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(57) ABSTRACT 

A content addressable memory (CAM) cell that includes a 
static random access memory (SRAM) cell that operates in 
response to a VCC supply voltage. A ?rst set of bit lines 
coupled to the SRAM cell are used to transfer data values to 
and from the SRAM cell. The signals transmitted on the ?rst 
set of bit lines have a signal sWing equal to the VCC supply 
voltage. A second set of bit lines is coupled to receive a 
comparison data value. The signals transmitted on the sec 
ond set of bit lines have a signal sWing that is less than the 
VCC supply voltage. For example, the signal sWing on the 
second set of bit lines can be as loW as tWo transistor 
threshold voltages. The second set of bit lines is biased With 
a supply voltage that is less than the VCC supply voltage. A 
sensor circuit is provided for comparing the data value 
stored in the CAM cell With the comparison data value. The 
sensor circuit pre-charges a match scan line prior to a 
compare operation. If the data value stored in the CAM cell 
does not match the comparison data value, the match sense 
line is pulled doWn. The signal sWing of the match sense line 
is smaller than the VCC supply voltage. For example, the 
signal sWing on the match sense line can be as loW as one 
transistor threshold voltage. 

68 Claims, 14 Drawing Sheets 

BIT LINE CONTROL 
2211 

202 

S E NSOH 

SENSOR 
13.11 

+ MATC n, 



US RE39,227 E 
Page 2 

US. PATENT DOCUMENTS 6,157,557 A 12/2000 Lee et a1. 
6,181,591 B1 1/2001 Miyatake et a1. 

2’235’333 2‘ * 13/1333 Enid al 365/49 6,195,278 B1 2/2001 Cali“ at 31 
5,715,188 A * 2/1998 Covino c1211 ~~~~~~~~~~~~~~~~~ " 365/49 6’266’262 B1 7/2001 Washbum et a1‘ 

’ ’ . . ' """"""" " 6,288,922 B1 9/2001 Wong et 31. 

5,852,569 A 12/1998 Snmvasan et a1. 6 373 738 B1 4/2002 Towler et a1 
5,859,791 A * 1/1999 Schultz et a1. .............. .. 365/49 ’ ’ ' 

5,949,696 A 9/1999 Threewitt 
6,044,005 A 3/2000 Gibson et a1. * cited by examiner 



U.S. Patent Aug. 8, 2006 Sheet 1 0f 14 US RE39,227 E 

:62: £02: £352 
nwE 

an: 

E 
n 

5 no 

C5 moan: . F .wE 
“Q? .6? E E 

w _—2 pp: 
5 5 to r to _Q 



U.S. Patent Aug. 8, 2006 Sheet 2 0f 14 US RE39,227 E 

as 

DRIVER CIRCUIT-RY / 

R/W \ 
24 v00 v00 -28 

\ __ K1B 16 —"" 

5 ]>— ~45 __ ,26 
IF————CL—0 2o 

JIM '—|[ 22 
__—I I: \ 
vss vss 12 

34 

14\ LC‘ w 
30- 32 

\40 - 

4% £38 
FIG.2 

(PRIOR ART) 







U.S. Patent Aug. 8, 2006 Sheet 5 0f 14 US RE39,227 E 

119A 1195 

\J \ 

FIG. 4A FIG. 48 

119A I 

118 

mural1 -{ 

FIG. 4C 



Aug. 8, 2006 Sheet 6 0f 14 US RE39,227 E 

_ _ _ _ _ _ _ _ _ 

_ wow wow 

_ NB . In n/ 

_ _ 
_ _ _ _ 

_ _ 

_ _ 

_ u 

_ _ 

_ _ _ _ 

U.S. Patent 

F 

25L 2. 

F 

v30 Ed £02: 5585 m2 

oh 0%“ 2m 

_ w _ _ _ 

_ ‘ <2, 

_ _ _ _ _ 

lllllll'lllul'll'lll'llllllnllllllllilllllllllllll'llll 



US RE39,227 E 

UT {Q A 

2; 2 .llré‘ i A OAT 83o 

wmw 

Sheet 7 0f 14 

7 J“ “M . 
mum A mwm m Q : 

IF 

:4 72: 2; :5 v2; 

3 :6 w“ iii 
wow 25 wow 

U.S. Patent Aug. 8,2006 

/ a: 



U.S. Patent Aug. 8, 2006 Sheet 8 0f 14 US RE39,227 E 

no (:00 CD0# 
700A 

WLU / V / 

10s 11‘: L11 
4-711 N1 N2 1 1 

114 

11-1 
112 113 

101 
\ 

#116 N3 117 L_ 
‘LP-jib 

1os\ /1o4 
119 

1.1111: 118 1 
F- 150 

FIG. 7A 



U.S. Patent 

WL 

Aug. 8, 2006 Sheet 9 0f 14 US RE39,227 E 

00/ (200 c004: 
7008 

/ V 
105 110 111 

‘My 114 112 113 

101 .L 
\ 

_J116 N3 117 at“. 
F FL, 

/104 
ZYHQ 

11a LM#1 
€1_ 15o 

\ 

FIG. 7B 





U.S. Patent Aug. 8, 2006 Sheet 11 0f 14 US RE39,227 E 

?wmvtmrb? mm 6; 

/ 82 

2 8: Ti: 3; Ti: 

mowzww 

om; J 33 0mg 

. \ /Q: 

J Li 1/ \ 
vow NFZ mom 2: m2 

E“ @3 \EN E w; 

\ / 

wom\ Now I: 

m: N: m; w; 
m; 3,. . m; ' 3 IE :2 i 22 E IE 3 T A_ E rEl 

:q o; In Q3 2: 

l 00> q . 00> . N. 

.:s 

a; do “30 d “on 60 “do on 

82 28 



U.S. Patent Aug. 8, 2006 Sheet 12 0f 14 US RE39,227 E 

m .GE 

_ l I t I l I l | l l I I i I I I l I I i l I l l 1 i I l I 1 

~50 LW 
:m / 

2E 

2m\H__I|| 
a: 

mmocozm 
mom mom 

gm 

com: 
:5 



U.S. Patent Aug. 8, 2006 Sheet 13 0f 14 US RE39,227 E 

Do c001: 1300 
WLO 800A 

/ VCC 
105 110 111 

j N1 [Ci (N2 

114 112 _ 113 

101 ‘I, 
\ 

116 117 
__l N3 L_ /1o4 

103 \ 

\ _|%1190 1500 

LM‘H 1180 
A? 1510 

\ 

FIG. 10A 



U.S. Patent Aug. 8, 2006 Sheet 14 0f 14 US RE39,227 E 

00/000111 ' _ 0130 

m0 / / 800B 
105 " 

' m1- N1? 
114- 0 

101 
\ 

104 

‘\ 
1500 

LM#1 1180 E-J/ 1510 
‘ \ 

FIG. 10B 



US RE39,227 E 
1 

CONTENT ADDRESSABLE MEMORY (CAM) 
ARRAYS AND CELLS HAVING LOW POWER 

REQUIREMENTS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a divisional of US. application Ser. 
No. ]0/246,586,?led Sep. 18, 2002, now abandoned, which 
is a reissue of US. application Ser. No. 09/185,057, filed 
Nov. 2, 1998, now US. Pat. No. 6,128,207. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to content addressable 

memory (CAM) cells. More speci?cally, the present inven 
tion relates to nine transistor CAM cells and methods for 
operating these cells in an array. 

2. Discussion of Related Art 
CAM cells are de?ned as memory cells that are addressed 

in response to their content, rather than by a physical address 
within an array. FIG. 1 is a block diagram of a conventional 
memory array formed using twelve CAM cells. The CAM 
cells are labeled MXJ, where X is the row of the array, and 
Y is the column of the array. Thus, the array includes CAM 
cells MO,O to M23. Each of the CAM cells is programmed to 
store a data value. In the described example, the data value 
stored in each CAM cell is indicated by either a “0” or a “l” 
in brackets. For example, CAM cells Mop, Mod, MO,2 and 
MO,3 store data values of 0, 1, 0 and 0, respectively. Each 
row of CAM cells is coupled to a common match line. For 

example, CAM cells Mop, Mm, MO,2 and MO,3 are coupled 
to match line MATCHO. 

The array of CAM cells is addressed by providing a data 
value to each column of CAM cells. Thus data values D0, 
D1, D2 and D3 are provided to columns 0, l, 2 and 3, 
respectively. Note that complementary data values DO#, 
D1#, D2# and D3# are also provided to columns 0, l, 2 and 
3, respectively. If the data values stored in a row of the CAM 
cells match the applied data values DoiD3, then a match 
condition occurs. For example, if the data values D0, D1, D2 
and D3 are 0, l, 0 and 0, respectively, then the data values 
stored in the CAM cells of row 0 match the applied data 
values. Under these conditions, the MATCHo signal is 
asserted high. Because the applied data values D0, D1, D2 
and D3 do not match the data values store in the CAM cells 
of rows 1 or 2, the MATCHl and MATCH2 signals are 
de-asserted low. The match signals MatchoiMATCH2 can be 
used for various purposes, such as implementing virtual 
addressing, in a manner (known to those skilled in the art. 
Many different types of CAM cells have been designed. 

Important considerations in the design of a CAM cell 
include: the number of transistors required to implement the 
cell, the power required to operate the CAM cell, and the 
speed of the CAM cell. In general, it is desirable to have a 
CAM cell that is implemented using a relatively small 
number of transistors, such that the layout area of the CAM 
cell is minimized. It is also desirable for the CAM cell to 
have a low power requirement and a fast operating speed. 

FIG. 2 is a circuit diagram of a conventional nine tune 
transistor (9-T) CAM cell 10. CAM cell 10 is described in 
detail in US. Pat. No. 4,723,224. CAM cell 10 includes a 
conventional static random access memory (SRAM) cell 12 
and as exclusive OR (XOR) gate 14. SRAM cell 12 includes 
access transistors 20 and 22, and cross-coupled inverters 16 
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2 
and 18. Access transistors 20 and 22 are coupled to word line 
28 and bit lines 24 and 26, as illustrated. Driver circuitry 36 
provides a data value (D) and the inverse of the data value 
(D#) to bit lines 24 and 26, respectively, during write and 
compare operations. 
SRAM cell 12 is written like a conventional SRAM cell. 

That is, a logic high value is applied to word line 28, and 
data values D and D# are applied to bit lines 24 and 26, 
respectively. As a result, the data values D and D# are 
latched by inverters 16 and 18, such that the data value D is 
provided as the output of inverter 18, and the inverted data 
value D# is provided at the output of inverter 16. 
XOR gate 14 includes n-channel transistors 30 and 32, 

which are connected in series between bit lines 24 and 26. 
The output terminal of inverter 16 is connected to the gate 
of transistor 30, such that the inverted data value D# stored 
in SRAM cell 12 is provided to the gate of transistor 30. 
Similarly, the output terminal of inverter 18 is connected to 
the gate of transistor 32, such that the data value D stored in 
SRAM cell 12 is provided to the gate of transistor 30. 
Transistors 30 and 32 are commonly connected at node 34, 
which forms the output terminal of XOR gate 14. Node 34 
is connected to the gate of n-channel transistor 38. Transistor 
38 has a source coupled to ground line 42, and a drain 
coupled to match line 40. 
CAM cell 10 performs a compare operation as follows. 

Driver circuitry 36 applies a comparison data value (C) and 
its complement (C#) to bit lines 24 and 26, respectively. If 
the comparison data value C matches the data value D stored 
in SRAM cell 12, then node 34 is connected to receive a 
logic “0” signal. As a result, transistor 38 is turned oif, 
thereby isolating match line 40 from ground line 42. Under 
these conditions, match line 40 retains a pre-charged logic 
high value. 

Conversely, if the comparison data value C does not 
match the data value D stored in SRAM cell 12, then node 
34 is connected to receive a logic “1” signal. As a result, 
transistor 38 is turned on, thereby coupling match line 40 to 
ground line 42. Under these conditions, match line 40 is 
pulled down toward ground. 
CAM cell 10 exhibits relatively high power consumption 

because the same driver circuitry 36 is used to supply the 
write data values as well as the comparison data values. 
Driver circuitry 36 is powered by the VCC supply voltage, 
such that both the write and comparison data values have 
logic high values of VCC. Moreover, the compare operation 
of CAM cell 10 is relatively slow because the capacitance of 
SRAM cell 12 is coupled to bit lines 24 and 26 during the 
compare operation. 

It would therefore be desirable to have an improved CAM 
cell which allows a compare operation to be carried out 
using a supply voltage less than the VCC supply voltage. It 
would also be desirable for the improved CAM cell to have 
bit lines that are not coupled to the capacitance introduced 
by an SRAM cell during a compare operation. It would also 
be desirable for the improved CAM cell to be implemented 
using fewer transistors than conventional CAM cell 10. It 
would further be desirable for the improved CAM cell to 
have global and local masking capabilities. 

SUMMARY 

Accordingly, the present invention provides a CAM cell 
that implements a match line having a signal swing equal to 
one transistor threshold voltage, or about 0.3 Volts. The 
operating power of the CAM cell of the present invention is 
relatively low because the match line only undergoes a small 
voltage swing during a compare operation. 
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A CAM in accordance With the present invention includes 
an SRAM cell that operates in response to a VCC supply 
voltage. One or more read/Write bit lines are coupled to the 
SRAM cell, thereby allowing read and Write data values to 
be transferred to and from the SRAM cell. The VCC and 
ground voltage supplies provide signals to the read/Write bit 
lines. That is, the signals applied to the read/Write bit lines 
vary betWeen a high voltage of VCC and a loW voltage of 0 
Volts. 
One or more comparison bit lines are coupled to receive 

a comparison data value. The signals transmitted on the 
comparison bit lines have a signal sWing that is less than the 
VCC supply voltage. In one embodiment, the signal sWing on 
the comparison bit lines is equal to tWo times the transistor 
threshold voltage. Thus, if the transistor threshold voltage is 
equal to 0.3 Volts, then the signal sWing on the comparison 
bit lines is equal to 0.6 Volts. Because the comparison bit 
lines are not directly connected to the SRAM cell, the 
capacitance of the SRAM cell is advantageously not coupled 
to the comparison bit lines. This improves both operating 
speed and poWer consumption of the CAM cell. 

Moreover, the signals transmitted on the comparison bit 
lines are generated by a bit line control circuit that is 
poWered in response to a supply voltage VCCl that is 
signi?cantly loWer than the VCC supply voltage. In one 
embodiment, the supply voltage VCCl can have a value as 
loW as 0.9 Volts. By loWering the supply voltage required to 
perform a compare operation, the poWer of operating the 
CAM is advantageously reduced. 
A sensor circuit is provided for comparing the data value 

stored in the CAM cell With the comparison data value 
provided on the comparison bit lines. The sensor circuit 
pre-charges the match line prior to a compare operation. If 
the data value stored in the CAM cell does not match the 
comparison data value, the match line is pulled doWn. The 
signal sWing of the match line is smaller than the VCC supply 
voltage. In one embodiment, the signal sWing on the match 
line is equal to transistor threshold voltage, or 0.3 Volts. 

The sensor circuit monitors the voltage on the match line 
to determine Whether the comparison data value matches the 
data value stored in the CAM cell (a match condition), or 
Whether the comparison data value fails to match the data 
value stored in the CAM cell (a no-match condition). The 
sensor circuit converts the small sWing signal on the match 
line to a large sWing output signal. This output signal has a 
signal sWing equal to the VCC supply voltage. 

In one embodiment of the invention, a bit line control 
circuit is provided to control the voltages on the comparison 
bit lines. The bit line control circuit equaliZes the voltages on 
the comparison bit lines to an intermediate voltage prior to 
each compare operation. As a result, less poWer is consumed 
during the compare operation. In one embodiment the inter 
mediate voltage is equal to a transistor threshold voltage 
(e.g., 0.3 Volts). 
The present invention Will be more fully understood in 

vieW of the folloWing description and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a conventional array of CAM 

cells; 
FIG. 2 is a circuit diagram of a conventional nine tran 

sistor CAM cell; 
FIG. 3, Which consists of FIGS. 3A and 3B as illustrated, 

is a schematic diagram of a 2x2 array of nine-transistor 
CAM cells in accordance With one embodiment of the 
present invention; 
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4 
FIGS. 4A and 4B are schematic diagrams of diode con 

nected transistors that can be used in various embodiments 
of the invention; 

FIG. 4C is a schematic diagram of a diode-connected 
transistor and a local masking transistor in accordance With 
another embodiment of the invention; 

FIG. 5 is a schematic diagram of the sensor circuit of FIG. 
3 in accordance With one embodiment of the present inven 
tion; 

FIG. 6 is a schematic diagram of the bit line control circuit 
of FIG. 3 in accordance With one embodiment of the present 
invention; 

FIG. 7A is a schematic diagram of an 8-T CAM cell in 
accordance With one variation of the present invention; 

FIG. 7B is a schematic diagram of an 8-T CAM cell in 
accordance With another variation of the present invention; 

FIG. 8, Which consists of FIGS. 8A and 8B as illustrated, 
is a schematic diagram of a 2x2 array of nine-transistor 
CAM cells in accordance With another embodiment of the 
present invention; 

FIG. 9 is a schematic diagram of the sensor circuit of FIG. 
8 in accordance With one embodiment of the present inven 
tion; 

FIG. 10A is a schematic diagram of an 8-T CAM cell in 
accordance With one variation of the present invention; and 

FIG. 10B is a schematic diagram of an 8-T CAM cell in 
accordance With another variation of the present invention. 

DETAILED DESCRIPTION 

FIG. 3, Which consists of FIGS. 3A and 3B as illustrated, 
is a schematic diagram of an array of nine-transistor CAM 
cells 100, 200, 300 and 400. CAM cell 100 includes read/ 
Write bit lines 101*102, compare bit lines 103*104, Word 
line 105, p-channel transistors 110*111, n-channel transis 
tors 112*118, and diode element 119. P-channel transistors 
110*111 and n-channel transistors 112*115 are connected as 
a six-transistor SRAM cell. More speci?cally, transistors 
110 and 112 are connected in series betWeen the VCC supply 
terminal and the ground supply terminal to form a ?rst 
inverter 121. Similarly, transistors 111 and 113 are con 
nected betWeen the VCC supply terminal and the ground 
supply terminal to form a second inverter 122. Inverters 121 
and 122 are cross-coupled, thereby forming a storage latch 
that stores a data value DO. The output terminal of inverter 
121 is labeled node N1, and the output terminal of inverter 
122 is labeled node N2. 

N-channel transistor 114 is coupled as an access transistor 
betWeen node N1 and read/Write bit line 101. Similarly, 
n-channel transistor 115 is coupled as an access transistor 
betWeen node N2 and read/Write bit line 102. Read/Write bit 
lines 101 and 102 are coupled to receive read/Write data 
values DO and DO#, respectively, from column decoder 
circuitry (not shoWn). Read/Write data value DO has a logic 
high value of VCC and a logic loW level of 0 Volts during a 
Write operation. Similarly, read/Write data value DO has a 
logic high value of VCC and a logic loW level of VCC—CV 
during a read operation (Where CV is about 300 mV). The 
gates of access transistors 114 and 115 are commonly 
connected to Word line 105. Word line 105 is coupled to 
receive Word line signal WLO from roW decoder circuitry 
(not shoWn). The Word line signal VLO has a logic high value 
of VCC and a logic loW value of 0 Volts. 

Comparison bit lines 103 and 104 are coupled to receive 
comparison data values CD0 and CDO# from bit line control 
circuit 120, Which is described in more detail beloW in 
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connection With FIG. 5. Comparison data value CDO has a 
logic high value of 0.6 Volts, a logic loW value of 0 Volts, 
and a pre-charge value of 0.3 Volts. Thus, the voltages used 
during a comparison operation are much loWer than the VCC 
supply voltage. Moreover, bit line control circuit 120 oper 
ates in response to a supply voltage VCCl, Which is much 
less than the VCC supply voltage. In the described 
embodiment, the VCCl supply voltage is about 0.9 Volts. As 
a result, the poWer requirements of CAM cell 100 are much 
less than a conventional 9-T CAM cell. In addition, the bit 
lines 103*104 used to perform a comparison are not coupled 
to the 6-T SRAM cell. As a result, the comparison operation 
is not burdened by the capacitance introduced by the 6-T 
SRAM cell. N-channel transistors 116 and 117 are con 
nected in series betWeen bit lines 103 and 104. Transistors 
116 and 117 are commonly connected at node N3. The gates 
of transistors 116 and 117 are connected to nodes N1 and N2, 
respectively. Node N3 is coupled to a match sense line 150 
through diode element 119 and n-channel transistor 118. 
Match sense line 150 is coupled to sensor circuit 130. 

Diode element 119 can be implemented in various Ways, 
including a conventional p-n junction or a diode-connected 
transistor. FIGS. 4A and 4B are schematic diagrams of diode 
connected transistors 119A and 119B, respectively, that can 
be used to implement diode element 119 in accordance With 
various embodiments of the invention. Thus, diode element 
119 is counted as one of the nine transistors of CAM cell 
100. As described in more detail beloW, n-channel transistor 
118 is an optional local masking transistor. Because local 
masking transistor 118 is optional, this transistor is typically 
not included in determining the transistor count of CAM cell 
100. Local masking transistor 118 is coupled to receive a 
local mask enable signal LM#l. FIG. 4c is a schematic 
diagram illustrating local masking transistor 118 coupled to 
diode connected transistor 119A in accordance With another 
variation. 
CAM cell 200 includes read/Write bit lines 201*202, 

comparison bit lines 203*204, Word line 105, p-channel 
transistors 210*211, n-channel transistors 212*218, and 
diode element 219. The elements of CAM cell 200 are 
connected in the same manner as the elements of CAM cell 
100. CAM cell 200 is connected to Word line 105 in the same 
manner as CAM cell 100. Similarly, CAM cell 200 is 
connected to match sense line 150 in the same manner as 
CAM cell 100. Read/Write bit lines 201 and 202 ofCAM cell 
200 are coupled to receive read/Write data values D 1 and D 1# 
from column control circuitry (not shoWn). Comparison bit 
lines 203 and 204 of CAM cell 200 are coupled to receive 
comparison data values CD 1 and CD 1# from bit line control 
circuit 220. 
CAM cell 300 includes read/Write bit lines 101*102, 

comparison bit lines 103*104, Word line 106, p-channel 
transistors 310*311, n-channel transistors 312*318, and 
diode element 319. Similarly, CAM cell 400 includes read/ 
Write bit lines 201*202, comparison bit lines 203*204, Word 
line 106, p-channel transistors 410*411, n-channel transis 
tors 412418, and diode element 419. The elements of CAM 
cells 300 and 400 are connected in the same manner as the 
elements of CAM cell 100. CAM cells 300 and 400 are 
coupled to a second Word line 106 in the same manner that 
CAM cells 100 and 200 are coupled to Word line 105. 
Similarly, CAM cells 300 and 400 are coupled to a second 
match sense line 151 in the same manner that CAM cells 100 
and 200 are coupled to match sense line 150. Match sense 
line 151 is coupled to a sensor circuit 131, Which is identical 
to sensor circuit 130. Note that CAM cells 100 and 300 share 
bit lines 101*104. Similarly, CAM cells 200 and 400 share 
bit lines 201*204. 
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Although the array illustrated in FIG. 3 only has tWo roWs 

and tWo columns of CAM cells, it is understood that this 
array can be expanded to include many more roWs and 
columns of CAM cells. The manner of expansion is obvious 
in vieW ofthe 2x2 array of CAM cells 100, 200,300 and 400 
shoWn in FIG. 3. In a particular example, an array of CAM 
cells includes eight roWs and seventy-tWo columns of CAM 
cells. 

Data values are Written to a roW of CAM cells (e.g., CAM 
cells 100 and 200), as folloWs. The voltage WLO on Word 
line 105 is pulled up to the VCC supply voltage (e.g., 2.5 
Volts) by the roW decoder circuitry. As a result, access 
transistors 114*115 and 214*215 are turned on, thereby 
coupling bit lines 101*102 and 201*202 to the storage 
latches in CAM cells 100 and 200. The voltage WLl on the 
second Word line 106 is pulled doWn to 0 Volts, thereby 
turning off access transistors 314*315 and 414415 in CAM 
cells 300 and 400. As a result, bit lines 101*102 and 
201*202 are isolated from the storage latches in CAM cells 
300 and 400. 
The column decoder circuitry applies Write data values 

DO, DO#, D1, and Dl# to bit lines 101, 102, 201 and 202, 
respectively. These Write data values have a logic high value 
equal to the VCC supply voltage and a logic loW value of 0 
Volts. In the described example, data values DO, DO#, D1, 
and D l# have values of VCC, 0, 0 and VCC, respectively. The 
Write data values DO, DO#, D1, and Dl# are transmitted 
through turned on access transistors 114*115 and 214*215 
to the storage latches in CAM cells 100 and 200. The Word 
line signal WLO is then de-asserted loW, thereby turning off 
access transistors 114*115 and 214*215, and latching the 
Write data values DO, DO#, D1, and D l# in the storage latches 
of CAM cells 100 and 200. Write operations are therefore 
performed in the same manner as in a conventional six 
transistor SRAM array. In the present example, nodes N1, 
N2, N4 and N5 store voltages of VCC, 0 Volts, 0 Volts and 
VCC, respectively. 

Data values are read from a roW of CAM cells (e.g., CAM 
cells 100 and 200), as folloWs. The column decoder circuitry 
applies the VCC supply voltage to read/Write bit lines 101, 
102, 201 and 202. The voltage WLO on Word line 105 is 
pulled up to the VCC supply voltage (e.g., 2.5 Volts) by the 
roW decoder circuitry. As a result, access transistors 114*115 
and 214*215 are turned on, thereby coupling bit lines 
101*102 and 201*202 to the storage latches in CAM cells 
100 and 200. The voltage WLl on the second Word line 106 
is pulled doWn to 0 Volts, thereby turning off access tran 
sistors 314*315 and 414*415 in CAM cells 300 and 400. As 
a result, bit lines 101*102 and 201*202 are isolated from the 
storage latches in CAM cells 300 and 400. 

In the present example, nodes N2 and N4 are pulled doWn 
through transistors 113 and 212, respectively. When access 
transistors 115 and 214 are turned on, bit lines 102 and 201 
are pulled doWn by transistors 113 and 212, respectively. 
Nodes N2 and N4 are pulled doWn to VcciCV at this time, 
Where CV is approximately 300 mV. Bit lines 101 and 202 
are not pulled doWn in this manner. Sense ampli?ers (not 
shoWn) coupled to bit lines 101*102 and 201*202 sense the 
different voltages on these bit lines to identify the data 
values stored by CAM cells 100 and 200. Read operations 
are therefore performed in the same manner as in a conven 

tional six-transistor SRAM array. 
During standby conditions, Word lines 105 and 106 are 

maintained at 0 Volts, thereby isolating the CAM cells 100, 
200, 300 and 400 from read/Write bit lines 101*102 and 
201*202. Read/Write bit lines 101*102 and 201*202 are 
held at either VCC or 0 Volts during standby conditions. 
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A compare operation is performed as follows. During a 
compare operation, Word lines 105 and 106 are maintained 
at a voltage of 0 Volts, thereby isolating the CAM cells 100, 
200, 300 and 400 from bit lines 101*102 and 201*202. 
Read/Write bit lines 101*102 and 201*202 are held at either 
VCC or 0 Volts during a compare operation. A compare 
operation is simultaneously performed Within each CAM 
cell of the array, unless there is global or local masking that 
inhibits the compare operation Within the CAM cell. For 
purposes of clarity, a compare operation Within CAM cell 
100 is described in detail. The compare operations per 
formed Within CAM cells 200, 300 and 400 are identical to 
the compare operation performed Within CAM cell 100. 

The compare operation Within CAM cell 100 is controlled 
by bit line control circuit 120 and sensor circuit 130. In 
general, the data value in the storage latch of CAM cell 100 
turns on one and only one of transistors 116 and 117, thereby 
coupling one of the comparison bit lines 103*104 to node 
N3. Prior to the comparison operation, node N3 and com 
parison bit lines 103*104 are maintained at 0.3 Volts 
(assuming there is no global masking enabled by bit line 
control circuit 120). Local masking transistor 118 is turned 
on (assuming there is no local masking enabled Within CAM 
cell 100). Sensor circuit 130 maintains match sense line 150 
at a voltage of 0.6 Volts. A 0.3 Volt forWard voltage drop 
therefore exists across diode-connected transistor 119A. 

To initiate the comparison operation, bit line control 
circuit 120 applies comparison data values CD0 and CDO# to 
comparison bit lines 103 and 104, respectively. The logic 
high comparison data value has a voltage of 0.6 Volts, and 
the logic loW comparison data value has a voltage of 0 Volts. 
If the comparison data value matches the data value stored 
in CAM cell 100, then a voltage of 0.6 Volts is applied to 
node N3. Under these conditions, the voltage on match sense 
line 150 remains at 0.6 Volts. If the comparison data value 
does not match the data value stored in CAM cell 100, then 
a voltage of 0 Volts is applied to node N3. Under these 
conditions, the voltage on match sense line 150 is pulled 
doWn to 0.3 Volts. Sensor circuit 130 senses the voltage on 
match sense line 150, and indicates a match condition if 
match sense line 150 is maintained at 0.6 Volts, and indicates 
a no-match condition if match sense line 150 is pulled doWn 
to 0.3 Volts. Because the full signal sWing on match sense 
line 150 is equal to 0.3 Volts, and because the comparison bit 
lines are operated at voltages much less than the VCC supply 
voltage, the poWer requirements of a compare operation are 
advantageously very loW in CAM cell 100. 

Local masking signal LM#l is an active loW signal. If the 
local masking signal LM#l has a logic loW value, local 
masking transistor 118 is turned off, thereby isolating node 
N3 from match sense line 150. Under these conditions, 
match sense line is maintained at 0.6 Volts, regardless of the 
results of the comparison Within CAM cell 100. CAM cell 
100 therefore performs as if a match condition exists, 
regardless of the results of the comparison Within CAM cell 
100. In this manner, local masking transistor 118 enables 
CAM cell 100 to be effectively masked from the comparison 
operation. Although FIG. 3 indicates that local masking 
transistor 118 is coupled betWeen diode 119 and match line 
150, it is understood that local masking transistor 118 can be 
coupled betWeen diode 119 and node N3 to achieve similar 
results. FIG. 4C is a schematic diagram illustrating another 
possible arrangement of diode-connected transistor 119A 
and local masking transistor 118. Other variations are appar 
ent to those of ordinary skill in the art. 

Bit line control circuit 120 and sensor circuit 130 Will noW 
be described in more detail. FIG. 5 is a schematic diagram 
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8 
of sensor circuit 130. Sensor circuit 130 includes inverters 
501*502, current sources 503*504, NAND gate 505 and 
n-channel transistors 311*511, Which are connected as illus 
trated. During a pre-charge period before the compare 
operation is performed, the CLKl and CLK2 signals have 
logic loW values. The logic loW CLK2 signal causes tran 
sistor 511 to turn on, thereby coupling the VCCl supply 
voltage to the drain of transistor 513. In the described 
example, the VCCl supply voltage is equal to approximately 
three times the threshold voltage of an n-channel transistor, 
or about 0.9 Volts. The logic loW CLKl signal causes NAND 
gate 505 to provide a logic high output signal (e.g., 2.5 Volts) 
to the gate of transistor 512, thereby turning on this tran 
sistor. As a result, transistor 512 also helps to pull up the 
voltage on the drain of transistor 513 to the VCCl supply 
voltage. 
Under these conditions, transistors 514 and 515 are turned 

on by current source 504. Each of transistors 514 and 515 
has a threshold voltage of 0.3 Volts. As a result, the voltage 
on match sense line 150 is held at 0.6 Volts. At this time, the 
voltage on node N3 is equal to 0.3 Volts, or one threshold 
voltage beloW the voltage on match sense line 150. 
The compare operation begins When the CLK2 signal 

goes high. The CLK2 signal transitions to a logic high state 
shortly before the CLKl signal transitions to a logic high 
state. As a result, the output signal provided by NAND gate 
505 remains high for a short time after the CLK2 signal goes 
high. This ensures that transistor 512 remains on While the 
CLK2 signal goes high, thereby preventing noise conditions 
from pulling doWn the voltage on match sense line 150. The 
CLKl signal then transitions to a logic high value, such that 
the output voltage provided by NAND gate 505 is deter 
mined by the state of the voltage on match sense line 150. 
At this time, node N3 is either pulled up to 0.3 Volts (if a 
match condition exists) or pulled doWn to 0 Volts (if a 
no-match condition exists). 
As described in more detail beloW, during a match con 

dition node N3 Will be coupled to a comparison bit line 
having a voltage of 0.6 Volts through either transistor 116 or 
transistor 117. Under these conditions, no current ?oWs 
through transistor 513. As a result, the gate of transistor 513 
is maintained at about 0.6 Volts. This 0.6 Volt signal repre 
sents a logic loW input signal to NAND gate 505. As a result, 
NAND gate 505 provides a logic high output signal to 
transistor 512. Transistor 512 therefore remains on (even 
though there is no current ?oW). If the signal on match sense 
line 150 is pulled loW by noise, then current source 503 Will 
pull the voltage on match sense line 150 back up to 0.6 Volts 
through turned on transistor 512. 
The logic high output of NAND gate 505 is also provided 

to inverter 502. In response, inverter 502 provides a logic 
loW output signal having a voltage equal to the ground 
supply voltage (e.g., 0 Volts). This output signal is used to 
indicate a match condition to an encoder circuit (not shoWn). 
As described in more detail beloW, during a no-match 
condition node N3 Will be coupled to a comparison bit line 
having a voltage of 0 Volts through either transistor 116 or 
transistor 117. As a result, node N3 is pulled doWn to 0 Volts. 
Under these conditions, current Will ?oW through transistor 
513. This current is greater than the current provided by 
current source 503. As a result, the voltage of match sense 
line 150 is pulled doWn to 0.3 Volts (i.e., one threshold 
voltage greater than the voltage on node N3). The 0.3 Volt 
signal on match sense line 150 causes the voltage on the gate 
of transistor 513 to be pulled up to the VCC supply voltage 
(e.g., 2.5 Volts) by current source 504. This VCC supply 
voltage represents a logic high input signal to NAND gate 
















