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[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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[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,
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and para CAM ce s These CAM cel al so
NANP! mmoam logichowt Abe lafss lagnet thp 00BL} OfP@WeItqiié“’rO ’fums OFF N-

e S88) e 300 BT s Rl 1680516t Bt o

NAND gak! 350 Qfhy ON@-FIW 352f waish) preeh&pes tehRaich Bhlthne After
addréss, and the match line for this row remains

Pr«t@gigmmthg atdl_p lmph@p s? o s Holines tformseriahCA Nheplk ]r?é)br?ﬁft refpased
far th t
o e FRES: GG AUSHSEMETT Pl S0F L e b

peﬁi@ﬁhéd‘ﬂﬂ'th@é’eﬁ@h@bﬁd)ﬁ@ dscrilshidsaboae @)rl’ngOB The phuchdrking may be
capacitive match lines rfsul s i n_hi

peeloraehpr on Phase (¢-He dpEPSIqeit MighaPER Cgoeh steal pad i) copgarison
mby 6o geggatrﬂl'fg 3 @ggihér%@g@(e. ot R BRSYic 1) O thd 1eid Pnal.NE




serial CAMcell in each rowis set tologic low Al M
rows are searched in parallel, but only one bit is

wG@eanrobssas at a tine for each row until there iBCHUS2006/038986
m smatch or all bits in thg row are searched. Power
consunption is reduced sin é a hi ghly capacitive match
line is not discharged when there is a msmatch for

[00415] Yy gFyethe RhibodidMe Vitdwn S9AICH, SROKL ﬁl?fefénﬂg\fe{eal%ﬂ Fine 52 and

dépends on the nunber of CAMcells in the row
s2b fory tha spoppdeserigl @AM;c@l gmvl is pagset Py toaatly saasdcte chréaharge the

e | ch of th n.each row.
mat fég)glgr]?é T’;ﬁ]e ?ﬁigcgl r{s]etg rﬂ?ra?l 0 eir sgléeg %&/@%el}]}éﬁ%%e TOW may or
mayahdtérpireset. OF oé:ainipld) mmdwﬁllsommwemcaen 990PiaPRIBHE b2 but
search speed. The probability of a match for any given

thisygs poiiﬁ;guggie U BrGRRAS Hepearsin roding. £ I pothsir embodinesatHhe soarch
11ne%1‘3thl3 nete &R e M M Ibl?tb% hél?‘ﬁﬁ ‘f)%lﬁll o eatcié g%ar% Ii @}e search lines

| esser significant
for athotbbr sfinbCAM béltssnaysor(id?ddt be pamlt t]lnq/epamhladaleinbbmnﬁént the

ft 1- (1/ 2 F
seaty TSl B ot GIMECAIR e peiset Rfiorctongegh (sefrobopn piendral, the
searSHf liBe o bt hurh PérsE sQidl @Aﬁ%eﬁéméwaﬁa%setf Fecmn?é 'tlﬁarﬂgtch p

so.on. A serial search may pef f or med
liney, $ifse power i5i dissigatedgfor eif‘»‘blfﬁparbh 11189 thapi lsqbtssct rit is desipablecto preset

as f%? E&?&H’ﬁﬁe%s Agstlb% > g olfeh Ir%‘t%!} 1ne)3w<|_’o %be of

sear ch

[00493y DEIGeS fsms\me dné ecrw 5b@ of eravindeny b & $mkét1 @e%fatlpélﬁuél CAM
that t hat natg;so s the serial portion. [0034] FIG 3 shows
3t SHRP s prb Bre e atsaRip B Withput miritimige signpla forshe agriabiscotion.

T e

paraflelcsecton vmﬂlhnmiupleumtaéleb@AM bells 12AVhcelidva i FIGSERaRd af Row
§ I 120at h b I

500 FHAER s o oL RPgPH SBOEAIAT oA A0 B PGy Eiept o NOR

gateBHY, NEFETBUE R REETS3 53 A bhdh gﬂlféed%ﬁcg rthezpdralﬁ&%e is not

The four serial CAM cells 120a t hrough 12 are
supporiedn dbel 2htgod PriAET p2d eopples to thei quipuitef mmttar34@f pass

an 1 t.are.c d i,n nd )

e e P G R LAV SR

turnediONitat BBy ivehi mexsleﬁlet PE6Not §ih Sekrchl th%dM &Rl $%- 1ifBVSF the
rop across

ss.tr i stors 226 reduce the voltage
Secwﬁég%alt@%?e& i§P5esih éﬂoslﬁ@gw & genetaterbdt tnoutpeiesinverter 340,
- { Cl nt re
P B s el O ANE ol RAES, bt b b ERAPE 352 i
turnéhOFEY N@ESE) adats tumddl O, thn d1d7ld:}g_@ﬂd linpéy pilledglospeedogié low,
dEpRag@%g 350 rece#v&s out put match Iine nkb from CAM
and 1 A SL8PIE8 signal and drives the gates of an
[0051] FETFIR3 % amﬁl;vsaoxf’e ok 6GB6f CHMT ISR DAgxddt Srigbtréifel CAM

coupled to circuit ground and its drain couple
that sypgtts gatycthe seqrsntid medsrwighouCAny timling ig0als fd?-t]EdEﬁérﬁBélectlon

Ron B WO GRGE RBLE Sy St Ap B AR BB b A o

parallelwectiar w4 enlggle u@ﬂelomwéelmtzgh Th igBferfHiR ST @1 GAMay b
cell. 12Qd and Eebyldes a match |ine gorrthe se?ﬂ%1 aybe

2, 3,514 39ron) ndkavh 6Q0 includesrall ghithe spp@tdirgwime farhewr50§dn 83G. 5,
e [ 340
cxcefPHRL Aok 0T MNP n Ao VIKET 030 RO 02 Brftpagiment
shovgr TURIE;. f6atlda T:ktpuvr matlbiha Illlﬂs fdrCthpt h eékidl CC./ﬁl\/lVédlI(tjlb' @,bb\uﬁlilifll\l %ﬂééﬂy to
Qr e parallel section n
the 18%‘{%@1%@1)11%%5 theexh srrsh AN € Theret %mfbf p liges fonkredest|serial
CAM 261 §P§5 ave their
gategﬂg%ﬁp Ja?ghgﬂgkgﬁﬁggﬁgg?éﬁéﬁﬁpga%éﬂl 0 and to
the pre Iine, respectively, their sources coupled to a
match line for the parallel section, match_p, and

their drains coupled to the supply voltage VDD- An AND
gate 360 receives the



match lines for the serial and parallel sections,
mat ch_s and nmatchj p, and provides the match line for
wo b@7/088805 [ 0036] A | arge portion of the total PCIER2006/038986
consunption for a CAMis tdflcally due to the
conti nual prechargi ng and :%charglng of the match
lines and the continual prechargi ng and di schargi ng of

S hy | X
10052F SEAGEN S SRES SR Bror T (URieh O0F AN Bl S ot e
sergbparallelsetchowshowt whyiriag angt mdngbmgmls ffor thei ®riabs&tion. A

.the match .|l i or only a snall e of r
iRl M B s e e B B fseiea Dhegh on the
desgliptoriftoVidédE&eindy not precharging and di scharging the

search lines. Typicall search line s and

[0088krp G0 ahgws baretess { bl pedpanipoaimiseéseiakpardlloltearch of

t ar be har, ed i n
» YU RL Ry 6 5] BGRY BORB4 BB st cantcn
and: atr least ttwg rpwaﬂﬁl CEAM cellel al‘ H'é- folwk dSfie WIIVNark EsEardiél in parallel
shown in FI G The s or sb line is then set to

(bl@fcng ) hicgrlest ﬁ@ﬁ éP%fﬁh dine proat leptitong dpdd<CAM celhnyeach row is
el PREREL L1 ALy iR QAOSEIL D %G (Y712, For
exampde, | thessrchimes foprtbs e¢cond gelm‘-l)cm @ollofind #TIGRy4 Bhd &) bn Qle last

sl AT AR OLAT S b aB e HSLABPR TR P LTS,

seafidhed e d seQuéhitinl bider ghIBHID ¢14)BVTHé"ba1ﬁH@lS@M\/I Rend ffeach Tow are
search lines, power is dissipated only when the I nput

scleggiuply searphed winagiad (Viarki @16 sHasaxanplet dre p;ea@mﬁl $&s¥ictells in a
t
sivRR Bl ¥ SBEPHED THL A SR Rl AN o BB st or @

commn‘mtlyt With fthel seadel ifal th%hﬂuﬂedlAM aslR. saanangdgsehd Bhé Yor the
rallel CAMcells are searched in parallel

he p
Parglnlﬂq;é r> p¢achirawsaay he ceniralled (to gnabdg emdisabde the searching of
th Aviagge, the serial CAMcells are searched
egg{a?gﬁ({l?y, the parallel CAMcells are searched in
[0054F al Tak, CAN dbsveibsé rlieadin anay barskd €br syeanGhegpl@ttons. One

for o hat the search results
g@ﬁ?ﬁ%éﬁ%éeaam g‘? Yodes, the match_s

[00545}1e RG. ey 'aabloéﬁcéléﬁﬂna@ﬂat\bﬁelgﬁt 8@&1@6 |806%nf:9 wireless
the parallel section are ANDed together to generate

cominBniggionhsysienr f\Mrrehemd@mq 8@ oy, beas cehwtan phondrlaGhandset, a

3%l fon Lh t |
w00 . S oS b R, LR SR e i
a paﬁam SThel mmksgg&stemhmayrafec&ma@l DivRfnl Bulié rAQJcés@Okd@MA)

N FET 342, and the, output of NAND gate 350 is equal
systefe apkimeDigisionMultiple éF‘PeSE) {T]P]Wé\)ﬁ?tplat a GAphat System for Moblle

Coﬁﬁﬁ“uﬁﬁatl&% Ft}%lgﬁl gﬁ dﬂ’ﬂg@@enb? ]91{\115]1(99' ul\l%bféh AcRd {Pﬁ‘fMA)

sysGonpae nﬁmgonal ﬂreqdeacys éxvnsmdn Iﬁﬂtﬂphsedcbas GOFDMA ) ®tsteln, ahd edon.

TN TN
vialaQbcdiREpalaind 4 ﬁrb.né?iﬁ@ Bathl %Pﬁ{e rééém%l)atﬁ i r_%faﬁ t?zﬁisﬁntlﬂsld% base

and the parB signal I's at |og
statiqms rﬁéfdr@lved hg emantfmngrﬁdZI anndeprpﬂdgh Id &deatonen unﬂ (IR@QJR) 814.

el i 31k e 28, B Bl P B Rhe Sovconves e

recﬂeécf IR .digdiiSesOtHeP BénddiortNBoiAt 8ndB PPovidesdllath Whples t
gﬁa T§352S is tur; neod OFF, and t?e maltscha |neeS| so an

aPPE)‘P%@ﬁaﬂ{j’éﬂicvmée@atﬁ@Tm@Bﬁ ASIE) t&%@pfoe fsmgcraprocp@mga] For the
[ w _300
tran-ggl(rftfﬂoyrtﬁéglgtastg% %Ilapé’rﬂft% J%ﬁﬁ%[eggg% e SQs gé?\gga &sm 820
over the serial section, either sequentially one CAM
cell at a tine, starting with CAM cell 120a, or in
parallel for all CAMcells in the serial

L

CX




section. Each serial CAMcell passes the search result

froma prior serial CAMcell if there is a match and
w@awsmessshdgi ¢ high if there is a msmatch. [ 00BAT/UE1006/038986

all serial CAMcells 120a through 12Gd match, then

out put match |ine ndb from@mMcell 12ad is at | ogi c

| ow, the output of inverter 340 is at |ogic high,

o B BR800, TR GPRAETE R Lobdfin fes. st
amph & atid) frequdncy opcauvprs)ahe detaranl gemeratet henddilldted bigsalj which
the parallel sect %on are enabl ed when the match_gnd

is tyanprntted vig antenng §il ¢ toythehise SP#ONSt | parallel CAM cells
: ; i 1 iefbipfo 822,
0076, YD D LSRR ARl
a digital aignalnptopesserl (RFP)s9e, irode dachsimentorh 826.0Mzfoprocessor 822
nver sel if any one of serial CAMcell.s 12
DerF S A BP0 B P e i S "GO pfcompute
RISE) drseffeAMICEhe of HbeksoratDEPSR4 pifolins Ui protdRsihg dbr the
inverter 340 is at [ogic low, N-FET 342 is turpned OFF,
trapsmeit pathclsigt encofing, intedeayings mpdulpiioparedy ehangelifatign, spectral

i | ‘ . . . . ; .

whdfe Flarinond. 5o (R Rsghee Bk O fghfF dosproadine

char@skidation,i dl;na)dhh@ihg, dle)'mteﬂéeavﬁﬂ[ga de«;}rtding, aod rs]NAh!Dt @?ﬁe Pradb&ing to
P- EET 352 t ] ON echarges the natc

be prfEmAibo ISP S3F B SRAeDdGR OnIHS CoaTHBEe o B | Faghsgnemory

83?%‘{0955 &mtbﬁgﬁﬁgéﬁﬁ_ - cétlel £ midppro&kicrl826AMuR ISP 8241 Cache

mat ch, ET 352 only needs to replace a
mesvery B3Gummayminclede € AN 32 Hiat stongs diidvassdsdakthe dotanansl/eripgogram

rior . 043], I f .the,,match Line i
cofis il A R BH Fhdnarishires e doud AT hRErRy b0diS. (CaRLE¥pmpay be
impRIefited S drheny18f e OAM A6sigRYdeba bR HRfER Us sbfte other CAM
certain situations. One such situation is a case in

design.c s eondrodler 84D copivpledhe operatiom 0B APIE He2Opandapther wtaypithin
: . f ' -

i e 60, TRl P T RER e M TG by

comieslleaBA@AM cel | s and the parallel CAMcells match in

the next search, then the parallel sectjion nm .
[0Q38] oneﬂeﬁscm Seicxbgt Bereib Ry R 1B & Revanats Rpgsiware units
. 5 b . T .
sl B ASICOL pAeE SRR L bREBOI e e
logimtlevicp(RLiDYea fimid progrpmuniide getd apay GrP@H), saemiroler, @processor,

and i s PHE daieln; Do MRS A0 BF Giied tn Pl FC process

tedhB614k1eS sidh 28 CMOSENLMOSE P-MIDS, BipoRICNIOSNBRCDADS), dEdlar, and
The logic | ow from NOR gate 330 turns on P-FET 334 and

sof @t c sM&Y drghaolpky rpaanfa%ﬁéatm@th i N E Tghindh Prif b ognthe same

. P- 352, 0.l ine. 4

inGargipd e Y R RANRAINOS (L BRDORY Ko b AT and

P-|M_E]S fe@llntc.cﬂ)@}cciq ahmﬁll?’}d lﬂibh'iﬁ@_e @-BETar ThenGAM mdgé)eﬂfabﬁct‘ejte(?gsing any
ine. the pre ine is not present _and t i ne

deyige gige feshpalog e H@mapﬂ@e@aﬁw& 63%@&%9@? Bk s o

(008 ©  Shbevibor Ehsgipfon i e LembABAR S pBRAEN 1o enable

any i persomgkitled ain Klegiact kownalendrt bee et present| inventiery bdarious

at..l ogi c_high, i ¢h woul.d .t hen.bring t t ch.gngd.
mffigaties s vaecimee pufl e EroGeanprst ol TRl pete art,
anf @@@%&@n@ﬁﬂn&?ﬁés ab@hdd 1Eéiandy bd HPlicd 6lel EmBRiiments without

precharged to the supply voltage VDD- If the preB |ine
departipg doentheapititaetscope bbtfiecnhengiond dihup.the perselir gvergion is not

then the match_gnd line is preventedfrom being pulled
“down to logic low The floating match_gnd |ine

di sabl es the parallel section during precharging of

the match p line. [0045] The preB signal is generated

with sufficient timng margin to ensure that




NCR gate 330 provides the desired |ogic value for
precharging. rn particular, the logic state of the nkb
wae@nabssshoul d be settled before the preB | i nePCEUS2006/038986

asserted in order to ensure a valid output from NOR
gate 330. This timng nargﬂé for thepre d line limts
the speed at which the serial section nay be searched,
int IR0 i Ml £16e EREGAnT DR Phie Sl oibe berba et
scopé caihbdtant With thoprimciplex el mevel featupsrdiddlasked Gédeinni t hout
any timng signals for the serial section. Row 400
includes a serial section with four serial CAMcells
[00é8Pa tWwHUES E2AIMIP 18: paral l el section with multiple
paral lel CAMcells 122, as shown in FIG 3. Row 400
further includes all of the support circuitry for row
300 in FIG 3, except for NOR gate 330. For the
enbodi nrent shown in FIG 4, an inverter 430 repl aces
NCR gate 330 and has its input coupled to the n2b Iine
fromserial CAMcell 120b and its output coupled to
the gates of N-FET 332 and 334. Inverter 430 and N-FET
332 forma buffer circuit for the n2b line. The buffer
circuit may al so be inplenented with other types of
circuit. [0047] The m xed serial -parallel search for
row 400 may be performed as follows. Prior to
perform ng the search, the match_p Iine is precharged
by presetting the search line for the second seria
CAM cel | 120b, so that the s2 and s2b lines are both
at logic low. The logic low on the s2 and s2b lines
turns on either N-FET 222b or 224b, which brings the
eq2 node to logic low The logic |low on the eq2 node
turns ON P-FET 228b, which pulls the n2b Iine to logic
hi gh and forces the output of inverter 430 to logic
|l ow. The logic |low at the output of inverter 430 turns
ON P-FET 334, which pulls the mdb line to | ogic high,
forces the output of inverter 340 to logic | ow, and
sets the output of NAND gate 350 to logic | ow. The
logic low at the output of inverter 340 turns OFF NFET
342, which causes the match_gnd line to float. The
|l ogic ow 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 CAMcell 120b are released and take on the
val ue of the second input address bit. The seria
search may then be perforned for the serial section as
descri bed above for FIG 3. The prechargi ng may be
performed on one phase (e.g., during logic high) of a
cl ock signal, and the conpari son may be perforned on
the other phase (e.g., during logic |ow) of the clock
signal .[0048] For the enbodi nent shown in FIG 4, only
the differential search |ine s2 and s2b for the second
serial CAMcell 120b is preset prior to each search to
precharge the matchj line. The search lines for all of
the other serial CAMcells in the row may or may not
be preset. For exanple, the first serial CAMcell 120a
may al so be preset, but this is not required to
precharge the matchjp line In another enbodi nent, the
search line for the last serial CAMcell 12Qd is
preset prior to each search, and the search lines for
all other serial CAMcells may or nmay not be preset.
In yet anot her enbodi ment, the search lines for al
serial CAMcells are preset prior to each search. In
general, the search lines for any nunber of serial CAM
cells may be preset to precharge the matchj |ine.
Since power is dissipated for each search Iine that is
preset, it is desirable to preset




as few search lines as possible (e.g., one search
line) prior to each search. [0049] FIG 5 shows one
w0 oa758830Df CAM cel |l s for a m xed seri al - par al PET/USHNG/038986
that supports only the seq#%enti al node without any
timng signals for the serital section. Row 500
i ncludes a serial section with four serial CAMcells
120a through 12Qd and a parallel section with nultiple
parallel CAMcells 122, as shown in FIGS. 3 and 4. Row
500 further includes alCLAIMS® support circuitry for
row 400 in FIG 4, except that NOR gate 350, N-FET
344, andnAnEERtegsAcHdgempEdAZoni tted since the

paral | el. e .1.S Rs ety of
cofl ;?h‘ggh‘iyg&%ﬁ%alocﬁ ?‘ %u% 2#393%%@2 ?‘%ee r&gigﬁpo%ggg]anlg:g :blt he o
paraBEOAMEALs agfanyed nn FHnGlitbof eivtshad alplEglty3fZobmme, BEh row
352 is turned ON_ at any_gi verl n?rrent. ]i)ri(g%{]Mto e,acﬁ
compggng At lepsiona serigh GAM 5o pabad least typarallel StMEslIP 40 cam
cell 4 o badi Eatedingd férh@e PHimality of
of 2jdihr Rbffihed %P?%%#%sagﬂ“gﬁltt%?ﬁgdﬁm, S e Pty
coluprmiks cinjifto lreset bislepstenkaegrell lintHer etieasironeeohmmm 36 senigd CAM
turned COEF, B%FET 342 is turned ON, the match_gnd |ine
cell§ iy fp pach 8RR PFHYYi ¢ 1 ow, and the parall el section
is enabled. [0051] FIG 6 shows one row 600 of CAM
cells for a mxed serjal-parallel CAMthat support .
onl2y t hdhedufgstatadircwis @8 claime Howhergiycach foW GORPHRG) fgur serial
CAbféor 1t he serial section. Row 600 includes a serial
\ ecc?% Pon with k serial CAMcells 120a thr ough 120k and
a parallel section with multiple parallel CAMcells

122. In general, k.> 1 (e. Q. be 2, 3, 4 and so

on¥: Ro Gtegﬁ?tthfﬂégnﬁhla’g‘f‘ 2 E‘é‘%ﬁ‘mﬂ’@: rcuitry for

ro ! 1 it edenFfukfer circuit

532 P e B B D ot B g o
coupledbatveen BécGnd @nd thie setielglAMherllshin ki peso¢iated s h seri al

CAM cell is coupled directly to the input match line

for the next serial CAMcell. The sk and skb |ines for

t hey | astriieintedtatéd Nu@! df disimP2,esi@dreifpiriok td eachaehrch operation

search to precharge the matchj line.[0052] FIGS, 4, 5
the driveris shofigussinTae) a dearly Hae &1 asecond eotumn of serpl AN fells

m xed serial -par. rch without requiring any
amﬁqglﬁgﬁbcémgﬂ%?gsepgfré&\{le&ggfi al section. A nixed
serial-parallel CAM may al so be inplenented with other
desi gns based on the descri.pti on]@é)r.ovi de? he“&’]ei n, fio
[0053] Fiits infegsieeiraiphicrlaity L7Beeig PrioE 19 7h egich operation
i xed. serial - naf RIROSE e CAM cells
e B L B o
ameey itdéasCénd aodbrhn afistriat CAdhsellst wo parallel CAM cells. |
The rows of the CAM are searched in parallel (block
710). At least one search line for at |east one serial
CANVg cel | The i@ashiei Otout 6FF ElaBh 1, Ovlreia hakceow omhpfises three
line for the parallel CAMcells in the row (bl ock
serizll CAM Eells, end ersin prier te @astesearqhreperasion thedd s ds gonfigured to
seri al Mcell, (i r '
prefprsgarel it §5% ! GpEDT AV Rl indily b€ c)fihos i CAM
celkel I's in each row are searched in a sequential order
(block 714). The parallel CAMcells in each row are
sel ectively searched in parallel (block 716). For
exappl e, : ' ' row may be
sea thedT%gii‘tgﬁ?t?)h %nf%ut1 e %%?JI iéffuf&gél\r/?g%wgﬁ%n t hat row
match or (2) concurrently with the search for the
serial CAMcells. A virtual ground line for the
parallel CAMcells in each row may be controlled to

enabl e or disable the searching of the parallel CAM
cells.




[0054] The CAM descri bed herein may be used for
various applications. One exenplary application for

WO b@7/0288h3 s descri bed bel ow. [0055] FI G 8 shom&T/ES2006/038986
bl ock diagram of a wrel ess,device 800 in a wirel ess
communi cation system Wreless device 800 may be a
cel lular phone, a handset, a wireless termnal, a

pensanaliniofikath 858 fral bk BRNof RvsSEMParMldIaTAM cells, the

el ectroni'cs apparatus. The wirel ess system may be a
plurgiteoDimatelt dineleingp Precherged PriocDNnypaddy seaseh oerpiipp by the
Divi si-gn [tiple (TDMA) system a d obal
pres g?é’&a}eoq‘w?\%t)ﬁegeégﬁnﬁuﬁ%i cations (GSM system a
Frequency Division Miultiple Access (FDVA) system an
ort hogonal frequency diyision multiple access (OFDVA)
sy$t em hedniegragsd cuicnipsbelagp ilzeﬁ“‘étg‘? TSEEB00 i s
ca i Pghid jinddi hRARy JTQBWY BF pakIIATXMAcells,
a %c{él?l\l}g %gglgmgﬁ%gglc%)lﬁ%égsﬁet&%a?lﬁy For theﬁr_ecei ve ce_s
one patthiml gowynhlise foragashirowed fayalleh SANM: eallspeashavigual ground line

. recej ved, by antenna 812 and .provi.ded,.t ecei ver
beinigopirpHed J&)enals OF Sas g ASaRMtedaqy ol BRI GRM Iy
filters, anplifies, and frequency downconverts) the

received signal, digitizes the conditioned si?nal and
pr i desThenfrdegsatash| carsuit ofaglaimp ) | Whagreianths plusafify of rows are
inteqrate i Gu . ) fun [ Pr.o¢ ' :
scarp i B, AP, ;b o kall P o o LB o BRANCARR el i
searvhéd@deqasntihilyiand (RO ldast tpo@atadietl CHM AS1Gir8 8&irched in parallel.
transmtter unit (TMIR) 816. Transmtter unit 816
conditions (e.qg., filters, anplifies, and frequency
UPCRNV eI 1R inkddeatdRLRod6k QHRED vBSrefh 1R QuéEdH Rl ANddst two
which is transmtted via antenna 812 to the base
paralteh iGAMScells 006 ZpardBidOm 6f thecitudess onarsenalsCAM wcell dwydle row
, for exanple, a mcroprocessor 822, a digital
matgﬁ'gnal processor (DSP) 824, and a cache nenory 826.
M croprocessor 822 perforns general - purpose processing
and may be a reduced instruction set conputer SRI SO
or Kone Bachintegrstpd cisguipelelaisns 8r whersm 87 £agherav thesatdgash two

ing for th ' [ .
parl iSOGt g sebipd PIEER L R Sl frofly yERAE s Bfential scarch
of tBPadbistbns pirddiAnd cell.i | tering, and so on) and the

receive path (e.qg., filtering, despreadi ng,

channel i zati on, denodul ati ng, deinterl eaving,

decpgi ng . « 0C Gt f

by [op a9¢ MeGRcl e BF cRiRCEShatdnl @aith JRRE 18! Stimas of
pardliad KA Meetls yre880pstatr es dat a and/ or program codes for

m croprocessor 822 and/or DSP 824. Cache nenory 830

may include a CAM 832 that stores addresses for the

dat g3 andfR¢ ifiéRaEdBraaresclaing 1 awh&MrBethtdfake luilies of CAM

the data and/or program codes. CAM 832 may _be i L.
celis epimpnises aulemaneetlioonigyred o slare Tdair Jelie ghd agenpaiisaFircult

confnieti SopRARTHE ARl R Ry BoBRI PR 10

within wireless device 800. A nain nenory 842 stores
program codes and data used, bﬁ controll ﬁr 840. [ ,058%J
Thel4Am dbe intearaigd et Al flayn e whasirerachiaf dhs plugality gh &AM
It 545 th Oxid® @hfldndbctor (CMOS
cel S Hik MGl fidlfsy Aok Bride Rhiidltor (QUOS)
gateks wheeeifl Bldirst andf deedrd QIVIOS gatesedyt eowredetoan didiferenfiflGejrch line
controller, pr Qcessor,,. an er, el ectronic
an 9i°8%§9113ﬁf%’%%ﬁ¥?§‘§e%?r§8nbglewc? ed in various IC
process technol ogi es such as CMOS, N MOS, P- MOS,
bi pol ar- CMOS (Bi - CMOS), bipolar, and so on. CMOS
technol ogy can fabricate both N-FETs and P-FETs on the
sane




integrated circuit (1C die, whereas N-MOS technol ogy
can only fabricate N-FETs and P-MOS technol ogy can
wo@pioy/08sehs i cat e P- FETs. The CAM may be fabri cap@miusmie1gpsose

any devi ce size technol ogy % . 9., 130 nanoneter (nm,
65 nm 30 nm and so on). [18059] The previous
description of the disclosed enbodi nents is provided

abl r)[¥ erson k|IIed in the art to nake or use
the % { t°?’f8‘l’11 CRAPTBYs nodifications to these

enb@é’dcﬁe Rlenotd obnBréERGtdry d@RRAd esthptiging hose skil | ed
in the art, and the q%&;e“ c principles defined herein

][ray be appdntent addrassabls memoB( (D copfighisd to gioprnpddrerges for
e AU ExRfhS 53naRRRS: Sk CONUREL BRra47 ot cov

celiedrddh dver SWmemwpmmy bﬂ:tenlaBCJAM bellsaagichel phiirdlitg of parallel
wi dest scope conS|ste (\#th th% p |nﬁtyp S and n ve h

CAM s¢llsr ae agpagadds dPIie 15’ TOVBEBOP m erem cac

row &rﬁgﬁ%t (l)?asto‘ﬁné 80 A kel dridUittie s Wb'p%&‘cﬂﬁl C@;M'\clzpells and

ty serial content addressable nenory
wheneiﬂ the aﬂnml’e]alsmomﬁgvned yo géneate al plmjahw ssefohdlings feirife glurality

I I W MG W -

serfil ClA@R &1l piior Bk adhl s@hrcEﬁMr@@éﬂ gpdand a driver
configured to generate a plurality of search |ines for

t he pl ur arandpmeccessmamesy SRAMsophigued tostoredhe fatapmd
sea I [ CAM
oi  rbsteBF corilenfiy o 383%s AREaGR R0 P Big e

[ ntegrated circuit of claim1, wherein each row

conpri ses_four serial 3 .The integrated

cirdfit dhe Bytegratd wfle}rc%mc Heigip g BroRRords Fonfigred to

IeUbt WireREEcoRhiBEatiohr CUi t for each row, each

peﬁéﬁ%c‘%r UIt lcfgup I'ed bet V\?elen second and third seri al

CAM ceIIs |n an associated row. 4. The integrated

cir ai,m.2 erein ., to,each sea .
opeﬁZ‘cl 0 ’inﬁ ogirofféééarrgg}%g L6t F‘&&%SE?S?%’ PeLRtY Q&Q}Q pgprised
of hiphfalit9Tofdows 60 CAM VeliRadH roweEdrapris El%hété‘onarmﬁm CAM cell

four colums of serial CAMcells. 5. The integrated
and ptrleast twoparglleli GANL C%éh‘z‘:\mﬁthﬁfi compHgngach search

oper.at | glglqlr to preset a search

Ilngoa}f 8&‘8%@8??&51‘( fbsw eria of M cel | s anbng at

| east oneresetitignat lv‘ast&ﬁfelsadarclﬁhwé c@l dtdeasb ond baial CAM cell in the

|ntegrated circuit of claim1, wherej ch ro
IO dppierliage @ma@il lngrforihe eippst &yp §aragﬁlo‘%f{€?f‘g Isn ﬁﬁ'faw to
each seagCh.pp rtl?él hg[bfa&h@nedéfén"éﬁ CAM &N aidr e Inoa sequentlal

preset a searc or a last colum of CAM cel
ordempangd t hr ee col umms of serl al CAMcel.ls. 7. The

integrated circuit urt he i sing: .
plurali t)?éle 1y, E??I‘f efag]lledﬁt E‘T’%lpﬁTaﬁlFt;%g@/[ &%g}ﬁ‘e Tow m
paﬁﬂepJ lel CAMcells, the plurality of match |ines being

precharged prior to each search operation by the
presetting of the at |east one search line. 8. The

i nt egr at cu corrpri sing: a
pl uﬁgl [ tﬁg e@h(ﬂ aﬁ%lmrqgﬁﬁghﬁ%l néerglgé ‘a plurality of
r O\A&e@éhlﬁgﬂﬁlﬂlﬁlah@%\ﬂrsﬁb bSCAMeeIlembwrallelgr ound line
for each row of parallel CAMcells, each virtual

ground |ine being controlled to enabl e or disable an

assqgl at gq ", Quh8d oP @faﬂhllgl, whEME Bl presetting the at least one search

line for the at least one serial CAM cell in the row comprises




9. The integrated circuit of claim1, wherein the
plurality of rows are searched in parallel, and

wober o8s30 or each row the at | east one serial BAMUSEN6/038986
is searched sequentially and the at | east two parall el
CAM cel |l s are searched in rallel. 10. The integrated
circuit of claim9, wherein for each row the at |east

two par ghbgktifeAMGalH lﬁle%?a?aesﬁﬁe &hge !k Eﬁ tl'lgffl}‘éw#ﬁ precharge

| east one serial CAMcell Int row natc
the mpgdglimet fevitheiat pastitwofpardllal GAY/ cellsan ¢herofor each row

the at least two parallel CAMcells are searched in

paral l el and concurrently with the sequential search

of 2Me alhd metbdwTelgtr 1R whebinClt Iseledi®velyf B&irching the at least

integrated circuit of claim1, wherein search |ines
tWOfRf‘Falg’b vh selisrin Sha wow @ pagilel e@nprisesr e not preset. 13.

The i nt ei n.each o

plural fﬁ%&%ﬁ&t@% o e o Sl CAM B B AR Ry 1 at
leaatonéi;eyiaiéAMoelkhﬂhermdatcﬂl val ue and a conpari son

circuit configured to conpare the stored data val ue

with an input data value. 14. The integrated circuit

Of Zll. ai Tk, mbihel rtigacty, C\f/hérgiﬁ tht Qél@éti\;ey Qéar‘ffﬁgé(ﬁlgl dtSeast

onmprises first and second conpl ementary

tWOsi@ﬁfﬂl@bﬁAMFQﬂS i OMoO)W igaaele]l ediaprises t he first and
d t | f ntial
e and eyt i ablefs T¥EipeEich Py elfe L frel vt and

conGiAtdrtlgivwithlthe séMicting 601he heRagtion6 Wérial CHMATdeR ifMfhe réwCache
menory configured to store data and conprising a

content addressabl e nenory (C‘Al\/p configured to store
addzrzess f a plurality of
seri al ec%ll\sllgi *J‘Sfﬂ%hfh’?gﬂm? %l?}? 1lel CAM cells,
andoneathiof ére plwahtyaofrrotvblef GIAM ad:llst y of serial CAM

cells and t lural ity of paral CAM cel | s_are
arrang e&op'ﬁ&gng &0 F%F"?l lgin“afl ling fr tg?l at lgash e aﬁnaH?l @AM cells in
the F (W eHable\Wn AIs8hIR tRAS AW JFIRPL] ?@Eﬁ{ﬁ
serial CAM ceSII and at Fﬁgast tméa%ﬁﬁ@rf?&?l ce ls
and wherein the driver is configured to generate a
pllgallpyl_f? r%h | i nes for the plurality of columms
LBt at | east one search |ine

for at Ineast f@rsea@mnugmo@fens SddradsaliioMenedry cmworﬁp?lsed of
each search operatjon, and a random accesS nmenory

a Plelmhm ofagYys P (Al celds, ﬁl@r OV pranprising atdenst engsesieb€AM cell and
f t he data.
at 1%%%&1@%%&%% gm%glgss ‘lenetr tggal}%%??eafl(%ﬁrp% t\{xg Coég%l og}pﬁlslnlgefor each
oftlpﬂﬂmﬁamfrows oHGAMuelel t o perform processing for
Wi rel ess co%m cation. 17. A nethod of searching

cont ent "4dH ﬁﬁegmrgeq‘rd?aft PREARRPTDOHST fos @bileast ope Seﬂal CAM
cell h edownt 16 RbcHa Hlfatc%f‘ﬂe%i' ¢ atq pt\i}@?‘aﬁﬁ Aﬂ 513% s the
par a

| east one ‘serial CAM cel east
TOWCAM cel | s, the net hod conpr|S| ng. for each of the

oo 2l g B AT o SR a2 A e i o

sequechiallod®ér! shdpr echarge a match line for the at |east t wo
parallel CAMcells in the row, searching the at |east
one ser mAnORwselertively\seatahingdie phlcast $wqperailehCAM dails in the

rowzfﬁ]garallel.

24.  The apparatus of claim 23, wherein the means for selectively searching

the at least two parallel CAM cells in the row in parallel comprises



sel ectively searching the at | east two parallel CAM
cells inthe rowin parallel. 18. The nethod of claim
wdaZgo7fsssvher conpri sing: searching the plural i PgT/082006/038986
rows of CAMcells in parallg]. 19. The nmethod of claim
17, wherein the presetting e at | east one search
line for the at | east one serial CAMcell in the row
conpri segRaRSBE sdaftis e af rélastltwe %afa‘ﬂél @A!wééus%ﬁ Eneqlow only if
CAM cell in the row to precharge the match line for
thetai ieagitone serial GAM cgBimtheapwanpitleel I's in the row. 20.
The nmethod of claim 17, wherein the selectively
searching the at least two parallel CAMcells in the
row2s.n pahaidethod of Bfain D3$ wheriic thie igednb Gorakleb 8@y séarehing the
par al | el Mcells [n the rowonlylf the at | east one
at 18a5t Foap Desallpl LA WL cells infbe o imaaralel comprivtie met hod of
clai m 17, ukef, 'sQarEllﬁﬁ Stﬁé %ﬂéagte!vyo gﬁ%ﬁ&%ﬂﬂf EO& 1‘?} ‘ﬁhe row in
| east two parall s in row in paralle
pareBeipmdsesciyeatly hmﬁgtltehaeats for astrcttimg o theadt [ledst GAdvkerial CAM
1g:el Ls in the rowin parallel and concurrently with He
celiWAPe Mg of the at |east one serial CAMcell in the
row. 22. The nmethod of claim 17, further conprising:
for each of the plurality of rows of CAM cells,
controlling a virtual ground line for the at |east two
parallel CAMcells in the rowto enable or disable the
searching of the at |east two parallel CAMcells. 23.
An apparatus conprising: nmeans for searching a content
addressabl e nenory (CAM conprised of a plurality of
rows of CAMcells, each row conprising at |east one
serial CAMcell and at |least two parallel CAMcells,
t he means for searching the CAM conprising, for each
of the plurality of rows of CAMcells, neans for
presetting at |east one search |line for at |east one
serial CAMcell in the rowto precharge a match |ine
for the at least two parallel CAMcells in the row,
nmeans for searching the at | east one serial CAM cell
in the rowin a sequential order, and neans for
sel ectively searching the at | east two parallel CAM
cells inthe rowin parallel. 24. The apparatus of
claim 23, wherein the neans for selectively searching
the at least two parallel CAMcells in the rowin
paral | el conprisesneans for searching the at |east two
parallel CAMcells in the rowonly if the at |east one
serial CAMcell in the row match. 25. The nethod of
claim 23, wherein the nmeans for selectively searching
the at least two parallel CAMcells in the rowin
paral | el conprises neans for searching the at | east
two parallel CAMcells in the rowin parallel and
concurrently with the nmeans for searching of the at
| east one serial CAMcell in the row



