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evaluated in parallel to determine whether or not an input value matches the value
stored in any of the rows. Each row is associated with a respective match line that
indicates the search result for that row. The match line for each row that matches the
input value is asserted (e.g., to logic high) to indicate a match, and the match Ine for
each row that does not match the input value is de-asserted (e.g., to logic low) to
indicate a mismatch.

[0003] CAM is used for various applications such as, e.g., a cache memory. The
cache memory may be accessed faster than other types of memory and is used to store
data that is more likely to be accessed by a processor. The cache memory may include a
random access memory (RAM) that stores the data and a CAM that stores the addresses
of the data. To determine whether a given word of data is stored in the cache memory,
the CAM is searched to determine whether the address of this word matches any of the
addresses stored in the CAM. If there is a match, then the desired word may be
retrieved from the RAM for use.

[0004] The CAM may be searched extensively, e.g., for each processor instruction
with a memory access. Hence, the performance of the CAM typically has a large
impact on the performance of the processor. Fast search speed may be achieved by
searching all of the rows of the CAM in parallel. However, the parallel search
consumes a large amount of power, which is undesirable for many applications.

[0005]  There is therefore a need in the art for a CAM with high performance and

lower power consumption.
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to an N-bit value to search for in the CAM. Prior to each search operation, the driver

presets at least one search line for at least one column of serial CAM cells to precharge
the match line for each row. Presetting refers to setting or forcing a line to a
predetermined logic value (e.g., logic low). For example, if each row includes four
serial CAM cells, then the driver may preset the search line for the second CAM cell or
the fourth CAM cell in the row, as described below. The presetting of at least one
search line avoids the need for a timing signal for the serial CAM section. The
omission of this timing signal may improve search speed.

[0008] Various aspects and embodiments of the invention are described in further

detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]  The features and nature of the present invention will become more apparent
from the detailed description set forth below when taken in conjunction with the
drawings in which like reference characters identify correspondingly throughout.

[0010] FIG. 1 shows a mixed serial-parallel CAM.

[0011]  FIGS. 2A and 2B show two exemplary designs for a serial CAM cell.

[0012] FIGS. 2C and 2D show two exemplary designs for a parallel CAM cell.
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DESCRI PTI exenp I's used herein to hean "serving as
an exanple, instance, or illustration.” Any enbodi nent or design described
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Each colurm iS associated with a differential search line that couples to
al | CAM cébp sncluiles h &AMyl 10Ea sterdebmedriver A40,pad cutpudgircuisal e CAdt i s
determ ne%rray 110 is a two-dimensional array of M rows by N columns of CAM cells 120 and
122, where M and N may each be any integer value. Each row in CAM array 110
includes N CAM cells that collectively store an entry, e.g., for an address. Each row is
associated with a match line having a logic value that is determined by all of the CAM
cells in that row. Each of the N columns corresponds to a different bit position of an N-
bit input address. Each column is associated with a differential search line that couples
to all CAM cells in that column. Each search line has a logic value that is determined
by one bit of the input address. The logic value on each search line may be compared
against the logic value stored in each of the M CAM cells coupled to that search line.
The N-bit input address may be provided to all M rows of the CAM array and
simultaneously compared against all M entries in the CAM array.
[0019] Search line driver 140 receives the input address and generates the search
lines for the N columns of CAM cells. Output circuits 150 receive the match lines for
the M rows and provide the desired output. For example, output circuits 150 may

perform encoding and provide a K-bit value that indicates a specific row that matches

the input address, where K =log, |_M—| and [ | denotes a ceiling operation.

[0020] In general, a CAM may be designed to perform parallel search, serial search,
or mixed serial-parallel search. For all three search schemes, all M rows of the CAM
array may be searched in paralle] to Jook for any matches with the input address. For

the parallel search scheme, all N bits of each row are searched in parallel to determine
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y number of columns of serial CAM cells and any number of
columns of parallel CAM cells. The total number of columms, N, is typically
determined by the application for which the CAM is used. The number of columns of
serial CAM cells may be selected based on a tradeoff between power consumption and
search speed. Each serial CAM cell 120 and each parallel CAM cell 122 may be
implemented as described below.
[0022] FIG. 2A shows a schematic diagram of a serial CAM cell 120x, which may
be used for each of serial CAM cells 120 in FIG. 1. CAM cell 120x includes a memory
cell 210 that stores a data bit and a comparison circuit 220x that compares the stored
data bit against an address bit. Memory cell 210 includes a pair of cross-coupled
inverters 212 and 214. The output of inverter 212 couples to the input of inverter 214,
the drain of an N-channel field effect transistor (N-FET) 216, and a data line g. The
output of inverter 214 couples to the input of inverter 212, the drain of an N-FET 218,
and a complementary data line gb. The gates of N-FETs 216 and 218 couple to a word
line, the source of N-FET 216 couples to a bit line b, and the source of N-FET 218
couples to a complementary bit line bb. The word line is used to select and enable a

row of CAM cells for programming. The differential bit line is used to write a data bit



of serial CAMcells 120 and N-4 colums of parallel CAMcells 122. In

gener al , 90 %%&F% i ncl ude any nunber of columms of serp@ty$0M/6e89dos and
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214 store YHELHIDA bit via a positive feedback nechanism The progranm ng

of nenory 21 @ dnSoaiRoRirdut 3 tesl 44038 w CODPBerbiR NN s€drEle Uhd, s2@X
i ncl udes tﬁ}?gjé] N- g‘@%%%ﬁ%‘% ajr?g c%%léa,esand a%— charfnel IS:ET (P- FI%T 228.

N- FETs 222shgidse? 2ol theanabuet dfeinraddzesebitc Stk eddress bitimatdhies theclatabig stored in

conpl enentary dat jne aqb, r ectively, ,their sources coupled,to a,search
line s an’él‘%‘oﬁyoﬁ% %@ﬁ@%v%ﬁj&eﬁ T‘?tﬁgélss‘i?}a ﬁ’é %,e%qn?gj%rpg;} YR *Er ai ns
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input match line to the output match line. Alternatively, if the address bit does not
match the stored data bit, then either N-FET 222 or 224 is turned ON, node eq is pulled
down to iogic low by the N-FET that is turned ON, N-FET 226 is turned OFF, P-FET
228 is turned ON, and the output match line is pulled up to logic high. Comparison
circuit 220x thus passes the logic value on the input match line to the output match line
if there is a match and provides a high logic value on the output match hne if there is a
mismatch. ‘,
[0025] FIG. 2B shows a schematic diagram of a serial CAM cell 120y, which may
also be used for each of serial CAM cells 120 in FIG. 1. CAM cell 120y includes a
memory cell 210 that stores a data bit and a comparison circuit 220y that compares the
stored data bit against an address bit. Comparison circuit 220y includes N-FETs 222,
224 and 226 and P-FET 228 that are coupled as described above for comparison circuit
220x in FIG. 2A. Comparison circuit 220y further includes P-FETs 232 and 234 having
their gates coupled to complementary data line ¢b and data line g, respectively, their
sources coupled to search line s and complementary search line sb, respectively, and
their drains coupled together and further to the gates of FETs 226 and 228. N-FET 222
and P-FET 232 form a complementary metal oxide semiconductor (CMOS) gate that is



vol tage VOD. [0024] Conparison circuit 220x operates as foll ows.

D fferent| line, s and sb, is set to the val ue®f,yghoasddigss bit.
If the ad reg@%ﬁ}{sg&natches the data bit stored in nenory cell 210, then

search line s matches data line q, corpl enentary search line sb matches
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descri bed above for conparison Circuit 220x in FIG Conpar.i son ci rcw t

220y f ur t fuetheri tndhmgets o@l\FEEE 2482 NaBT 234 Hagiitk depin PW@Iﬂ‘Pd t9at wGIRINSI%8E t
conpl enment ar d data |line pectively, their sources

t
coupl ed t¥& é‘é‘tesq‘?%l’]iehgoe 8’6% %M’ﬁ?tghﬂs@gfch line sb, respectively,

and the'E[cr)oé’ﬁ ai N\ poipt 896 LOMRH NG predisteh Wid ABichtiMe! TEFBALXSS 10k ifsEFsin226 and
228. N-F and P-FET 232 forma conplenentary netal oxide

seni conductupted(toMbS)supply evolthge Vios, WsQ007L0g88h® beTrashivs/ a3BI8Eates
controlled b Clt he Fﬂ*ae gb lines. N-FET 224 and P-FET 234 form anot her CMOS
gate tha‘foui'p éSﬁ By the gb and g lines. [0026] FIG 2C shows a

schemat i ciogdpgr ar@&ﬁpa@xs@@'&ﬁédl?%(ﬁ%ﬂe@ﬁéé asl B2 ws WL to performing a search
on a row of CAM cells, the pre line is brought to logic low, P-FET 256 is turned ON,
the match line is precharged to the supply voltage Vpp, the pre line is then brought to
logic high, and P-FET 256 is turned OFF. Differential search line, s and sb, is set to an
address bit value. If the address bit matches the stored data bit, then either N-FET 242
or 244 is turned ON and pulls node eq to logic low, N-FET 246 is turned OFF, and the
match line is not pulled down to the virtual circuit ground. Alternatively, if the address
bit does not match the stored data bit, then either N-FET 242 or 244 is turned ON and
pulls node eq to logic high, N-FET 246 is turned ON, and the match line is pulled down
to the virtual circuit ground. Any CAM cell that does not match pulls down the match
line to logic low. If all CAM cells in the row match, then the match line remains in the
precharged (logic high) state.
[0029] FIG. 2D shows a schematic diagram of a parallel CAM cell 122y, which
may also be used for each of parallel CAM cells 122 in FIG. 1. CAM cell 122y
includes a memory cell 210 that stores a data bit and a comparison circuit 240y that
compares the stored data bit against an address bit. Comparison circuit 240y includes
three N-FETs 242, 244 and 246 that are coupled as described above for comparison
circuit 240x in FIG. 2C. Comparison circuit 240y further includes P-FETs 252 and 254

having their gates coupled to complementary data line ¢gb and data line g, respectively,



may be used for each of parallel CAMcells 122 in FIG 1. CAMcel |l 122x
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P- FET 256 pLgp11988 fdth RUCEOSIES thitds b&iteilell byehe fafEgb 2mbs. NASFET 344lmad n
coupled to the supply voltage VDD, its source coupled to the match |ine,

and its g&EET 2odifiradenothes (MOSeate|thaids gangrollpdby e aboansd Ha6n circuit 240x

oper at es foll Priot to formng a ] (e I'ls,
the pro 1 s ohEimrA e BT BheErRGRIaD, ol R IR oL, o
line is praeerdfyI st MhesdQRIM calBnidGso\dDmpldieedwith peher edifian br ought
to logic high, and P-FET 256 is turned OFF. Differential search line, s

and sb, i406H{] t oFenthe aaaHelsssaigh schemeythe mpatch hresdarplb ¥ 1y arprpfeshaged he

stored data bit, then.either FET .242 @ 44 | ¥ Y[ al=Ye node
eq to | ogiP&of &Pe OEE}FgZﬁGSe?Igﬁl”E uﬁpelc ﬁéﬁ:ﬁ?fyaﬁnde { %‘2 (tdrdnaa{b?hmlgl}!r}llgp:Elhseoi#g'ltu §puI | ed
down to th@dmkd, taH@lthe dabdhi Endf@ uimd rowrtesinati Welyhighf Ahetladdoesdo nbit does
not match the stored data bit, then either N-FET 242 or 244 is turned ON

and pul | snateldand dhe matchdines Horghesenowegrexdisrharged jp degic daw. Faeh raveb#iad ch

line i 1l ed.d the. vj | GLrcui - d
ot mat ch 5T 09 SRR pRat S R, 18 il PbRu R b e 1AL COPS
row mat ch,hi%m;a BapAdRiveBhebh linsereselimin s povdieonpugstiar e thd paglet strirgh)

state. [0029] FIG 2D shows a schenmatic diagramof a parallel CAM cell
122y, whi cghem@y al so be used for each of parallel CAMcells 122 in FIG 1.

CAM cel | i ngl udes V. 1 tor i a
conpari sogjraé?lzr]cui F Orzﬁlqu‘ e%la”llg% 55%:{:1 osf’rl}%egll%éég?et ﬁgﬁ@%trc Eéﬁggﬁﬁalgﬁ?ﬁgagi @stﬁgg%
addr ess bigerial@ApBddlisiarach fowistse@dygit It UdHM roWE ar NafchddinhZallel b4t and
246 that are coupl ed as descri bed above for _conparison circuit 240x in

FIG 2C @shpend Bbis seaiched o Dy fargasheaw wiithddeds poymraiclpgpalhpigs pghe
row are searched. Power consumption is reduced since a highly capacitive match line is
not discharged when there is a mismatch for any given bit. However, search speed is
slower and depends on the number of CAM cells in the row. Furthermore, timing
signals are typically needed to control the sequential search of the bits in each row.
[0033] The mixed serial-parallel search scheme attempts to obtain both low power
consumption and high search speed. The probability of a match for any given bit may

be assumed to be 50 %. If the bits in each row are independent, which is generally true

for the lesser significant bits, then the probability of a match after » bits is (1/2)", and

the probability of a mismatch after n bits is 1—-(1/2)". For example, the probability of
a mismatch is 75 % after two bits, 87.5 % after three bits, 93.75 % after four bits, and so
on. A serial search may be performed for a small number of bits (e.g., four bits) to
obtain low power consumption. After searching this small number of bits, most rows
will not match, and a parallel search may be performed for the remaining bits in each
row that matches the serial portion.

[0034]  FIG. 3 shows one row 300 of CAM cells for a mixed serial-parallel CAM.
Row 300 includes a serial section with four serial CAM cells 120a through 120d and a
parallel section with multiple parallel CAM cells 122. Each of serial CAM cells 120a
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The ni xedCABF tell 1p@r. alP-BET s38dr bds &< bhamee atupderhtes CtrQulbmf@md st s e power

consunption and hi gh search spee |I|t tch for ny gi ven
bi 1y GaPEa< AT Deta 1o B Tor CANE BltdS08n Atk A e ont

whi ch is geapenial st h4e CAM célh@ddeﬁﬁleﬁroﬁd%‘hfn'laﬁélmm@ it61Sthe 1sB841 debigon,
probability of a match after n bits is (1 2)" , and the probablllty of a

m smat ch zadzttlers MARTs 342 dnd 344 have)their Eates emi‘«pi to, thetmtputgiapydrier $4of  a
1 0, i 0,
][n Oﬁga LICP SI %i dnd ;é)bq{nteerreslg%vgllyf ﬁfeir%gm%es/%oalfpﬁe%rtotctllrcﬁl gtr)cla&n% 9(% th7e15r d?%u%gt er
coupled to a virtual circuit ground for the parallel section, match_gnd. A NAND gate

350 receives output match line m4b from CAM cell 120d and a parB signal. P-FETs
352 and 354 have their gates coupled to the output of NAND gate 350 and to the pre
line, respectively, their sources coupled to a match line for the parallel section, match_p,
and their drains coupled to the supply voltage Vpp. An AND gate 360 receives the
match lines for the serial and parallel sections, match_s and match_p, and provides the
match line for the row.

[0036] A large portion of the total power consumption for a CAM is typically due to
the continual precharging and discharging of the match lines and the continual
precharging and discharging of the search lines. Power consumption may be reduced by
searching only a small percentage of rows in which the serial sections match, as noted
above. In this case, the match lines for only a small percentage of rows are precharged
and discharged. Power consumption may also be reduced by not precharging and
discharging the search lines. Typically, search line s and complementary search line sb
are both preset to lo gic low while the match lines are being precharged in order to avoid
shorting the supply voltage Vpp to circuit ground, e.g., via P-FET 256 and N-FET 246
shown in FIG. 2C. The s or sb line is then set to logic high depending on the input



on. A serial search may be performed for a small nunber of bits (e.g., four
bits) to waPimb/hsk@w power consunption. After searching gdwssmombisogaunber

of bits, nost rows wll not match, and a parallel search nay be perforned

for the remaining bits in each rowthat mat ches the serial portion. [0034]
FIG 3 shows one row 300 of CAMcells for a m xed serial-parallel CAM Row
300 includes a serial section with four serial CAMcells 120a through 120d
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serial CAMcell 120c. P-FET 334 has its source coupled to circuit ground
and its dFglisnare é@qxﬁheédnmar%lﬂ pird thesenal jand parplip] $f‘@F°h€93M€‘cEfPrf0ﬂ_’92é(§t then

inverter 340 nece a/%tqyé B%%ch TRLGE dah e OBt UhEetM £8/ kgtﬁé%lgd%dfgl and 344

provi des a natc | ne for e serial sectron, inatch_s
have t hei maggi edine duop ledsdrl tsla:momuﬁqnlutheofzatblﬂ_\pehherfoﬁﬂfé pﬁlﬂelt gcidorparte | i ne,
respecti Vell\ﬁj t hei sour ces coupl eglto circuit ground, and the| r drains

coupl ed t 8NP PeeiagT te BpRazRte ﬂ@f’r’ﬁﬁ’?‘? ’*PBlfortth%efﬁ%i? EYcas shewn inRIG.dat ch_gnd. A
e SIpED T SSBE e L A TGER A O, * r
gat e 350 anbbgitochighe NoFET 344nie tunneé;ﬂﬁ'ﬁ{ ith/eebmtch t el lins Mcﬁmlle@l};plNMHEtfo a
match 1 n§4£ andttlg]ee og’cgﬁtaolfj I%&N%eg;té %QO 18 equal to the match_s line. If all of the serial
CAM cells match, then the match_s line is at logic high, and the match_gnd line is
pulled down to logic low. Conversely, if the serial CAM cells do not match, then the
match_s signal is at logic low, P-FET 352 is turned ON, and the match_p line is
precharged.
[0039]  For the parallel mode, the par signal is at logic high, and the parB signal is at
logic low. N-FET 344 is turned ON, the match_gnd line is pulled down to logic low at
all times, and the parallel section is operational while the serial search is being
performed. The output of NAND gate 350 is at logic high, P-FET 352 is turned OFF,
and the match_p line is precharged via P-FET 354 with the pre signal.
[0040] The mixed serial-parallel search for row 300 may be performed as follows.
A serial search is performed over the serial section, either sequentially one CAM cell at
a time, starting with CAM cell 120a, or in parallel for all CAM cells in the serial
section. Each serial CAM cell passes the search result from a prior serial CAM cell if
there is a match and passes logic high if there is a mismatch.
[0041] If all serial CAM cells 120a through 120d match, then output match line m4b
from CAM cell 1204 is at logic low, the output of inverter 340 is at logic high, N-FET
342 is turned ON, and the match_gnd line is pulled down to circuit ground. The
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as shown in [ 0038] "For the sequential node, the par signal is at
| ogic | ow,tuanm it Iae:ammBN]slp@ﬂm serigl CAM cells match and the parallel CAM cells do

not match for a given search; and the match_p line is not precharged as described above.

If both the serial CAM cells and the paraliel CAM cells match in the next search, then

the parallel section may erroneously declare a mismatch because the match_p line was

not precharged in the prior search. To avoid erroneous detection for the case described

above, the match_p line may be precharged prior to each search with the preB signal.

This precharge may be achieved by providing a logic high on the preB line, which

results in a logic low at the output of NOR gate 330. The logic low from NOR gate 330

turns on P-FET 334 and forces a logic high on the m4b line, which turns on P-FET 352

and precharges the match_p line.

[0044] The preB line also prevents the match_gnd line from being set to logic low

during precharging of the match_p line. If the preB line is not present and the m2b line

is at logic low, then the output of NOR gate 330 is at logic high, N-FET 332 is turned

ON, the input match line for serial CAM cell 120c is at logic low, the m4b line may be

at logic low, and the match_s line may be at logic high, which would then bring the

match_gnd line to logic low. The parallel section would then be enabled and may short

match_p line, which is being precharged to the supply voltage Vpp. If the preB line is

present and set to logic high during precharging, then the match_gnd line is prevented



at logic high. N-FET 344 is turned OFF, the match_gnd line is controlled by

N-FET 343, af0¢hoishes out put of NAND gate 350 is equal to gdey§mbhdssssel i ne.
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hi gh, and the match _gnd line is pullédl down to logic low Conversely, if
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334. Inverter 430 and N-FET 332 form a buffer circuit for the m2b line. The buffer

circuit may also be implemented with other types of circuit.

[0047] The mixed serial-parallel search for row 400 may be performed as follows.

Prior to performing the search, the match_p line is precharged by presetting the search

line for the second serial CAM cell 120b, so that the 52 and s2b lines are both at logic

low. The logic low on the s2 and 525 lines turns on either N-FET 222b or 224b, which

brings the eq2 node to logic low. The logic low on the eg2 node turns ON P-FET 228D,

which pulls the m2b line to logic high and forces the output of inverter 430 to logic low.

The logic low at the output of inverter 430 turns ON P-FET 334, which pulls the m4b

line to logic high, forces the output of inverter 340 to logic low, and sets the output of

NAND gate 350 to logic low. The logic low at the output of inverter 340 turns OFF N-

FET 342, which causes the match_gnd line to float. The logic low at the output of

NAND gate 350 turns ON P-FET 352, which precharges the match p line. After

precharging the match_p line, the s2 and s2b lines for serial CAM cell 120b are released

and take on the value of the second input address bit. The serial search may then be

performed for the serial section as described above for FIG. 3. The precharging may be

performed on one phase (e.g., during logic high) of a clock signal, and the comparison

may be performed on the other phase (e.g., during logic low) of the clock signal.
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500 further includes all of the support circuitry for row 400 in FIG. 4, except that NOR
gate 350, N-FET 344, and P-FET 354 have been omitted since the parallel mode is not
supported. The gate of P-FET 352 couples to the output of inverter 340.

[0050] For the embodiment shown in FIG. 5, either N-FET 342 or P-FET 352 is
turned ON at any given moment. Prior to each search, the s2 and s2b lines for the
second serial CAM cell is preset, a logic low is generated at the output of inverter 340,
P-FET 352 is turned ON, and the match_p line is precharged. Thereafter, P-FET 352 is
turned OFF, N-FET 342 is turned ON, the match_gnd line is pulled down to logic low,
and the parallel section is enabled.

[0051] FIG. 6 shows one row 600 of CAM cells for a mixed serial-parallel CAM
that supports only the sequential mode without any timing signals for the serial section.
Row 600 includes a serial section with k serial CAM cells 120a through 120k and a
parallel section with multiple parallel CAM cells 122. In general, k>1 (e.g, k may be
2,3, 4 and so on). Row 600 includes all of the support circuitry for row 500 in FIG. 5,
except that inverter 430, N-FET 332, and P-FET 334 are omitted. For the embodiment
shown in FIG. 6, the output match line for each serial CAM cell is coupled directly to
the input match line for the next serial CAM cell. The sk and skb lines for the last serial

CAM cell is preset prior to each search to precharge the match_p line.



[ 0045] The preB signal is generated with sufficient timng margin to ensure
that NOR gate 330 provides the desired |ogic value for [cd8 8, | N
particul aWO 20Wd3BHJi ¢ state of the nRb signal shoul d bg&&é{ﬁaﬁ'eg gefore t he
preB line is asserted in order to enggre a valid output from NOR gate 330.
This timng margin for the preBline [imts the speed at which the serial
section may be searched, which [imts the speed at which the entire row of

CAM cel | sopapybe SR, a6 dnd [(AB6] exkhrplarg dedgssf ar@AVDINH O i foBANVNEed | s f or
a mxed serial-parallel CAM w thout any timng Isij%gal s for, the se‘r:AaI
section. seoel-phodlel sedroly S§thous aequating: ary figHRgistERalSt 98 the SP1el| seeWRt- et 1 s 120a

t hrough 120d.and.a raklel. secti | i : s 122,
as shown rfl’r’feﬁs@al??‘lpa%ﬁ/bé% Rt %ﬁ@@e%ﬂéﬂ%ﬁaﬁkﬁgﬁﬁg alleeglg{ljsptﬁ%?yog?ih% cuitry
for row a@cﬁﬁoﬁb@w&d}@xﬁﬁpt for NOR gate 330. For the enbodi nent shown

in FIG 4, an inverter 430 replaces NOR gate 330 .and has it ingrg{] ioupl ed
to the nel8053]i neFIGoTshayy apracass 1) for por a IHXEhIRBPRBE G 6 t he

gates of %l-pﬁﬁ_ 8§Iﬁé?f%& :%H‘.; é{_ﬁﬁ%lglr%g,r&ﬁ{ ef&i%@ﬂ?&v%ga?a[?éségg%ée Qeirrm l@Athchﬁ”

circuit f fer ~Clrcui npl emented with

ot her typaq Aflest twoliphrallkDOAN cElle rMheadws efithd Opaviadrt ebarsiealr mhpdralielr ow 400
may be perfornmed as follows. Prior to performng.the ?éf‘:h’ %he mat ch_p
line i s pirkatl§hdAbesst eBesearply ling dorsa deash ong P?féalf%Mi YetdGAdO%EFi al  CAM

cell 120b, so.that, the s2 S | J t [ Thel ogi c
ow on- t nires rigtese 7 firud gt 68 ol AER R CANGRELD 55 8O Foigh Moy o

brings t hg.ate MRdRatcd lRdick thevecold sed0a oM @V (dnFIGS £a2d Gpdettelans ON
P- FET 228b, "which pulls the n2b |ine to | ogic high and forces the output

of invert sarial @AM welldgpt FIGoM maphe pisgstc Thanseial gelsuin SehiTAVedEer 430
t ON P- FET, 334, whj || st b ool | b o ki gh th
out put of iR Bui s PRt Sopg6T B T PRl CAM Bt Bleacdbi®e 0,

to logic LuwtivdpQedrBRHdCinl grtaladl éblb_@k G U6)P Uor fkaiple teepar 34 CANN®lIOkTaN- FET
342, which causes the match_gnd line to float. The Iogllc | ow at. t he out put

of NAND gater@pmayrassamiicP(FEMISSE theneriehCHMe eply Heat rfévm%grp@)i ne.
R Tt o R L ek
bit. The sgridlcAAdaenl il @EhiBRMmBEbe BoitFdlea®s cidle bN@issiRe il sesinig@ as
descri bed above for FIG 3, The prechargi ng may be
the parallel CAM cells.
[0054) The CAM described herein may be used for various applications. One
exemplary application for the CAM is described below.
[0055] FIG. 8 shows a block diagram of a wireless device 800 in a wireless
communication system. Wireless device 800 may be a cellular phone, a handset, a
wireless terminal, a personal digital assistant (PDA), or some other electronics
apparatus. The wireless system may be a Code Division Multiple Access (CDMA)
system, a Time Division Multiple Access (TDMA) system, a Global System for Mobile
Communications (GSM) system, a Frequency Division Multiple Access (FDMA)
system, an orthogonal frequency division multiple access (OFDMA) system, and so on.
[0056]  Wireless device 800 is capable of providing bi-directional communication
via a receive path and a transmit path. For the receive path, signals transmitted by base
stations are received by an antenna 812 and provided to a receiver unit (RCVR) 814.
Receiver unit 814 conditions (e.g., filters, amplifies, and frequency downconverts) the
received signal, digitizes the conditioned signal, and provides data samples to an
application specific integrated circuit (ASIC) 820 for further processing. For the
transmit path, data to be transmitted from wireless device 800 is provided by ASIC 820



performed on one phase (e.g., during logic high) of a clock signal, and the

conpar i sonyg B oBgoper formed on the other phase (e.g., dgeirigalig@sosd ow) of
the clock signal. WO 2007/038805 PCT/ US2006/ 038986 12 100481 For the

enbodi mrent shown in FIG 4, only the dl4ferential search line s2 and s2b
for the second serial CAMcell 120b is preset prior to each search to
precharge the match p line. The search lines for all of. the other serial

CAM cel [ std @ tipsmiben Wy (EMT%Wﬁot Tb?é\sr@rtaeg amit Boe cordiione, (etgneﬁh@rﬁ,st
|
or echar go - TRuDos i Bstihcd ubfloridl B2 thus Gl pontrlles « oM BNE SR

| ast seri aduﬁemmldlaﬂ%wss.zabﬂs@ﬁaspsﬂaﬁ@nst0 each search, and the search
lines for all other serial CAMcells may or not be preset. In yet

anot her ef¥Sdl merdSIG $20 ingludesyarioup gaity %‘tCh é%lfors@‘ramle @NMCE%TP%GS@F& ar eset

t
2er o SR SRR sk APEISP) e SR DR e e
i s dissi p@‘éﬁ@lﬂsogerﬁﬁl@puﬁﬁsé phodebsieg ahdiimaysbaok escaiced nﬁsmt1dﬁ$btr adrhguteo

preset as_few search |ines as possible @8 one search line) r| or to
each sear €RIS Q)OU@Q}HGFW‘F 5P BB OEREETT oRSB (4 dreriopms datel Ropessing

| h t
timing o gaart gl {ad BleoltP ke AR AARAEH NN BleRify Efe‘%rafé{‘yon
with four spreading, GRedimpeldnd 3€0m)t dottghrek2e il (8., paltating| dsprhdion, W t h

mul tiple paral]el CAMcells 122, as shown in_Fl GS. 3 and 4. Row 500
further i ﬁh@rﬁl@b%ﬂﬁam despodujpding, deinterleaying sieeqdjng. ghd sewnkodhe m’rcrqe@mmto except

o, 1 AR DSETp g SIABIEE . LA gl

out put of 8Bﬂ‘$&ﬁése.’rat33&QVOr[;ﬁ6§ﬁh1 Eaites tfdih€m&ﬂﬂ$p?d¢el§mt823mh‘da‘brlﬂﬂf8@ Bacled t her
N- FET 342 or P-FET 352 is ned ON a iven monent. Prior to each
search, tMSmOpy §%an@25nqlwre%cﬁé‘ﬂ 8t3ﬁéhat§é>é%§rﬁsi pasdpr thaasaed/erprpgaget , a

I0|clow t t ur ned
C]\Ig and tﬁg&s Wééﬁ .ﬂtéﬁgs@g g%gdegg aﬁl‘ﬂgreéa égqﬁsFEq'Kggﬁg)??ay fr ned
OFF, N FE’ﬁn}%&em&d tbagdde(m &hy of e mhemsdiekdri&dmr@w lok @6me dfert@Al0gi C

low, and the parallel section is enabled. [0051] FIG 6 shows one row 600
of CAM cedpugt oA goifolisr 84@ cpnirols dha opanrtignrf ASIC 820 and other units within

wireless device 800. A main memory 842 stores program codes and data used by
controller 840.

[0058]  The CAM described herein may be implemented in various hardware units
such as an ASIC, a DSP, a digital signal processing device (DSPD), a programmable
logic device (PLD), a field programmable gate array (FPGA), a controller, a processor,
and other electronic devices. The CAM may also be fabricated in various IC process
technologies such as CMOS, N-MOS, P-MOS, bipolar-CMOS (Bi-CMOS), bipolar, and
so on. CMOS technology can fabricate both N-FETs and P-FETs on the same
integrated circuit (IC) die, whereas N-MOS technology can only fabricate N-FETs and
P-MOS technology can only fabricate P-FETs. The CAM may be fabricated using any
device size technology (e.g., 130 nanometer (nm), 65 nm, 30 nm, and so on).

[0059]  The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without

departing from the spirit or scope of the invention. Thus, the present invention is not



that supports only the sequential nbde wi thout any timng signals for the
serial segfg 600 i ncludes a serial section with I cells
120a thr o(l}g%%l]g@ﬁ@g%vd a parallel section with nultiple Egig{s?@:(»m%%ﬂﬂ cells
122. In general, k > 1 (e.g., k maybe 12, 3, 4 and so on). Row 600 incl udes
all of the support circuitry for row 500 in FIG 5, except that inverter
430, N-FET 332, and P-FET 334 are omtted. For the enbodinent shown in
FIG 6, tintensadpube hmitedtd thaembodinesattshowmihateircam is éd be decondpdhewidist ect | y
to the input matc%h Ii.ﬁ161 for t.h% nea<t S rizl Mlceldl. The sk and sl ob
lines for StORE SPLETCE PPN PEAGP E8 pt P%veﬁfe@ 'BPs BY5IOPEE hch search to
precharge the match p line. WO 2007/038805 PCT/ US20061038986 13 [0052]
FIGS. 4, 5 and 6 show exenpl ary designs of a CAMthat can perform m xed
seri al - patQ060k| s\é’ﬁ&'ﬁlmlhﬂﬂ&l)elﬁ;i ring any timng signals for the serial
section. A mxed serial-parallel CAM may al so be inplenented wth other
desi gns based on the description provided herein. [0053] FIG 7 shows a
process 700 for performng a m xed serial-parallel search of a CAM
conposed of nultiple rows, with each row having at | east one serial CAM

cell and at least two parallel CAMcells. The rows of the CAM are searched
in parallel (block 710). At |east one search |line for at |east one serial
CAM cell in each rowis preset to precharge a match line for the parall el

CAM cells in the row (block 712). For exanple, the search line for the
second serial CAMcell (in FIGS. 4 and 5) or the last serial CAMcell (in
FIG 6) may be preset. The serial CAMcells in each row are searched in a
sequential order (block 714). The parallel CAMcells in each row are
selectively searched in parallel (block 716). For exanple, the parallel CAM
cells in a given row may be searched (1) only if the serial CAMcells in
that row match or (2) <concurrently with the search for the serial CAM
cells. Avirtual ground line for the parallel CAMcells in each row nay be
controlled to enable or disable the searching of the parallel CAM cells.

[ 0054] The CAM descri bed herein may be used for various applications. One
exenpl ary application for the CAMis described bel ow.



[0055] FIG 8 shows a block diagramof a wireless device 800 in a wreless
communi cation system Wreless device 800 may be a cel lul ar phone, a
handset, a wreless ternmnal, a personal digital assistant (PDA), or sone
ot her electronics apparatus. The wirel ess system may be a Code D vi sion
Mul tiple Access (CDMA) system a Ti meODi vi si on Mul ti pl e Access ( TDVA)
system a G obal Systemfor Mbile Conmmunications (GSM system a
Frequency Division Miltiple Access gigg$% system an orthogonal frequency
division multiple access (OFDVA) sy %ﬂd so on. [0056] Wrel ess device
800 i s capable of providing bi-directional comrunication via a receive

path and a Lﬁﬁﬂ%ﬂ&&ap@kﬂncﬁﬂbn&hg receive path, signals transmtted by base
stations are received by an antenna 812 and provided to a receiver unit

(RCVR) 814. l%ﬁ{ V&{seﬂgl' on?ejnf" a&ﬂ@sqbt; 3 %?ho@f (@éM&fc'ellg %08%1 ﬁg’?@gkg!f?%alland

frequency domncon erts ecelve itizes I oned

si gnal rovi des, .dat s to cation spegific |nte rat.ed
ci rcui tcﬁ&g‘f%)s ag3peed ar@i*faﬁgp [g?OSVc?eaé‘ .L”%ES? $pAUMPS, §ﬁ§h{°tw BT rl)ga?ta to
be transmtted fromwrel ess device 800 is provi ded by ASIC 820 WO

2007/ 0388 FenAlSEbOE! Igad gBlsast 1o peyabe(GAMsailteed unit (TMIR) 816.
Transmtter unit 816 conditions (e.g., filters, anplifies, and frequency
upconverts) adreedetrdigared tgeamrait e plualitp dbibeatrand irek dorethe plvkdlichof ¢adumns and
transmtted via antenna 812 to the base stations. [0057] ASIC 820 includes
var i oustolpidstiSat SeashorSsearcRlineXampledst dhe b LIPS RS XOAMBRR s pridr @i @t darchi gnal
processor (DSP) 824, and a cache nenory 826. M croprocessor 822 perforns
gener al 5JapiBRSPndPEiRCEFS Mitks FLoTENnsRE Qranadsmdcenp%fernla%ae@a set conput er
(RI'SC) or sone other type of processoP DSP 824 perfor data processing
for the transmt path (e.g., encoding, interleaV|ng, nodul ati on, code
channel i zation, spectral spreading, filtering, and so on) and the receive
path (e g.,, |Iter|ng desgﬁga i ng, Chanﬂellzatlon denodul at i ng

dei nt ert-eavi MY, N@ERGHICHE T Arfdeigb!. Sereimeash e W ceupsishg fow sei Cp“e'}’lfcép?red by
DSP 824 is dependent on the communi cation system Cache nenory 830 stores
data and/ or program codes for m croprocessor 822 and/or DSP 824. Cache
menory 830 nay include a CAM 832 that stores addresses for the data and/or
progr am. The integrated circuit of claim 2, further comprising:

a plurality of buffer circuits, one buffer circuit for each row, each buffer circuit coupled between

second and third serial CAM cells in an associated row.

4. The integrated circuit of claim 2, wherein prior to each search operation the driver is

configured to preset a search line for a second column of serial CAM cells among four columns

of serial CAM cells.

5. The integrated circuit of claim 1, wherein prior to each search operation the driver is
configured to preset a search line for a last column of serial CAM cells among at least one

column of serial CAM cells.



codes and a RAM 834 that stores the data and/or program codes. CAM 832 may
be inplenented based on any of the CAM desi gns descri bed herein or sone

ot her CAM design. A controller 840 controls the operation of ASIC 820 and
other units within wreless device 800. A main nenory 842 stores program
codes and data used by controller 84d7 [0058] The CAM described herein may
be inplenented in various hardware units such as an ASIC, a DSP, a digital
signal processi.ng devi ce (DSPD), a progranmmeble |ogic device ), .. a

F1 oG fFoor dumnreeEd & ut oLy R readherah St oo upBriss BES s BbIAM S5HE ot her
el ectronic devices. The CAM may al so be fabricated in various |IC process

t echnolasgivésreiiuphora® e@NDSEar aEsitiop-thvodsivasiip edrdist GHIS preset Thas)h linsi isoRar |
and so on. CMOS technol ogy can fabricate both N-FETs and P-FETs on the
sane il egumhed CaiM celilt anfdn@)thice eolumne pesesiaNe MUEcdllschnol ogy can only
fabricate N-FETs and P-MOS technology can only fabricate P-FETs. The CAM
may be fabricated using any device size technology (e.g., 130 nanoneter
(nm, 65 nm 30 nm and so on). [0059] The previous description of the

di scl ospd eAROHDRRES olrdiPIRAIASH ithePBARbRInANY person skilled in the art
to make or use t present invention. Variou nodi fications to these
enbodi nents .w |l be readily rent to thos ihled in the art a t he
gener i - BPTHE 1 mehdFRn G BB Rosr Be api el ans hdye Bl pemdeh

wi t hout departing fromthe spirit or scope of the jnvention. Thus, the

pr esent!ifehbeing pessharged prionipesdiosrass agestipryy thsauesitmsaddee atileast acsded t o
be limted to the enbodi mrents shown herein but is to be accorded the w dest
scope domsi stent with the principles and novel features disclosed herein.
[0060] WHAT IS CLAIMED IS: 16 CLAIMS 1 An integrated circuit conprising:
a plurality of serial content addressable nenory (CAM cells and a
plurality of parallel CAMcells arranged in a plurality of rows and a

pluraligy ofrheQhibdiRd cRARNof PnCO TREHeS Lot Ring:
a plurality of virtual ground lines for a plurality of rows of parallel CAM cells, one virtual
ground line for each row of parallel CAM cells, each virtual ground line being controlled to

enable or disable an associated row of parallel CAM cells.

9. The integrated circuit of claim 1, wherein the plurality of rows are searched in parallel,
and wherein for each row the at least one serial CAM cell is searched sequentially and the at

least two parallel CAM cells are searched in parallel.

10.  The integrated circuit of claim 9, wherein for each row the at least two parallel CAM

cells are searched only if the at least one serial CAM cell in the row match.



| east one serial CAMcell and at |east tw parallel CAMcells; and a driver
configured to generate a plurality of search lines for the plurality of
colums and to preset at |east one search |line for at |east one colum of
serial CAMcells prior to each search operation, wherein search |ines for
columms of parallel CAMcells are not Ipreset. 2. The integrated circuit of
claim1, wherein each row conprises four serial CAM ceI ls. 3. The
integrated circuit of claim2, further conprising: plurality of buffer
circuitld, ofdehntgrereditcaitiof clan Sadisrainder sk rﬁoww é"'r legstrtavg) Rardlist S
between second and third serial CAMcells in an associated row. 4. The

i nt egr atkdare s¢aethict ivparalldiami 2onantrentdy witipthieseqdentialasehrck @ thernt dgasraneisenmal t he
driver is configured to preset a search line for a second colum of serial
CAM celd gvarpng four colums of serial CAMcells. 5. The integrated
circuit of claiml1, wherein prior to each search operation the driver is
configured to preset a search line for a last colum of serial CAMcells
anong at | east one colum of serial CAMcells. 17 6. The integrated
CII‘CUIt of i.m 1, wherej ach rgw conpr i and
wher ei n%pri §J|he injegatef) C%‘é{tgﬂﬁ%'ﬁ&a BN A E(rﬁl‘ev‘g%lra?gl con’%?fgcuer egb'%g peggset a
search line for a _last colum of CAMcel |s anong three colums of serial
CAM celmanory celtpenfigyreddp atoseia E11R ¢afiUe 2 @ E9BPAHSYT C'ff%m w&?g% A FUTRAGE | ﬁ‘ﬁ
plurality of match lines for a plurality of rows of parallel CAMcells, the
pl ur al itoredfatamalchwithianewpubditayalpe.echar ged prior to each search operation
by the presetting of the at | east one search |ine. 8 The integrated
circuit of claiml1, further conprising: a plurality of virtual ground lines
for a plurality of rows of parallel CAMcells, one virtual ground line for

each row of 1par ﬁ‘ﬂeén@{ed%%i@%k kRim qa%er‘émréa'éﬁ"ofﬂ{e%l[iﬁll&&ec[klm E‘QISQ‘@ F1§)és| ed
to enable or disdble an associated row of parall M cel | s.

i ntegr aﬁ? e]n%'ségolﬁg mﬁéleﬁleﬁ pfmetaY\@ﬁBg'strcﬂgithltop @MOtS)f Qtfes r%elﬁﬁl‘%ﬁf?{ ghe::l

in par al rern OI’ each row t east 'seria

rch | | n h rallel r rch
?ﬁap;r %%@%%’M?)ts' Zcgltesyaréle C(()juptledetoae} dlﬂle?e%tslgl steg\r%h Rl%e %nd gre contro eJ Ly aadat% vsé uae ched

stored in the CAM cell.

14.  An integrated circuit comprising:
a cache memory configured to store data and comprising

a content addressable memory (CAM) configured to store addresses for the data
and comprising a plurality of serial CAM cells, a plurality of parallel CAM cells, and a driver,
wherein the plurality of serial CAM cells and the plurality of parallel CAM cells are arranged in
a plurality of rows and a plurality of columns, wherein each row comprises at least one serial
CAM cell and at least two parallel CAM cells, wherein the driver is configured to generate a
plurality of search lines for the plurality of columns of CAM cells and to preset at least one
search line for at least one column of serial CAM cells prior to each search operation, and

wherein search lines for columns of parallel CAM cells are not preset, and



10. The integrated circuit of claim9, wherein for each row the at | east
two parallel CAM cells are searched only if the at | east one serial CAM
cell in the rowmatch. 18 11. The integrated circuit of claim9, wherein
for each rowthe at least two parallel CAM cells are searched in parall el
and concurrently with the sequenti al si¥arch of the at least one serial CAM
cell. 12. The integrated circuit of claim1, wherein each of the plurality
of CAMcells corrprlssa nmeno igured to st readata val ue and
a conparison cir &Jft Ogbﬁcrcﬁjd?%fﬁa/rtygﬁls‘m ég“?ﬁito Lot val ue with an
i nput data value. 13. The integrated circuit of claiml, wherein each of

t he pl Lﬁ%EPF%SWY&P”@WFQ:@Iqc§eséHWF@éﬁem?ﬁer%‘tth%H@fasecond conpl enent ary net al
oxi de sem conductor (CMOS) gates, wherein the first and second CMOS gates
are coupled to a differenti al search line and are controlled by a data
value stored in the CAMcell. 14. An integrated circuit conprising: a
cache negror yTieonkdegateedirt @it i alemdat awaadinc hgpprosdssg & canficerdd adperéssabl e
menory (CAM configured to store addresses for the data and conprising a
pl ur al IISr)scéggmé%rl\)@[e|£€\%rg§]|uh§amﬁl plurality of parallel CAMcells, and a
driver, wherein the plurality of serial CAMcells and the pl ural i ty of
paral | eI CAM cells are arranged in a plurality of rows and a plurality of
col ums, wherein each row conprises at |east one serial CAMcell and at

| ttyp |l el CAM wh d f t t
2"l ur B D0 SRR chr g PP sl ar ey B AR et Sconbed € ana

to preset at |l east one search line for at |east one coI um of serial CAM
cel I s piomsroftihAMaeHs. sl et eprepratingd?, leashane st £AM sekhaph af leagdwp paratlsl umms
of parallel CAMcells are not preset, and 19 a random access nenory (RAM
confi gu€ai tadlssthemethioleontatisingand a processor configured to access the
cache nenory for the data. 15. The integrated circuit of claim 14, wherein

t he processofor bdeh @O el e BE df o WPESFOA MM ceps,0cessi ng for wirel ess
comuni cation. 16. A nethod of searching a content addressable nmenory (CAM
comprised of a plyitalinkYat ¥ast one search line for at least one serial CAM cell in the row for
precharging a match line for the at least two parallel CAM cells in the row, wherein search lines
for columns of parallel CAM cells are not preset,

searching the at least one serial CAM cell in the row in a sequential order, and

selectively searching the at least two parallel CAM cells in the row in parallel.

17. The method of claim 16, further comprising:

searching the plurality of rows of CAM cells in parallel.

18.  The method of claim 16, wherein the presetting the at least one search line for the at least
one serial CAM cell in the row comprises
presetting a search line for a last serial CAM cell in the row to precharge the

match line for the at least two parallel CAM cells in the row.



rows of CAMcells, each row conprising at |east one serial CAMcell and at
| east two parallel CAMcells, the nethod conprising: for each of the
plurality of rows of CAMcells, presetting at | east one search line for at
| east one serial CAMcell in the row for precharging a match line for the
at least two parallel CAMcells in tB& row, wherein search lines for
colums of parallel CAMcells are not preset, searching the at |east one
serial CAMcell in the rowin a sequential order, and selectively
searching the at least two parallel CAMcells in the rowin parallel. 17.
The method of claim 16, further conprising: searching the plurality of
rows 0. CAWhecelethedioficlazm db) whereinghe Fiestinely lserdching Bt faaggwoiieallsl GAMe
presetting the at | east one search line for the at | east one serial CAM
cell ialstiheneow ie pamrélsemppkasetting a search line for a last serial CAM
cell inthe rowto precharge the match Iline for the at |east two parallel
CAM cell's in t h?eaf]cfﬂvf’rdg @0 at kst thaepatRichedMiceltd Al the 16w onerrehdlat B&st one

in

sel ectively searc the at least two parallel CAM cells in the rowin

paral | el rises arching the at least two parallel CAMcells in the
rom1oﬁ?vﬂﬁgﬁﬁﬁg?gvhggﬁgﬁggﬂe serial CAMcell in the row match. 20. The

nmet hod of claim 16, wherein the selectively searching the at |east two
parallel CAM cells in the rowin parallel conprises searching the at

| east two %arallel CAM cells in the rowin parallel and concur%?gtl with
t he s@8r chilhgmsthodipd chaim|Igawhersinghe agl¢cavelmarareling therptdeqst puparale

nmet hod of claim 16, further conprising: for each of the plurality of rows
of CANkltseihltls roeontprallEl cognpaises rtual ground |ine for the at |east two
parallel CAMcells in the row to enable or disable the searching of the

at least two pasatdhelg GAMaCatdss.twd2pardiiel ADART akls i6OMPriosi My: paretizhsant or
searching a content addressable nenory (CAM conprised of a plurality of

concurrently with the searching of the at least one serial CAM cell in the row.

21.  The method of claim 16, further comprising:
for each of the plurality of rows of CAM cells,
controlling a virtual ground line for the at least two parallel CAM cells in the row

to enable or disable the searching of the at least two parallel CAM cells.

22.  Anapparatus comprising:

means for searching a content addressable memory (CAM) comprised of a plurality of
rows of CAM cells, each row comprising at least one serial CAM cell and at least two parallel
CAM cells, the means for searching the CAM comprising, for each of the plurality of rows of

CAM cells,



rows of CAMcells, each row conprising at |east one serial CAMcell and at
| east two parallel CAMcells, the neans for searching the CAM conpri sing,
for each of the plurality of rows of CAMcells, 21 neans for presetting

at | east one search line for at |east one serial CAMcell in the rowto
precharge a match line for the at | edst two parallel CAMcells in the row,
wherein search lines for coI umms of paraIIeI CAM cel |l s are not preset,

nmeans for searchln the a t one I cell int FOW [N
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parallel CAMcells in the rowin allel. 23. The apparatus of claim 22,
wher efq\ fheeehasges? maich disp dert the ay Iya% é‘&? BRI GAM cstls frbtagtrowmherﬁarsaqrm CAM
cells in the rowin parallel conprises neans for searching the at |east

t wo péned fbetol @AM afedatadle] GAMheelisawe mnipyesétf the at | east one serial CAM
cell in the row match. 24. The apparatus of claim 22, wherein the neans

for sel ectivel yms@rriohkégeHinethatat |@8sénet 3dial QﬁiMilcélehn fB_Mooeinl $sdquedtae row
in parallel conprises neans for searching the at least two parallel CAM
cel I soifd thg row in parallel and concurrently with the neans for
searching of the at |east one serial CAMcell in the row.

means for selectively searching the at least two parallel CAM cells in the row in

parallel.

23.  The apparatus of claim 22, wherein the means for selectively searching the at least two
paraliel CAM cells in the row in parallel comprises
means for searching the at least two parallel CAM cells in the row only if the at

least one serial CAM cell in the row match.

24.  The apparatus of claim 22, wherein the means for selectively searching the at least two
parallel CAM cells in the row in parallel comprises
means for searching the at least two parallel CAM cells in the row in parallel and

concurrently with the means for searching of the at least one serial CAM cell in the row.



