; e3ehdd” ~6Th?1 DRAM CAM CELL W TH H DDEN REFRESH BACKGROUND OF THE
| NVENTI ON Technical Field The invention relates generally to sem conduct or
. memary devices, and nore specifically to a Dynam c Content Addressable
Menory (DCAM Cell. Related Art Modern tel eco ni,cati on networks conprise
digital data networks that transmt data in pg:q;edmrmﬂa)cks cont ai ni ng
address fields for dynanicall routingwthe dat a packets or bl ocks through
g RrRRed e

the network (e. g., to t HRAY SR nGERBn £Eﬁr%£29E tRﬂFﬁﬁ eds. The fastest

searching of stored data nay be acconplished using a Content Addressable
Menory ( CAM) . As the sine of networks (e.g., intranets and the Internet)
I ncrease the need for |larger CAM arrays increases, and accordingly, the
need to attach nore CAM cel BECKGROUKDNOPNTHE t INVENTION eases. Cont ent

Addr essabl e Menory (CAM r arrays of the related art are generally

| npl emented with 1 -

Technical Field
The invention relates generally to semiconductor memory
devices, and more specifically to a Dynamic Content

Addressable Memory (DCAM) Cell.

Related Art

Modern telecommunication networks comprise digital data
networks that transmit data in packets or blocks containing
address fields for dynamically routing the data packets or
blocks through the network (e.g., to the destination
address) at high speeds. The fastest searching of stored
data may be accomplished using a Content Addressable Memory
(CAM) .

As the size of networks (e.g., intranets and the
Internet) increase the need for larger CAM arrays increases,
and accordingly, the need to attach more CAM cells to a
common bit line increases. Content Addressable Memory (CAM)

arrays of the related art are generally implemented with
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all ,the di sadvan
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ternary DCAM of
nust be periodH€
passtransi stors
charge-transfer,

transi stors. ZPﬁ

cell is gradua
t he infornatigﬁn
"refreshed,"” iI.e

thu
gen
sto

exp

rel

may

3 either conventional Static RAM (SRAM or conventional
Dynam ¢ RAM (DRAM 1 hardwar e designs, and therefore have
tages and limtations of one such hardware design or the
ternary Static CAM (SCAM of the rel ontains two
Ztﬂ@ﬁuféQQ up contai ning
transistors, thus a total of 16 transistors per SCAM cell.
bexl cpnyené iptade Sdistd a RAM o SBEMY 107 comvigntiiomadf st or ed
ors (e.g., stored data errors due to exposure of circuits
ErYRY 1VA-E@aicc Ay nearisa RAM(IRRAM  bamdppeaN esdiansef amide
contain_fewer transistors than an SCAM_ but may have
ERGAFRg PA¥S: Addt the désddvantageswendpdimstatdoas /E: priecal
éh related art, includes t data. storage capacitors that
Iﬁ?r Yageafgsign ethddo P etr-ge-transfer via

i ta%é?e?éﬁ%%?%%& e Somsant Jowlh r £ ?h%i%%?#narﬁ:our
FAUAEO B Qted b the I3l 2toRge SaPRENG 5105 3.0

I'ssi'pat e eakages Wi 1 FThi § r&ason,
?E?tBﬁgl'c g&)gg %:gﬁ&ggg&%%g%ﬁ%ﬁkﬁdgﬂ%ngﬁ Rehh8qe8lLY

s a total of 16 transistors per SCAM cell. An SCAM is
erally more vulnerable than a DCAM to corruption of
red data by Soft-Errors (e.g., stored data errors due to
osure of circuits to ambient radiation).

A typical ternary Dynamic CAM (DCAM) cell of the
ated art may contain fewer transistors than an SCAM, but

have disadvantages including destructive-reads and

slower performaﬂce. A typical ternary DCAM of the related

art

per

includes two data storage capacitors that must be

iodically read and refreshed by charge-transfer via pass-

transistors that are also used for reading and writing data

by charge-transfer, in addition to an XNOR cowparison

circuit containing four transistors. The charge stored in

the
dis
the

per

data storage capacitors of a DCAM cell is gradually
sipated by leakages within the cell. For this reason,
information stored in the leaking capacitors must be

iodically “refreshed,” i.e., the charge is read and then



ren - ~r J UN Zu~3 re-witten back into the storage cell. The related art
provi des various DCAM cell structures that are limted in that
refresh-reads proceed by charge-transfer thus destroying the data stored in
t he dat a-storage capacitors, nmaking the DCAM cel | t.eqlpﬂrﬁwgznavai | abl e
for CAM searches until the data is witten back into't ell by a
refresh-wite. The entire refresh read-wite period thereof generally
occupi es ti nme rbHvE térh Cba CJAM istedr e Ss ttdrad®tcdlel perfios nedlatild Grt
limtations of the ability to sense the relatively small charge-transfer
fromthe storagsociapesitaridws Dcapacel] vetbidthtare woupl ek therieded liidn t s
t he maxi mum array popul ati on on such bit-lines, and/or requires |arger

st or age capacititorts. reNirestanpd ad of prsaoded 1she séthaeie we-greaibDEAMd s di scl osed
in US Patent No. 5,949,696 issued to Threewitt. A variation on the
ternary CAM cealds iy ng ethdyddata esvited thatthpr oldidestorsgrarcaipacitors,
search-line and a separate bit-line for each data storage capacitor of the
CAM entry, is makign dikel PEAN-|qR1) tempbriarisiniyravai Yahiie dphyrPih
~inherently-destructive read. A read operation for a refresh of the DCAM
circuit of thSSFHANR Withddietdrta nisrwgitteans hask dikey the df@tgeell
transfer of the char stored, in g . data stora capacito e. g. SBO .or
SB1) through &’Ypa?ssr%eresli‘"twr.l-t% I nLire. HhEpash e ‘éfgrd.t,e PRI T1R
respectively) ,and through a-bit line .(e.qg.. NBI.,T ar HT,. re tivel . In
ol enent i ny GANESE YRR it hinS steed WS TR estethsy o
CAM cel | si ze, i ay Jutilizati.qn, .ln j Nt . it
is desirable tc(?qgcekrc%t.(;rgnél t eglafrs% nf%{s'h oliésc%’orlgigdl%a te:lL qu\}ét E;rﬁm%%n%{b qgé‘%q%f or
interference WdiysL AWM S SAIGTE QRENA TR ?M%Ytgén%rj WMk storage
Accordingly, the present invention provides, "anong ot her things, an

i nproved Dynamiapaeiticantt Addregsallta We sy 1ReAMougalld topekagy 1ikats
contains fewer than the 16 transistors of the typical Static Content

Addr essabl e Meingr yWaSGAM ofrayheapellatddracn steh Phat- ldaespeshdymra
“hidden" refresh of stored data that does not delay nor interrupt the CAM
search cycl e, relyigns pgradadi My B [dapagidoirsr-mance. The inventive DCAM
achieves its search performance by simultaneously conparing all entries
stored in the nmenor P enfemigh ¢ Aestragtivenperdn8C®MAbEds st or ed

{he' non- conduSKiTE- B9 16} (v BREERS. Mear G SAPaRSFor SHUPHe LR TREPFLLC)
hat cont ai n Svar H it Sl P e SRR ER Yoo 8 B4 RIARER RRTRnEReRSLE O,
- 4 J UN 2008hat provides a separate search-line and a separate bit-line
for each data storage capacitor of the CAM entry, is
depicted in FIG. 1, and ig similarly limited by an
inherently-destructive read. A read operation for a refresh
of the DCAM circuit of the related art depicted in FIG. 1 is

performed by charge transfer of the charge stored in a data

storage capacitor (e.g. SBO or SB1) through a pass-



correspondi ng conparand bit results in a conducting path between each of
their Match Lines..andground. Enbodi nents of the invention provide a
non-destructive read operation, such that the stored-data does not have to
be witten back because of a refresh-read operation; _agdemﬂe?-a | e CAM
search can be performed after a read operation and befdr \‘/‘é while the
refresh-data is being witten back. Softerror detection processes well
known to pErabadsskrl lleddi-n THE ert TRy Wespectovedy)orndathromghent ry
during the pendency of the refresh cycle (or independent of the refresh
cycle) witRébt laBrayeng -oNBIdt exr B3 ngeshrrsd4edl) oper ati ons. Enbodi nent s
of the invention provide CAMcell circuit topol ogies that can allow nore
CAM cel I's to belli éBPLEMENEARG- GAMS!| A8 a8 desAnpRirayot RARimdgehéheied to
a read-bit-line,of a DCAM array the related art, thys resulting in greater
array util FZa8PPIRLOR FPMBE aggéer 6RM fellngéRei oARPr 5¢i dBSTE2ERGPLARY

system t hat I’,fO{:n’B t he funct'ion of .a network, router, and " CAM array
havi ng a Cﬂhﬁé?? LREr uditRg ™R gRERting, RGAMAelt L3 geﬁégébgﬁt 5% ncl uding a
stack of fjrs nd secand pass-sw tche the,First_Pass-Switch bein

coupl ed topléﬁkgg?ni tégevmrf_a TR ggcg}%rﬁ s§?§9\j Y%Eha?lﬁlmge;é\égaﬁaf)g gfgr age
Devi ce ope L t i t o] -Swtch; and a 5 - ~r J UN
203 Thi rg £§%§¥g\%¥$gﬁecg’%%§c?e F%a?ﬁg ﬁgéggﬁg?’?aet ecting the logic state

of the Data Storage Device. A second aspect of the invention provides a
met hod for performng a plurality of CAM searches in a CAM array having a

CAM entry that has a word of sgrrRarkablFerdat awegkereoni n a plurality of
storage capacitors, conprising the steps of perform ng a non-destructive

determ nati on oActbedingilyanthsupsegaant iyveet{iat nbngvade€dAM aeangh. The
foregoing and other features of the invention will be apparent fromthe

f ol | owi ng aeherpbhingal anndiwpropedonynameabooh pemt sSAdfir¢heabheeMenony as
illustrated in the acconpanying draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS
Enbodi nent §PeRMt heept eserelpaverabneantaimer éewes tidhanet@estfi bed in

ConlunCtIOgrgﬁggsgggsag?egggdtgéfggfggtatic Content Addressable Memory

(SCAM) of the related art, but that can perform a “hidden”
refresh of stored data that does not delay nor interrupt the
CAM search cycle, thereby providing SCAM-like performance.
The inventive DCAM achieves its search performance by
simultaneously comparing all entries stored in the memory
with an externally applied “comparand.” Words stored in
entries in the CAM, which “match” the comparand result in
maintaining the non-conductive barrier preventing charge
transfer between their respective Match Lines and ground.
Conversely, all words stored in entries that contain even a

single bit that mismatches (i.e., does not match) the



where |ike designations denote |ike elenents, and wherein: FIG 1 is a

bl ock circuit diagram of a destructive-read DCAM cell of the related art.
FIG 2Ais a circuit diagramof a DCAM cell that supports non-destructive
reads and "hi dden" refresh of searchable stored data in accordance with
enbodi nents of the invention. 6 - ~4 J U N 2003 Fl G-i}BJU;Na?@@:pcuit

di agram of an alternative enbodi nent of the inventive DCAM cell.of FIG 2A
wher ei n sepere¢epbntlihgnesmpaeapdobitietdefolts eqdi aagcandhowing neatikrl G 2C i s
a circuit diagramof an alternative enbodi ment of the inventive DCAM cel |
of FIG 2Aekeeenneseharht théit-Maheb hirepravd.decbvnd. r egubodimecsriti ng,
and separate search lines are provided. FIG 3 is a timng diagram
illustratief the inwengieel provhdai psnanviesttiwitioss wrad ePrRIrTOIRR O
signals and illustrating nethods of operating the inventive DCAM cel |l of
FIG 2A. whsthepi ehe atexpdedehe adree mrgiglme Sy thesm WA RRR dep @k CAM
array conprising a DCAM cel|l depicted in FIGS. 2A, 2B, or 2C. Detailed
Descri pti PEGRUERDBE| AehieErefhrRead noRp¥2biPH @b R dehiakle @M cui t

di agram of _a ternar nam ¢ Conteni Addressable Menory ( ell 200a in
accor dance®9f aﬁa%n)BD%qPWéﬁ?r'B? thECBF R eTR2 IRRGH .nﬁ%ﬁcﬁﬁ?v‘é’: _
2c dat b storaBoktPoRue "EkRER dReE ST B Bid bR Rt oot char gec
o CrerRGEe P RARF Bt T et et S L B A B R T 2

the art may be performed on each CAM entry during the

pendency of the refresh cycle (or independent of the refresh

cycle} without delaying or interrupting CAM search

operations. Embodiments of the invention provide CAM cell

circuit topologies that can allow more CAM cells to be tied

to a read-bit-line of a CAM array than may be tied to a

read-bit-line of a DCAM array the related art, thus

resulting in greater array utilization.

A first aspect of the invention provides a digital

system that performs the function of a network router, and a

CAM array having a CAM cell including: a data storage

device; a pass-gate including a stack of first and a second

pass-switches, the First Pass-Switch being coupled to in

series with the Second Pass-Switch at a Node; a Data Storage

Device operatively controlling the Second Pass-Switch; and a



- ~J UN Z003 (CELLO =210a, CELL1=211a) each of which is nerged with one
of the two transistor stacks (T2-T,4~.and T3-T5 respectively) of the XNOR
conparison circuit 202 that is connected between the MATCH LI NE and ground.
By storing a "0," or a "1" (preferably a "0") in bath neno stor e cells
(e. g., 210a and 211a), the ternary DCAM cell 200a storEd} aj/ gstate
which allows a |ocal nmask logic value to be stored within a gl ven wor d

entry. The B +dtYaks- Sl DFEh dcoMBSKE ed 08 Crisd AlSud NF S e XAAI MY Qi dat a
stored in an CAM array of DCAM cells. The bit-level masking facilitates
and/ or enabl&$id her £t O b Nk 186 IO bFGg ST D ggldr ess range using the
present invention and is beneficial in, Inter alia, network address
filtering appli catsensnd Bdssk tredt stipd 1meen vt e, TASM £ ahdt Adise an
Excl usi ve Negative OR (XNOR) logic function inplenented by an XNOR Gate 202
(as shown ipeFfdEsnimAp a B uitpncdHidiag senrchel I anIAN asray rrangiaty | n
two parallel stacks of two (2) stacked transistors. Each transistor stack
includes a 4iGAM ¢uibsy svidatchhde. . wiikETof reamictadrl e Aadra EPoral i second
pass-switch (e.g. NFET transistor T4 or T5), the first pass-switch being
coupled to plv@ms Qﬁtﬁtqmgmmemqm:@m fdtRe gepxy.of NO or N1
respectively). Because each transistor stack ., TO-T2 and T1- T3) of the
8 - 4 P@ﬁ@mwm@wqmﬁwr@w&w ISE itheepedeid of

the' other, i.s not n cessar%Ofor roper- oa% %?I operation of the DCAM t hat
the two trandstdrenheReyfoyiing @ r3) of one ternary DCAM cel |

200a be | ocated ph caII adj acent to one .anot her the _integrate
circuit (I C) Chl%g-l#‘l r%% rt%ﬁ\ﬁ}})eell‘l ef&d’efer‘?‘a ft%glr S ot s;‘)"il L. in

half;] ! B?iv. de l?ahat aﬁ%\éﬁgﬁm%%f "ﬁl%og)r%g%@ocnr‘llr%ect\g% ?’%'éi*éﬁg

Ve oh Line of dflso MRS o ) SXATR Rl hooli 1188 crHlm hal v’ of the

DCAM cel | of an entry can be segregated on one end of the entry s Match

Li ne, whi | eaceddmpdnytiey "deenpleyent hal ves” of the DCAM cell of an entry can
be segregated on the opposite end of the entry's Match Line. Search |ines
and bit lines would be simlarly segregated to follow the respective hal ves
of the DCAM cell. Because, the XNOR transi stors coupled conductively to the
Match Line (i.e;, T4, T5 PRIRRCRESORIPEE@N| @BaTHE REXIREFe the Match Line
is pre-charged {H&h prior to e%ch CAM search, the non- ge tI’UQtI % read

t hrough pass-tr Beht ofy therprepents 11"6’)8%3‘?%(3}’1 % ©&r to a
CAM sear ch .and, whi t he XNOR tran3| stor. ctlvel to t he Match
Cime (T, ) S e d Bl S R o iRy P PPeRRASE HikEibabr) | eaves

t he conten t I 9 de es, ,

capaci tor St‘%h% gg%ed?n% ﬁn%rtg%gxs de&& seé%ghegll&%rgggson\éggn g(g(}gfgtnerward
performed wi thout the necessity of first witing-back the data read-from
the storage capacitor. Therefore, in enbodinments of the invention, a
non-destructive FERS.r ashs eathleps afiremitayiagraki eden” desamuthevEAVesadar ch
cycle in the sense that a refresh-read perforned does not delay or prevent
a subsequemCACAMesidarath threomelleitegl pettf.ormed. A refresh-wite can be
performed foll ow ng such a non-destructive refreshread either, before,
during or after Rlp @ér fisy macdg cofi ta ddanremaréha PEAMomeldkthrEd in the art

w Il recognize that the
supports non-destructive reads and “hidden” refresh of

searchable stored data in accordance with embodiments of the

invention.



connection of the DCAM cell's XNOR stacks to ground can be a direct

connection as shown in FIG 2A, or this connection can be selectively

+ interruptible by the pass-switch (e. g. pass-transistor) of a "global"
bit-mask (not shown). A "global"™ bit mask coupl ed te- th%r cuit

functions such that when a global bit-mask signal is as t e

corresponding bit position in every word stored in the CAMarray is

el i mi nated frofkthe donifare Fiptitodiggran af ayeedimyrmmtgivebal "don' t

care" (forced nmatch) qujc value for every word in the CAMarray). Such

gl obal nmasRRRfinenis afyithe, avmddvey Qﬁm’lé@ﬂéhiqu RI& rdngdersfinat a

val ues stored in the CAMentries. Id, _- ~r J UN_ 2003 The plurality of

paral | el GERRGGPIHdnes exg previfeghdors resding and e DR

conparison circgits of .all the CAMcells in % CAM entry farm a Match-Line

Pass- Gate. The e itfe FpLEctitte BRFAMOLs Goh NAt3v& charged H-. gh

Match Line will., remain H.gh.n the ca a T i try, byt will be
di schar gef "ﬁ? dj&rme gror}grttg%h&r\}'&ntt&a? ?32:@81{ Cfgilwgpgl;ﬂl% ?}LM & any one
or nore terpar i stiQr, i_n the CAM entry nis-smatches the.correspandi ng
b1 ¢ of -t nERamat b AR ER, el By A ek B R RAER bt T, "B A
cell of theg rr%%%n J tyis WA_| I ; port a pre-charged-Low Match
Line in alg]nap{ach- eiseé&r}% lsl?}s%tser?lljes (]:%Q’al?g?s' disclosed in U S. patent
application Of?E@M‘y'ﬂg-aiﬂf&in?1d§%§ramoilQ%%Z%§t§£ EhEeQi%Qngove”ber
2001, , the relevant portions of whiCh are incorporafted herein by .

ref erencerelberienshife suonecderdicee, dadat Radckantedli Bigaklenaware at the
time the invention was nade, owned by, or subject to, an obligation for
assi gnnenti llesitniadrimat metdlodBusifneperkizdhnebeCinpenthivehDCAM: heldssifgnee
of the present invention. The witing and reading of data into or fromthe
menory st &d&ge2@ells (210a and 211a) can be performed by chargetransfer, as
inthe related _art DCAMs, through the bit |ines (BLO and BL1 respectively)
and through pa$dC-t fanSPCsEs a( TePraRgeTtaté¥peeigdbpry) SHEEEMON (i . e.,

ducti th - 4 J UN 7003 Word-Li i,s_held_Hi,gh. Th
method of TRETCEIgoR FaUIFRG “¥abTmBy SENAPgR. PPaHOPEL T fephgeed 18~ ¢

preseri~'|i nti-Qn i, t me or simlar as'the method of witing and
readi ng b)k;‘&\g;%ér gzg’t’rgﬁéfg’r% U%‘ge'd in DCAMs of the related art. However,

readi ng by charge-transfer is unnecessary in enbodi nents of the present

i nvention because the present invention enables the reading of stored data
wi t hout dpgtatidieldy pegbaigeibhansl enhefiihbetshar Jenset oheentiohhe data
storage capacitors (e. g., SBO and SB1l). A non-destructive read may be
perfornmed at e&@dl.neaorgpitosagectethitedfjagradlaf 2ldaynaty DoAMwet| 200a,
whil e the respective search line (e.g., 5LC or SLT) is held Low, by

pr e- char gFpgtens AddpessipbdeBMemprye (PERY) , c8LD 2003 ivspecoidangd to a

Hi gh | ogic voltage, and then turning the pass-transistor (e, g., T7, T6
respecti vERER eR embedimephdgét FRE) PE9SaRE et RY SRt 2OPt ghThegi BVeRE1%ge on
the gate thereof Y assertin H gh logic voltage on th d-Wrd
Li ne ( RALFFIPERd @ﬁéﬁ §8Eii ng°a t‘:ﬁ??@%‘?sa ‘ﬂ?o?g%a%bﬂ‘?ﬁﬁe?%%ot%grﬁ ctive
Bit-Line 0. ..BLO. BL1) that is representative of the_state of the
respect i v(éﬁagt gugtcc%gﬁea e\(;iag% ?595‘—?‘585%?3’%%%8 SBIQ?%Ep%Et‘fK‘/%??/). The

Bit-Lines e=¢ch | r | i S hes (e.
o Piype et oRE 1E e e Ol B MO e o Ve B P IO E Vo g
and the reapeqthve Birl ghbBRErg@8IdLNato I¢tore a logital zero (“0”).

Ternary DCAM 200a further comprises two memory storage cells



-~ ~r J UN 2pa3 are operatively controlled by a Bit-nine-PreCHar Ge signal
(BLPCHG . If the capacitor SBO s~ores~a | ogic Hi gh voltage, the pre-charged
+Hgh bit-line (e. g., BLO operatively coupled to pass-transistors (e.g.,
T2 and T7) will drop to or towards a Low voltage | evel during the
non-destructive read operation, due to char ge-transf'ed' ledN gﬁgapr e- char ged
bit-line (e. g., BLO to ground through the ON (i.e., current conducting)
pass-transisﬁgE§L@T22éﬁérT¢FLLﬂF2ﬂhé)cépabiPﬁrWEBthﬁér@§r§eﬂoyi§hL@me

vol tage, the pre-charged H gh bitline (e. g., BLO operatively coupled to
pass-transi sPér §hge twg. transifgor7etarks r(%i?ra% apdt Eé-i@ﬁer@ﬁaﬁgéévﬂi‘-—gh

vol tage | evel _during the non-destructive read operation, due to _|lack of
charge-tranngrtgﬁo%ppﬁeCBWEQEﬁéPﬁeﬂlﬁFPlFi%%2( hag 1sppepnestglobpivween
through said_OFF (i. & nconducting) pass-transistors (T2 and, J7). A

non- dest r uct F&g F&éérgﬁoplg &n iPEOBngy BnproriBY Bf §'(I GFafity of the

i nventive DCNM Lls,te. a .200a e perforned, while.all ,of the, Search
Lines (e. g., §%geaﬁgﬁ§L$) érg ﬁgrnggmpgﬁgr%r%E%E%?Eiﬁalgfl(th'Bi?fﬁPnes
(e. g., BLQ 1 a bHigh,loglg. . v g n e i Q0w 11
pass-transi s?gésbiltég)g. , 7Fe$g%g¥y8g‘§§e§?}§gg%6%i g%&%g. g vgf}l?gges{c:)%e?he
Read-Word Lijf; ; d_t ensLig r / agerApall

t he Hit-Iinesﬁ%gEg%?lgﬁ% gngsgﬁi)aééﬁn%ﬁgggs?ggé??gg-géagtﬁ?gghe_%ﬁt?r% CAM
XNGR (st SPor S couelod 0T eot Ty Lot he kratE o] R (mege Jeesegiel e
OFF, perforngd &aeht bemuwmse(@tgulttoaaplynr@fm@mi@gtweéw@izenbswf t he
data storage devices (e.g, capacitors SBO and SB1l). In this case, the
stored dat a hevdli madktiagnbiiedate. sgoredein amveaN ealyriyoott DEAMDCAM ket ry
via the read-only pass-transistors (e. g., T7 and T6) and via the bit-lines
(e. g., BLO TBelbitTheveaitmaskisgrfadilivatehcandfor senahyes dele ceboning

t hen be asserted (re-inversion HB% first be r necessary) and stored on the
bit-1ines (e3n§. oBPRraRg BE1Fnt AEHERPT SRR i VSRR WP PEPRROEW) is
asserted to erfogma refresh-wrlée pf . the stored fa asserted

th
bitolines. ALDEPRELPPeRDY SpPRAPEIBLTY ethor i Shoibtar BSEUPRA S0SFTRE CAM

array may beck .0t carlk tore one stared-data word (either
inverted or ﬁg%??ﬁ&ggt ggggeér%%!égrsl%bre a plurality of such stored-data words

that have been regfbba@feacB! Eathd ViRheMOAM aftAN &Se1 INEbhpM &4 t&R- back
into the sane entr(ies). The non-destructive read of the enItDl re CAM entry

may al so be peelasivd RegatResdom (XweRp (dgic , fundbmeimpyaseessd by
whenever all the XNOR transistors coupled directly to the MATCH LINE

(e.g., T4, TanreNpBRctatrel gp20fat hsh&Gid ntFIGhei2ry, raad ac¢k Oielydirg, all
Search Lines in the CAMarray, e.g., SLC, SLT, are Low. 14
four (4) transistors arranged in two parallel stacks of two
(2) stacked transistors. Each transistor stack includes a
first pass-switch (e.g. NFET transistor T2 or T3) and a
second pass-switch (e.g. NFET transistor T4 or T5), the
first pass-switch being coupled to in series with the second

pass-switch at a node (e.g., NO or N1 respeétively).

Because each transistor stack (e.g., T0-T2 and T1-T3) of the



| - ~r J UN 2003 Further details of the non-destructive-read operation of
any storage capacitor in the C-N1 entry nmay be expl ained by reference to an
exanpl e of reading data stored in storage capacitor S,BOin FIG 2A |If the
storage capacitor (e. g., SBO) is storing a logic ONE represented by a

| ogic H gh voltage | evel stored in tYie capacitor, LB@‘LQN;?Dﬁgor T2 of the
XNOR circuit 202 will be ON (because its gate is being h by the
capaci t or SBOORaBate 207 r Ennctions | physiom Iheipdepeidenely HOhthet - | i ne
(e.g., BLO through T2 to ground, having the effect of pulling the voltage
| evel of bitothes, BL® PeleReasegsauyndf omhpsoren rkrgi eamll/ epe el en tehdelne
drop of voltage on bit-line BLO may be sensed by any appropriate sensing
circuit knowCR¥ PanrtokBeskwo| teansistor sfackpuft <l t oT'eHE2 pind | Thel3 BLO) ,
and may be registered as indicating that a logic ONE is stored in_the data
storage devite PHCetSTRAPRCPEIN %’%}.2%\)& sesatetPhsic L% (R acent
current, or the |ack of. such vol t age drop, on, BLQ be sensed_and

regi stered a%oi?fa?c%??ﬁl@e{-h%?a??o’d? 92@?%;4 s‘“s”t‘ﬁ%’e‘ijn{i ) F iRt a R%r age

devi i.e. i SB T DCAM i it. ) h
aIeYIO\(/:\g glhees%/%femilaé war%%lo %Q‘gad e %ﬁr; cf%ei é’gé ir‘pr?lﬂ]:‘??rae‘bé%ﬁ/lttsos rrgmrrgzy
Storage cel ey (2I08 s a1 10ne AL o |0 DO BRI, 5

SO -

cells. The DCAM s support circuitry a prlovi fg%“?er%e resh

tinng circulddy 4Qcwenipe) f%fa«,{cféd d %1%%@%41%%&@@@%3%%

stor~~ capacitors. A logical 'ONE stored as a charge I n any

entry's capasoimssced | to ement sahd Wt S hanRe Jo thd QI Int48F.0 wess the
Refresh.circuitry recharges the capacitor periodically. The DCAM s support

circuitry mesxampleidell Sefsthanitnid el e detfeathd MEast aled 10fof{ @n 9., toO
anplify the signal or charge stored) on a data storage device (e. g.

st orage capaitxy SBO)be¢ gennppadl tor iane Emdgof BhE) entddresMaltadi c to

sel ect rows and colums; Row Address Sel ect (RCS) and Col um Address Sel ect
(CAS) | ogi ¢ 138 atih Pl e NEampdemedtc bladive s4d @fe $Hes DAY cell

initiate and 1Eﬁerm’ nat e randqom access read and wite operatiagns; Read and

wite circui®r Wi FWEY 31 Re segreadt ooy hBEi GRPPS1tRe eRENSEY t8Sst or age
cells (e. g. a)_ or 1o _Read.that ich.is.staored ere;
Internal count egss%oﬁ%%ecé%l[il)enres' t%aal%ﬂecg]p ngka\gfg %ﬁg ?éplggsﬁ’o?té@uéﬁce, or to
nitiate refdion o) Codbqiaieto QiR A cebBeatIfE! nbigeaddEetn ol a
MATCH- i ng CAM entry%{e. %se [ 'T) W,noen found gly aeC%I(\E/I searcﬁ. Aevol tageesense
anplifier ($%aMmaelre. used to detect the logic state of the data storage
device (e. g., capacitor SBO), even before the bit-line (BLO is able to
drop fully from rBedause r dHe @NOR trEheisgopsecohplgddebnghcvaitage tbo
ground). If a voltage-sensing circuit is used, a brief 16

the Match Line (i.e, T4, T5 in XNOR 202) are ideally OFF

while the Match Line is pre-charged High, prior to each CAM

search, the non-destructive read through pass-transistors

(e.g., T2-T7, T3-T6) may be performed prior to a CAM search

and while the XNOR transistors coupled conductively to the

Match Line (T4, T5) are OFF. Because the non-destructive

read inherently leaves the contents of the data storage



# J U N 2003 strobing signal (e. g. a pulse SETSA, See FIG 3) may be used
to enable the voltage-sensing cirorzit(e.g., SA) for arelatively brief
time interval during which any sense-able drop of the voltage on Bit-Iline
shal | be expected to have occurred or not-occurred dependi ng upon the
contents of the storage capacitor (e. g., SBO. The sg sLnng?QQSe si gnal
(e. g., SETSA) may be pulsed at an optimal tinme by a ci¥ &Ut i ncl udes
a Dumy-Bit - Lj timn d.LRAP! t t a ht.egrat ed
circuit chi p%’bg?‘c%?? gﬁy%fhgraggngﬁ%%gkﬁ%% ??Beﬁﬂgﬁétggiﬁ??eggi CRln art,
The sensing t data eyl Oey s ciiqr SBO
may be theregéagggfékgggt?%nag Pig% ??%§£?%?%?Vé%f?%%§%?a %Fggggfgbg ei t her

one of the Sﬁé&%BshEﬁ}eéfOEFEQE %ﬁ815¥c$etﬂe’d%l\fé'gd—sfﬁmh@ﬁebeen

raised to the full H gh voltage to effect a searc G eater

detail of exggBkag EEP‘EBS!t_@Bd r 8haib PS8! PSn OkmbH&ihéest by er BEAM cel | * s
circuits, signals and functions may be explained by reference to FIG 3 in

conj uncti on yhiBnthen¢i aCHbh-Hb38Fa8t Die DESM 6! r@ifacpbr &t fon2dayFbE 3
is atimng . diagramthat depicts exenplary timng relationships of signals
and functionshoddehnesremuphedchm sbgréhventlyein eriar yehkdMbet | a200a of
FIG 2A during a span of tine including three consecutive CAM search cycl es
(310, 320, 3B6¥reEhehe&ANpsefivehedyddes (ot gdeldt Oor IFrevéntralJ U N 2003
320, 330) conprises a CAMsearch period (i.e, a period during which the

st or ed- dat a $wnbeeangnbnCrM-searok Ortmabe tyg i pexhompredd tA retveparwniye
(e.g., 313, 323, 333 respectively), and a Match Line Pre-Charge period (e.
g:, 318, 328¢an3BerBepEeFTodl §5>1¥<aww%p%w<éhtm@%rwm#%th%p?%gr?%han
the DCAM cel ]l s_(e. 200a) _.of the DCAM entry , faqr the M search_(e. g.,
313, 323, 335°% sﬁgEPFGel%?O’AeCA‘gA’Eb%?cW i%g‘b%‘Fff?}?%%F PAee Pf Bf the
conpar and angAhhig%ag&ngar and bit's | ogical conplenent are asserted
respectivel y on € two skEarch-lines (e.g., SLT and SLC) of each DCAM cel |

(e. g., 200a) of HALCAM RETYeq TINSendUL Q%&gﬁ%@@réw (e. g..
313) one search Ii_nes(e.g. , SLC?do?H} g?\%%@%%ce 200a wi T be Hi gh, and
the other segbghebtién(8f €he StAN ¥é11' PexNEW. stHikd IS igrAMSesdsbey£l e
310 depicted in FIG 3 illustrates an exenplary timng of signals in the

inventive tedihaeyt DESWLEER 102008 shibwmndim FEd r e reeadHis tdurimeeriad 318
plus 312) and a subsequent refresh-wite performed within the CAM search
peri od (313)can baoaghethivély sinbmarait idyld &y 348 deppawitchi(edirate
the case where the CAMcell 200a is within a MSS-ing entry of a CAM array,
the ability PRSPeFFRRpiateel resme riadPhaid/ ¢ty mask iRt t hilh a CAM

Zﬁgr ICQ ﬁgf | gg%)ﬁ%%%% ltg%)tbinl%as Otcgl?[?legcg etncE tLi‘PeO r%(l\}orllze cdiartc‘fil.listt Ofruex{jct-:iinoﬁshesuecq; ry,
that when a global bit-mask signal is asserted the
corresponding bit position in every word stored in the CAM
array is eliminated from the compare function (i.e., it
becomes a global “don't care” (forced match) logic value for
every word in the CAM array). Such global masking is useful

¥
in cowparing or searching for ranges of data values stored

in the CAM entries.

10



18 - ~r J UN 2003 whether the CAM entry happens to be MSS-ing entry or
a MATCHing entry. During each CAM search (e. g., 310, 320, 330), a given
CAM entry will be either a MSS-ing entry, or a MATCHing entry based upon
a conparison of the data word stored in the entry conpared,w &m&e
(unmasked) bits of the conparand being asserted duri ng't%aﬁm‘ia | ar CAM
search. Because a different conparand and/or a different conparand-nmask (e.
g., a global bit Faskplweglbeysefeprrallel t hragsaor agtacks nfe, gachTZAM
search cycle, a given CAMentry may be a MSS-ing entry during one CAM
search cycl el4 a#ddt fié-Eaheo bnthg XNOR beompaniiadvh | afrenity ofirahl the
very next or_any subsequent CAM search cycle, or vice versa. A MSS-ing
ternary CAM &M rgelss almap SN rsntrnat Lomppedateh Heire oPaeg-Gater naflyedat a

word that is not |lo ic%lé the sane as the unmasked bits of the conparand
bei ng assert ﬁt%r¥ﬁ’§ea DEF TFREF LPPEM R FRED Aty &t ¥ Chargadtiigly cAM

o0t bal 1y 1 M sanefad (RELE RSy T 5 e S o W Ther ta
Comari son 1UhCH ot S EEF T AP AR i St et Y TE R hanne
F375) Tormng Thet WLy YRR HE B e SRRY Rl 2 o
Fanct) on of Sappor i1 ha T he orloan diey VETand G K el 08 arty &f i n

the associ atgigk dedrpstDidge drvd et divey, BRAMUSRNh IRALHhsaBBate and
respectively) plus that of enabling the XNOR conparison function within the

inventive terlmaCACAMIEIIf (the preXida, 20nti20will Hldhengasartofa a

M SS-ing CAMentry, the occurrence of which is indicated by a drop to Low
of the MatctPAsThaxgeddeow Matigh drimer dnduc miatgrhcclertecttiiom [Eotakeen tshech
MATCH LINE and ground will be established through one or nore

pass-transi tOristda@lqRed).in 1574 pagePtorPPd-irsEien e Ta@Ratoui t 202.

Accordingly,_.n enbodi S ARMeniNRnibee2(u1e- char ged- Hi gh MATCH
LI NE vol tagea]tff' a MS ?Eﬁgoe%??§6?m?\ I1 drop to a Low (e. g., nea gr ound)

vol tage | ev indi.cat i he .M SS.. In _the cas f.a MATCHing entry,
t he occurreﬁlceel%‘%%i%%ﬁ%n&g%%thl&%:hnatrﬁe 1{1%0}'806&%'3%651@&?1&05)/6 (330) in
FIG 3, no curdmifteranduaid:ng £QMechingl hetueen ! e MFEHBLNEand ground

i
wi || be established through any of %{dhg transi st or .stac%g_'fg. g., nheither
T2-T9 nor T3nkentiforl MerdNER GHeLWikie ¢Bel invéd)ohNwhize nBEAM eonkst t§-,0.

200a) of the CAM entry. Accordingly, in enbodi nents' of the invention the
MATCH LI NE vt teaggj egft acdVABTHGh1d ganttiby \fiokd aketdBhmeait 26 International
Business Machines Corp, which is the assignee of the present
invention.
The writing and reading of data into or from the memory
storage cells (210a and 21la) can be performed by charge-
transfer, as in the related art DCAMs, through the bit lines

(BLO and BL1 respectively) and through pass-transistors (TO0

and Tl respectively) held ON (i.e., conducting) when the

11



-- ~J UN QO3 the pre-charged H gh voltage |level, and this H gh H T-event
vol tage can be detected and therefore'a MATCH or H'T nay be associated with
t he uni que address of such a MATCHins CAM entry. The second search cycle
320'depicted in FIG 3 illustrates~the timng of signals,i anme Mﬁenti ve
ternary DCAM CELL 200a during a non-destructive read (oc ud J gz hi n
periods 328 and 322) and a subsequent CAM search 323 in the case where the

DCAM 1 2 i i M, SS- i r- 4.1h
secongesea_rc (g;%ﬁg%’?jg} i(%l%)ﬁxset\%réa_{ﬁ elrsbl}a‘hatﬁg I?T{éll%ihg)@} ré% C&Jﬁlg:elggéﬂﬁ%z %%)dlggﬁ be
performed i ’aatt% b?Mt?J{g%"—ér‘E?Fs@e@t %{r}’ t@fetcﬁbe‘%'eﬁ%”q?x%ﬁﬁﬁtdnvqg ¢ad Rag been
performed in enbodi ments of an 1 nventive entry (e. g., comprising CAM

cel |5, 2002, 200 aora 2386) chbeplo MG P Lheely iRy bpead: data

back into the data storage devices (e.qg. entry

that was read=sdar hed Qi baesy JF OHd 330 deRie!l ed HolekS, %Eeflc_ii? 0a

illustrates the tinmng of signals in the inventive ternary DCAM
during a rebyesihadgd-a (@@ iiRg ubndidsshhe CAVeasbadshepesl o 283)
subsequent to a refresh-read (e. g., occurring in a prior CAM search cycle
320) in the prasenhdrsdntd ddCAMceeide 20Qa plragpans iheehe ivnt BnabdeMATRE- | ns
entry of a CAMarray. The third search cycle 330 illustrates that 21 1 -
4 J U N 203 rehaingf rods sterede dedim b tdholudy de st olicbwveg charger Esbnséad,

all ow processing tinme to performerror (e.g., soft-error) detection

anal ysi s onoafh&heeiohegioe eferest dnptiher degat BEoragreshpaciterswilehgut
preventing or del ayi ng regul ar periodic CAM search cycles and reliable CAM
sear ches t h&Bd gn ﬁBt%He exenpl ary enbodi nents of the inventive DCAM cel |

e. ., 200a, 20Qb, 200¢), riqQr to each earch (e. ., 313, 323, 333
(he Vot cb Line s & ok Grk sl cdke, Repdiian NP BonsPRMSHCBESRED BRpREY )
Mat ch- Li { | i , i i bed
oo ton TaYEge erdoNe9R, | 22aRT elds) Y ol SBEMCEELY PBOR ke kne

is controll VAt i.ne - Ghagge t Lol aign GHGwDupi,ng each
Mat ch Line %%g%hcgrlg% %E—‘P}fgﬁ gﬁgg.q)g'?%é, g%{ZiS{)PS%%',WS%) %Fn anwéxfe)%’rpl ary

enbodi ment  gfrel-RPairdMeRt kBB (Bspactiz@08)cwhenei et §e, MBLoh BiLmne is
pre-charged Hi gh, both search lines (i.e., SLT and SLC) of each DCAM cel |
(e. g., 200apespeldtivellydl doLawHigh Gogduor volitageegahdr thahchuknhegPtbehar ge
period 318, 328, 338), thereby turning OFF (i.e. non-conducting) both
pass-transi pBses tfengistorand -¥5) &F .t B€ XespretimelybnO¥02i.€o.t hat no
conducting path exists between the Match Line and ground, and so that the
Mat ch Li ne ®PPAURSHASY heYHR§ReERARFe2uHEPh bogif CehtrEe oAt FRe ate

thereof (e.g., by asserting a High logic voltage on the

Read-Word Line (RWL)), and then sensing a current and/or a
voltage on the respective Bit-Line (e.g., BLO, BL1l) that is
representative of the state of the respective data storage
device (e.g., SB0O and SB1 respectively). The Bit-Lines may
be pre-charged High through a plurality of pass-switches

(e.g., P-type pass-transistors P0 and P1) c;nnected between

the supply voltage and the respective Bit-Lines, and that

12



|l ~r J Uiv 203 DCAM entry is a "MSS" (i,e., the stored data does not

mat ch the conparand). The detection of the state of the nenory storage
devices (i.e., a non-destructive read of the data stored in the capacitors)
in any inventive DCAM entry may be perforned within a period of time during
whi ch all search lines of the DCAM entry are held Low,, ( ~Wthin the
Mat ch Line precharge periods 318, 328, 338, 348), thfoltlgﬁur%ew -Lines (e.
g. BLO and Bit¢ epdrabivedy passrsidedhby 4 eBilg:Lipaskte@srGe ovisgm®l and
T7). Thus, the logic state of each nmenory storage device (e.g., capacitors
SBO and SB1) (BkPEN@}y DCAM kel tapacitor 29Ba)stores ¢ Vierg BDCAM @intvol tresge be
detected during each Match Line Pre-Charge period (e. g., 318, 328, 338,
348) of the BEaNpEettharged, Higlhabiobbne ofe 200c)Bhih mperateivelyi ng t he
state of (e.g., changing the charge contained in% the menory storage

devi ces (e. FOURIES abe BRES - traneisens r bad perforaid Bht ivell d@arhite or
performed substantially within such an ordinary an%ecessar%/ Mat ch Line

Pre- Charge pofiludvdedy. a2 53%)veabkkosote vl dghg i QR R UER e
h | ., 310, and 320 d b idto b "hi dden"
search OVE1 & [0 340, and 3200 andmy be S g e iop o
B Cof a1 e iar (S PoFEROE SRR K S (e Beaia
ithin th i - i f
U e ner - critict Mgl SaeR S SRl Ot [fra Gn B o 100 CHE bR e
RAL of the GAM et &¥ek Oa DEsd SRt b TSad O dHY BN dHarde s IMEING) the

pass-transistors (e.g., T6 and T7) thereof (whil'e the pass-transistors TO
and T1 coupl®thd o(¢ hg. dapro Bt Osager Bayl £ asoupi@and PRbd-tAAis200e are
OFF) outside of (e. g. before) a CAM search period (e. g., 313); Third,
detecti ng t hée ot at eTpfandeT Memoill steanzaige ateihee priee chgurgesB@ighd SB1)

t hrough the respective Bit-Lines (e. g. BLO and BL1) while the

pass-transi stoFsge. lgjvel THminrg e aan-Oestancldyer irigad SperatiPhe siugt e
of each of the nmenory storage devices (e. g. SBO and_SBl) as thus detected
may be assertd-aft/oF HIFIWranpian e dhe peeichamgsss Pattoldng BL1

before 312 oy duri 14 or afte he sybseque M search 314 and until
Che noxt Bi {101 AREOCHES qBr0 SHES 28 GubrFt dribeek PIFS the same. dat a
st or age devi:ccgﬁ:-’ ; Ll ) e Bit-Lin can be pre-charged Hi gh
through a pl urallg(?cyl%) 3?8‘%{{%"%313“&% ngpg?g- E?M)t'chgs (e.g., pchannel
pass-transi stors QNN HibEhfE 2L YPled he idel %ﬂ't?sg!‘“c@hmg‘f@ls%ag%f' evel

(e.g. the power supply voltage) and controlled by a Bit-Line PreCHarGe
control sigralplRl:ROHGy e wantirplendigralpdiPcEG1w (k. act 2vake mayebet urn

ON= conducting) the pass-switches (e. g. PO and Pl) to pre-charge 24 T~ 4
J U N 2003 performed, while all of the Search Lines (e.g., SLC and SLT)
are held Low, by pre-charging all the Bit-lines (e.g., BLO,
BL1) to a High logic voltage, and then turning ON all the
pass-transistors (e.g., T7, T6) by asserting a High logic
voltage on the Read-Word Line (RWL), and then sensing a

current and/or a voltage on all the Bit-lines (e.g., BLO and

BL1l). A non-destructive-read of the entire CAM entry may be

© 13
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the Bit-Lines (e.g. BLO and BL1 respectively) during or bEfore the Match
Line Pre-Charge ~~r3bd (e.g. 318). If a Hit-Line (e.g. BLOor BL1) is
designed to be used both for reading and for witing data (as in DCAM cel |
200a in FIG 2A, but not in DCAM cell 200b nor 200c of ﬁiﬁg‘@ﬁand 20)
then the use of the Bit-Line (e. g. BLO or BL1l) nust Bevt\ i pl exed
such that reading and witing operations do not occur at the sane tines and
do not i nt erd eresf nasthh r@sch pEitfExrmethevgfidree ,aliln thiee XDORM 2008 isgft dHsG.  2A,
the BitLines can be pre-charged Hi gh for non-destructive reading during
Mat ch Li ne Rraghedidigemrliypds (the ¢ATEH LINE328:. 9338 T4and534reo @B de of
writing-periods (e.g. 316 and 336 ) during which witing is being
perforned. Bemiamedar tdeparanedd ofs wWtd matelydee fivesddaly wdeory
storage cell (e.g. 210b and 210c in DCAM cel|s 200b and 200c as shown in

FI GS. 2B anFatadspert inhe datfarstgtiaden flearideor(er 8adicagpaciffers SBO
Non-Destructive Read Bit-Line (e.g. RBLOin FIGS.. 2B and 2C) ma)é be ,

pr e- char ged 3G PR -or e 18 tiieh GAfg e thaystoged dabpaticgt iis F&tsgmined

perfornmed on t he sane pr, on anoj.h DCAM ent in the CAM array. \Were
separate |inds e, JCge.aqgl‘%L ,e%fg) & iD&I@é' EHLEA N e &858 Yeel |
(e.g. 210c i y J Qc as sho i_n FI 20, for witing ¢ . VBLO)
and for rea&%%c(a\t%ﬁ%%%ﬁa%& V\%e'rge' ’ngin]t ﬁélrdF(r)r )S&C Ivl‘lﬁe\sé%faslballgs%qge%

Sear ch- Li ne o J- @) pl edwt.0 213 aEhrage N
Z003 a ref re((seﬁ'-gr'éatﬁ%lod cl)ag‘gﬁa'ti gi‘rl{}ear(\ittfh% ?‘%Qrge?%ta\% %??’Wg%glgefigﬁaor?tggﬁgge
perforned atydie ARy itHon HY 'Midr @ OVG-ARRERS i bhThaReriods dring a
‘Mat ch Line Pre-Charge "period wthin a CAM search cycle. Accordingly, a
non- dest r uctietRd=Rad ) ofardn A¥rid® JPAMHRNIYE -Ganebe (ehyddemio( and@ BL1)
performed without interrupting . the periodic Search cycles of the CAM
entry) if i tthHesngedrfesr ned idudheg Worid OHE nent(@Ly al swatbertadCab SeaifolrmCgacl e
period (e.g., 316) during which all Search Lines coupled to the CAM cell
are hel d Lowefgaph-waitteh aff rdhiePsdodiesh gatperissgried) on| fhenbasi-AdRes -of
the inventiaon wherein the MATCH LINE i s ordi narin,Pre-char%ed 5« gh p: i or
to each CAMSEEFTRIYPINh& Sd&ealy Bufderwor aoRgPASFPFy SEECRERd ESWEPA or
to each CAM rch in order to Elgg?Char e _the MatghLi ng High. rijng that
tinme interval ( &N EPHEDMES TETPOEATI L& PERT B Oy, | ?f%l, Y

"hi dden" re Y, rf t entir r e ing of the
state of thg% da(teg&sl}e%{ gglg,e e\ﬁdzg’%" n%é)y gg%é%rgg%y)%erl ors"rs?ggéi% the brief

time interval {@ngey 34 G Yrodled) dAeh0LBr8L! BREL 0ASvAl LEBR $8AACHRrbINeS
(SLT High voltage | evel to Because the read destructive of the da (e.g.,

capaci tors SB@iandiSks) cthaldaMav@heen haksedwikottBa-paekoinra €AY search
(323). thereby effected has been non to stored in the nenory storage
devi ces and =8B enftxi(iesCAM cells (e. g., 200a)
The non-destructive read of the entire CAM entry may
also be performed as a Random Access (i.e., a RAM memory-
access), whenever all the XNOR transistors coupled directly
to the MATCH- LINE (e.g., T4, T5 respectively) of the CAM

entry being read are OFF (i.e., all Search Lines in the CAM

array, e.g., SLC, SLT, are Low).
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26 ~ U N 2003 of the CAM entry, a CAM search may be performed i nmedi ately
,. ~" . (313) thereafter without first conpleting a refresh-wite {e. g.,
316). The non-destructively read data {acquired during period 318) nay be
refresh-witten back before, while (316), or after (339 Ninﬁgt-read CAM
search (313) is perforned. The witing of data into."tlh W rage
devices (e. g., capacitors SBO and SBl1) of the DCAM cells 200a, 200b and
200c of FIGS. Zur2BandeZ4ils sopetheorned-destouctive I meddNoparadls i s Low)
by asserting a Hi gh voltage on the WrdLine (W) and asserting the | ogical
vol t age r epf ementstngraye scapathieodata toe dCRN sifery espedia \expiraitreedenabl i ng
lines (e. g., BLO BL1 in DCAM 200a; WSLO and WSL1 i n DCAM 200b; WBLO and
WBL1 i n DAAM xeDecencd heo dait cexasmpbs evf ededding| dafpessttdnes] dgs evticathgm t he
data-bit lines then charges (or discharges according to the data) each data
storage caprRRAGHESr (¥BO gln ISHEE. a3Rl. SEU WYie tHeo@ aaRdciter o(e. 200a, 200b
and 200c). Wien the Wrd-Line W. are brought Low, the wite-enabling |ines
may then bEBUsetP fRFOBIRGra ploghs cAE (xep¥esented isserkddig telbits of the

conpar and dtii n a]£CAM search_as in 200b in FIG 2B; or for, performng non
dest ruct i VE° %%\‘g% Vefe TR Hbdvie | srRRRMNI PRl |t dF aneister I f or
per f or m ng_,de tive-rea s in the l ated art | M cel l,s) .The

wite- enag‘fl?% SR, ,0§7"'1ﬁ~ be lﬁgtﬁl gb‘?ﬁa‘ﬁ_eql fa\%ﬁ‘ Iif)Aﬁ%@a WBLO
andV\SLli%M : Q,and MBL1 in.,DCAM 200c S

alternati vI(g? y forglgg%f o%%n% ecslyt\%rctélé)oe)-’r eaal\Adcg aofgl?%ge%sgt)%ragld%%%rff?mn

accor dancec i th-£onyenid o g el Nos; 4 (@'eg.rlelﬁ%(gd ‘%{Mdﬁnh@ss;ot he array
acture

utilization of° the particular DCAM array manuf I nTaccordance with
enbodi mentgrfind hehPF RPN hd VEIR OB PULOI AR hdITERRONevRUCHE

destructive charge-transfer type reads.
bit-line BLO towards ground. This current and/or the
attendant drop of voltage on bit-line BLO may be sensed by
any appropriate sensing circuit known to persons skilled in
the art coupled to the bit-line (BLO), and may be
registered as indicating that a logic ONE is stored in the
data storage device (i.e., capacitor SBO). Conversely, the
lack of such a current, or the lack of such a voltage drop
on BLO, may be sensed and registered as indicating that a
logic Zero is stored in the data storage device (i.e.,
capacitor SBO).

The DCAM’Ss support circuitry (not shown) allows the

system hardware to read the data stored in the DCAM’s memory

storage cells (210a and 21la), and write to the DCAM's

memory storage cells. The DCAM’s support circuitry also
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A feature of the inventive DCAMcell is that the refresh-wite may begin
before, while (316) or after (336) the post-read CAM search (313) is
performed, and therefore without delajring the post-read CAM search (313).
Thus, enbodi nents of the invention provide a "hidden" refr W | in
addition to a "hidden" refresh-read. The inventive DCAM keﬁﬁw&jwr efore
be said to provide a "hidden refresh . " The DCAM s nenory refresh-cycl e,
which is or ghrarides pes gt ffaig tdiod Doty b Gk Lasdl &y &-daFaby e. g.,
entry) of the inventive CAM array, includes a refresh-read operation (e. g.
performed witthe rDEANVBE I el et ad0e pef oS Ipd@idomed by lbgical
refresh-wite operation (e. g. perfornmed during a CAM search) both of which
may be perf @NRdtwortdd md e GamydCAM saar obf aiod odaM Gridhd)’.s Begaisiadiie
read- operation perfornmed through pass 28 - ~r J UN 1UW transistors (e.
g., T2-T7 owild TS)entuaidry deistchetdevetd ia elogiteds Zwato alrtlerset hhechar ge
stored by~the storage capacitors SBO end SBl respectively), the

r ead- oper at iRaf xRt qiotcuiitont frevwagsid dite ampamiddinteniddisaddek offhehe
data readfromthe storage capacitor. Accordingly, a CAM search operation
(e. g. 313) DEM'ey VRPPIturcdinqui iy enay Nncdhslesi n 9eniss anpdgifiliers itst eger)
of CAM search operations, nmay be perfornmed between the tine _that such a

non- dest r uctdSfEFeddo s &f (& % 319 GmpIddy fde FdemadeOroCheddsh a
CAIN entry aq:d tf}ﬁ | ater tinme that a rdgr.esh-write oper ati on %\%ﬁ% 336)

i s perfornmed o $He Chife SrInPIesEqvaf anStfer ShQFageh PRt e
DCAM s refr CcY, e t need to he c eted w.thin.,one conventi onal
DCAM s refres )cytﬁ'{%l‘%n(? c%glrtl: :1(:?5 ea t?e ’b%g‘ﬁ)h ’an%&g(ﬁ?ﬁse é’glgu(ralong a

per ' od 1hal RUISAAS- AR 3R o8 RIS r &P ISR YD) Oln@ ModeRich
cycles. This flexibility provides a variety of opportunitres, i1ncluding the
oppor tuni ty Ag:Red vaRd L omAsHt adfie tef neteh am¥che sdinien@neerbadanihat

do not interfere with other activities of the DCAMcell. The flexibility of
t he inventi weoloiVackidegtty sw@pac iffie iakid iy terpdnheenrantomn gecegs,
soft-error) detection analysis (e. g., using stored parity bits) and
per haps everresd Gnd wridet ioperaltdomisi;hRe alde bade wilitel egricadkryh&oddrateThe
ability to performerror -- 29 )
(i.e., store) information in the memory’s storage cells
(e.g., 210a and 211la) oxr to Read that which is stored there;
Internal counters or registers to keep track of the refresh
sequence, or to initiate refresh cycles as needed; Output
logic to assert the address of a MATCH-ind CAM entry (e.g, a
HIT) when found by a CAM search.
A voltage sense amplifier (SA) may be used to detect
the logic state of the data storage device (e.g., capacitor
SBO), even before the bit-line (BL0O) is able to drop fully

from rail to rail (i.e., from a pre—charged'High voltage to

ground). If a voltage-sensing circuit is used, a brief
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" ~J UN 2003 detection during data refresh and wthout interfering (e.

g., .. del ayi ng) CAM searches may in turn enable the increase of CAM
_circuit density, such as by allowing for a reduction of hardware and/ or
device sizes (e. g. large trench capacitors) that may fhefiyNsg0B8 provi ded
to prevent such errors. If a stored data error (e.g., soft-error) is
detected in an |nventive Mentry, data nmay _be corrected and i di ately
written bacRtrePiegNEigRA hé§°8anab8u§ﬁ§p§ﬁ3é6'uﬁF?IF@ﬁe drr BYchR peed
corrected and corh ct data Eg witten-.back ,to the entry, 35 thernatively
ot her measuf8sCSBaR16e tRgkERIFBIPASEPELPE FALFEIEANRS Bar c ™ eLGFt @ (such as

| . not _produce

witing to th ntry such data or . null-data that wl. r oneous
CaM search Fasarespivaltactating iPbrripl.BrEiBe. Bhie by’ FedcoaDhs
error-detectliop, the.iny Lve chy. ell _ma o utilize parasitic
capacitanceakég 8& ?P8n¥§2§a§8uP8esﬁ§§?P%Fe¥h?§§h8§ Fﬁgﬁcﬁﬁde38|§8VF (e.
g., trench) L.fsOf .t e h . S a n of
Phe par asi 1 Pocazesd PrnActrEEFAzneh fepaihufl LBRp e tRea kRt br 18 o
overal | si Libeat | : e ufa i ng o] ; o] | enent s
(e. g. SBCrEESE%%%)ngﬁggfbgaé?Fgfét?%ggfheTaéeg§?§599ng??§%I§§§§agr cost
SCAM | i ke ' (Br.gceSSETSA) OWBY BEOpAlBc8aRACEhaABELifMAY Bemdt bl dedivttita
relatively higher refresh rate and/or a Niger errordetection sanpling rate.
"The opti nal thatasntlodespacblmngeB30-Linelak a #4idibgNmoldet &nd t ot al
effective capacitance) and the required refresh interval may depend on the
parti c~~ar ~fimplemehted pnothsssamedihvegrétetfiheibD@Altothihe prebgnany
invention. Optimzation techniques that balance the interrelated factors~of
circuit densthgrangtheflr kppwnate persors| skhbhadi int kbeaprt. ThEhEV i ting of
random data (i.e., data not read-fromthe sane entry) into an entry may be
performed wABRE}BE A6 Chm skakencfsthei AatperPtorasd @AYiAS (®a9- operation
i s being perforned. omdata in o,eachbsto age capacitor
e

The iting of. rand
(0. g DSBOPRPRELERFT SERLATRK bRetHERREY BESEOFREY SBo9ePEYSERaTHe. transt er
f | t . : i ite- | ] i : , BLO
L TBr )t niBEeRoRT LAfeATaL0fy I BOPEEL JECMEL' EnETBP LRY pLOfSY Pinge, BLD

operativelyogoBhEODLEM Byripe (¥ogd Ling 4N%)srdhendbThbbh! Nei s08pt8dehe a
CAM entry including the inventive CAMcell (e. g., 200a, 200b, 200c) may be

precharged E£ala hHeghcvbighguoléage teveffdyr hol dimgsaddchearchedtees (e. d.,
SLC, SLT) of the entry Low, thereby turning OFF (i.e., non-conducting) all
transi stor deaekd 6€. gxempRaid wiwdidd-dix] oélationdlei BICRE ctheuits (e.g.
202) thereof and then asserting~a |ogic H gh voltage on the pre-charge
transi st or TRERGtivepPEaMt celhes MAMGHILENE, sideabdyand funohters | vay ybe
connecting the MATCH LINE to the supply voltage (e, g. , . logic H gh voltage)
| evel . ~"~"eFPé?iEE§i?Yaréﬁ?E%P?edﬁ%QEéﬁ103 A GPRBRGE Loy v EHB i Srent -of

For roadi g SRECaE! (I AGT BnE SRRl a6l Letd o PF kS arkh provi ded. FI G 28
depicts a CirCUi%Ie{agrgg]gftfﬁiﬁ%téqgggéﬁefhat depicts exemplary
timing relationships of signals and functions on lines
coupled to the inventive ternary DCAM cell 200a of FIG. 2A
during a span of time including three consecutive CAM search

cycles (310, 320, 330). Each CAM search cycle (e.g., 310,
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enbodi nent of the inventive DCAM cell of FTG 2A wherein separate bit-1ines
are provided for reading (e.g., RBLO and RBL1) and for witing (e. g. WSLO
and WsL1). The inventive ternary DCAM cell (200b) enables a nead (e. g., a
nondestructive refresh-read) to be performed at each nenory storage cell
(e.g., 210b, 211b) thereof, by operation of pass-tra%hsywl&&@ag., T2-T7,
T3-T6) and through a NonDestructive Read Bit-Lines (&. g7, 'Y RBL1). The
refreshre e i O : per I r : 1 he t ent he entire
entry (e.ajgb.(?Pc%%%’rigg@ﬁg%Qgsfur al ?%ga%% I%%%%&elflcg@oo%] ?121{? e Read
enabling Biirihgesni{en She RVBLOH-TYBLL)n /EIntthe Sleach gl L Pg, RWL)
coupled to the passtransistors (e. g., T7 and 'T6 respectively) is asserted
H gh, whilgs atdmphtedeasch tbmssrded) d(e. J\BLO agd WBISL respectivel y)
controlling the XNOR stack transistors coupled to the MATCH LINE (e. g.,

T4, and TxremsPecivebyy) ane AahgkioW.ind terdatiaele/ priodf (4 ke: two

i ndividual bits stored 32 - 4J UN 2003 in each DCAM cell (e. g., a bit
stored in XA LG28, DEMN/ cespeDDH1yN tto AN e tE)Matean hime L~ i a' bl y
read during a CAM search, since during a CAM search operation one of the
two conpl esmmbed Sepaath thee3CANe.ceallls eid pr, \BBLOQ)oro NG DEAM drecdyow. A
hi dden-refresh-wite nay be perfornmed through a pass transistor (e.g., To,
T1; contrdivredhy GANvweeat¢hel{e W), aftld hrBigh 233%e ragpeciticvalntite Bit-Li ne
(e. g., WBLO, WBL1) which also function as the DCAM s Search Lines. Because
the Wite Bit-L%nedM(geqrch igt Genfmrmeshiviieaidt Rifcaforthss aampaesd s
Search Li nes

it is inpracticaple in this alternative enbodiment to perform
ol r esh: w LR | SO QA THEE ARFHA T FIBUTIRRED 259 GSSRE@hi ol s
circuit di al ter,native enhodi nent of, the i tiv M cel | s of
FI GS. 2A an Fg%%\é%ntgée%%?a?éo bsie[%clqln"gglnaerse (per’gv‘i’d éﬁ?c?flcf Rnéﬁl(ee. g.,
RBLO and 5 f tLing ( d e i nes
(SLC and SLTﬂare se%%lr%\{ teéT?b’mﬁ%)b?&ﬁﬁgﬁmﬁﬁé&iﬁgenﬁ?@gﬁ gu%grn DCAM

cell 200c éHckF'@M%&f@b'ﬁéer@.?HCtjl\@ IRR0Be2@R MBMeer as described
for DGAM cell 200b in FIG 2B. A hidden-refresh-wite may be perfornmed in

t he DCAM c@d Ig 2086C pfofFl &5 gken mdave csdrie 2omeneri 1as bee sidkgihedirddot HleCAM cel |
200b in FIG 2B, however because the wite bit 33 ~r J UN 203 Ilines
(VMBLO and oiBiel) sgargepbing eld qoom t918)Sedddh bel Aoy .(SLC and SLT) a

refresh-wite may~be~perfornmed in_the DCAM cel|l 200c of FIG 2C at the sane

time that a CAMRRFEFEY CHF cededim§Yglss 818s depickedpEmvFdst-| 3200a in FI G

2A). The inventive DCAM cell (.e.g, .200a, 2(%0b,, and 2Q0c
illustrates an exempla timing of signals 1in

%hga%nventive
ternary DCAM CELL 200a during a refresh-read (within period
318 plus 312) and a subsequent refresh-write performed
within the CAM search period (313). Although the first
search cycle (313) happens to illustrate the case where the
CAM cell 200a is within a MISS-ing entry of a CAM array, the
ability to perform a refresh-read and/or a refresh-write

within a CAM search cycle (e.g.310) is not dependent upon

the data stored in the entry, and is not dependent upon
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conprise solely NFETS (e. g., N Channel MOSFETS) as discl osed and depicted
in the enbodi nents shown in FIGS. 2A 2B, and 2C. PFETs may be substituted
for NFETs (e.g., TO, T1, T2, T3, T4, T5, T6, or T7) if control signals etc.
axe accordingly conpl enented. Alternately, All-P-Channel enbodi nents of the

inventive DCAM cell are also within the scope of the pyes f ntion.
FIG 4 depicts a representative digital systemincl udi ﬁg@&%&ay

compr i 1 NG DGAM ERLI CHIPEALEY hpELGS tdAbe Hha8L1RE obipyCbgi fal system

may be for exanple, a conputer; net work router, nprising a digital
processor @RecALiug! gngggpl ed to a CAM array.. the CAM array conprising
enbodi nents of the inventive DCAM cel | s di scl osed herein above. Wile the

invention has bpgepingréheH! eahyssap¥n eadgdeses ppesh i t B3] eaegeeeho
exenpl ary enbodi nents thereof, it will be understood by those skilled in

the art thoaMtéstioregdl ngeastcRéhes Bhewgbsg i ént oy M @pdadeaachsingy be
made therein without departing fromthe spirit and scope of the 34 147
U N Q003 iewenyi base&nmbpdinentsmedrisen i off ettie odatt@mywdedi spbeadniedtlas an
integrated electronic circuit on.a sem conductor substrate, or as an
el ect r oni cerirgucompapednent bdeheé t hunihasked e libts cef she hcaspavandhes
(e.g., transistors, or electro nmechanical relays, or anal ogous opti cal
conponent sheing agsartedbivainenthit tpesel eilaniCAM Terréhl | ReeyuLes ad s
are therefore intended to include all such alternative enbodi nents of the
i nvent i on. SREEBFERRgFYTPRER R " pREERY 3 (P L ferene COPPRFRNG PRV Ry 2 ai ns
to descri be t{:@jsiructure d function %é)v%ded m/ t he pass-transjstors
depi cted it $he°4 cBh'f)arﬂ??]gg HARHRSTIL U e XeMh| F PP HEnt s of
the inventj on. - 4 UNUS3 1CI W?' 1. A cantent ressabl e
remory (CAC SR ST STYEES n Ao P S iRy 8 4 AT 555

entry during one CAM search cycle, and the same CAM entry

may be a MATCH-ing entry during the very next or any

subsequent CAM search cycle, or vice versa. A MISS-ing

ternary CAM entry is a CAM entry that happens to be storing

a ternary data word that is not logically the same as the

unmasked bits of the comparand being asserted during a

particular CAM search. Conversely, a MATCH-ing CAM entry is

a CAM entry that happens to be storing a ternary data word

that is logically the same as the unmasked bits-of the

comparand being asserted during a particular CAM search.

The inventive DCAM cell’s data-comparand comparison
function is performed by four pass-switches (e.g., N-channel

pass-transistors T2, T3, T4, T5) arranged in two parallel

stacks (T2-T4 and T3-T5) forming the XNOR Gate 202. Each of
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a data storage device; a pass-gate including a stack of first and a second
pass-switches, the first pass-switch being coupled to in series with the
second pass-switch at a node; a data storage device operatively controlling
t he 'second pass-switch; and a third pass-switch connected to the node for
detecting the logic state of the data storage device, wae Cefi"%tmqi rst
pass-switch is operatively-controlled by a search line; an d

o t : . . Tbit li o ti
Cant ol | o0 By & T otbar 1) eies “tink o ¢ HE GERARE Y S i g

f th - Sy ' d d
o1t Vi ne, TThe Py Ehh oBae L R aer Ay RO 14y & cecond

word line. desthiectvayrdia @Al iR el dd & datel shprage devd LjheZd a

capacitor. 4. The array of claim3 erein the First Bit Line and t

Second Bit ddie sHESr&0 ddwice S(i . B FdphcitoIonahahgiei n the search
line and the second bit line are one line. 6. The array of claim2 wherein

each of therddpett ivebpndpluditihtansk fenbBhi lRpshes WNOR esongadi dorel d ef f ect
transi stor (FET).
function within the inventive ternary DCAM cell (e.g. 200a,
200b, 200c).

In the case of a MISS-ing CAM entry, the occurrence of
which is indicated by a drop to Low of the Match Line
voltage, a current-conducting connection between the MATCH
LINE and ground will be established through one or more
pass-transistor stacks (e.g., T2-T4, and/or T3-T5) of the
XNOR circuit 202. Accordingly, in embodiments of the
invention the pre-charged-High MATCH LINE voltage of a MISS-
ing entry will drop to a Low (e.g., nearly ground) voltage
level, thus indicating the MISS.

In the case of a MATCH-ing entry, the occurrence of
which is depicted in the third CAM search cycle (330) in
FIG.3, no current-conducting connection between the MATCH
LINE and ground will be established through any of the
transistor stacks (e.g., neither T2-T4 nor T3-T5) of the
XNOR circuits (e.g., 202) in the DCAM cells (e.g. 200a) of

the CAM entry. Accordingly, in embodiments of the invention

the MATCH LINE voltage of a MATCH-ing entry will remain at
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- ~r J UN 2003 7 The array of claim2 wherein each of the first, second,
third and fouc-th pass snitches is an N-Type device. 8 The away of claim?2
wherein the pass-gate is a part of a match |ine pass-gate and is coupl ed
between a match line and ground. 9. The an-ay of claim2 wherein the data
storage device stores a binary Bit, and the |ogical value omé& Eé can be
determ ned by reading through the third pass switch MAthO 2 b ng the

Bi d h . 10, h wh

Ca Sear ch i TReOPES RO AR S 2082 deNG of 2LHeChEE §5gﬁe§&?-eyﬁégh&2
d d f

Storage dov e IV e %?q%%%t i 3g A L R e

second bi t e iz A1aALEd t&%eﬁgggetaaag%gsduf' BAcA %@érgggo ati on.

12. The array o clarm can be transterred e data
storage dewngg+through the fourth pass-switch during a CAM search operation
without interféring wwth the CAM search operation. 13. The array of claim9

wherein the firsghebidedonde saagchheyeeeondobatpibpeqais pperagi vely coupled
to a register that is adapted to store the BI? 14. The array of claim1l
wher ei n t hd 1fiusttraltiels Ithee tigmitguplfediyfads SEASEhanPhiréheive ternary
DCAM CELL 200a during a non-destructive read (occurring
within periods 328 and 322) and a subsequent CBM search 323
in the case where the DCAM cell 200a happens to be within a
MISS-ing entry of a CAM array. The second search cycle 320
“illustrates that a reliable CAM search (323) can be
performed in the CAM array immediately after a non-
destructive read has been performed in embodiments of an
inventive CAM entry (e.g., comprising CAM cells 200a, 200b
and/or 200c¢) without having refresh-written the read-data
back into the data storage devices (e.g., SBO and SBl) in
the CAM entry that was read-from.
The third search cycle 330 depicted in FIG. 3
illustrates the timing of signals in the inventive ternary
DCAM CELL 200a during a refresh-write (occurring within the
CAM search period 333) subsequent to a refresh-read (e.g.,
occurring in a prior CAM search cycle 320) in the case where
the DCAM cell 200a happens to be within a MATCH—ing entry of

a CAM array. The third search cycle 330 illustrates that
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(SA) adapted to detect the state of the second pass-switch. 15. A nethod
for performng a plurality of CAM searches in a CAM array having a CAM

entry that has a word of searchable data stored in a plurality of storage
capacitors, conprising: (a) perform ng a non-destructive determ nation of

the word; and (b) perform ng a CAM search after perfqQyi % 003 -38 - 41
U N 2003 16. The nethod of claiml1l ~ further conpnsny ?Lp iITIng the word

et R AL IR SRITHUNEE b (sl
compr1 17 P SSLOUNEL A 614 Ve (S9R0) Oge e o0 AGTURDLLY o1 e

further corqudediig canéae}réﬁgegn&r@%%égn%taﬁcfd Xy fgﬂf&ﬁg&&ﬁéﬂe word

determined in (a). 19. A'ne for pertormng a plurality of CAM searches
in a CAM amdemtay- vl toe CAM @ity gritdleritanicp IO 1@k iSRANGRADIA- dat a st ored

in a plurality of storage capacitors, conprising: (a) performng a

non- dest r uglendeodiiet arAM naddrh Aydlks weidl redidble CAM searches
therein.

In the exemplary embodiments of the inventive DCAM cell

{(e.g., 200a, 200b, 200c), prior to each CAM search (e.g.,
313, 323, 333) the Match Line is pre-charged (either High or
Low in accordance with Match-Line Controller design, as
previously described), through a pass-switch (e.g., pass-
transistor TPCHG) connected to the Match Line that is
controlled by a Match Line Pre-Charge control signal MLPCHG.
During each Match Line Pre-Charge period (e.g., 318, 328,
338, 348). In an exemplary embodiment of the invention
(e.g., 200a) wherein the Match Line is pre-charged High,
both search lines (i.e., SLT and SLC) of each DCAM cell
(e.g., 200a) will be held Low (e.g. during a regular Match
Line Precharge period 318, 328, 338), thereby turning OFF
(i.e. non-conducting) both pass-transistors (e.g. T4 and T5)
of the XNOR function 202, so that no conducting path exists

between the Match Line and ground, and so that the Match

Line will hold the High charge until a CAM search on that
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(b) performng a CAM search before performng (a).
ACCA AL A AR A9 A3LALLA [@AFH@ AH. ACA L AL A
r.AL. A AH% A{S. AU. Al . A. A9. A A/ AL.A A 9. A . AA .AU Ar. Al. AHy. Ansy. Al R An$@

' Lghop}. 0i kl mpr sR} xr mhc”Y] ca] ca] ca] c&a] cal] ¢

aJc:aV]c:aV]c:a]ca]cal ca]ca]ca] ca]ca]ca]ca]ca]ca]cal ca,tj]lpad][:)a\] (2@3&] cal ca]
ca] cajcaUca R7\]p

| " 3} xsnhehtherkehealietal]ealsta] c@l @l caheakeaked ealeakerkeabeakgaleal cal c

a] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! '34
1" AD56| wr trhe Yoelagalne].cal ca] c(aljc alUc == -«
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]c
al: The detection of the state of the memory storage
?@\ISg%&LO*} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&a] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] dejdaksal{dajkca] eajoa-cejstajuedlive] cabfi+gf the data stored in
V~23+, 9pR{ val gb] X] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca]iba] cepacd talre( alicaey] dalvealtdakc BLaN! MLy Wway! he! performed

" ##! #| wr mhc” Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca]
ca] ca] ca] @’&F@éFc&aP@é’]l@é‘i 4] &dfiea @9] whleh] ééﬂl #e###$$1$71$9$8$T$$$$$d0/e% :
&&3&4&&&&&' "N Ou v éxsnl d_Z]]]ca]ca]cal ca ca caLca] ca] ca] ca] ca]ca
] ca] ca] caP c&]‘(’f&?’cé’]’:@af’@ PcdPea] c(é] -8a] U&}BG&] FESPC 188 PEE6(: (;

| ool cal caf PAFEE é%?&%) Pk earea) o Cafel N caﬁsa]%i}] EQ bﬁ]—?%%%‘Lf cal cal ¢

] ca] cal cakeahgalg%lr%ah%ahﬁﬁah@al Cahﬁalscakﬁél Eélﬁé] gelaee] 89] e-al:ﬁa] caj cal 2233

99=; | >r >~>>BCCCDE

I AI Cl Sl I My stcﬁf’a@e\fhle@a]:@( gkcal.calapheat62bCobo&ahaakag) cakcal caj cal c&
a] ca] ca] ca] caV]c(a] c(a] ca] ca] ca] c&a] ca] cal] ca] c&a] ca] ca] ca! PPT

TTXXXt Yz YEV¥Z DEAM2d@dRidde\\y]. |, neWpamnanoa{ yil-éa\ Wam] eatefathg be

a]J ca] ca] ca]ca] c(a] ca] ca] ca] ca] c( a]J ca] ca] c&a] ca] ca] ca] ca] ca] ca] c(aU] ca] ca] ca
] ca] ca] c&aptealrtepfc dardngr ggshxidn}:chLa@hBte{quhg@? Xperapdaleayca] ca] ca] caU
] ca] c&a] ca] ca] ca ca]aca] cal ca] ca] c&a] ca] ca] -(La] cal ca] ca c&a] ca] ca] c( aUl ca] ca
] ca] ca] caB48)d32 348) the DC (e.g., 0a, 200b,

gERer ECEC R R e e EEE
charge contained in) the memory storage devices (e.g., SBO
and SB1). A refresh-read performed entirely within or
performed substantially within such an ordinary and
necessary Match Line Pre-Charge period (e.g., 318) does not
add significant time to any CAM search cycle (e.g., 310 and
320), and may be said to be a “hidden” refresh-read.
A non-destructive read may be performed by the
following sequence of steps: First, pre—charéing High the

Bit-Lines (e.g. BLO and BL1) of all DCAM cells (e.g. 200a)
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before) a CAM search period (e.g., 313); Third, detecting
the state of the memory storage devices (e.g., SB0O and SB1)
through the respective Bit-Lines (e.g. BLO and BL1) while
the pass-transistors (e.g., Té6 and T7) are ON, as described
above. The state of each of the memory storage devices
(e.g. SBO0 and SB1l) as thus detected may be asserted and/or
stored (e.g. stored on the Bit-Lines BLO and BL1 before 312
or during 314 or after the subsequent CAM search 314 and
until the next Bit-Line Pre-Charge) and then (316) written-
back into the same data storage devices (e.g. SB0 and SB1).

The Bit-Lines can be pre-charged High through a

plurality of Bit-Line Pre-CHarGe pass-switches (e.g., p-
channel pass-transistors PO and pl in FIG 2A) coupled to a
logic High voltage level (e.g. the power supply voltage) and
controlled by a Bit-Line PreCHarGe control signal BLPCHG.

The control signal BLPCHG will activate (i.e. turn ON=

conducting) the pass-switches (e.g. P0 and Pl) to pre-charge
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the Bit-Lines (e.g. BLO and BL1 respectively) during or
before the Match Line Pre-Charge period (e.g. 318). If a
Bit-Line (e.g. BLO or BL1l) is designed to be used both for
reading and for writing data (as in DCAM cell 200a in FIG.
2A, but not in DCAM cell 200b nor 200c of FIGs. 2B and 2Q)
then the use oﬁ the Bit-Line (e.g. BLO or BL1l) must be time-
multiplexed such that reading and writing operations do not
occur at the same times and do not interfere with each
other. Therefore, in the DCAM 200a of FIG. 2A, the Bit-
Lines can be pre-charged High for non-destructive reading
during Match Line Precharging periods (e.g. 318 and 328,
338, and 348) outside of writing-periods (e.g. 316 and 336 )
during which writing is being performed. However, where
separate lines are provided to each memory storage cell
(e.g. 210b and 210c in DCAM cells 200b and 200c as shown in
FIGs. 2B and 2C respectively) for writing and for reading,
the Non-Destructive Read Bit-Line (e.g. RBLO in FIGs. 2B and
2C) may be pre-charged High before or even while a write
operation is being performed on the same or on another DCAM
entry in the CAM array. Where separate lines (e.g. RBLO,
WBL0) are provided to each memory storage cell (e.g. 210c in
DCAM cell 200c as shown in FIG. 2C) for writing (e.g. WBLO)
and for reading (RBLO), and where neither of such lines is

also a Search-Line (e.g. SLC) coupled to the XNOR Gate 202,
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can be performed at the same time,”or during overlapping

time periods during a Match Line Pre-Charge period within a
CAM search cycle.

Accordingly, a non-destructive read of an entire CAM
entry can be “hidden” (i.e., performed without interrupting
the periodic Search cycles of the CAM entry) if it is
performed during a time interval within a CAM Search Cycle
period (e.g., 316) during which all Search Lines coupled to
the CAM cell are held Low, e.g., Match Line Pre-Charge
period 318). In embodiments of the invention wherein the
MATCH LINE is ordinarily Pre-charged High prior to each CAM
search, all the search lines will ordinarily be held Low
prior to each CAM search in order to Pre-Charge the Match-
Line High. During that time interval (e.g.318) before each
next CAM search (e.g., 323), a “hidden” read may performed
on the entire CAM entry. The sensing of the state of the
data storage devices may be thereby performed in the brief
time intérval (e.g., 304 and/or 312) before either one of
the search lines (SLT and SLC) shall have been raised to the
High voltage level to perform a CAM search (323).

Because the read thereby effected has been non-
destructive of the data stored in the memorg storage devices

(e.g., capacitors SBO and SB1) of the CAM cells (e.g., 200a)
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of the CAM entry, a CAM search may be performed immediately
(313) thereafter without first coﬁﬁiéﬁing a refresh-write
(e.g., 316). The non-destructively read data (acquired
during period 318) may be refresh-written back before, while
(316), ér after (336) the post-read CAM search (313) is
pexrformed.
The writing of data info the data storage devices
(e.g., capacitors SB0 and SB1l) of the DCAM cells 200a, 200b
and 200c of FIGs. 2A, 2B and 2C, is performed (e.g., while
RWL in 200a is Low) by asserting a High voltage on the Word-
Line (WL) and asserting the logical voltage representing
bits of the data word on the respective write-enabling lines
(e.g., BLO, BL1 in DCAM 200a; WSLO and WSL1l in DCAM 200b;
WBLO and WBL1 in DCAM 200c). The data represented by
voltages thus asserted on the data-bit lines then charges
(or discharges according to the data) each data storage
capacitors (e.g., 8B0 and SBl) of the DCAM cell (e.g., 200a,
200b and 200c). When the Word-Line WL are brought Low, the
write-enabling lines may then be used for other purposes,
(such as for asserting the bits of the comparand during a
CAM gsearch as in 200b in FIG 2B; or for performing non-
destructive reads as described above in DCAM cell 200a in

FIG. 2A; or for performing destructive-reads as in the

related art DCAM cells) The write-enabling lines (e.g.,
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BLO, BL1 in DCAM 200a; WSLO and WSL1 in DCAM 200b; WBLO and
WBL1 in DCAM 200c) can be used alférnatively for performing
destructive-reads of the stored-memory in accordance with
conventional methods of the related art, unless the array
utilization of the particular DCAM array manufactured in
accordance with embodiments of the present invention is too
large to support such destructive charge-transfer type
reads.
A feature of the inventive DCAM cell is that the
refresh-write may begin before, while (316) or after (336)
the post-read CAM search (313) is performed, and therefore
without delaying the post-read CAM search (313). Thus,
embodiments of the inventiqn provide a “hidden” refresh-
write in addition to a “hidden” refresh-read. The inventive
DCAM cell may therefore be said to provide a “hidden
refresh.”
The DCAM’s memory refresh-cycle, which is ordinarily
performed from time to time on each entire word (e.g.,
entry) of the inventive CAM array, includes a refresh-read
operation (e.g. performed within a Match Line Pre-Charge
period 318) followed by a refresh-write operation {(e.g.
performed during a CAM search) both of which may be

performed within the same CAM search cycle (e.g.310).

Because the read-operation performed through pass-
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SBO and SBl respectively), the read-operation does not
itself necessitate an immediate write-back of the data read-
from the storage capacitor. Accordingly, a CAM search
operation (e.g. 313), or even a plurality (i.e., N, wherein
N is a positive integer) of CAM search operations, may be
performed between the time that such a non-destructive read
operation (e.g. 318 or 328) has been performed on a CAM
entry and the later time that a refresh-write operation
(e.g., 336) is performed on the same CAM entry. Stated
another way, the inventive DCAM’'s refresh cycle does not
need to be completed within one conventional DCAM’s refresh
cycle, and can instead be begun and completed during a
period that spreads across the boundaries of a plurality N
of CAM search cycles.

This flexibility provides a variety of opportunities,
including the opportunity to begin and complete the refresh
cycle during periods that do not interfere with other
activities of the DCAM cell. The flexibility of the
inventive DCAM cell may support the ability to perform error
(e.g., soft-error) detection analysis (e.g., using stored

parity bits) and perhapé even error-correction algorithms

before writing-back the data. The ability to perform error-
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delaying) CAM searches may in turn enable the increase of
CAM circuit density, such as by allowing for a reduction of
hardware and/or device sizes (e.g. large trench capacitors)
that may otherwise be provided to prevent such errors. If a
stored data error (e.g., soft-error) is detected in an
inventive DCAM entry, data may be corrected and immediately
written back, or CAM searches can be suspended until the
error can be corrected and correct data is written-back to
the entry, or alternatively other measures can be taken to
insure reliable CAM search results (such as writing to the
entry such data or null-data that will not produce erroneous
CAM search results). Because the risk of gsoft-error may be
reduced by error-detection, the inventive DCAM cell may also
utilize a parasitic capacitance (e.g. from the source-
substrate) rather than an explicit (e.g., trench) capacitor
to decrease the cost of the storage element. Use of the
parasitic capacitance in transistors (e.g., T0-T2 and T1-T3)
allows an overall simplification of the manufacturing
process of the storage elements (e.g. SBO and SB1), thus,
facilitating the use of a relatively lower cost SCAM-like -
process. A lower storage capacitance may be utilized with a
relatively higher refresh rate and/or a higer error-

detection sampling rate. The optimal parasitic capacitance

30
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interval may depend on the particudar-fabrication process
used to make the DCAM of the present invention.
Optimization techniqueg that balance the interrelated
factors of circuit density and refresh rate are well known
in the art.
The Writing of random data (i.e., data not read-from
the same entry) into an entry may be performed whenever no
CAM search is being performed and no read operation is being
performed. The writing of random data into each storage
capacitor (e.g., SB0O), is performed in the manner described
above by charge—transfe£ from a voltage asserted on the
respective write-enabling lines (e.g., BLO and BL1) through
pass-switches (e.g., pass-transistors TO and T1) which are
operatively controlled by the Word Line (WL).
The MATCH LINE coupled to a CAM entry including the
inventive CAM cell (e.g., 200a, 200b, 200c) may be pre-
charged to a logic High voltage level by holding all search
lines (e.g., SLC, SLT) of the entry Low, thereby turning OFF
(i.e., non-conducting) all transistor stacks (e.g., T2-T4
and T3-T5) of all the XNOR circuits (e.g., 202) thereof and

then asserting a logic High voltage on the pre-charge

transistor TPCHG coupled to the MATCH LINE, thereby
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FIG. 2C is a circuit diagram of an alternative
embodiment of the inventive DCAM cell of FIG. 2A wherein
separate-bit—lines are provided for reading and writing, and
separate search lines are provided.

FIG. 2B depicts a circuit diagram of an alternative
embodiment of the inventive DCAM cell of FIG. 2A wherein
separate bit-lines are provided for reading (e.g., RBLO and
RBL1) and for writing (e.g. WSLO and WSL1l). The inventive
ternary DCAM cell (200b) en;bles a wead (e.g., a non-
destructive refresh-read) to be performed at each memory
storage cell (e.g., 210b, 211b) thereof, by operation of
pass-transistors (e.g., T2-T7, T3-T6) and through a Non-
Destructive Read Bit-Lines (e.g., RBLO, RBL1l). The refresh-
read operation can be performed to read the contents of the
entire entry (e.g., comprised of a plurality of DCAM cell
200b) wvia the Read enabling Bit-Lines (e.g., RWBLO, RWBL1)
whenever the Read-Word Line (RWL) coupled to the pass-
transistors (e.g., T7 and T6 respectively) is asserted High,
while all the Search Lines (e.g., WSLO and WSL1
respectively) controlling the XNOR stack transistors coupled
to the MATCH LINE (e.g., T4, and T5 respecti&ely) are held

Low. Alternatively, one of the two individual bits stored
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200b) in a DCAM cell 200b can be r&1iably read during a CAM
search, since during a CAM search operation one of the two
complementary Search Lines (e.g., either WSLO or WSL1l) will
be Low.

A hidden-refresh-write may be performed through a pass-
transistor (e.g., TO, T1l; controlled by a Word Line, WL) and
through the separate Write Bit-Lines (e.g., WSLO, WSL1)
which also function as the DCAM’s Search Lines. Because the
Write Bit-Lines (e.g., WSLO, WSL1l which also function as the
DCAM’s Search Lines, it is impracticable in this alternative
embodiment to perform refresh-writes while CAM searches are
being performed.

FIG. 2C depicts a circuit diagram of an alternative
embodiment of the inventive DCAM cells of FIGs. 2A and 2B
wherein separate bit-lines are provided for reading (e.g.,
RBLO and RBL1) and for writing (e.g. WBLO and WBL1l) and the
Search Lines (SLC and SLT) are separate from the bit lines.
The inventive ternary DCAM cell 200c of FIG. 2C enables non-
destructive reads same manner as described for DCAM cell
200b in FIG. 2B.

A hidden-refresh-write may be performed in the DCAM

cell 200c of FIG. 2C in the same manner as described for

DCAM cell 200b in FIG. 2B, however because the write bit
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lines (WBLO and WBL1) are separate from the Search Lines
(SLC and SLT) a refresh-write may be performed in the DCAM
cell 200c of FIG. 2C at the same time that a CAM search is
proceeding (just as in the DCAM cell 200a in FIG 2A).

Thé inventive DCAM cell (e.g, 200a, 200b, and 200c) may
comprise solely NFETS (e.g., N-Channel MOSFETS) as disclosed
and depicted in the embodiments shown in FIGs. 2A, 2B, and
2C. PFETs may be substituted for NFETs (e.g., TO, T1, T2,
T3, T4, T5, T6, or T7) if control signals etc. are
accordingly complemented. Alternately, All-P-Channel
embodiments of the inventive DCAM cell are also within the
scope of the present invention.

FIG. 4 depicts a representative digital system
including a CAM array comprising a DCAM cell depicted in
FIGs. 27, 2B, or 2C. The digital system, may be for
example, a computer, or a network router, comprising a
digital processor operatively coupled to a CAM array; the
CAM array comprising embodiments of the inventive DCAM cells
disclosed herein above.

While the invention has been particularly shown and
described with reference to exemplary embodiments thereof,
it will be understood by those skilled in the art that the
foregoing and other changes in form and detgils may be made

therein without departing from the spirit and scope of the
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invention. Embodiments of the invention may be implemented
as an integrated electronic circuit om.a semiconductor
substrate, or as an electronic circuit implemented with
discrete devices such as switches (e.g., transistors, or
electro-mechanical relays, or analogous optical components),
or as a combination of these circuits. The following claims
are therefore intended to include all such alternative
embodiments of the invention. Accordingly, term “pass-
switch” is used in the following claims to describe the
structure and function provided by the pass-transistors

depicted in the accompanying drawings that depict exemplary

embodiments of the invention.
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[ claim’

1. A content addressable memory (CAM) array comprising:
a CAM cell including’
a data storage device;

a pass-gate including a stack of first and a second pass-switches, the

first pass-switch being coupled to in series with the second pass-switch at a node;

a data storage device operatively controlling the second pass-switch;

and

a third pass-switch connected to the node for detecting the logic state of

the data storage device, wherein:
the first pass-switch is operatively controlled by a search line; and

the third pass-switch being coupled to a first bit line and being

operatively controlled by a first word line.

2. The array of claim 1 further comprising a fourth pass-switch connected between
the data storage device and a second bit-line, the fourth pass-switch being

operatively controlled by a second word line.

3. The array of claim 2 wherein the data storage device is a capacitor.

4. The array of claim 3 wherein the First Bit Line and the Second Bit Line are one
line.

5. The array of claim 3 wherein the search line and the second bit line are one line.

6. The array of claim 2 wherein each of the First, Second, third and fourth pass-

switches is a field effect transistor (FET).
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7 The array of claim 2 wherein each of the first, second. third and fourth pass-

switches is an N-Type device.

8 The array of claim 2 wherein the pass-gate is a part of a match line pass-gate and

is coupled between a match line and ground.

9. The array of claim 2 wherein the data storage device stores a binary Bit, and the
logical value of the Bit can be determined by reading through the third pass-

switch without destroying the Bit stored in the data storage device.

10. The array of claim 9 wherein a CAM search can be performed after a reading of
the Bit stored in the data storage device and before a subsequent refresh-write

into the same data storage device has been completed.

11. The array of claim 9 wherein the second bit line is adapted to store the Bit during

a CAM search operation.
12. The array of claim 9 wherein the Bit can be transferred to the data storage device
through the fourth pass-switch during a CAM search operation without

interfering with the CAM search operation.

13. The array of claim 9 wherein the first bit line and the second bit line are

operatively coupled to a register that is adapted to store the Bit.

14. The array of claim 1 wherein the first bit line is coupled to a sense amplifier

(SA) adapted to detect the state of the second pass-switch.

15. A method for performing a plurality of CAM searches in a CAM array having a
CAM entry that has a word of searchable data stored in a plurality of storage
capacitors, comprising:

(a) performing a non-destructive determination of the word; and

(b) performing a CAM search after performing (a).
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17. The method of claim 16 further comprising (d) performing and error-detection

process on the word determined in (a), wherein (d) is completed prior to (c).

18. The method of claim 15 further comprising (d) performing and error-detection

process on the word determined in (a).

19. A method for performing a plurality of CAM searches in a CAM array having a
CAM entry that has a word of searchable data stored in a plurality of storage
capacitors, comprising:

(a) performing a non-destructive determination of the word; and

(b) performing a CAM search before performing (a).



