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(57)  A  content  addressable  memory  is  provided 
that  includes  a  memory  cell  and  a  first  plurality 
of  lines  connected  directly  to  the  gates  of  ac- 
cess  transistors  to  this  memory  cell.  These  ac- 
cess  transistors  are  further  connected  to  a 
second  plurality  of  lines.  The  first  and  second 
plurality  of  lines  each  perform  different  func- 
tions  during  read,  write,  and  comparison  oper- 
ations. 

In  another  embodiment  of  the  present  inven- 
tion,  p-channel  transistors  are  used  for  a  match 
transistor  and  its  associated  pass  transistors. 
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This  invention  relates  to  semiconductor  memory 
cells,  and  in  particular  to  cells  suitable  for  use  in  con- 
tent  addressable  memories  in  which  a  memory  is 
searchable  by  the  contents  of  the  memory  data. 

U.S.  Patent  4,890,260  discloses  a  configuration 
using  a  content  addressable  memory  (CAM).  Refer- 
ring  to  Figure  1  which  illustrates  this  configuration, 
the  CAM  cell  array  11  is  connected  to  a  bit  line  de- 
scriptor  circuit  1.  Bit  line  descriptor  circuit  1  includes 
a  programmable  bit  line  writing  circuit,  a  comparand 
register,  a  mask  register,  and  a  sense  amplifier  (all  not 
shown).  The  comparand  register  programs  the  pro- 
grammable  bit  line  writing  circuit  with  the  data  to  be 
written  onto  the  bit  lines  BL  and  BL  coupled  to  CAM 
cell  array  11.  Data  is  read  from  CAM  cell  array  11 
through  bit  lines  BL  and  BL;  with  a  predetermined 
word  line  WL  selected.  The  signal  on  bit  lines  BL  and 
BL  is  amplified  by  the  sense  amplifier. 

Data  in  the  mask  register  is  used  for  programma- 
ble  bit  masking.  A  logic  "1"  in  the  mask  register  will 
overwrite  the  data  in  the  comparand  register,  where- 
as  a  logic  "O"  in  the  mask  register  will  allow  the  cor- 
responding  data  in  the  comparand  register  to  appear 
on  the  bit  line  for  writing  in  a  cell.  Any  or  all  bits  can 
be  masked  in  this  manner. 

Descriptor  circuit  1  exchanges  data  with  bit  bus 
10.  A  row  decoder  2  is  connected  to  CAM  cell  array 
11  by  a  plurality  of  word  lines  WL  for  selecting  differ- 
ent  words  in  the  array.  A  bit  line  precharge  circuit  3, 
which  precharges  the  bit  lines  to  the  optimal  levels  for 
high  speed  cell  reading,  is  connected  to  CAM  cell  ar- 
ray  11  through  a  plurality  of  bit  lines  BL'  and  BL'.  CAM 
cell  array  1  1  is  connected  to  a  word  masking  and  reset 
circuit  4,  match  detector  5,  and  priority  encoder  6  via 
a  plurality  of  match  lines  ML. 

Word  masking  and  reset  circuit  4  masks  any  or  all 
words  with  an  empty  or  skip  bit.  The  entire  array  is  re- 
set  by  resetting  all  the  empty  bits.  Both  of  these  op- 
erations  are  well-known  in  the  art  and,  therefore,  are 
not  explained  further  detail.  Match  detector  5  detects 
a  "no  match"  or  "match"  condition.  Priority  encoder  6 
encodes  the  address  of  the  location  in  CAM  cell  array 
11  when  a  "match"  condition  occurs. 

The  control  logic  7  provides  inputs  to  word  mask- 
ing  and  reset  circuit  4,  match  detector  5,  and  priority 
encodes  6  in  response  to  instructions  received  from 
bus  10.  Specifically,  instructions  received  from  bus 
10  generate  the  appropriate  internal  timings  to  ac- 
complish  the  operations  of  each  circuit. 

A  typical  content  addressable  memory  cell, 
shown  in  Figure  2,  comprises  nine  transistors.  Tran- 
sistors  206-209  form  a  memory  cell  216.  Information 
is  stored  in  the  form  of  voltage  levels  in  memory  cell 
216.  Memory  cell  216  has  two  states:  logic  state  "0" 
and  logic  state  "1".  For  example,  if  logic  state  "0"  is 
designated  by  node  204  having  a  high  voltage  and 
node  205  having  a  low  voltage,  then  logic  state  "1" 
has  the  opposite  stored  voltages,  i.e.  node  204  having 

a  low  voltage  and  node  205  having  a  high  voltage. 
In  logic  state  "0",  the  high  voltage  on  node  204 

turns  on  N-channel  transistor  209  and  turns  off  P- 
channel  transistor  207.  The  low  voltage  applied  to 

5  node  205  turns  on  P-channel  transistor  206  and  turns 
off  N-channel  transistor208.  The  voltage  on  node  204 
remains  high  because  current  flows  through  transis- 
tor  206  from  voltage  source  Vdd,  which  is  typically  5 
volts.  The  voltage  on  node  205  remains  low  because 

10  current  flows  through  transistor  209  to  voltage  source 
Vss  (typically  ground). 

In  logic  state  "1  ",  the  transistors  which  were  on  in 
the  logic  "1"  state  are  now  off,  and  the  transistors 
which  were  off  are  now  on,  thereby  providing  a  low 

15  voltage  on  node  204  and  a  high  voltage  on  node  205. 
Node  204  remains  low  as  current  flows  through  tran- 
sistor  208  to  voltage  source  Vss  (ground),  while  node 
205  now  remains  high  as  current  flows  from  voltage 
source  Vdd  through  transistor  207.  Thus,  both  logic 

20  states  are  stable  with  neither  branch  216A,  including 
transistors  206  and  208,  nor  branch  216B,  including 
transistors  207  and  209,  conducting. 

To  read  memory  cell  216,  bit  lines  200  and  201 
are  precharged  to  a  high  voltage.  Transistors  202  and 

25  203  are  subsequently  turned  on  by  a  high  voltage  on 
word  line  215.  The  logic  state  stored  by  memory  cell 
216  pulls  one  bit  line,  200  or  201,  low.  For  example, 
if  memory  cell  216  is  in  logic  state  "1"  with  a  low  vol- 
tage  on  node  204  and  a  high  voltage  on  node  205, 

30  then  bit  line  complement  200  is  discharged  through 
transistors  202  and  208  to  ground.  Bit  line  201  re- 
mains  charged.  The  difference  in  voltage  between  bit 
lines  200  and  201  is  then  sensed. 

To  write  a  logic  state  in  the  memory  cell  216,  data 
35  is  placed  on  bit  line  200  and  data  complement  ("data") 

is  placed  on  bit  line  complement  201  .  Applying  a  high 
voltage  to  word  line  21  5  turns  on  transistors  202  and 
203,  thereby  transferring  data  and  data  to  nodes  204 
and  205,  respectively.  This  voltage  transfer  drives 

40  memory  cell  216  into  the  desired  configuration. 
During  a  comparison  operation,  data  is  placed  on 

bit  line  201  and  data  is  placed  on  bit  line  complement 
200.  For  example,  assume  memory  cell  216  stores  a 
logic  "0".  A  match  fail  condition  results  when  a  low  vol- 

45  tage  and  a  high  voltage  are  provided  on  bit  lines  200 
and  201,  respectively,  in  the  comparison  mode.  To 
ensure  transistors  202  and  203  remain  off,  the  vol- 
tage  on  word  line  215  remains  low.  The  high  voltage 
stored  on  node  204  is  applied  to  the  gate  of  N-channel 

so  pass  transistor  211,  thereby  turning  on  pass  transistor 
211.  The  low  voltage  on  node  205  is  applied  to  N- 
channel  pass  transistor  210.  Therefore,  pass  transis- 
tor210  remains  off.  Thus,  with  transistor211  on,  data 
(i.e.  a  high  voltage)  on  bit  line  201  is  applied  to  the 

55  gate  of  N-channel  transistor  213,  thereby  turning  on 
this  transistor  as  well.  Because  transistor  213  turns 
on,  current  flows  through  transistor  213  to  voltage 
source  Vss  (ground),  thereby  discharging  the  voltage 
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on  match  line  214  which  was  precharged  for  the  com- 
parison  operation.  Thus,  in  summary,  if  the  data 
match  those  in  memory  cell  216,  then  match  line  214 
remains  charged.  If  memory  cell  has  data  that  do  not  5 
match,  match  transistor  21  3  turns  on  and  discharges 
match  line  214. 

A  drawback  of  the  above-described  content  ad- 
dressable  memory  is  that  the  bit  lines  must  be  dis- 
charged  to  zero  to  prepare  for  a  comparison  opera-  10 
tion.  Therefore,  a  need  arises  for  an  improved  content 
addressable  memory. 

Another  drawback  is  the  large  number  of  transis- 
tors  required,  nine  in  this  configuration,  which  intro- 
duces  an  undesirable  increase  in  the  size  of  the  ar-  15 
ray.  Therefore,  a  need  also  arises  for  a  smaller  con- 
tent  addressable  memory. 

In  one  embodiment  of  the  present  invention,  a 
content  addressable  memory  is  provided  which  uses 
P-channel  transistors,  instead  of  N-channel  transis-  20 
tors,  for  the  match  transistor  and  its  associated  pass 
transistors.  This  embodiment  provides  greater  perfor- 
mance  than  the  prior  art  because  the  match  line  can 
be  conditioned  during  a  read  operation. 

In  another  embodiment  of  the  present  invention,  25 
a  content  addressable  memory  eliminates  the  match 
transistor  and  its  associated  pass  transistors  previ- 
ously  required.  The  content  addressable  memory  in 
this  embodiment  comprises  a  memory  cell,  access 
transistors,  a  first  plurality  of  lines  that  function  as  30 
word  lines  during  a  write  operation,  as  bit  lines  during 
a  read  operation,  and  as  match  lines  during  a  compar- 
ison  operation;  and  a  second  plurality  of  lines  that 
function  as  bit  lines  during  a  write  operation,  as  word 
lines  during  a  read  operation,  and  as  bit  lines  during  35 
a  comparison  operation. 

During  a  write  mode,  the  first  plurality  of  lines  are 
set  to  zero  volts.  Then,  one  of  the  second  plurality  of 
lines  is  driven  to  a  high  voltage,  thereby  setting  the 
memory  cell  to  a  predetermined  logic  state.  To  later  40 
read  this  logic  state,  both  lines  in  the  second  plurality 
are  increased  to  a  high  voltage,  thereby  turning  on 
the  access  transistors.  The  particular  voltages  stored 
in  the  memory  cell  are  then  transferred  via  these  ac- 
cess  transistors  to  the  first  plurality  of  lines.  The  dif-  45 
ferential  voltage  between  these  lines  is  subsequently 
detected. 

During  a  comparison  mode,  the  first  plurality  of 
lines  are  precharged  to  a  high  voltage.  Then  the  vol- 
tages  on  both  lines  in  the  second  plurality  are  driven  50 
to  a  high  voltage,  thereby  turning  on  the  access  tran- 
sistors.  In  this  manner,  the  voltage  on  one  of  the  first 
plurality  of  lines  is  pulled  down  by  the  memory  cell. 
Convention  establishes  which  pull  down  is  termed  a 
match  condition.  55 

In  another  embodiment,  a  plurality  of  content  ad- 
dressable  memories  are  connected  to  the  first  plural- 
ity  of  lines. 

The  invention  will  now  be  described  by  way  of  ex- 

ample,  with  reference  to  the  accompanying  drawings, 
in  which: 

Figure  1  illustrates  a  block  diagram  of  a  prior  art 
configuration  having  a  content  addressable  memory. 

Figure  2  illustrates  a  component-level  schematic 
diagram  of  a  typical  prior  art  content  addressable 
memory. 

Figure  3  illustrates  a  component-level  schematic 
diagram  of  a  content  addressable  memory  in  accor- 
dance  with  the  present  invention. 

Figure  4  illustrates  a  component-level  schematic 
d  iagram  of  anot  her  embod  iment  of  a  content  address- 
able  memory  in  accordance  with  the  present  inven- 
tion. 

Figures  1  and  2  have  already  been  described 
with  reference  to  the  prior  art. 

The  memory  cell  illustrated  in  Figure  3  provides 
high  performance  in  content  addressable  memories. 

The  width  and  length  of  the  transistors  in  Figure 
3  is  set  forth  in  Table  1,  in  which  the  first  number  is 
channel  width  in  microns  and  the  second  number  is 
channel  length  in  microns. 

Table  1 

302  (7:5)  303  (7:5)  306  (7:7) 

307  (7:7)  308  (16:4)  309  (16:4) 

310(10:4)  311(10:4)  313(10:4) 

Memory  cell  316  functions  similarly  to  memory 
cell  216  in  Figure  2  during  read  and  write  operations. 

During  a  comparison  operation,  data  is  placed  on 
bit  line  301  and  data  is  placed  on  bit  line  complement 
300.  For  example,  assume  memory  cell  316  is  storing 
a  logic  "0".  A  match  fail  condition  results  when  low  vol- 
tage  and  a  high  voltage  are  provided  on  bit  lines  300 
and  301,  respectively,  in  the  comparison  mode.  Note 
transistors  302  and  303  remain  off  because  of  a  low 
voltage  on  word  line  315.  The  high  voltage  on  node 
304  is  applied  to  the  gate  of  P-channel  pass  transistor 
311,  thereby  turning  off  pass  transistor  311.  The  low 
voltage  on  node  305  is  applied  to  P-channel  pass 
transistor  310,  thereby  turning  on  pass  transistor  310. 
Thus,  with  transistor  31  0  on,  data  (i.e.  a  low  voltage) 
on  bit  line  300  is  applied  to  the  gate  of  P-channel  tran- 
sistor  313,  thereby  turning  on  this  transistor  as  well. 
Because  transistor  313  turns  on,  current  flows  from 
voltage  source  Vdd  (typically  5.0  V)  through  transistor 
313,  thereby  pulling  up  the  voltage  on  match  line  314 
which  is  uncharged  during  the  beginning  of  the  com- 
parison  operation.  Note  that  in  one  illustrative  appli- 
cation,  only  the  match  lines  314  of  the  match  fail  cells 
are  pulled  up.  Thus,  in  summary,  if  the  data  do  not 
match  those  in  memory  cell  316,  then  match  line  314 
is  precharged.  If  memory  cell  has  data  that  match, 
match  line  314  is  not  precharged. 

3 
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Note  that  a  compare  operation  following  a  read 
operation  is  done  immediately,  without  need  to  con- 
dition  bit  lines  300  and  301  for  match  line  314,  which 
yields  higher  performance.  This  is  because  when 
data  is  read,  both  bit  lines  300  and  301  are  charged, 
differing  only  by  a  very  slight  amount  A  on  the  order 
of  20-50  millivolts.  Hence,  the  bit  line  at  logic  state  "1  " 
is  Vbias,  and  the  bit  line  at  logic  state  "0"  is  Vbias-A.  If 
Vbias  (Vbias  is  about  Vdd-Vth,  where  Vth  is  depend- 
ent  on  the  sense  amplifier  design)  is  about  4  volts,  the 
voltage  values  on  bit  lines  300  and  301  are  about  4 
volts  and  just  slightly  under  about  4  volts.  Because 
the  voltage  on  the  gate  of  transistor  31  3  is  never  suf- 
ficiently  low  during  a  read  operation  to  turn  on  tran- 
sistor  31  3,  match  line  314  can  be  prepared  during  the 
read  operation,  thereby  providing  a  high  performance 
capability. 

Another  content  addressable  memory  cell  is  illu- 
strated  in  Figure  4.  P-channel  MOSFET  transistors 
406  and  407  and  N-channel  MOSFET  transistors  408 
and  409  are  formed  in  a  standard  memory  cell  con- 
figuration.  Specifically,  the  sources  of  transistors  406 
and  407  are  connected  to  supply  voltage  Vdd,  the 
drains  of  these  transistors  are  connected  to  the  drains 
of  transistors  408  and  409,  respectively,  and  the 
sources  of  transistors  408  and  409  are  connected  to 
another  voltage  source  Vss.  Typically,  voltage  source 
Vss  is  ground  and  the  voltage  source  Vdd  is  five  volts. 
The  gates  of  transistors  406  and  408  are  connected 
to  node  405,  which  is  located  between  the  drains  of 
transistors  407  and  409,  whereas  the  gates  of  transis- 
tors  407  and  409  are  connected  to  node  404,  which 
is  located  between  the  drains  of  transistors  406  and 
408. 

Access  transistor  402  is  formed  between  node 
404  and  line  411,  while  access  transistor  403  is 
formed  between  node  405  and  line  410.  Lines  410 
and  411  are  word  lines  for  a  write,  bit  lines  for  a  read, 
and  match  lines  for  a  comparison  operation.  In  this 
embodiment,  access  transistors  402  and  403  are  N- 
channel  MOSFET  transistors.  Lines  400  and  401  are 
directly  connected  to  the  gates  of  transistors  402  and 
403,  respectively.  Lines  400  and  401  are  bit  lines  for 
a  write,  word  lines  for  a  read,  and  bit  lines  for  a  com- 
parison  operation. 

During  a  write  to  a  selected  cell,  the  voltages  on 
lines  410  and  411  are  set  to  zero.  If  the  cell  is  not  se- 
lected,  lines  410  and  411  are  left  floating.  Then,  one 
bit  line,  for  example  bit  line  400,  is  made  high  while  the 
other  bit  line  401  is  made  low.  In  this  manner,  access 
transistor  402  is  turned  on,  thereby  transferring  the 
low  voltage  on  line  411  to  node  404  which,  as  men- 
tioned  previously,  is  connected  to  the  gates  of  transis- 
tors  407  and  409.  Thus,  this  voltage  subsequently 
turns  on  transistor  407  and  turns  off  transistor  409. 
Because  transistor  407  is  on,  a  current  flows  from  vol- 
tage  source  Vdd  through  transistor  407  to  pull  up  the 
voltage  on  node  405  which,  as  also  mentioned  previ- 

ously,  is  connected  to  the  gates  of  transistors  406  and 
408.  A  high  voltage  on  node  405  turns  off  transistor 
406,  but  turns  on  transistor  408.  With  transistor  408 

5  on,  current  flows  through  transistor  408  to  ground, 
thereby  maintaining  a  low  voltage  on  node  404.  Thus, 
the  present  invention  effectively  programs  memory 
cell  412. 

During  a  read  of  memory  cell  412,  the  voltages  on 
10  lines  400  and  401  are  driven  high,  thereby  turning  on 

access  transistors  402  and  403,  which  in  turn  transfer 
the  voltages  on  nodes  404  and  405  to  lines  411  and 
410,  respectively.  Thus,  the  voltages  on  lines  410  and 
411  reflect  the  logic  state  of  memory  cell  412. 

15  Finally,  during  a  comparison  mode,  lines  410  and 
411  are  precharged  to  a  high  voltage.  Then,  data  and 
data  are  applied  to  lines  401  and  400.  If  a  match  fail 
occurs,  the  voltage  on  one  of  the  two  word/match 
lines  will  be  pulled  down  by  memory  cell  array  412. 

20  For  example,  if  memory  cell  412  stores  a  logic  "1" 
state,  then  node  404  has  a  low  voltage  and  node  405 
has  a  high  voltage.  Assume  line  400  is  high  and  line 
401  is  low.  This  is  a  match  fail  condition.  Access  tran- 
sistor  403  does  not  turn  on,  so  the  voltage  on  line  410 

25  remains  high.  However,  when  access  transistor  402 
turns  on,  transistor  408  (which  is  also  on)  pulls  down 
line  411.  Hence,  a  match  fail  is  signalled.  On  the  other 
hand,  if  line  400  is  low  and  line  401  is  high,  transistor 
403  turns  on  and  applies  high  voltage  to  line  410. 

30  Transistor  402  remains  off,  so  line  411  remains  pre- 
charged.  As  both  lines  410  and  411  are  high,  a  match 
is  signalled. 

It  will  be  appreciated  that  in  practice,  a  plurality 
of  memory  cells  are  connected  to  lines  410  and  411 

35  as  memory  cell  412  is  connected  in  Figure  4.  The 
same  conventions  apply. 

Therefore,  the  match  transistor  and  its  associat- 
ed  pass  transistors  of  the  prior  art  have  been  elimin- 
ated,  thereby  permitting  a  substantial  size  reduction 

40  of  the  memory  cell  array.  In  further  accord,  the  match 
lines  and  word  lines  of  the  content  addressable  mem- 
ory  of  Figure  2  have  been  combined  which  further  re- 
duces  the  total  size  of  the  memory  cell  array.  A  con- 
tent  addressable  memory  cell  in  accordance  with  the 

45  present  invention  is  reduced  in  size  by  40%  as  com- 
pared  to  a  typical  prior  art  memory  cell. 

While  the  invention  has  been  described  with  re- 
spect  to  certain  embodiments,  the  scope  of  the  pres- 
ent  invention  is  defined  by  the  appended  claims  and 

so  is  not  necessarily  limited  to  the  embodiments  herein, 
which  are  merely  illustrative.  Accordingly,  other  em- 
bodiments  and  variations  not  described  herein  may 
be  within  the  scope  of  the  invention,  as  defined  by  the 
appended  claims. 

55 

Claims 

1  .  A  content  addressable  memory  comprising: 

4 
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a  memory  cell  capable  of  storing  a  logic 
state; 

a  first  plurality  of  lines  that  function  as 
word  lines  during  a  write  operation,  as  bit  lines 
during  a  read  operation,  and  as  match  lines  dur- 
ing  a  comparison  operation; 

a  plurality  of  switching  devices  to  connect 
said  memory  cell  to  said  first  plurality  of  lines;  and 

a  second  plurality  of  lines  that  function  as 
bit  lines  during  said  write  operation,  as  word  lines 
during  said  read  operation,  and  as  bit  lines  during 
said  comparison  operation. 

2.  The  content  addressable  memory  of  Claim  1 
wherein  said  plurality  of  switching  devices  are  N- 
channel  transistors  having  drains,  sources,  and 
gates. 

3.  The  content  addressable  memory  of  Claim  2 
wherein  said  second  plurality  of  lines  are  coupled 
to  said  gates  of  said  N-channel  transistors. 

4.  A  content  addressable  memory  comprising: 
a  memory  cell  including: 
a  first  transistor,  a  source  of  said  first  tran- 

sistor  coupled  to  a  first  voltage  source; 
a  second  transistor,  a  drain  of  said  second 

transistor  coupled  to  a  drain  of  said  first  transistor, 
a  source  of  said  second  transistor  coupled  to  a 
second  voltage  source; 

a  third  transistor,  a  source  of  said  third 
transistor  coupled  to  said  first  voltage  source; 

a  fourth  transistor,  a  drain  of  said  fourth 
transistor  coupled  to  a  drain  of  said  third  transis- 
tor,  a  source  of  said  fourth  transistor  coupled  to 
said  second  voltage  source, 

wherein  said  drains  of  said  first  and  sec- 
ond  transistors  are  further  coupled  to  a  gate  of 
said  third  transistor  and  a  gate  of  said  fourth  tran- 
sistor,  and  said  drains  of  said  third  and  fourth 
transistors  are  further  coupled  to  a  gate  of  said 
first  transistor  and  a  gate  of  said  second  transis- 
tor; 

a  fifth  transistor,  a  source  of  said  fifth  tran- 
sistor  coupled  to  said  drains  of  said  first  and  sec- 
ond  transistors; 

a  sixth  transistor,  a  source  of  said  sixth 
transistor  coupled  to  said  drains  of  said  third  and 
fourth  transistors; 

a  first  line  coupled  to  a  gate  of  said  fifth 
transistor; 

a  second  line  coupled  to  a  gate  of  said 
sixth  transistor;  and 

a  first  and  a  second  match  line, 
wherein  a  drain  of  said  fifth  transistor  is 

coupled  to  said  second  match  line,  and  a  drain  of 
said  sixth  transistor  is  coupled  to  said  first  match 
line. 

5.  The  content  addressable  memory  of  Claim  4 
wherein  said  first  and  third  transistors  are  P- 
channel  transistors. 

5 
6.  The  content  addressable  memory  of  Claim  4  or  5, 

wherein  said  second  and  fourth  transistors  are  N- 
channel  transistors. 

10  7.  The  content  addressable  memory  of  Claim  4,  5  or 
6,  wherein  the  state  of  said  fifth  and  sixth  tran- 
sistors  determines  whether  voltages  are  trans- 
ferred  between  said  second  and  first  match  lines, 
and  said  memory  cell. 

15 
8.  A  content  addressable  memory  comprising: 

means  for  storing  a  logic  state; 
means  for  determining  a  match  condition 

of  data  to  said  logic  state;  and 
20  means  for  coupling  said  means  for  deter- 

mining  to  said  means  for  storing, 
wherein  the  number  of  said  means  for  cou- 

pling  equals  the  number  of  said  means  for  deter- 
mining. 

25 
9.  A  content  addressable  memory  comprising: 

a  memory  cell; 
a  plurality  of  access  transistors  connected 

to  said  memory  cell; 
30  a  plurality  of  pass  transistors  connected  to 

said  memory  cell  which  mirror  the  logic  state  of 
said  memory  cell;  and 

a  match  transistor  connected  to  said  ac- 
cess  transistors  for  determining  a  match  condi- 

35  tion, 
wherein  said  plurality  of  pass  transistors 

and  said  match  transistor  are  P-channel  transis- 
tors. 
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