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(57) ABSTRACT 
An architecture and method for fast precharge of bitlines in 
a densely packed, dynamic content addressable memory is 
disclosed. The dynamic content addressable memory cells 
are arranged according to an open bitline architecture to 
obtain high packing density. The bitlines are precharged 
through equalization betWeen every tWo adjacent open bit 
line pairs. More speci?cally, a bitline and its adjacent 
neighbouring bitline on the same side of the bitline sense 
ampli?ers are equalized at several locations along the bit 
lines such that they are equalized at high speed, Which is 
typically not available in open bitline architectures. Hence 
the adjacent bitlines are precharged in a manner similar to a 
folded bitline architecture. Additional equalization circuits 
are connected betWeen the complementary bitlines of each 
open bitline pair, therefore during the precharge phase, all 
four bitlines of the tWo open bitline pairs are equalized With 
each other. To ensure that all four bitlines equalize to the 
midpoint voltage level, complementary logic levels are 
Written to the bitlines prior to equalization. 
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BITLINE PRECHARGE 

FIELD OF THE INVENTION 

[0001] The present invention relates to content address 
able memory In particular, the present invention 
relates to a circuit and method for high speed precharging of 
bitlines in an open bitline architecture CAM device. 

BACKGROUND OF THE INVENTION 

[0002] In many conventional memory systems, such as 
random access memory, binary digits (bits) are stored in 
memory cells, and are accessed by a processor that speci?es 
a linear address that is associated With the given cell. This 
system provides rapid access to any portion of the memory 
system Within certain limitations. To facilitate processor 
control, each operation that accesses memory must declare, 
as a part of the instruction, the address of the memory 
cell/cells required. Standard memory systems are not Well 
designed for a content based search. Content based searches 
in standard memory require softWare based algorithmic 
search under the control of the microprocessor. Many 
memory operations are required to perform a search. These 
searches are neither quick nor ef?cient in using processor 
resources. 

[0003] To overcome these inadequacies an associative 
memory system called Content Addressable Memory 
(CAM) has been developed. CAM alloWs cells to be refer 
enced by their contents, so it has ?rst found use in lookup 
table implementations such as cache memory subsystems 
and is noW rapidly ?nding use in netWorking systems. 
CAM’s most valuable feature is its ability to perform a 
search and compare of multiple locations as a single opera 
tion, in Which search data is compared With data stored 
Within the CAM. Typically search data is loaded onto search 
lines and compared With stored Words in the CAM. During 
a search-and-compare operation, a match or mismatch signal 
associated With each stored Word is generated on a 
matchline, indicating Whether the search Word matches a 
stored Word or not. A typical Word of stored data includes 
actual data With a number appended header bits, such as an 
“E” bit or empty bit for eXample, although the header bits are 
not speci?cally searched during search-and-compare opera 
tions. 

[0004] A CAM stores data in a matrix of cells, Which are 
generally either SRAM based cells or DRAM based cells. 
Until recently, SRAM based CAM cells have been most 
common because of their simple implementation. HoWever, 
to provide ternary state CAMs, ie. Where the search and 
compare operation returns a “0”, “1” or “don’t care” result, 
ternary state SRAM based cells typically require many more 
transistors than a DRAM based cells. As a result, ternary 
state SRAM based CAMs have a much loWer packing 
density than ternary DRAM cells. 

[0005] A typical CAM block diagram is shoWn in FIG. 1. 
The CAM 10 includes a matriX, or array 100, of DRAM 
based CAM cells (not shoWn) arranged in roWs and col 
umns. An array of DRAM based ternary CAM cells have the 
advantage of occupying signi?cantly less silicon area than 
their SRAM based counterparts. Apredetermined number of 
CAM cells in a roW store a Word of data. An address decoder 
17 is used to select any roW Within the CAM array 100 to 
alloW data to be Written into or read out of the selected roW. 
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Data access circuitry such as bitlines and column selection 
devices, are located Within the array 100 to transfer data into 
and out of the array 100. Located Within CAM array 100 for 
each roW of CAM cells are matchline sense circuits, Which 
are not shoWn, and are used during search-and-compare 
operations for outputting a result indicating a successful or 
unsuccessful match of a search Word against the stored Word 
in the roW. The results for all roWs are processed by the 
priority encoder 22 to output the address (Match Address) 
corresponding to the location of a matched Word. The match 
address is stored in match address registers 18 before being 
output by the match address output block 19. Data is Written 
into array 100 through the data I/O block 11 and the various 
data registers 15. Data is read out from the array 100 through 
the data output register 23 and the data I/O block 11. Other 
components of the CAM include the control circuit block 12, 
the ?ag logic block 13, the voltage supply generation block 
14, various control and address registers 16, refresh counter 
20 and JTAG block 21. 

[0006] FIG. 2 shoWs a typical ternary DRAM type CAM 
cell 140 as described in Canadian Patent Application No. 
2,266,062, ?led Mar. 31, 1999, the contents of Which are 
incorporated herein by reference. Cell 140 has a comparison 
circuit Which includes an n-channel search transistor 141 
connected in series With an n-channel compare transistor 
142 betWeen a matchline ML and a tail line TL. Asearch line 
SL* is connected to the gate of search transistor 141. The 
storage circuit includes an n-channel access transistor 143 
having a gate connected to a Wordline WL and connected in 
series With capacitor 144 betWeen bitline BL and a cell plate 
voltage potential VCP. Charge storage node CELL1 is 
connected to the gate of compare transistor 142 to turn on 
transistor 142 if there is charge stored on capacitor 144 ie. 
if CELL1 is logic “1”. The remaining transistors and capaci 
tor replicate transistors 141, 142, 143 and capacitor 144 for 
the other half of the ternary data bit, and are connected to 
corresponding lines SL and BL* and are provided to support 
ternary data storage. Together they can store a ternary value 
representing logic “1”, logic “0”, or “don’t care”. 

Ternary Value CELL1 CELL2 

O O 1 
1 1 0 

“Don’t Care” 0 O 

[0007] The tail line TL is typically connected to ground 
and all the transistors are n-channel transistors. The descrip 
tion of the operation of the ternary DRAM cell is detailed in 
the aforementioned reference. 

[0008] As previously mentioned, memory array 100 uses 
DRAM type memory cells to attain a higher density of cells 
per unit area of silicon, Which has the bene?t of reducing the 
overall cost of manufacturing. HoWever, Within the ?eld of 
DRAM memory, there are tWo Well knoWn architectures 
used for arranging the memory cells and bitlines, Which 
When applied to the ternary CAM of the present invention, 
each provide distinct advantages and disadvantages to the 
CAM device. 

[0009] The ?rst architecture is the open bitline architec 
ture, generally shoWn in FIG. 3. The arrangement shoWn in 
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FIG. 3 is representative of the physical layout of the bitlines 
With respect to the bitline sense ampli?er (BLSA) on a 
fabricated device. Wordlines, memory cells and read/Write 
circuits are intentionally omitted to simplify the schematic. 
But it Will be understood by those skilled in the art that 
Wordlines Would ran perpendicular to the bitlines, memory 
cells Would be located near the intersection betWeen each 
Wordline and bitline, and read/Write circuits are coupled to 
the bitlines. Complementary bitlines 32 and 34 eXtend aWay 
from the left and right sides of the bitline sense ampli?er 
(BLSA) 33. A bitline sense ampli?er such as BLSA 33 is 
Well knoWn in the art and typically includes a pair of 
cross-coupled complementary pair of CMOS transistors. An 
n-channel equalization transistor 31 is connected betWeen 
bitlines 32 and 34 for electrically shorting the tWo bitlines 
together, and has a gate controlled by a bitline equalization 
signal BLEQ. Bitlines 32 and 34, equalization transistor 31 
and BLSA33 form one open bitline pair. Another bitline pair 
consisting of bitlines 36 and 37, equalization transistor 35 
and BLSA 38 are con?gured identically to their correspond 
ing elements from the ?rst open bitline pair. In a memory 
array, a plurality of open bitline pairs are arranged one beloW 
the other as shoWn in FIG. 3, in Which all the bitlines 
connected to the left side of the BLSA’s are part of the left 
sub-array and all the bitlines connected to the right side of 
the BLSA’s are part of the right sub-array. For DRAM 
memories, it is necessary to precharge bitlines, through 
bitline precharge transistors (not shoWn), to a mid-point 
potential level prior to reading data from a DRAM memory 
cell connected to it. This mid-point potential level is typi 
cally half the high poWer supply potential used by the bitline 
sense ampli?ers. This is to alloW the bitline sense ampli?er 
to detect small changes in the potential level of the bitline 
When charge is added or removed by the memory cell 
storage capacitor. 

[0010] A brief discussion of a read and precharge opera 
tion for the open bitline architecture of FIG. 3 folloWs. It is 
assumed that all bitlines have been precharged to a mid 
point potential level betWeen a high and a loW logic potential 
level in a previous operation. During a read operation, one 
Wordline of either the left or right sub-array is driven to 
access one memory cell connected to each bitline of the 
respective sub-array. The bitlines of the unaccessed sub 
array remain at the mid-point potential level, Which is the 
reference potential level used by the BLSA during sensing of 
the data on the bitlines of the accessed sub-array. The BLSA 
detects the shift in the potential level of the bitline When the 
storage capacitor of the accessed memory cell is coupled to 
the bitline, and ampli?es and latches the full CMOS logic 
potential level of the bitline. Since BLSA is a cross-coupled 
latch circuit, the accessed bitline and its corresponding 
complementary bitline are driven to opposite logic potential 
levels after the data has been read out, and since the selected 
Wordline remains activated, the full CMOS level is restored 
into the accessed cell. 

[0011] To precharge the bitlines in preparation for the neXt 
read operation, control signal BLEQ is driven to the high 
logic level to turn on all equalization transistors and short 
each complementary pair of bitlines together. The bitlines 
having the high logic potential level Will equalize With the 
bitlines having the loW logic potential level through charge 
sharing, such that both reach a mid-point potential level. 
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[0012] The open bitline architecture alloWs for ef?cient 
packing of ternary CAM memory cells to reduce the overall 
area occupied by the memory array. One disadvantage of the 
open bitline architecture is unbalanced bitlines due to 
capacitive coupling of an active Wordline to only one bitline 
of the complementary pair of bitlines. The bitline acting as 
a reference bitline is not crossed by an active Wordline, thus 
it is not disturbed in the same Way as the bitline crossing an 
active Wordline. Therefore potential read errors may result. 
Another more signi?cant disadvantage is the sloW precharge 
speed. As memory densities groW, the bitlines become 
longer, Which inherently have more resistance and capaci 
tance than shorter bitlines. The precharge and equalization 
speed of the bitlines could be improved if an additional 
equalization transistor Was connected betWeen the tWo far 
thest ends of the complementary bitlines, instead of just at 
the tWo closest ends as shoWn in FIG. 3. HoWever, it is 
impractical to add such an additional equalization transistor. 
The metal lines for connecting such an additional equaliza 
tion transistor Would be as long as the bitlines, hence 
contributing more capacitance to the system. Therefore, 
When equalization is sloW, the overall access speed of the 
CAM becomes sloW, Which restricts the CAM from being 
used in high speed applications. 
[0013] The second architecture is the folded bitline archi 
tecture, generally shoWn in FIG. 4. The arrangement shoWn 
in FIG. 4 is representative of the physical layout of the 
bitlines With respect to the bitline sense ampli?er (BLSA) on 
a fabricated device. Wordlines, memory cells and read/Write 
circuits are intentionally omitted to simplify the schematic. 
But it Will be understood by those skilled in the art that 
Wordlines Would run perpendicular to the bitlines, memory 
cells Would be located near the intersection betWeen each 
Wordline and bitline, and read/Write circuits are coupled to 
the bitlines. Complementary bitlines 46 and 47 eXtend aWay 
from the left side of a shared bitline sense ampli?er (BLSA) 
41, and complementary bitlines 48 and 49 eXtend aWay from 
the right side of BLSA 41. A shared bitline sense ampli?er 
such as BLSA 41 is Well knoWn in the art, and Would 
typically consist of a pair of cross-coupled complementary 
pair of CMOS transistors. N-channel equalization transistors 
42 and 43 are connected betWeen bitlines 46 and 47 at 
opposite ends of bitlines 46 and 47. Similarly, n-channel 
equalization transistors 44 and 45 are connected betWeen 
bitlines 48 and 49 at opposite ends of bitlines 48 and 49. 
Equalization transistors 42 and 43 have gates controlled by 
a left sub-array bitline equalization signal BLEQ_L, and 
equalization transistors 44 and 45 have gates controlled by 
a right sub-array bitline equalization signal BLEQ_R. In a 
typical array, a shared BLSA and respective pairs of folded 
bitlines are arranged in a column, and several columns can 
be arranged side by side. In FIG. 4, bitlines 46 and 47 and 
equalization transistors 42 and 43 are located Within a left 
sub-array, and bitlines 48 and 49 and equalization transistors 
44 and 45 are located Within a right sub-array. 

[0014] A brief discussion of a read and precharge opera 
tion for the folded bitline architecture of FIG. 4 folloWs. It 
is assumed that all bitlines have been precharged to a 
mid-point potential level betWeen a high and a loW logic 
potential level in a previous operation. During a read opera 
tion, one Wordline of either the left or right sub-array is 
driven to access one memory cell connected each bitline, 
BLO or BLO* for eXample, of the respective sub-array, and 
the corresponding equalization control signal, BLEQ_L or 
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BLEQ_R is turned off. The folded complementary bitlines 
of the unaccessed sub-array, BL1 and BL1* for example, 
remain at the precharged mid-point potential level. If a 
memory cell connected to BLO is accessed by the driven 
Wordline, then the complementary bitline BLO* remains at 
the precharged mid-point potential level, Which is the ref 
erence potential level used by BLSA 41. Accordingly, the 
role of each bitline is reversed if a memory cell connected 
to BLO* is accessed instead of a memory cell connected to 
BLO. Furthermore, the roles of both folded bitline pairs is 
reversed if a driven Wordline accesses a memory cell con 
nected to either BL1 or BL1*. Since BLSA is a cross 
coupled latch circuit, the accessed bitline and its correspond 
ing complementary bitline are driven to opposite logic 
potential levels after the data has been read out. To precharge 
the bitlines in preparation for the next read operation, the 
equalization signal (BLEQ_L or BLEQ_R) for the accessed 
sub-array is driven to the high logic level to turn on its 
respective equalization transistors. The bitlines having the 
high logic potential level Will equalize With the bitlines 
having the loW logic potential level through charge sharing, 
such that both reach a mid-point potential level. The bitlines 
of the unaccessed sub-array remain precharged throughout 
the read operation. Because equalization transistors 42, 43 
and 44, 45 are placed near the tWo extremities of their 
respective folded bitline pairs, the time required for equal 
ization is short When compared to the equalization speed of 
the open bitline architecture shoWn in FIG. 3. 

[0015] Given that the bitlines of FIGS. 3 and 4 are the 
same length and Width, the time constant for each bitline in 
FIG. 3 is expressed as topen=RC, Where R is the lumped 
resistance and C is the lumped capacitance of the bitline. 
Each bitline of FIG. 4 has half the resistance and capaci 
tance of a bitline of FIG. 3 due to the additional equalization 
transistor placed at the extremities of the folded bitlines. 
Therefore, relative to the bitlines of FIG. 3, the time 
constant is expressed as 

[dd RC 
Tfo e 

[0016] Accordingly, the time required for equalizing a 
bitline of FIG. 4 is approximately four times faster than the 
time required for equalizing a bitline of FIG. 3. 

[0017] There exist precharge schemes in Which equaliza 
tion transistors are not used for precharging bitlines to a 
mid-point potential level. Instead, a precharge voltage is 
supplied directly to the bitlines. Unfortunately, the circuit for 
generating such a precharge voltage must be of high quality, 
Which is difficult to design and is subject to variations in the 
semiconductor fabrication process. 

[0018] Despite the precharge speed advantage of the 
folded bitline architecture over the open bitline architecture, 
the folded bitline architecture does not alloW ef?cient pack 
ing of ternary dynamic CAM cells. For highest packing 
density, ternary dynamic CAM cells are arrayed as a single 
line of cells under a common Wordline node as Well as a 

common matchline node. As such, adjacent bitlines are 
necessarily active during roW access operations. This 
excludes the use of a folded bitline architecture Which 
requires adjacent bitlines to act as precharge-level refer 
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ences. HoWever, a ternary dynamic CAM memory array 
employing an open bitline architecture is not suitable for 
high speed applications due to its sloWer precharge speed. 

[0019] It is therefore desirable to provide a ternary 
dynamic CAM memory array architecture Which operates at 
high speed and arranged With an ef?cient packing density to 
occupy small silicon area. 

SUMMARY OF THE INVENTION 

[0020] It is an object of the present invention to obviate or 
mitigate at least one disadvantage of previous ternary 
dynamic CAM memory array architectures. In particular, it 
is an object of the present invention to provide a ternary 
dynamic CAM memory array architecture that operates at 
high speed and occupies a small silicon area. 

[0021] In a ?rst aspect, the present invention provides a 
bitline precharge circuit for equalizing a ?rst and second 
bitline. The circuit includes a bitline overWrite circuit for 
Writing preset complementary logic potential levels onto the 
?rst and second bitlines, and an equalization circuit for 
shorting together the ?rst and second bitlines after the preset 
complementary logic potential levels are Written onto the 
?rst and second bitlines. 

[0022] In further embodiments of the present aspect, the 
bitline overWrite circuit includes bitline Write drivers con 
nected to respective databuses, or a local bitline Write 
circuit. In another aspect of the present alternate embodi 
ment, the local bitline Write circuit includes a transistor for 
coupling the ?rst bitline to a loW logic potential level and a 
transistor for coupling the second bitline to a high logic 
potential level. 

[0023] In yet another alternate embodiment of the present 
aspect, the equalization circuit includes at least one equal 
ization transistor connected betWeen the ?rst and second 
bitlines, or tWo equalization transistors connected betWeen 
the ?rst and second bitlines, Where the ?rst and second 
equalization transistors are connected at opposite ends of the 
?rst and second bitlines, respectively. 

[0024] In another aspect, the present invention provides a 
bitline architecture for a ternary content addressable 
memory. The bitline architecture includes a ?rst bitline sense 
ampli?er connected to ?rst and second complementary 
bitlines arranged in an open bitline con?guration, a second 
bitline sense ampli?er connected to third and fourth comple 
mentary bitlines arranged in an open bitline con?guration, 
ternary content addressable memory cells for storing tWo 
bits of data connected to the ?rst and third bitlines, ternary 
content addressable memory cells for storing tWo bits of data 
connected to the second and fourth bitlines, a ?rst bitline 
overWrite circuit for Writing preset complementary logic 
potential levels onto the ?rst and third bitlines, a second 
bitline overWrite circuit for Writing preset complementary 
logic potential levels onto the second and fourth bitlines, a 
?rst precharge circuit for equalizing the ?rst and third 
bitlines, and a second precharge circuit for equalizing the 
second and fourth bitlines. 

[0025] In an alternate embodiment of the present aspect, 
the ?rst and second bitline sense ampli?ers include CMOS 
cross coupled inverters. In another alternate embodiment of 
the present aspect, the ternary content addressable memory 
cells are ternary DRAM type CAM cells. 
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[0026] In a further aspect of the present invention, there is 
provided a content addressable memory. The content addres 
sable memory consists of content addressable memory cells 
arranged in roWs and columns, each cell having a ?rst and 
second bitline, a bitline overWrite circuit for each pair of ?rst 
and second bitlines for Writing preset complementary logic 
potential levels onto the ?rst and second bitlines, an equal 
ization circuit for each pair of ?rst and second bitlines for 
shorting together the ?rst and second bitlines after the preset 
complementary logic potential levels are Written onto the 
?rst and second bitlines, an address decoder for addressing 
roWs of cells, Write data circuitry for Writing data to the cells, 
and read circuitry for reading data from the cells. 

[0027] In yet another aspect of the present invention, there 
is provided a method for precharging ?rst and second 
bitlines in a content addressable memory. The method 
consists of Writing preset complementary logic potential 
levels onto the ?rst and second bitlines, and equalizing the 
?rst and second complementary signal lines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] Embodiments of the present invention Will noW be 
described, by Way of examples only, With reference to the 
attached Figures, Wherein 

[0029] FIG. 1 shoWs a block diagram of a CAM according 
to an embodiment of the present invention; 

[0030] FIG. 2 shoWs a schematic of a DRAM based CAM 
cell; 

[0031] 
prior art; 

[0032] FIG. 4 illustrates a folded bitline architecture of 
the prior art; 

[0033] FIG. 5 illustrates a generic bitline precharge and 
equalize architecture according to the invention; 

[0034] FIGS. 6A and 6B shoW a detailed circuit sche 
matic of the bitline precharge and equalize architecture of 
FIG. 5; and, 

[0035] FIG. 7 shoWs a schematic of a local bitline over 
Write circuit. 

FIG. 3 illustrates an open bitline architecture of the 

DETAILED DESCRIPTION 

[0036] Generally, the present invention provides a bitline 
architecture and method for fast equalization of bitlines in a 
densely packed, ternary dynamic content addressable 
memory. More speci?cally, the bitline architecture of the 
present invention is a hybrid architecture combining the high 
density of open bitline architectures and the fast precharge 
speed of folded bitline architectures. Data read and Write 
operations are performed in a manner consistent With tradi 
tional open bitline architectures, but bitline precharge and 
equalization is performed in a manner consistent With tra 
ditional folded bitline architectures. 

[0037] FIG. 5 shoWs a general circuit diagram of the 
hybrid architecture of the present invention. Various control 
signals, Wordlines and read circuits are omitted to simplify 
the schematic. A more detailed circuit diagram shoWing the 
omitted elements of the hybrid architecture is shoWn in 
FIGS. 6A and 6B. One roW 110 of ternary CAM cells and 
associated equalization circuits is shoWn in FIG. 5, Where an 
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array can contain a plurality of roWs 110 arranged in column, 
and a plurality of columns arranged side by side. In the 
present embodiment of FIG. 5, roW 110 includes a pair of 
databuses DBn and DBn+1 denoted by reference numerals 
111 and 112 respectively, tri-state inverters 113, 114, 115, 
116, 117, 118, 119 and 120, tWo pairs of ?rst and second 
bitlines BLn, BLn* and BLn+1, BLn+1* denoted by refer 
ence numerals 125, 127 and 126, 128 respectively, equal 
ization transistors 121, 122, 123 and 124, ternary CAM cells 
140 and bitline sense ampli?ers 130. Bitlines 125 and 127 
are con?gured in the open bitline architecture With respect to 
their BLSA 130, and bitlines 126 and 128 are con?gured in 
the open bitline architecture With respect to their BLSA 131. 
Each pair of ?rst and second bitlines, BLn, BLn* and 
BLn+1, BLn+1*, do not necessarily carry only complemen 
tary data during read operations. HoWever, BLn and BLn+1 
are a complementary pair of bitlines as are BLn* and 
BLn+1*. Subscipt n can be any integer number greater than 
0. The tri-state inverters function as bitline Write drivers, 
Where tri-state inverters 113, 114, 117 and 118, bitlines 125 
and 126 and equalization transistors 121 and 122 are part of 
the left sub-array of roW 110, and tri-state inverters 115, 116, 
119 and 120, bitlines 127 and 128 and equalization transis 
tors 123 and 124 are part of the right sub-array of roW 110. 

[0038] Because each ternary CAM cell 140 stores tWo bits 
of information, tWo bitlines are required for transferring data 
into and out of the cell, as previously shoWn in the CAM cell 
schematic of FIG. 2. Therefore, When data is read out from 
an accessed cell, one bit of data is asserted onto a ?rst bitline, 
BLn or BLn+1, and another bit of data is asserted onto a 
second bitline, BLn* or BLn+1*. Each complementary 
bitline pair is connected to its oWn bitline sense ampli?er for 
amplifying and reading its potential level. In roW 110, BLn 
and BLn+1 are the ?rst and second bitlines respectively for 
the ternary CAM cells of the left sub-array, and correspond 
ingly, BLn+1 and BLn+1* are the ?rst and second bitlines 
respectively for the ternary CAM cells of the right sub-array. 

[0039] Equalization transistors 121 and 122 have gates 
connected to the left bitline equalization signal BLSEQ_L, 
and have source/drain terminals connected betWeen BLn and 
BLn+1. Equalization transistors 121 and 122 are positioned 
at opposite ends of bitlines BLn and BLn+1 With ternary 
CAM cells 140 positioned betWeen them. Tri-state inverters 
113 and 114 drive data from databus 111 onto bitline 125, 
and tri-state inverters 117 and 118 drive data from databus 
112 onto bitline 126. Tri-state inverters 113, 114, 117 and 
118 are enabled by complementary signals BLWR_L and 
BLWR_L*. The con?guration of the elements previously 
mentioned for the left sub-array of roW 110 are mirrored by 
their corresponding elements for the right sub-array of roW 
110. Equalization transistors 123 and 124 have gates con 
nected to right bitline equalization signal BLEQ_R, and 
have their source/drain terminals connected betWeen BLn* 
and BLn+1*. Equalization transistors 123 and 124 are also 
positioned at opposite ends of bitlines BLn* and BLn+1* 
With ternary CAM cells 140 positioned betWeen them. 
Tri-state inverters 115 and 116 drive data from databus 111 
onto bitline 127, and tri-state inverters 119 and 120 drive 
data from databus 112 onto bitline 128. Tri-state inverters 
115, 116, 119 and 120 are enabled by complementary signals 
BLWR_R and BLWR_R*. 
[0040] Because each complementary pair of bitlines is 
con?gured in the open bitline architecture With respect to its 
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bitline sense ampli?er, a read operation from the hybrid 
bitline architecture of FIG. 5 is executed similarly to the 
read operation described for the open bitline architecture of 
FIG. 3. Therefore, a description of the general read opera 
tion for the hybrid bitline architecture of FIG. 5 is not 
necessary. A detailed description of the read operation 
folloWs in the description for the detailed hybrid bitline 
architecture of FIGS. 6A and 6B. 

[0041] The precharge and equalize operation for the 
hybrid bitline architecture of FIG. 5 is described beloW. 
After a read operation, the bitline sense ampli?ers 130 drive 
their respective bitlines to complementary logic potential 
levels, hence all four bitlines of roW 110 are held at either the 
high or loW logic potential levels. Table 1 beloW illustrates 
the four possible logic potential levels of the bitlines of roW 
110 after a read operation is completed. 

TABLE 1 

BLn BLn + 1 BLn" 
Case logic level logic level logic level 

BLn + 1* 

logic level 

[0042] To precharge the bitlines to a mid-point potential 
level by equalization in a folded manner, all ?rst and second 
bitlines must have complementary logic potential levels. 
More speci?cally, BLn and BLn+1 of the left sub-array can 
have complementary logic potential levels, and the bitline 
BLn* and BLn+1* of the right sub-array can have comple 
mentary logic potential levels prior to turning on the equal 
ization transistors. From Table 1 above, the bitlines in cases 
2 and 3 can be equalized. In other Words, if equalization 
transistors 121, 122, 123 and 124 are turned on by their 
respective control signals BLSEQ_L and BLSEQ_R When 
the bitlines have the logic potential levels shoWn in cases 2 
and 3, charge sharing Will occur and all the bitlines Will 
equalize to a mid-point potential level betWeen the high and 
loW logic potential levels. Therefore, the precharge time of 
the hybrid bitline architecture is equivalent to the precharge 
time of traditional DRAM folded bitline architectures. HoW 
ever, the bitlines in cases 1 and 4 cannot be equalized 
because the ?rst and second bitlines of the left and right 
sub-arrays have similar logic potential levels. 

[0043] To alloW equalization of the bitlines under all four 
cases according to the present invention, the ?rst and second 
bitlines of both sub-arrays are overturned, or overWritten 
With preset complementary logic potential levels from the 
databuses DBn and DBn+1 prior to equalization. For 
eXample, a high logic potential level can be Written onto 
databus DBn and a loW logic potential level can be Written 
onto databus DBn+1 after the read operation. Therefore, 
BLn and BLn* are driven to the loW logic potential level via 
tri-state inverters 113, 114, 115 and 116, and BLn+1 and 
BLn+1* are driven to the high logic potential level via 
tri-state inverters 117, 118, 119 and 120. NoW that all ?rst 
and second bitlines have complementary logic potential 
levels, equalization transistors 121, 122, 123 and 124 are 
turned on and all bitlines of the left and right sub-arrays 
equalize to a mid-point potential level. Alternatively, the 
logic potential levels Written onto databuses DBn and 

Jan. 23, 2003 

DBn+1 can be reversed to drive complementary logic level 
potential levels onto the ?rst and second bitlines. Although 
not shoWn, overWrite circuitry including global Write drivers 
can be con?gured to Write the preset data onto the databuses, 
or additional drivers can be directly connected to the 
databuses. HoWever, there are several methods for Writing 
preset data to the databuses, Which should be apparent to 
those skilled in the art. 

[0044] A detailed circuit diagram of the hybrid bitline 
architecture according to an embodiment of the present 
invention is shoWn in FIGS. 6A and 6B. Wordlines and 
memory cells are not shoWn to simplify the schematic. But 
it Will be understood by those skilled in the art that the 
Wordlines Would run perpendicular to the bitlines and the 
memory cells Would be located at the intersection of each 
Wordline and bitline. Many elements shoWn in FIG. 5 
correspond With elements of FIGS. 6A and 6B having the 
same reference numerals. FIGS. 6A and 6B illustrate the 
read, Write and precharge circuits associated With one roW of 
ternary CAM cells. Aplurality of such roWs can be arranged 
in a column, and a plurality of columns can be arranged side 
by side in a CAM memory array. In the present embodiment, 
the ?rst and second bitlines of the left and right sub-arrays 
of the roW are each connected to 128 ternary CAM cells. It 
is noted that the number of cells connected to each pair of 
?rst and second bitlines depends on the desired size of the 
memory array, thus alternate embodiments could have more 
or less than 128 ternary CAM cells per pair of ?rst and 
second bitlines. The hybrid bitline architecture of FIGS. 6A 
and 6B includes bitline read circuitry, bitline Write circuitry 
and bitline precharge circuitry. The internal nodes labelled a, 
b, c and d in FIG. 6A are connected to the same labelled 
nodes in FIG. 6B. 

[0045] The bitline read circuitry for BLn and BLn+1 
includes bitline sense ampli?er 130, transfer gates 157 and 
158 and databus read drivers 149, 150 and 151, 152. Bitline 
sense ampli?er 130 includes a pair of cross-coupled invert 
ers. A ?rst inverter includes p-channel transistor 153 and 
n-channel transistor 154 serially connected betWeen restore 
voltage PR and sense voltage PSb. A second inverter 
includes p-channel transistor 155 and n-channel transistor 
156 serially connected betWeen restore voltage PR and sense 
voltage PSb. PR and PSb are controlled internal high and 
loW poWer supply voltages, respectively, for all the bitline 
sense ampli?ers, 130. The output of the ?rst inverter is 
connected to a ?rst terminal of n-channel transfer gate 157 
and the output of the second inverter is connected to a ?rst 
terminal of n-channel transfer gate 158. Transfer gates 157 
and 158 are controlled by signal TG, for connecting the 
bitline sense ampli?er 130 to bitlines BLn and BLn* at their 
respective second terminals during a read operation. A ?rst 
databus read driver includes n-channel transistors 149 and 
150 serially connected betWeen DBn and VSS. The gate of 
transistor 149 is connected to a read left sub-array signal 
RD_L, and the gate of transistor 150 is connected to the 
output of the ?rst inverter of bitline sense ampli?er 130. A 
second databus read driver includes n-channel transistors 
151 and 152 serially connected betWeen DBn and VSS. The 
gate of transistor 151 is connected to a read right sub-array 
signal RD_R, and the gate of transistor 152 is connected to 
the output of the second inverter of bitline sense ampli?er 
130. Bitline read circuitry for BLn+1 and BLn+1* are 
con?gured identically to the bitline read circuitry for BLn 
and BLn* previously described. Transistors 163, 164, 165 
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and 166 of the bitline sense ampli?er 130 correspond With 
transistors 153, 154, 155 and 156 respectively. Transfer 
gates 167 and 168 correspond With transistors 157 and 158 
respectively. Databus read driver transistors 159, 160 and 
161, 162 correspond With transistors 149, 150 and 151, 152 
respectively. 
[0046] The bitline Write circuitry includes tri-state invert 
ers 113, 114, 115, 116, 117, 118, 119 and 120. Generally, tWo 
tri-state inverters drive databus data onto each bitline, Where 
each tri-state inverter has p-channel transistors 131 and 132 
serially connected betWeen the voltage supply VDD and a 
bitline, and n-channel transistors 133 and 134 serially con 
nected betWeen the bitline and the voltage supply VSS, or 
ground. Enabling transistors 131 and 134 of each tri-state 
inverter have gates connected to a bitline Write signal and a 
complementary bitline Write signal. A complementary pair 
formed by transistors 132 and 133 of each tri-state inverter 
have gates connected to its respective databus. A more 
detailed description of the tri-state inverters folloWs. Tri 
state inverter 113 is connected to bitline BLn at approXi 
mately the farthest position from the bitline sense ampli?er 
130, and tri-state inverter 114 is connected to bitline BLn at 
approximately the closest position from the bitline sense 
ampli?er 130. Both tri-state inverters 113 and 114 have 
enabling transistors 131 and 134 connected to left sub-array 
Write signal BLWR_L* and its complement BLWR_L 
respectively, and have their complementary pair of transis 
tors 132 and 133 connected to databus DBn. Tri-state 
inverters 117 and 118 are connected to bitline BLn+1 at the 
same positions as tri-state inverters 113 and 114 connected 
to bitline BLn. Both tri-state inverters 117 and 118 also have 
enabling transistors 131 and 134 connected to left sub-array 
Write signal BLWR_L* and its complement BLWR_L 
respectively, but have their complementary pair of transis 
tors 132 and 133 connected to databus DBn+1. Tri-state 
inverters 115, 116 and 119, 120 are similarly connected to 
their respective bitlines BLn* and BLn+1*. The enabling 
transistors 131 and 134 of tri-state inverters 115, 116, 119 
and 120 are connected to right sub-array Write signal 
BLWR_R* and its complement BLWR_R respectively. The 
complementary pair of 132 and 133 of tri-state inverters 115, 
116 and 119, 120 are connected to databuses DBn and 
DBn+1 respectively. 
[0047] The bitline precharge circuitry includes n-channel 
equalization transistors 121, 122, 123, 124, 169 and 170, and 
n-channel bitline precharge transistors 147, 148, 172 and 
174. Although the tri-state inverters are part of the Write 
circuitry, they are also a part of the bitline precharge 
circuitry in the present embodiment during precharge opera 
tions. A description of the precharge circuits for the left 
sub-array of the roW noW folloWs. Equalization transistor 
121 has its source/drain terminals connected to BLn and 
BLn+1 at approximately the farthest position from the 
bitline sense ampli?er 130. Equalization transistor 122 also 
has its source/drain terminals connected to BLn and BLn+1, 
but at approximately the closest position from the bitline 
sense ampli?er 130. Thus, equalization transistors are con 
nected at opposite ends of the pair of ?rst and second 
bitlines. Precharge transistor 147 couples bitline precharge 
voltage VBLP to BLn and precharge transistor 148 couples 
bitline precharge voltage VBLP to BLn+1. The precharge 
transistors can be connected to their respective bitlines at 
any convenient location along the bitlines. Equalization 
transistors 123 and 124, and bitline precharge transistors 172 
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and 174 of the right sub-array are connected to bitlines to 
BLn* and BLn+1* in the same con?guration as described 
for their corresponding transistors of the left sub-array. 
Additional equalization transistors 169 and 170 have their 
source/drain terminals connected to the outputs of their 
respective bitline sense ampli?er cross-coupled inverters. 
All the equalization transistors and precharge transistors 
have their gates connected to a bitline equalization signal 
BLSEQ. 
[0048] The folloWing description of the read, Write and 
precharge operations are made With reference to FIGS. 5, 
6A and 6B, and more speci?cally, the circuits connected to 
bitlines BLn and BLn+1. 

[0049] The read operation for the hybrid bitline architec 
ture of the present invention is similar to the read operation 
for the open bitline architecture described in FIG. 3. It is 
assumed that bitlines BLn and BLn+1 have been precharged 
to the mid-point potential level, and databus DBn has been 
precharged to the high potential level after a previous 
operation. Signals RD_L and RD_R are inactive at the loW 
logic potential level, and signal TG is at the high logic 
potential level to connect the bitline sense ampli?ers to their 
respective bitlines. Signals PR and PSb are held at a mid 
point potential level of the bitlines. To read data from the 
bitlines, one Wordline from either the left or right sub-array 
is activated to access one of 128 ternary CAM cells con 
nected to each pair of ?rst and second bitlines. If the ternary 
CAM cell of FIG. 2 is used in the array, the active Wordline 
Would be driven to VPP, a potential level higher than VDD. 
Depending on the stored data in the accessed CAM cell, 
charge is either added to its corresponding bitline to increase 
its potential level above the mid-point potential level, or 
removed from its corresponding ?rst bitline to decrease its 
potential level beloW the mid-point potential level. It is 
noted that the bitline of the unaccessed sub-array remains at 
the precharged mid-point potential level since no Wordline 
in that sub-array is activated, and hence serves as a reference 
bitline for bitline sense ampli?er 130. Bitline sense ampli?er 
voltages PR and PSb are driven to their respective internal 
high and loW potential levels to activate the bitline sense 
ampli?er. Bitline sense ampli?er 130 then compares the 
accessed bitline to the reference potential level of the 
reference bitline. If the accessed bitline has a potential level 
less than the reference potential level, then the logic “0”, or 
loW potential level is latched. Alternatively, if the accessed 
bitline has a potential level greater than the reference poten 
tial level, then the logic “1”, or high potential level is 
latched. Accordingly, once bitline sense ampli?er 130 
latches the data of the accessed bitline, the reference bitline 
is driven to the opposite logic level. A bitline driven to the 
high potential level by bitline sense ampli?er 130 turns on 
its respective read transistor, 150 or 152. Signal TG is driven 
to the loW logic potential level shortly after signals PR and 
PSb are driven to their respective high and loW potential 
levels. Once the transfer gate transistors are turned off, 
BLSA latching is completed Without being loaded by the 
bitline capacitance. Depending on the sub-array being 
accessed, either read left sub-array signal RD_L or either 
read right sub-array signal RD_R is driven to the high 
potential level to turn on read enable transistors 149 or 151 
respectively. If a pair of serially connected read enable and 
read transistors, 149 and 150 for eXample, are turned on, 
then DBn is discharged to ground. OtherWise, DBn remains 
at the precharged high potential level. Tri-state inverters 113, 
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114, 115 and 116 are turned off during the bitline read access 
operation by driving signals BLWR_L*, BLWR_R* to the 
high potential level and signals BLWR_L, BLWR_R to the 
loW potential level. HoWever, the tri-state inverters can be 
turned on at the end of the read operation to restore the 
bitline potential to the VDD supply rail. This particular 
feature of the circuit is described in further detail later. 
Although the previous description of the read operation has 
been made With reference to the circuits connected to 
bitlines BLn and BLn+1, the same description also applies 
to the circuits connected to bitlines BLn* and BLn+1*. 

[0050] Writing data to the bitlines does not involve the 
previously described read circuitry, but still requires activa 
tion of one Wordline from either the left or right sub-array in 
order to access one of 128 ternary CAM cells connected to 
each pair of ?rst and second bitlines. Transfer gates 157 and 
158 and read enable transistors 149 and 151 are turned off 
during the Write operation to isolate the bitline sense ampli 
?er 130 from bitlines BLn and BLn+1 and databus DBn. It 
is assumed that bitlines BLn and BLn+1 have been pre 
charged to the mid-point potential level, databus DBn has 
been driven With high or loW potential level Write data from 
global Write drivers (not shoWn), and sub-array bitline Write 
signals BLWR_L*, BLWR_R* and BLWR_L, BLWR_R are 
at the high and loW potential levels respectively to keep 
tri-state inverters 113, 114, 115 and 116 initially turned off. 
Depending on the potential level of DBn, one of transistors 
132 and 133 of tri-state inverters 113 and 114 is turned on. 
A pair of complementary sub-array Write signals associated 
With the active Wordline, BLWR_L*, BLWR_L or 
BLWR_R*, BLWR_R are subsequently driven to the loW 
and high potential levels respectively. Therefore only tri 
state inverters 113, 114 or 115, 116 are turned on to drive 
Write data from DBn onto bitlines BLn or BLn+1 respec 
tively. Depending on the potential level of DBn, a high or 
loW potential level is driven onto the bitlines. Although the 
previous description of the Write operation has been made 
With reference to the circuits connected to bitlines BLn and 
BLn+1, the same description also applies to the circuits 
connected to bitlines BLn* and BLn+1*. 

[0051] FolloWing a read or Write operation, the bitines are 
precharged to the mid-point potential level in preparation for 
a subsequent read operation. Transfer gates 157 and 158 are 
initially turned off and read enable transistors 149 and 151 
remain turned off during the precharge operation to isolate 
the bitline sense ampli?er 130 from bitlines BLn and BLn+1 
and databus DBn. Bitline sense ampli?er voltages PR and 
PSb are driven to the mid-point potential level to disable the 
bitline sense ampli?ers. Databuses DBn and DBn+1 are ?rst 
driven by the global Write drivers With preset complemen 
tary logic potential levels, folloWed by activation of the left 
and right sub-array tri-state inverters and transfer gates 157, 
158, 167 and 168. In other Words, signals BLWR_L*, 
BLWR_R* and BLWR_L, BLWR_R are driven to the loW 
and high potential levels respectively, and signal TG is 
driven to the high potential level. Therefore, previous logic 
potential levels on the bitlines from the previous read/Write 
operation are overWritten, or overturned With the preset logic 
potential levels. For example, if DBn and DBn+1 are driven 
to the high and loW potential levels respectively, then 
bitlines BLn, BLn* are driven to the loW potential level via 
tri-state inverters 113, 114, 115 and 116, and bitlines BLn+1, 
BLn+1* are driven to the high potential level via tri-state 
inverters 117, 118, 119 and 120. The tri-state inverters 
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remain active until all bitlines are fully driven to their ?nal 
complementary levels. Then signals BLWR_L*, BLWR_R* 
and BLWR_L, BLWR_R are driven to the high and loW 
potential levels respectively to disable the tri-state inverters. 
At this point, bitline equaliZation can occur. Bitline equal 
iZation signal BLSEQ and transfer gate signal TG are then 
driven to the high potential level to turn on the precharge 
circuitry and the transfer gates. Speci?cally, equaliZation 
transistors 121, 122, 123, 124, 169 and 170 are turned on to 
short all four bitlines together, and transfer gates 157, 158, 
167 and 168 are turned on so that the complementary bitline 
pairs are coupled together via equaliZation transistors 169 
and 170. All four bitlines eventually equaliZe to the mid 
point potential level through charge sharing. Precharge 
transistors 147, 148172 and 174 are also turned on to couple 
bitline precharge voltage VBLP to all the bitlines, to hold the 
bitlines at the mid-point VBLP potential level. VBLP is a 
mid-point potential level produced from a voltage generator 
Which is not shoWn. 

[0052] The hybrid bitline architecture of the present inven 
tion has several advantages over the bitline architectures of 
the prior art. The precharge operation is executed in a 
manner consistent With folded bitline architectures, and 
hence about four times faster than for traditional open bitline 
architectures having the same length bitlines because of the 
additional equaliZation transistors connected at the opposite 
ends of each pair of ?rst and second bitlines. Since the 
bitlines are initially precharged to the mid-point potential 
level via equaliZation, a VBLP generator designed With less 
restrictions can be used to maintain the mid-point potential 
levels on the bitlines. The open bitline architecture alloWs 
for maximum packing ef?ciency of ternary dynamic CAM 
cells Within an array to keep area consumption and conse 
quently costs, loW. 

[0053] Although databuses DBn and DBn+1 are shoWn as 
being in parallel With the bitlines, alternate embodiments 
can have DBn and DBn+1 formed as segments connected to 
global databuses formed perpendicularly to the segments. 

[0054] In another alternate embodiment of the present 
invention shoWn in FIG. 7, additional local overWrite cir 
cuits are connected to the bitlines for driving the bitlines to 
the predetermined data potential levels instead of using the 
Write drivers and databuses for Writing the predetermined 
data to the bitlines. Bitlines BLn and BLn+1 are shoWn in 
FIG. 7, Where p-channel overWrite transistor 180 couples 
VDD to BLn and n-channel overWrite transistor 182 couples 
ground to BLn+1. The gate of transistor 182 and the input of 
inverter 184 is connected to overWrite enable signal OWE, 
and the gate of transistor 180 is connected to the output of 
inverter 184. Therefore, When OWE is driven to the high 
potential level, transistor 180 is turned on to drive BLn to the 
high potential level and transistor 182 is turned on to drive 
BLn+1 to the loW potential level of ground. Although 
bitlines BLn* and BLn+1* are not shoWn, transistors cor 
responding to overWrite transistors 180 and 182 can be 
connected to bitlines BLn* and BLn+1* With the same 
con?guration. Accordingly, a logic pattern of 1, 1, 0, 0 
corresponding to bitlines BLn, BLn*, BLn+1 and BLn+1* is 
respectively driven in this particular con?guration of the 
overWrite transistors. Alternatively, the overWrite transistors 
can be connected to drive each of the four bitlines With 
alternating high and loW logic potential levels. In this 
alternate con?guration, a logic pattern of 1,0,0,1 correspond 
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ing to bitlines BLn, BLn*, BLn+1 and BLn+1* is obtained. 
In both overwrite transistor con?gurations, there exists a 
respective opposite con?guration for Which precharging to a 
mid-point potential level via equalization is still possible. 
The various bitline logic level patterns previously discussed 
are summarized in Table 2 beloW. 

TABLE 2 

BLn BLn + 1 BLn" BLn + 1* 

Con?guration logic level logic level Logic level logic level 

1 1 1 O O 
2 O O 1 1 
3 1 O O 1 
4 O 1 1 O 

[0055] The hybrid bitline architecture of the present inven 
tion suffers from high poWer consumption When ?rst and 
second bitlines already having complementary logic poten 
tial levels are overWritten With the opposite complementary 
logic potential levels prior to equalization. 

[0056] In an alternative embodiment of the present inven 
tion, the bitlines can be restored during a read operation by 
activating the Write drivers of the appropriate sub-array 
shortly after the bitline data is read and asserted onto the 
databuses. By using the Write drivers to restore the bitline 
potential levels instead of the bitline sense ampli?er p-chan 
nel transistors, higher speed operations are achieved. 

[0057] The above-described embodiments of the present 
invention are intended to be eXamples only. Alterations, 
modi?cations and variations may be effected to the particu 
lar embodiments by those of skill in the art Without departing 
from the scope of the invention, Which is de?ned solely by 
the claims appended hereto. 

What is claimed is: 
1. A bitline precharge circuit for equalizing a ?rst and 

second bitline comprising: 

a bitline overWrite circuit for Writing preset complemen 
tary logic potential levels onto the ?rst and second 
bitlines; and 

an equalization circuit for shorting together the ?rst and 
second bitlines after the preset complementary logic 
potential levels are Written onto the ?rst and second 
bitlines. 

2. The bitline precharge circuit of claim 1, Wherein the 
bitline overWrite circuit includes bitline Write drivers con 
nected to respective databuses. 

3. The bitline precharge circuit of claim 1, Wherein the 
bitline overWrite circuit includes a local bitline Write circuit. 

4. The bitline precharge circuit of claim 3, Wherein the 
local bitline Write circuit includes a transistor for coupling 
the ?rst bitline to a loW logic potential level and a transistor 
for coupling the second bitline to a high logic potential level. 

5. The bitline precharge circuit of claim 1, Wherein the 
equalization circuit includes at least one equalization tran 
sistor connected betWeen the ?rst and second bitlines. 

6. The bitline precharge circuit of claim 1, Wherein the 
equalization circuit includes tWo equalization transistors 
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connected betWeen the ?rst and second bitlines, the ?rst and 
second equalization transistors connected at opposite ends of 
the ?rst and second bitlines, respectively. 

7. Abitline architecture for a ternary content addressable 
memory, comprising: 

a ?rst bitline sense ampli?er connected to ?rst and second 
complementary bitlines arranged in an open bitline 
con?guration; 

a second bitline sense ampli?er connected to third and 
fourth complementary bitlines arranged in an open 
bitline con?guration; 

ternary content addressable memory cells for storing tWo 
bits of data connected to the ?rst and third bitlines; 

ternary content addressable memory cells for storing tWo 
bits of data connected to the second and fourth bitlines; 

a ?rst bitline overWrite circuit for Writing preset comple 
mentary logic potential levels onto the ?rst and third 
bitlines; 

a second bitline overWrite circuit for Writing preset 
complementary logic potential levels onto the second 
and fourth bitlines; 

a ?rst precharge circuit for equalizing the ?rst and third 
bitlines; and 

a second precharge circuit for equalizing the second and 
fourth bitlines. 

8. The bitline architecture of claim 1, Wherein the ?rst and 
second bitline sense ampli?ers include CMOS cross coupled 
inverters. 

9. The bitline architecture of claim 1, Wherein the ternary 
content addressable memory cells are ternary DRAM type 
CAM cells. 

10. A content addressable memory array, comprising: 

content addressable memory cells arranged in roWs and 
columns, each cell having a ?rst and second bitline; a 
bitline overWrite circuit for each pair of ?rst and second 
bitlines for Writing preset complementary logic poten 
tial levels onto the ?rst and second bitlines; 

an equalization circuit for each pair of ?rst and second 
bitlines for shorting together the ?rst and second bit 
lines after the preset complementary logic potential 
levels are Written onto the ?rst and second bitlines; 

an address decoder for addressing roWs of cells; 

Write data circuitry for Writing data to the cells; and 

read circuitry for reading data from the cells. 
11. A method for precharging ?rst and second bitlines in 

a content addressable memory; comprising the steps of: 

(i) Writing preset complementary logic potential levels 
onto the ?rst and second bitlines; and 

(ii) equalizing the ?rst and second complementary signal 
lines. 


