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(57) ABSTRACT 

The present invention provides a content addressable 
memory (CAM) match Search circuit that permits Searching 
of the Search circuit while accessing for reading from, 
Writing to, or refreshing a match detection circuit within the 
Search circuit. In accordance with an exemplary embodi 
ment of the invention, rather than allowing the allowing the 
Search circuit to Search a match detection circuit being 
accessed, the match detection circuit is isolated and forced 
to indicate a mismatch. Furthermore, the contents of the 
match detection circuit are Stored Separately and Subse 
quently Searched. 
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READING OR WRITING WHILE SEARCHING IN 
A CAM 

FIELD OF THE INVENTION 

0001. The present invention relates generally to semicon 
ductor memory, and more particularly to a match detection 
circuit and Search circuit for a content addressable memory. 

BACKGROUND OF THE INVENTION 

0002. A content addressable memory (CAM) is a 
memory device that accelerates any application requiring 
fast Searches of a database, list, or pattern, Such as in 
database machines, image or voice recognition, or computer 
and communication networks. CAMs provide benefits over 
other memory Search algorithms by Simultaneously compar 
ing the desired information (i.e., data in the comparand 
register) against the entire list of pre-stored entries. As a 
result of their unique Searching algorithm, CAM devices are 
frequently employed in network equipment, particularly 
routers and Switches, computer Systems and other devices 
that require rapid content Searching. 
0003. In order to perform a memory search in the above 
identified manner, CAMs are organized differently than 
other memory devices (e.g., random access memory (RAM), 
dynamic RAM (DRAM), etc.). For example, data is stored 
in a RAM in a particular location, called an address. During 
a memory access, the user Supplies an address and reads into 
or gets back the data at the specified address. 
0004. In a CAM, however, data is stored in locations in 
a Somewhat random fashion. The locations can be Selected 
by an address bus, or the data can be written into the first 
empty memory location. Every location has a pair of Status 
bits that keep track of whether the location is Storing valid 
information in it or is empty and available for writing. 
0005. Once information is stored in a memory location, it 
is found by comparing every bit in memory with data in the 
comparand register. When the content stored in the CAM 
memory location does not match the data in the comparand 
register, the local match detection circuit returns a no match 
indication. When the content stored in the CAM memory 
location matches the data in the comparand register, a local 
match detection circuit returns a match indication. If one or 
more local match detect circuits return a match indication, 
the CAM device returns a “match' indication. Otherwise, 
the CAM device returns a “no-match' indication. In addi 
tion, the CAM may return the identification of the address 
location in which the matched data is Stored or one of Such 
addresses if more than one address contained matching data. 
Thus, with a CAM, the user Supplies the data and gets back 
the address if there is a match found in memory. 
0006 Locally, CAMs may perform match detection using 
an exclusive-NOR (XNOR) function, so that a match is 
indicated only if both the stored bit and the corresponding 
input bit are the same State. CAMS are designed So that any 
number of stored bits may be simultaneously detected for a 
match with the input bits in the match detection circuit. One 
way in which this is achieved is by coupling a plurality of 
Storage devices and logic circuits to a common Match line, 
as depicted in FIG. 1. 
0007 Turning to FIG. 1, a schematic diagram of a 
conventional match detection circuit 100 is depicted. A first 
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Source/drain terminal of a p-type pre-charge transistor 102 is 
coupled to a positive voltage Source (e.g., VDD). The gate 
of transistor 102 is coupled to a signal line 138 for receiving 
a Pre-charge Signal. A Second Source/drain terminal of 
transistor 102 is coupled to a Match line 140 for pre 
charging the Match line 140 to a predetermined voltage level 
(e.g., VDD). 
0008 Respective outputs Q, Q, Q, of storage ele 
ments 104,114, 124, which are to be respectively compared 
with the input bits Bo, B, B, are respectively coupled to 
gates of n-type transistors 106, 116 and 126. First respective 
Source/drain terminals of transistors 106, 116 and 126 are 
coupled to the Match line 140. 
0009 Second respective source/drain terminals of tran 
sistors 106, 116 and 126 are respectively coupled to n-type 
transistors 110, 120 and 130. Second respective source/drain 
terminals of transistors 110, 120 and 130 are coupled to 
ground. The gates of transistors 110, 120 and 130 are 
respectively coupled to complements Bo, B' and B of 
the respective input bits. 
0010 Further, the respective complements of the outputs 
Q, Q and Q,' of the storage elements 104,114 and 124 
are respectively coupled to gates of n-type transistorS 108, 
118 and 128. First respective source/drain terminals of 
transistors 108, 118 and 128 are coupled to the Match line 
140. Second source/drain terminals of transistors 108, 118 
and 128 are respectively coupled to first Source/drain ter 
minals of n-type transistors 112, 122 and 132. Second 
respective Source/drain terminals of transistorS 112, 122 and 
132 are coupled to ground. The gates of transistors 112, 122 
and 132 are respectively coupled to the input bits Bo, B and 
B to be respectively compared with the complements Qo', 
Q' and Q, of the Stored bits being Stored in Storage 
elements 104, 114 and 124. 
0011 Input bits Bo, B, and B used to store information 
in the Storage elements are also respectively coupled to first 
respective Source/drain terminals of n-type transistorS 162, 
172, and 182. Second respective source/drain terminals of 
transistors 162, 172, and 182 are coupled to respective 
inputs of storage elements 104, 114, and 124. The gates of 
transistors 162, 172, and 182 are coupled to a word select 
line 190. The complement of input bits Bo, B', and B, 
used to Store information in the Storage elements are respec 
tively coupled to first respective Source/drain terminals of 
n-type transistors 164, 174, and 184. Second respective 
Source/drain terminals of transistors 164, 174, and 184 are 
coupled to respective inputs of Storage elements 164, 174, 
and 184. The gates of transistors 164, 174, and 184 are 
coupled to a word select line 190. 
0012. Also coupled to the Match line 140 is a buffer 136 
for buffering the Match line 140 voltage and for outputting 
the Match signal. A Match signal of logic HIGH (e.g., VDD) 
represents that an exact match was detected between the 
input bits Bo, B, B, and the Stored bits Qo, Q, Q. A 
Match Signal of logic LOW (e.g., Ground) represents that at 
least one bit of the stored bits did not match its correspond 
ing input bit causing the Match line to be pulled to Ground. 
Capacitor 134 represents the parasitic capacitance of the 
Match line 140 that is pre-charged to the initial predeter 
mined value (e.g., VDD). 
0013 To write to or to read from storage elements 104, 
114, and 124, a word select signal is enabled Logic HIGH 
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then Logic LOW which temporarily closes transistors 162, 
164, 172, 174, 182, and 184 and couples the storage ele 
ments 104,114, and 124 to their respective input bits Bo, B, 
and B, and the respective complement of input bits Bo", 
B', and B, ". 
0.014. During operation of the FIG. 1 match detection 
circuit 100, the Pre-charge signal goes logic LOW then logic 
HIGH in order to pre-charge the Match line 140 to VDD. 
The state of the stored bits Q', Q, Q stored by the 
respective storage elements 104,114, 124 and their comple 
ments Q, Q, Q', are respectively coupled to the gates of 
n-type transistors 106, 116, 126, 108, 118, 128. Conse 
quently, depending upon the States at their respective gates, 
the transistors 106, 116, 126, 108, 118, 128 may become 
active and conduct. 

0.015 Similarly, the state of the input bits Bo, B, B, and 
their complements Bo, B, B' are coupled to the gates of 
n-type transistors 112, 122, 132, 110, 120, 130. Conse 
quently, depending upon the States at their respective gates, 
the transistors 112, 122, 132, 110, 120, 130 may become 
active and conduct. Consequently, input bits Bo, B, B, and 
their complements Bo, B, B, ' Serve in more than one 
capacity: they function to read and write information to the 
storage elements 104,114, and 124 and they also function to 
carry the information Stored in the comparand for compari 
son with information stored in the storage elements 104, 
114, and 124. 

0016. When a match is detected, at least one transistor of 
each Serially connected pair of transistors (e.g., 106 and 110, 
108 and 112, etc.) is inactive and not conducting. Therefore, 
when the Match line 140 remains logic HIGH, this signifies 
to the outside world that a match has been detected and 
potentially enables any other functions desired when a 
match is detected (e.g., provide the user with the address of 
the memory location where the match was found, forward 
the data to another location, etc.). 
0.017. However, when a mismatch is detected, as is most 
often the case during a Search for a particular bit pattern, at 
least one pair of Serially connected transistors (e.g., 106, 
108, 110, and 112) is active and conducting and the Match 
line 140 is coupled to Ground. When the Match line 140 is 
coupled to Ground, the Match Signal goes logic LOW and 
Signifies to the outside World that a mismatch has been 
detected in this particular Series of Storage elements 104, 
114, 124. Although match circuit 100 is shown with three 
storage elements 104, 114 and 124, any number of storage 
elements may be utilized. 
0.018. In the above-identified search process, the searched 
data (i.e., the input bits from the comparand) present on the 
respective bit lines is simultaneously compared with every 
data word in the CAM 100 in order to find a match between 
the stored data and the input data. As seen in FIG.2, a CAM 
Search circuit 200 for use during a write operation is shown, 
which includes the CAM bank 210. A CAM bank 210 
includes a plurality of match detection circuits 100 (FIG. 1). 
A database (not shown) which Supplies the data words to be 
stored in storage elements 104, 114, and 124 (FIG. 1) of 
each match detection circuit 100 is coupled to the CAM 
bank 210. 

0019 FIG. 3 shows a CAM search circuit 201 for using 
in CAM during a read operation. The search circuit 201 
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encompasses the circuits used in Search circuit 200 for using 
in CAM during a write operation (FIG. 2) and includes 
additional elements enabling a read access operation to a 
match detection circuit 100. As seen in FIG. 3, an address 
generator 218 is coupled to the CAM bank 210 which 
Supplies the address corresponding to a respective data 
word. A comparand data register 202 which Stores the 
information Sought to be compared is coupled to CAM bank 
210. The CAM bank 210 is also coupled to data read register 
212 which is used to store data read from the CAM bank. 
The CAM bank 210 is also coupled to a priority encoder 
214. The CAM search circuit 200 outputs the address of the 
word in the CAM bank 210 that matches the comparand. In 
a CAM bank 210 however, more than a single word may 
match the comparand, but the CAM search circuit 200 may 
need to indicate the address of only one of the matching 
words. 

0020. The priority encoder 214 is used in the CAM 
search circuit 200 as the means to translate the position of a 
matching word from match detection circuit 100, into a 
numerical address representing the location of that word. 
Typically, the priority encounter returns the higher priority 
address (e.g., the Smaller address). The priority encoder 214 
is typically also used to only translate the location of one 
word, and ignore all other simultaneously matching words. 
A typical priority encoder 214 is comprised of two blockS. 
The first block is called the “highest priority indicator,” and 
is followed by the “address encoder” block. In the initial 
State all the inputs are at a state of logic HIGH which is the 
inactive State, while all the outputs are in the inactive State 
of logic LOW. Whenever any input goes to the active state 
of logic LOW, the output associated with this input becomes 
active as well, and goes to the State of logic HIGH. Conse 
quently, an active input also disables all the inputs above it 
in the chain, forcing their associated outputs to remain 
inactive (e.g., logic LOW). The bottom of the priority 
encoder has the highest priority, and the priority descends 
toward the top. Therefore, if any number of inputs are 
Simultaneously active, the highest priority indicator will 
activate only the output associated with the highest priority 
active input, leaving all other outputs inactive, thus indicat 
ing the highest priority activity. Many methods are use to 
convert the output of the highest priority indicator into a 
numerical value. The simplest method is that of a look-up 
table. Depending on the implementation, different imple 
mentations can be used for determining priority can be 
implemented, e.g., a lowest priority address may be desired. 
The output of the priority encoder 214 is coupled to a 
register 216 which coupled to a downstream circuit. 
0021. Because of the architecture of the CAM search 
circuit 200 and the corresponding architecture of a match 
detection circuit 100, it is possible that a read or write to 
storage elements of the CAM within a match detection 
circuit 100 during an ongoing Search operation will cause an 
erroneous match between the comparand and a Stored word. 
One approach to Solving this problem is to Suspend a Search 
operation while reading or writing to a match detection 
circuit 100. This approach is not highly desirable because it 
would lead to significant decreases in Search processing 
time. 

0022. Therefore, it is desirable to be able to read and 
write to a CAM match detection circuit without Suspending 
a Search and without causing an erroneous Search result. 
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BRIEF SUMMARY OF THE INVENTION 

0023 The present invention provides a CAM match 
detection circuit that is excluded from a Search operation 
while a corresponding data location is written to, read from, 
or being refreshed. In accordance with an exemplary 
embodiment of the invention, rather than allowing the CAM 
match detection circuit to be searched during a read or write 
operation, the CAM match detection circuit will output a 
Signal indicating that a mismatch is found. The invention 
provides that the match line will be coupled to VSS (e.g., 
Ground) during a read or writing operation therefore indi 
cating a mismatch is found. The invention also provides a 
data buffer to Store information read from a match detection 
circuit to compare to the comparand. 

0024. These and other features and advantages of the 
invention will be more readily understood from the follow 
ing detailed description of the invention which is provided 
in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.025 FIG. 1 is a schematic diagram of a CAM match 
detection circuit in the prior art; 
0.026 FIG. 2 is a schematic diagram of a CAM search 
circuit for use in a write operation in the prior art; 
0.027 FIG. 3 is a schematic diagram of a CAM search 
circuit for use in a read operation in the prior art; 
0028 FIG. 4 is a schematic diagram of a CAM match 
detection circuit for use during a write or read operation in 
a SRAM in accordance with an exemplary embodiment of 
the invention; 

0029 FIG. 5 is a schematic diagram of a CAM search 
circuit for use in a SRAM during a memory write operation 
in accordance with an exemplary embodiment of the inven 
tion; 

0030 FIG. 6 is a schematic diagram of a CAM search 
circuit for use in a SRAM during a memory read operation 
in accordance with another exemplary embodiment of the 
invention; 

0031 FIG. 7 is a schematic diagram of a CAM match 
detection circuit in a DRAM in accordance with an another 
exemplary embodiment of the invention; 
0.032 FIG. 8 is a schematic diagram of a CAM search 
circuit in a DRAM in accordance with an exemplary 
embodiment of the invention; 

0033 FIG. 9 is a schematic diagram of a CAM search 
circuit in a DRAM in accordance with an exemplary 
embodiment of the invention; 
0034 FIG. 10 is a schematic diagram of a processor 
system employing either the match detection circuit of FIG. 
4 and the search circuit of either FIG. 5 or FIG. 6, or the 
match detection circuit of FIG. 7 and the search circuit of 
either FIG. 8 or FIG. 9, in accordance with another exem 
plary embodiment of the invention; and 
0.035 FIG. 11 is a schematic diagram of a router employ 
ing either the match detection circuit of FIG. 4 and the 
search circuit of either FIG. 5 or FIG. 6, or the match 
detection circuit of FIG. 7 and the search circuit of either 

Nov. 3, 2005 

FIG. 8 or FIG. 9, in accordance with another exemplary 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0036). In the following detailed description, reference is 
made to the accompanying drawings, which form a part 
hereof, and in which is shown by way of illustration specific 
embodiments in which the invention may be practiced. 
These embodiments are described in Sufficient detail to 
enable those of ordinary skill in the art to make and use the 
invention, and it is to be understood that Structural, logical 
or procedural changes may be made to the Specific embodi 
ments disclosed without departing from the Spirit and Scope 
of the present invention. 
0037 FIG. 4 depicts a simplified schematic diagram of a 
CAM match detection circuit 300, in accordance with an 
exemplary embodiment of the invention. The Storage ele 
ments 104,114, and 124 may be any complementary Storage 
element, e.g., a Static flip-flop Storage element, known in the 
art that provides a logic State of the Stored value and its 
complementary logic State (e.g., Q0 and Q0"). 
0038. The configuration of the FIG. 4 match detection 
circuit 300 differs from that of the FIG. 1 match detection 
circuit 100 in several respects, one being that the second 
Source/drain terminal of transistor 102 is coupled to the 
match line 140 through a p-type transistor 192. The gate of 
transistor 192 is coupled to the word select line 190. When 
the word select line 190 is enabled to read or write from the 
CAM detection circuit 300 (e.g., logic HIGH) the match line 
140 is further isolated from the pre-charge voltage VDD. 
When the word select line 190 is not enabled (e.g., logic 
LOW) the match line 140 is coupled to the second source/ 
drain gate of transistor 102 permitting the match line 140 to 
be coupled to the pre-charge voltage VDD. 

0039) Circuit 300 also differs from circuit 100 in that the 
match line is coupled to VSS (e.g., Ground) through an 
n-type transistor 194. The gate of transistor 192 is coupled 
to the word select line 190. Consequently, when the word 
Select line 190 is enabled to read or write from the CAM 
detection circuit 300 (e.g., logic HIGH) the match line 140 
is pulled down to VSS indicating a "no match. In CAM 
Searches, it is preferable to return a no match to an 
erroneous match. 

0040 FIG. 5 depicts a simplified schematic diagram of a 
CAM search circuit 400 which incorporates the match 
detection circuit 300 for use during the implementation of a 
write operation to a match detection circuit 300 during a 
search of CAM search circuit 400, in accordance with an 
exemplary embodiment of the invention. The configuration 
of the FIG. 5 search circuit 400 differs from the FIG. 2 
search circuit 200 in that the CAM bank 410 incorporates 
match detection circuits 300 in place of match detection 
circuits 100. 

0041. Therefore, during a write operation using the cir 
cuit 400, word select line 190 corresponding to the match 
detection circuit 300 to be written to is enabled thereby 
pulling the match line 140 to VSS. The word to be written 
to the match detection circuit 300 may then be transferred to 
the match detection circuit 300 in the CAM bank 410 
without interrupting any Search operation of the CAM bank 
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410. Furthermore, the search operation of the CAM bank 
410 need not be delayed or incorporate any clock cycle 
offset to write to the match detection circuit 300 while the 
Search is proceeding. By isolating the match detection 
circuit 300 and indicating a mismatch, the match detection 
circuit 300 does not falsely enable a signal indicating a 
match. 

0042. In another embodiment of the present invention, a 
match Search circuit 401 is provided that permits Searching 
of a CAM bank 510 while isolating a match detection circuit 
300 for a read access operation. FIG. 6 depicts a simplified 
schematic diagram of a CAM search circuit 401 which 
incorporates the match detection circuit 300 for use during 
a read memory access, in accordance with an exemplary 
embodiment of the invention. The configuration of the FIG. 
6 search circuit 401 differs from the FIG. 3 match search 
circuit 201 in that the CAM bank 510 incorporates match 
detection circuits 300 in place of match detection circuits 
100. The configuration of the FIG. 6 search circuit 401 also 
differs from that of the FIG. 3 search circuit 201 in that 
Several additional circuits are present. Register 268 is 
included which is coupled to and disposed between the 
address generator 218 and a magnitude comparator 264. 
Register 268 holds the address of the CAM word being read 
from or written to a match detection circuit 300. Matching 
comparator 260 is coupled to and disposed between the data 
read register 212, the comparand register 262 and the 
magnitude comparator 264. Matching comparator 260 com 
pares the data stored in the data read register 212 (e.g., the 
CAM word being read from or written to a match detection 
circuit 300) with the data stored in the comparand register 
262 (e.g., the comparand) and indicates, by way of a logic 
State, the results of the comparison, e.g., a logic HIGH signal 
is emitted indicating true-that a match has occurred, and a 
logic LOW Signal is emitted indicating false-that a match 
has not occurred. 

0.043 A magnitude comparator 264 is coupled to and 
disposed in between the register 216, register 268, matching 
comparator 260 and the multiplexer 266. If a signal received 
from the matching comparator 260 indicates a match, the 
magnitude comparator 264 compares the priority of the 
address Stored in register 216 to the address Stored in register 
268 and emits a signal to the multiplexer 266 indicating 
which of the two addresses should be output, e.g., which of 
the two addresses has the higher priority. If a signal received 
from the matching comparator 260 does not indicate a 
match, the magnitude comparator 264 emits a Signal to the 
multiplexer 266 indicating that the multiplexer should out 
put the address from the register 216. 

0044. During a read operation from a match detection 
circuit 300 using the match search circuit 401 the address of 
the word to be accessed is stored in register 268. Word select 
line 190 corresponding to the match detection circuit 300 
containing the word to be written or read is enabled thereby 
pulling the match line 140 to VSS. The word is transferred 
from the match detection circuit 300 in the CAM bank 510 
to the data read register 212. The comparand data word is 
Stored in comparand register 262 and is also transferred to 
the CAM bank 510. Simultaneously while the word is being 
read from the match detection circuit 300, the search opera 
tion executes in the remainder of the match detection circuits 
300 within the CAM bank 510. The priority encoder 214 
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determines the priority address of the matching word and 
Stores that value in register 216. 
004.5 The matching comparator 260 compares the data 
word in data read register 212 with the data in the com 
parand register 262 and if there is a match, then a signal is 
transmitted to the magnitude comparator 264 indicating that 
a match occurred. If Signaled by the matching comparator 
260 indicating a match, the magnitude comparator 264 then 
compares the address generated by the priority encoder 214 
stored in register 216 with the read/write address stored in 
register 268 to determine the higher priority address. The 
magnitude comparator 264 then transmits a Signal to mul 
tiplexor 266 indicating which address is the higher priority 
address. The multiplexer 266 transmits the address having 
the higher priority to a circuit downstream. Consequently, a 
read memory operation can be performed on a match Search 
circuit 401, which incorporates match detection 300, without 
the match detection circuit 300 enabling a false signal 
indicating a match. Furthermore, the data from the match 
detection circuit 300 is compared to the comparand data 202, 
e.g., the data Stored in the comparand register 262, to See if 
the data matches. If the data matches, then the magnitude 
comparator 264, performing in a Similar manner as the 
priority encoder 214, prioritizes between the result of the 
previous prioritization Stored in register 216 and the data 
stored in register 268. Search circuit 401 encompasses the 
Search circuit 400 elements, consequently can also perform 
write operations analogous in operation to Search circuit 
400. 

0046) Another exemplary embodiment of the invention is 
shown in FIG. 7 where the storage elements are dynamic 
Storage elements. Searching CAMS while read or writing to 
a match detection circuit within a CAM bank is more critical 
where dynamic memory (e.g., DRAM) is used because of 
memory refreshing operations. The match detection circuit 
500 of FIG. 7 is different from: the match detection circuit 
300 of FIG. 4 in two significant respects: first, dynamic 
storage elements 105,115, and 125 are used in place of static 
storage elements 104,114, and 124. Secondly, the dynamic 
storage elements 105, 115, and 125 only receive, store, and 
output a Single value, whereas the Storage elements 104,114, 
and 124 receive, Store, and output two values-a value and 
its complement. Therefore, match detection circuit 500 only 
compares the value Stored in the Storage element to the 
incoming bit. As with the FIG. 4 circuit, the configuration 
of the FIG. 7 match detection circuit 500 differs from that 
of the FIG.1 match detection circuit 100 in several respects, 
one being that the Second Source/drain terminal of transistor 
102 is coupled to the match line 140 through a p-type 
transistor 192. The gate of transistor 192 is coupled to the 
word Select line 190. When the word Select line 190 is 
enabled to read or write from the CAM detection circuit 500 
(e.g., logic HIGH) the match line 140 is further isolated from 
the pre-charge voltage VDD. When the word select line 190 
is not enabled (e.g., logic LOW) the match line 140 is 
coupled to the Second Source/drain gate of transistor 102 
permitting the match line 140 to be coupled to the pre-charge 
voltage VDD. 
0047 FIG. 8 depicts a simplified schematic diagram of a 
CAM search circuit 600 which incorporates the match 
detection circuit 500 for use during the implementation of a 
write operation to a match detection circuit 500 during a 
search of CAM search circuit 600, in accordance with an 
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exemplary embodiment of the invention. The configuration 
of the FIG. 8 Search circuit 600 differs from the FIG. 2 
match search circuit 200 in that the CAM bank 810 incor 
porates match detection circuits 500 in place of match 
detection circuits 100. 

0.048. Therefore, during a write operation using the match 
detection circuit 500, word select line 190 corresponding to 
the match detection circuit 500 to be written to is enabled 
thereby pulling the match line 140 to VSS. The word to be 
written to the match detection circuit 300 may then be 
transferred to the match detection circuit 500 in the CAM 
bank 810 without interrupting any search operation of the 
CAM bank 810. Furthermore, the search operation of the 
CAM bank 810 need not be delayed or incorporate any clock 
cycle offset to write to the match detection circuit 500 while 
the Search is proceeding. By isolating the match detection 
circuit 500 and indicating a mismatch, the match detection 
circuit 500 does not falsely enable a signal indicating a 
match. 

0049. In another embodiment of the present invention, a 
match Search circuit 601 is provided that permits Searching 
of a CAM bank 910 while isolating a match detection circuit 
500 for a read access operation. FIG. 9 depicts a simplified 
Schematic diagram of a CAM Search circuit 601, in accor 
dance with another embodiment of the invention to be 
implemented with circuit 500. The configuration of the FIG. 
9 Search circuit 601 differs from the FIG. 3 Search circuit 
201 in that the CAM bank 910 incorporates match detection 
circuits 500 in place of match detection circuits 100. CAM 
search circuit 601 also differs from CAM search detection 
circuit 400 in the addition of coupling of data read register 
212 to the CAM bank 910 through multiplexor 220. As 
shown in FIG. 9, this coupling permits the refreshing of 
dynamic storage elements 105,115, and 125. For use during 
a refresh operation, a multiplexor 220 is also included which 
receives as its input data to be stored in the CAM bank 910. 
Mutliplexor 220 also receives input from, and is coupled to, 
data read register 212. Outside circuitry (not shown) con 
trols which input source multiplexor 220 Supplies to the 
CAM bank 910. 

0050. During a write operation to CAM bank 910, mul 
tiplexor 220 selects the incoming data from the DATA IN 
line. During a refresh operation of a match detection circuit 
500 within CAM bank 910, multiplexor 220 selects data 
input from data read register 212. Therefore, when a match 
detection circuit 500 within CAM bank 910 is selected for 
refreshing, the data stored in the match detection circuit 500 
is Supplied and Stored in data read register 212. The data 
Stored in data read register 212 is Supplied to multiplexor 
220 and multiplexer 220 selects and data from data read 
register 212 to be supplied to CAM bank 910 which is 
supplied to the match detection circuit 500 selected for 
refreshing. Other than the refreshing of dynamic memory, 
operation of the search circuit 600 is analogous to the 
operation of search circuit 400 and operation of the search 
circuit 601 is analogous to the operation of Search circuit 
401. 

0051 Consequently, a read memory operation and a 
refresh memory operation can be performed on a match 
search circuit 601, which incorporates match detection 600, 
without the match detection circuit 600 enabling a false 
Signal indicating a match. Search circuit 601 encompasses 
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the Search circuit 600 elements, consequently can also 
perform write operations analogous in operation to Search 
circuit 600. 

0052 FIG. 10 depicts a CAM array employing a match 
search circuit 400, such as the one depicted in FIG. 5, 
included on a semiconductor memory chip 700 so that it may 
be incorporated into a router or other processor System. 
Although depicted with match search circuit 400, match 
detection circuit 401, 600, and 601 are also suitable. 
0053 FIG. 11 is a simplified block diagram of a router 
800 as may be used in a communications network, Such as, 
e.g., part of the Internet backbone. The router 800 contains 
a plurality of input lines and a plurality of output lines. When 
data is transmitted from one location to another, it is Sent in 
a form known as a packet. Oftentimes, prior to the packet 
reaching its final destination, that packet is first received by 
a router, or Some other device. The router 800 then decodes 
that part of the data identifying the ultimate destination and 
decides which output line and what forwarding instructions 
are required for the packet. 
0054 Generally, CAMs are very useful in router appli 
cations because historical routing information for packets 
received from a particular Source and going to a particular 
destination is stored in the CAM of the router. As a result, 
when a packet is received by the router 800, the router 
already has the forwarding information Stored within its 
CAM. Therefore, only that portion of the packet that iden 
tifies the Sender and recipient need be decoded in order to 
perform a search of the CAM to identify which output line 
and instructions are required to pass the packet onto a next 
node of its journey. 
0055 Still referring to FIG. 11, router 800 contains the 
added benefit of employing a Semiconductor memory chip 
700 containing a CAM search circuit 400, such as that 
depicted in FIG. 10. Therefore, not only does the router 
benefit from having a CAM but also benefits by having a 
CAM with reduced power dissipation, in accordance with an 
exemplary embodiment of the invention. Although depicted 
with match search circuit 400, use of match search circuits 
401, 600, and 601 are also suitable. 

0056 While the invention has been described in detail in 
connection with preferred embodiments known at the time, 
it should be readily understood that the invention is not 
limited to the disclosed embodiments. Rather, the invention 
can be modified to incorporate any number of variations, 
alterations, Substitutions or equivalent arrangements not 
heretofore described, but which are commensurate with the 
Spirit and Scope of the invention. For example, although the 
invention has been described in connection with Specific 
circuits employing different configurations of p-type and 
n-type transistors, the invention may be practiced with many 
other configurations without departing from the Spirit and 
Scope of the invention. Accordingly, the invention is not 
limited by the foregoing description or drawings, but is only 
limited by the Scope of the appended claims. 

1. A method of operating a content addressable memory 
(CAM), the method comprising: 

accessing a Selected Storage location of Said CAM for a 
memory operation; 
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disabling a match detection circuit associated with Said 
Selected Storage location during Said access operation; 

Searching other Storage locations of Said CAM during Said 
acceSS operation by comparing the data Stored in each 
of respective other Storage locations to a Stored word 
using respective enabled match detection circuits asso 
ciated with Said other Storage locations, 

accessing data from Said Selected Storage location; 
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comparing Said accessed data to Said Stored word in a 
comparing circuit Separate from Said disabled match 
detection circuit; and 

comparing the data Stored in each said respective other 
Sotrage locations to a Stored word. 

2-99. (canceled) 


