  not  more  than  1  Vt  below  their  source  voltage. 
Thus,  a  high  voltage  at  third  input  152,  such  as  Vcc,  is 
sufficient  to  turn  off  switching  transistors  130-133. 

The  series  of  p-channel  switching  transistors  110, 
120-122,  130-133,  and  140-144  of  Fig.  4  can  enable  or 
disable  transistor/resistor  blocks  101-104  in  order  to 
achieve  a  desired  voltage  at  VREF  node  160.  For  exam- 
ple,  if  transistor/resistor  block  102  is  chosen,  first  input 
150  would  be  low,  thus  turning  on  switching  transistor 
110  and  shorting  VREF  node  160  to  a  first  node  170, 
thereby  disabling  transistor/resistor  block  101.  Third 
input  152  would  also  be  low,  simultaneously  turning  on 
switching  transistors  130-133  and  shorting  a  second 
node  171  to  a  third  node  172,  thereby  disabling  transis- 
tor/resistor  block  103.  Fourth  input  153  would  also  be 
low,  simultaneously  turning  on  switching  transistors 
140-144  and  shorting  third  node  172  to  Vss  node  162, 
thereby  disabling  transistor/resistor  block  104.  Finally, 
second  input  151  would  be  high,  simultaneously  turning 
off  switching  transistors  120-122,  thus  enabling  transis- 
tor/resistor  block  1  02  and  isolating  first  node  1  70  from 
second  node  171. 

Through  choosing  various  combinations  of  inputs 
150-153,  a  wide  range  of  resistance  values  may  be 
achieved  by  selecting  individual  transistor/resistor 
blocks  1  01  -1  04  or  any  combination  of  transistor/resistor 
blocks  101-1  04,  resulting  in  several  different  voltage  lev- 
els  at  first  node  161.  Additionally,  even  wider  ranges  of 
resistance  values  may  be  achieved  by  adding  or  delet- 
ing  resistor  segments  to  respective  transistor/resistor 
blocks. 

Fig.  9  represents  an  alternative  chip  layout  of  the 
schematic  diagram  of  Fig.  1.  The  reference  numbers 
used  in  Fig.  9  are  thus  the  same  numbers  used  in  Figs. 
1  and  3.  Fig.  9  is  similar  to  Fig.  5  in  that  some  of  the 
transistor/resistors  comprise  U-shaped  segments,  and 
is  constructed  in  a  similar  fashion.  Thus,  a  cross  section 
of  Fig.  9,  taken  along  a  line  similar  to  line  A  of  Fig.  5, 
would  look  similar  to  the  cross  section  of  Fig.  5  which  is 
shown  in  Fig.  8.  Fig.  9  shows  a  rectangular  region  and 
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several  U-shaped  regions  formed  in  gate  polysilicon. 
The  rectangular  region,  the  regions  within  the  vertical 
members  of  each  "U",  and  regions  between  adjacent 
"U's"  are  comprised  of  active  gate  polysilicon,  while  the 
other  areas  comprise  non-active  gate  polysilicon.  In  Fig. 
9,  transistor/resistor  50  is  comprised  of  a  rectangular 
resistor  segment,  transistor/resistor  51  is  comprised  of 
a  U-shaped  resistor  segment,  transistor/resistor  52  is 
comprised  of  two  U-shaped  resistor  segments,  and 
transistor/resistor  53  is  comprised  of  three  U-shaped 
resistor  segments.  Switching  transistors  40-43  are  dis- 
posed  below  transistor/resistors  50-53,  and  inputs  80- 
83  are  received  below  them. 

Fig.  10  is  drawn  to  contrast  a  prior  art  reference 
generator  with  the  alternative  layout  of  Fig.  9.  While  the 
areas  of  Fig.  9  and  10  are  both  approximately  1,125 
square  microns,  the  prior  art  reference  generator  of  Fig. 
1  0  has  no  option  transistors  associated  with  it  and  thus 
is  not  programmable.  Fig.  10  only  includes  metal 
options,  a  one-time  only  event.  These  metal  options  are 
shown  in  the  associated  schematic  of  Fig.  11  as  210- 
213. 

The  present  invention  saves  space  in  an  integrated 
circuit  in  that  the  switching  transistors  essentially  over- 
lap  the  area  used  by  the  resistor  segments.  This  can  be 
clearly  seen  in  Fig.  5.  For  example,  switching  transistors 
140-144  overlap  the  area  used  by  resistor  segments 
1  04a-d  of  transistor/resistor  1  04.  A  similar  layout  is  used 
for  transistor/resistors  101-103. 

Reference  has  been  made  to  regions  that  are 
"doped"  with  impurities.  The  impurities  can  enter  such 
regions  by  doping  implantation,  or  other  standard  proc- 
esses  commonly  used  in  integrated  circuit  fabrication. 

Those  skilled  in  the  art  will  notice  various  modifica- 
tions  that  can  be  made  to  the  preceding  embodiments 
without  departing  from  the  spirit  and  scope  of  the  inven- 
tion. 

Claims 

1.  A  programmable  voltage  reference  generator  (10) 
comprising: 

a  plurality  of  transistors  (50-53)  configured  as 
resistors  and  having  their  respective 
source/drain  paths  connected  in  series 
between  a  reference  node  (60)  and  a  ground 
node  (62),  and  a  plurality  of  switching  transis- 
tors  (40-43)  having  their  respective 
source/drain  paths  connected  in  series 
between  said  reference  node  (60)  and  said 
ground  node  (62),  wherein  each  of  said  switch- 
ing  transistors  is  connected  in  parallel  to  a  cor- 
responding  at  least  one  of  said  transistors 
configured  as  resistors,  wherein  each  of  said 
switching  transistors  enables  or  disables  said 
corresponding  at  least  one  of  said  transistors 
configured  as  resistors. 

2.  The  programmable  voltage  reference  generator  of 
Claim  1  ,  wherein  said  plurality  of  transistors  (50-53) 
configured  as  resistors  and  said  plurality  of  switch- 
ing  transistors  (40-43)  are  p-channel  transistors, 

5  wherein  each  of  said  plurality  of  transistors  config- 
ured  as  resistors  has  its  respective  gate  electrode 
connected  to  said  ground  node  (62). 

3.  The  programmable  voltage  reference  generator  of 
10  Claim  2,  wherein  said  plurality  of  transistors  (50-53) 

configured  as  resistors  each  has  its  respective 
channel  connected  to  said  reference  node  (60). 

4.  The  programmable  voltage  reference  generator  of 
is  Claim  1  ,  further  comprising  a  voltage  source  block 

(8)  having  an  output  connected  to  said  reference 
node  (60). 

5.  The  programmable  voltage  reference  generator  of 
20  Claim  1  ,  wherein  said  plurality  of  switching  transis- 

tors  (40-43)  are  responsive  to  a  plurality  of  inputs 
(80-83)  to  enable  or  disable  a  selected  number  of 
said  transistors  (50-53)  configured  as  resistors. 

25  6.  The  programmable  voltage  reference  generator  of 
Claim  5,  wherein  fuses  are  used  instead  of  said  plu- 
rality  of  switching  transistors  to  enable  or  disable  a 
selected  number  of  said  transistors  configured  as 
resistors. 

30 
7.  A  programmable  divider  circuit  for  connection  to  a 

voltage  source  and  to  provide  a  programmable  ref- 
erence  voltage,  the  divider  circuit  comprising,  on  an 
integrated  circuit  a  plurality  of  N  (where  N  is  a  inte- 

35  ger  greater  than  2)  first,  conductive,  spaced-apart 
regions  (60,  70-72,  62)  extending  parallel  to  one 
another  in  a  first  direction,  a  first  one  of  said  first 
conductive  regions  providing  a  reference  voltage 
output  node  (60),  another  one  of  said  first  conduc- 

40  tive  regions  providing  a  ground  voltage  node  (62), 
and  remaining  ones  of  said  first  conductive  regions 
providing  circuit  nodes  (70-72);  a  plurality  of  first 
gate  elements  extending  along  said  first  direction, 
parallel  to  said  first  conductive  regions,  and  located 

45  therebetween  so  that  each  said  first  gate  element 
corresponds  to  and  in  plan  view  extends  between 
two  of  said  first  conductive  regions,  whereby  a  plu- 
rality  of  first  transistors  (50-53)  are  established  for 
use  as  resistive  elements;  wherein  at  least  two  of 

so  said  transistors  have  different  resistance  character- 
istics;  a  second  conductive  region  extending  in  a 
second  direction  which  is  not  parallel  to  said  first 
direction;  a  plurality  of  second  gate  elements 
extending  parallel  to  one  another  and  intersecting 

55  said  second  conductive  region  in  plan  view  to  form 
N-1  second  transistors  (40-43);  said  plurality  of  first 
regions  intersecting  said  second  region  in  plan  view 
and  making  electrical  contact  therewith,  so  that 
each  said  second  transistor  is  coupled  parallel  to  a 
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corresponding  first  transistor;  wherein  said  first  and 
said  second  transistors  are  all  n-type  or  all  p-type. 

8.  The  circuit  of  Claim  7,  wherein  said  first  transistors 
(50-53)  have  a  plurality  of  differing  gate  electrode  s 
dimensions. 

9.  The  circuit  of  Claim  8,  wherein  each  said  first  tran- 
sistor  has  a  gate  electrode  length  different  from  the 
gate  electrode  length  of  all  other  first  transistors.  10 

10.  The  circuit  of  Claim  9,  wherein  said  second  direc- 
tion  is  perpendicular  to  said  first  direction,  wherein 
said  reference  voltage  node  is  located  along  one 
edge  of  said  circuit  and  wherein  said  ground  volt-  is 
age  node  is  located  along  another  edge  of  the  cir- 
cuit. 

1  1  .  The  circuit  of  Claim  9,  wherein  said  first  regions  are 
located  within  an  integrated  circuit  substrate,  and  20 
wherein  said  first  gate  elements  are  located  above 
said  substrate. 

signal  waveform. 

14.  A  method  of  providing  a  programmable  voltage  ref- 
erence,  said  method  comprising  the  steps  of:  bias- 
ing  a  plurality  of  transistors  (50-53;  101-1  04c)  to  act 
as  resistors;  inputting  a  signal  to  a  plurality  of 
switching  transistors  (40-43;  110,  120-122,  130- 
133,  140-144),  said  switching  transistors  being 
responsive  to  said  signal  to  enable  or  disable  said 
plurality  of  transistors  acting  as  resistors;  and 
selecting  a  selected  number  of  said  plurality  of  tran- 
sistors  acting  as  resistors,  wherein  said  step  of 
selecting  results  in  generating  a  reference  voltage. 

15.  The  method  of  Claim  14,  wherein  said  plurality  of 
transistors  acting  as  resistors  and  said  plurality  of 
switching  transistors  are  p-channel  transistors. 

12.  A  programmable  divider  circuit  for  a  voltage  divider 
having  a  voltage  source  coupled  to  the  divider  cir-  25 
cuit,  the  divider  circuit  comprising  a  plurality  of  first 
transistors  (101  -104c)  for  use  as  resistive  ele- 
ments;  wherein  said  transistors  are  arranged  in  N 
groups  (101-104),  where  N  is  an  integer  greater 
than  2,  said  N  groups  having  differing  numbers  of  30 
transistors  therein  so  that  at  least  one  said  group 
has  a  different  number  of  transistors  therein  than  at 
least  one  other  group  so  that  at  least  two  of  said 
groups  have  different  resistance  characteristics; 
wherein,  for  each  of  said  groups  having  more  than  35 
one  transistor  therein,  said  first  transistors  have  a 
common  gate  electrode  for  the  group;  a  plurality  of 
first,  conductive  regions,  a  first  one  of  said  first 
regions  providing  a  reference  voltage  output  node 
(160),  another  one  of  said  first  regions  providing  a  40 
ground  voltage  node  (162),  and  remaining  ones  of 
said  first  regions  providing  circuit  nodes  (170-172); 
said  first  conductive  regions  providing  electrical 
connection  between  adjacent  ones  of  said  groups 
of  first  transistors;  a  plurality  of  second  gate  elec-  45 
trades  each  located  beside  a  corresponding  first 
conductive  region  and  extending  across  its  corre- 
sponding  group  to  connect  electrically  one  end  of 
said  common  gate  electrode  for  that  group  to 
another  end  thereof;  a  plurality  of  second  conduc-  so 
tive  regions  located  beside  said  second  gate  elec- 
trodes  to  form  a  plurality  of  second  transistors  (1  10, 
120-122,  130-133,  140-144)  so  that  when  said  sec- 
ond  transistors  turn  on,  the  corresponding  first  tran- 
sistors  are  shorted;  wherein  said  first  and  said  55 
second  transistors  are  all  n-type  or  all  p-type. 

13.  The  circuit  of  Claim  12,  wherein  said  common  gate 
electrodes  are  shaped  generally  like  a  square  wave 
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