.11 Novenber 2005 A TERTIARY CAM CELL This application clains benefit of
U.S. Provisional Application No. 60/324,462 filed September 25, 2001, the

content of which is incorporated herein inits entirety b ref erence.
“FI ELD OF | NVENTI ON [0001] The present invention rel at%i“"ééﬂ%%’éf)?%/ to
sem conductor nenory, and nore particularly to a tertiary CAMcel |.
BACKGROUND OF THE | NVENTI ON ; [ 0002] Many applications require searching
informati on at high speed. In many network devices, such as swi tches or

routers, data packets are trandi TERTTAR¥CAM CBII contents of enbedded
address information. Thus, in order to achieve a high data transfer rate,

.net wor k systef%ﬁrms, be able to perfaormvery high speed searches and
conpari sons. @PPlication¢laims benefis of 118 PravisionaliApplication No.i60 /324462 nt
addressable nenmoyy or CAM It should be noted that although the follow ng

di scussified Septeaiberi25) 20000 eheanitet ofwhith if SiolRpésReed KereBin by many
ot her applications which require high speed searching and conparison,” and
whi ch nmayfepdrire. t herefore benefit fromthe present invention. For exanple,
the tag field of a fully associative cache nenory al so requires high speed
searching and may be inplenented using a CAM -1

FIELD OF INVENTION

[0001] The present invention relates generally to semiconductor memory, and more

particularly to a tertiary CAM cell.

BACKGROUND OF THE INVENTION
;§[0002] Many applications require searching informaﬁon at high specd. In many
network devices, such as switches or routers, data packets are transferred based on the
contents ofc:ﬁbcddcda‘ddressinfbnnation. Thus, in order to achicve a high data transfer
rate, network systems must be able to perform very high speed searches and comparisons.
One class of circuits uscful for this function is a content addressable memory or CAM. 1t
should be noted that although the following discussion is set within the context of a
networked system, there are many other applications which require high speed searching
and comparison, and which may also therefore benefit from the present invention. For
example, the tag ficld of a fully associative cache memory also requires high speed searching

and may be ﬁnpkmmmd using a CAM.



11 Novenber 2005 [0003] It may be useful to conpare a CAM agai nst a
traditional nenory device, such as a random access nenory (RAM. To an
extent, CAM and RAM devi ce operate conversely. For ex | e M may be
read by presenting it with a read command and an addr emtf‘ﬂgo M r esponds
by outputting the data stored at the specified address. However, when a
CAMis read, it is presented with a data sanple, and the CAMreturns an

mat ch signal indicating whether the data sanple is stored in the CAM and
if so, afj0808}ess It midylbeuidfiel toAMdnifire A CAM agdifisttheadiibaalhiesibryrdevibeGuche
sanple. [0004] - Network routers and switches generally enploy a ITB.tChI ng

fcg%;'r gg to aﬁstaﬁg&#%ﬂog r| € Ckﬁ‘}u I%#%F‘l' fﬁgmgrred as a

dat abase. Fi 1 is a block diagram of an exenplary CAM devi ce 100 whi ch
i ncl udes SQUYERfLEy F %%ﬁ%ﬂ#w by peescating itwithra read command and
circuit 120 for detecting matches, and optlonally a priority encoder 130
for sel eahiaddressd ThietRM mpoﬁdnby@hmuagdheshu stofechdd theispycifiedi eddresdien

appropriate. The CAM device al so I ncl udes a cont roI ler 140, for controlling

the oper gf4 ‘%{TQ 2 RS

priority enco ‘rw&% as vaasI %oFr' %m ng %gg\%g%mtumm
ot her devi ces, Vi a the data 150a, address 150b and control 150c, |i nes.
Conmer ci 314 ﬁgﬂ pls,is stored in the GAM cand i spc#n address

136-bit w de data sarrpl e against a dat abase having up to 16,384 entries.
Conmrer ci whthin tvaCIAN] whichMogiealhe tiir daty wiich friatclodibtheaamiplé.es up to 100
mllion searches per second. This ability for CAMs to quickly

[0004]:  Network routers and switches generally employ a matching function, where a
portion of a packet, such as an address field, is compared to a list of data entries. The list is
often referred to as a database. Fig. 1 is a block diagram of an exemplary CAM device 100,
which includes a CAM array 110 for storing the database, a match detection circuit 120 for
detecting matches, and optionally a priority encoder 130 for selecting and outputting a
matching address in a priority order, when appropriate. The CAM device also includes a
controller 140, for controlling the operation of the CAM array 110, match detection logic
120, and priority encoder 130, as well as for interfacing the CAM device 100 to other
devices via the data 150a, address 150b, and control 150¢ lines. Commercially available
CAM devices may support, for example, searching a 136-bit wide data sample against a
database having up to 16,384 entrics. Commercially available CAM devices may be
scarched at rates up to 100 million searches per second. This ability for CAMs to quickly
search relatively wide data words against relatively large databases at high speeds makes

them highly useful in applications such as network routing and switching.



search relatively wi de data words against relatively |arge databases at

hi gh speeds nakes them highly useful in applications such as net wor k
routing and switching. -2 11 Novenber 2005 [0005] Thel Elove S ypes of
searches which are of interest, nanely a search for th ALt ch and
the partial match search. In the exact match search, an entry stored in the
CAMw Il match the data sanple only itthe data sarrple and the entry match
bit for bit. In a partial mat ch search, the search may be conducted on

only a sppges] of {I‘h etlj,ga; ”ﬂ% t he Metrle are ted
to speci?Ioo ][hl rd "don’ t ca 9{ é%’t‘ﬁ?ﬁ g"

"1" stat rtial search I s conduct ed, CAM entr| es wll
match a gﬁ‘é“&éﬂb 33’%‘?6%?& searahy. ¢ I therexactamatap scarchaan gntry gtared in the
or "1" states match the corresponding portion of the data sanple. [0006]

CANVS hav%léwﬂrmmh whe dataosaimpls oplyaf the data sanplkadnd fhe ey mathbit for]btt In

states ark d nown as binary CAMs, and can only support exact mat ch

sear chesa p mmw%&a&m@& Alcinatidn e, thd Wt
care" state are known as ternary %’é (aH (ﬁﬂ%g} %@FW‘E‘Ch
sear che These al so su ort exact rratch searches when an entry does
not contSIalll% ’g’n@' W thirdy“don’n sare” Graw incadditibi to of

t he database stored in the CAM array 110 rrust be represented by at |east
two bit shejlagicalfd)” and 812 stheest &hti agrartid ghdtck dedrol is@dndiicdd TAKL &itries will
and "don't care"). Al though a nunber of different technol ogies can be used
to match a data sample as long as each bit in the entry set at a logical “0” or “1” states match

the corresponding portion of the data sample.

[0006]  CAMs having cntries which only support the logical “0” and logical “1” states
aré known as binary CAMs, and can only support exact match scarches. CAMs having
| enitrics which also support the use of the “don’t care” state arc known as ternary CAMs,
and can be used for partial match searches. (These CAMs also support exact match

scarches when an entry does not contain any “don’t carc™ states.)

[0007] In a ternary CAM, each bit of the database stored in the CAM array 110 must
be reprcscnted by at least two bits, in order to encode the three required logical states
(%0, “1”, and “don’t care”). Although a number of different technologies can be used to
construct the CAM array 110, modern CAM devices usc storage clements based upon a
static random access memory (SRAM), where data is stored in a flip-flop, or a dynamic
random access memory (DRAM), where data is stored in the form of a charge on a

capacitor. Fig. 2 is an illustration of a CAM cell 200 based upon DRAM technology.



construct the CAM array 110, nodern CAM devi ces use storage el enents based
upon a static random access nenory (SRAM, where data is stored in a
flip-flop, or a dynam c random access nenory (DRAM, 1\Mmre dg{J is stored
inthe formof a charge on a capacitor. Fig. 2 is ald'MVIRT A on of a cam
cell 200 based upon DRAM technol ogy. 3 11 Novenber 2005 [0008] The cell 200
i ncl udes a transistor 202 and a capacitor 203, which are coupled in series
between a bit line 201 and a ground potential 206 as illustrated in Fig. 2.

A sel ect [0008e 20Fhe selt 200! includes & hangisio? 202 ddtba ciptibs 208, Which are coupled

Additionally, the cell 200 inherently includes parasitic capacitance,

whi ch isﬁgégg%ﬁg ' i . ggggi L e n the bit
line 201 an groun%HZdO Flﬁﬂgtzgan%;dg S o&rgét%%} %g@%gflﬁg%gc&o% #’c%?ﬂ“t
transi st or .on (yia line 205) and forcing bit |ine 201 to either a high
or | ovitks 08 is Conpled o, the.gare i the raeeior 203 Addiskomalbs the call 208 dnbereasly
the potential at node 207 equals the potential of the bit line. The

t r ansi stioch@leg parasitic eapacitancéyothichfis ldsratednia Bg5? asespaciter 204! amopléﬂ at
node 207 is maintained by the charge stored in capacitor 203. f o 09] In

Lo a  hiioren S GicTing 0 b R 20 Boues i 4 ooty (it el 2 6 B0l
charged.,_ The tr istor ..202 is then switched on (via line 205). If the
capact ¢ Jramor L0£p8,(Fagine £0)apd Gicingokic ine 203 gocaities R high 6 dowrTatr o
high, there is no change of potential at node 207 and at the bit |ine 201.
The charkhis cawes thuf capacitorpaB it @haffedor dischasge uatihaRgsstentifvR \Ride 207 édifls
the potential of the bit line. The transistor 202 is then switched off (via line 205) and the

potential at node 207 is maintained by the charge stored in capacitor 203.

{0009]  In order to read data stored in the cell 200, the bitline-ZQl is precharged to a
high level. This ensures that the parasitic capacitance 204 is also charged. The transistor
202 is then switched on (via line 205). If the capacitor 203 is storing a charge so that the
potential at node 207 is high, there is no change of potential at node 207 and at the bit
linc 201. The charge level of the capacitor 203 is also unchanged. However, if the
capacitor 203 is storing a charge so that tﬁc potential at node 207 is low, charge will flow
from the bit line 201 through the transistor 202 and into the capacitor 203. This causes
the potential at the bit line 201 to decrease and the potential at node 207 to increase. The
charge level of the capacitor 203 also increases. The change in voltage in the bit line 201
and/or at node 207 can be sensed, in order to determine logical stated stored in the

capacitor 202.



capacitor 203 is storing a charge so that the potential at node 207 is |ow,
charge will flow fromthe bit line 201 through the transistor 202 and into
the capacitor 203. This causes the potential at the Eit Iibnez&%l to
decrease and the potential at node 207 to increase. 1 gov%nﬁaerrge evel of
the capacitor 203 also increases. The change in voltage in the bit Iine 201
and/ or at node 207 can be sensed, in order to determ ne |ogical stated
stored in the capacitor 202. -4 11 Novenber 2005 [0010] The CAM cell

i 11 ustraf@810h Fi FhexXCAM celt illustrategl ia Bijz! 2 eforeled singlertit of datacamsd isrtherefore
capabl e of encoding only two states. As previously discussed, ternary CAMs

T S oS 2 S Ml e i
el V0o i SOLRAG e, THL S L bl S 1 o e

the storage regui rements of a ternary CAM cell. [0011] One problem
associ at Edcwit 200dlhestrated iBig: @, but 20dudeas/ad stotageiclememnts.d Thipperatitscthe wely be
destructive. In cell 200, for exanple, when the read operation is

per f or "e800todtére!two BirsiHith E&?ﬁ&?ﬁ%ﬁ?&#&é%&?w gistéﬁ%gs SbrvEthe

charge, the flow of charge, fromthe bit [in durin

operatio&o ters the charge Ievem&gﬁ capacitor 202. Thus, in CAMcells
200, 300, g@éﬂﬂﬂ‘?’é&% fegpary, is required after each read

operation. The requirenment for performng a charge restorati on operation

[0011] One problem associated with dynamic CAM cells 200, 300 is that a read
operation may be destructive. In cell 200, for example, when the read operation is
performed on a cell in which the capacitor 202 is storing a low level of charge, the flow of
charge. from the bit line 201 during the read operation alters the charge level of the
capacitor 202. Thus, in CAM cells 200, 300, a charge restoration operation is required
after cach read operation. The requirement for performing a charge restoration operation
after each read fimits the speed of a CAM device. The charge restoration circuit (not

illustrated) also requires additional components and increases power consumption.

(0012) Fig. 4 is an illustration of another CAM cell 400. In comparison to the
ércviously described CAM cell 300 (Fig. 3), CAM cell 400 includes two additional
transistors 402a, 402b, which are coupled in paralle} with the data storage capacitors 203a,
203b, respectively. The gate of transistor 402a is coupled to node 207b while the gate of
transistor 402b is coupled to node 207a. Thesc two transistors 402a, 402b provide the
circuit 400 a limited form of protection from destructive reads. More specifically, the CAM

cell 400 can be read nondestructively only if the capacitors 203a, 203b store opposite




after each read Iimts the speed of a CAM device. The charge restoration

circuit (not illustrated) also requires additional conmponents and
i ncreases power consunption. [0012] Fig. 4 is an ill ust ration @4 anot her
CAM cel | 400. In conparison to the previously descri'b&Ge¥¥ é& 300 (Fig.

3), CAMcell 400 includes two additional transistors 402a, 402b, which are
coupled in parallel with the data storage capacitors 203a, 203b,
respectively. The gate of transistor 402a is coupled to node 207b while the

gate of  EHap Or« By b p Qf» 0 T transi st ors
402a, 402b pr%évtlgl e toflgz Ci r%cu l g ;Oﬂg ?&E m#@ W&Eﬁ%ﬁsﬁﬁ?nml
destructi ve rea flpem fi cal ly, the CAM cell 400 can be read
nondestru?ﬁ"\%}’gc §nlc§’nF1° @&E&MBF@MMUQWMM cell 40 the two
Novenber 2005 charges (i.e., "O" "1" or "I "0"). Thus if the CAM cell

400 were wmmamlmcﬂmtwwa Carfbe uﬁeulhwuwmmﬁnw@m&n #b ch
only permts storing in CAMcell 400 the two opposite charge’'states, the

et orat i on o e waet A3EhraGof AU RTHE. Utfinbuldily: Bhe A <ol S0uplapRufbE °°

for use ernar ause ternary CAM cells nust be able to store
at | east af?i'm %?&Wmee'gﬁamﬁmﬁé sclls maustibe abletostors atdeastithree
met hod and apparat us for an efficient dynamic CAMcell architecture which

does not stteui Accartlmgly thert is naidedandf dire foCH mcthed aAd apphrafil foPalyhiRYerfer
THE | NVENTI ON

dynamic CAM cell architecture which docs not require charge restoration after each read

opecration.

| SUMMARY OF THE INVENTION
‘[0013) The present invention is directed to a ternary CAM cell which stores charge in
a manner similar to a DRAM cell, but which also can be nondestructively read. That is, a
read opcrationdoes not have to be followed by a charge restoration operation in order to
maintain data integrity. The threc required states of a ternary CAM (logical “0”, logical
“1”, and “don’t care”) may be stored using three bits of storage. The use of three bits of

storage per CAM cell permits the use of a circuit topology which include three states which

can be read nondestructively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The foregoing and other advantages and features of the invention will become
more apparent from the dc_milcd description of exemplary embodiments of the invention

given below with reference to the accompanying drawings in which:

-6-



[ 0013] The present invention is directed to a ternary CAM cell which stores
charge in a manner simlar to a DRAM cell, but which al so can be
nondestructively read. That is, a read operation zl ()ﬁﬁ\I not hgﬁﬁsto be

fol lowed by a charge restoration operation in order to “W&IRY&Y dat a
integrity. The three required states of a ternary CAM (Il ogical "0", | ogical
"I, and "don't care") may be stored using three bits of storage. The use
of three bits of storage per CAMcell permts the use of a circuit

t opol ogy ) in i.C n rqad nondestructively.

BRI EF DES[gRPIl(IgJ{II O\Icﬂg:@ ?HEWMH@?BQ%&H@%%%%%& her advant ages
and features of the invention will becone nore apparent fromthe detailed
description of exenplary enbodi nents of the invention given below wth

ref erencd006]he di€hpiznydirgitcdiaganosf i Bindy CAM-@ILL1 Novenber 2005 [0015]
FIG 1 is. a block diagramof a content addressable nenory. [0016] FIG 2
is acircuit diagramof a binary CAMcell; [ 0017] FIG 3 is acircuit

di agram o[f 3 iernar CAM cel | based on the binary CAMcell of FIG 2;
[oo018] FIL80LZ]is R arcingnithiagrant ofa @thvanyaCAMcell baed om thictbinary GAME el
and which may be used as a binary CAM cell which can be read
nondest r wftFIGRI2y; [0019] FIG 5 is a circuit diagramof tertiary storage

el ement ;

[0018] FIG. 4 is a circuit diagram of a CAM cell having two bits of storage and which

may be used as a bimryCAMccllwhichcanbercadnondcstmctively;
[0019] FIG. 5 is a circuit diagram of tertiary storage element;

[0020] FIG.6isadrcuitdingraxnofatcmaryCAMcellhavingthrccbitsofswmgc

per cell; and

[0021] FIG. 7 is a block diagram of CAM device using an array of ternary CAM cells

as illustrated in FIG. 6.

[0022] FIG. 8 is a block diagram of a network device employing a CAM device as

illustrated in FIG. 7.



[0020] FIG 6 is a circuit diagramof a ternary CAMcell having three bits
of storage per cell; and [0021] FIG 7 is a block di agram of CAM devi ce
using an may of ternary CAMcells as illustrated in FlG Eg@gZ] FIG 8
is a block diagramof a network device enploying a CAIQA"H’@WE%

illustrated in FIG 7. 11 Novenber 2005 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 0023] The CAM cell architecture of the present invention is
illustrated as CAMcell 600 in Fig 6 and utilizes a tertiary storage

el enent having parti culs ng w t hout
requiring a charge restora&%% opﬁ%ﬁﬁgmmcusm ng in
detail the structure and operation of the CAMcell architecture of the

present [0R28k i onThe CAddyceilcarchiréarire of e preseat inventiparis ilustratdd 4shCAM cell
tertiary storage circuit 500 of Fig 5, as there are nunerous sinmlarities

7 00 g egstog | i i S i o

inputs DQ DLl D2 .to three outpyts respectively. The output of
cach NANDURRPEt Badingphoantequiring ggﬁempwermo LOPSIAROR. HOWEYSS, beloes NAND
gates. For exanpl e, NAND gate 501 has an out put QOWhl ch is provided as an
i nput to qlmmggtm sieBiixheStRictifeandseparitiore of Hec€AM celh aschifange ofithe presthe

nunber of stable input/output states for the circuit 500. In particular,
the circuinbefih, it may be useful to examine the operation of the tertiary storage circuit 500 of

Fig. 5, as there are numerous similarities between circuit 500 and cell 600.

[0024] The tertiary storage circuit 500 (Fig. 5) comprises three NAND gates 501,
502, 503 which couple three inputs D0, D1, D2 to three outputs Q0, Q1, Q2,
respectively. The output of each NAND gate 501, 502, 503 is also coupléd as an input to

“the other NAND gates. For example, NAND gate 501 has an output Q0 which is
provided as an input to NAND gates 502, 503. The use of feedback in this manner limits
the number of stable input,/output states for the circuit 500, In particular, the circuit 500
supporm thee stable states wherein only one of the three inputs D0, D1, D2 of the circuit
500 is at a logical “1” (with the remaining inputs each at a logical “0”) and wherein only

- one of the three outputs Q0, Q1, Q2 is at a logical “0” (with the remaining outputs each

ata logical “17). These three stables states are illustrated in the following truth table.

Input Output

DO D1 . D2 Q1 Q2 'Q3




supports thee stable states wherein only one of the-three inputs DO D, D2
of the circuit 500 is at a logical "1" (with the remaining inputs each at
a logical "0") and wherein only one of the three out @ is at a
|l ogical "0" (with the renmining outputs each at a Iogﬁtcblif"%%?er%%rhese three
stables states are illustrated in the following truth table. |nputQutput
DOD1D2QLQR' B -8 11 Novenber 2005 100011 010101 001110 100251 One i nport ant
aspect of the above truth table is that when one of the outputs (e. g , )

I s at a [rogrca—f*—state—gue—to—thag—w he—NAND-—gat-es—501—502.-503 are
coupl ed,| t he Ir enmaifni ngQout pits (g. g. QZ, QB}) are forcpd tq takq t he
| ogical ["I" state} [0026] The CAM ceII g00 (Fig. 6) of the |present

i nventign is _based upon the{stable Jratje properties or thg above dejcri bed
circuit |The 8AM cél | 6bo is|a dyhanid CAM cell afd i il udds thdee sforage
el ement $——t-he—i{ Ltors 203a,4 203b. 208c. Each Jcapacitor]}is

associ affed wpth alrespgctive bit; |ine 2(Q1a, 201b, 201;’O Acdess betweg¢n the
bit Iipes 201a, P016, 201c| and the dapgcitors 208 3b, 1203c “i s g¢verned

by tranststors 202z 202bh—202c—each—of—whi-ch—has—+s M*"Jm“pl eddto

i ne 205. -

[0025] One important aspect of the above truth table is that when one of the outputs
(e.g., Q1) is at a logical “0” state, due to the way the NAND gates 501, 502, 503 are

coupled, the remaining outputs (e.g., Q2, Q3) are forced to take the logical “1” state.

[0026] The CAM cell 600 (Fig. 6) of the present invention is based upon the stable
state properties of the above described circuit. The CAM cell 600 is a dynamic CAM cell
and indudcs three storage elements in the form of capacitors 203a, 203b, 203c. Each
capacitor is associated with a respective bit line 201a, 201b, 201c. Access between the bit
lines 201a, 201b, 201 and the capacitors 203a, 203b, 203c is governed by transistors

202a, 202b, 202c, each of which has its gate coupled to line 205,

[0027] The capacitors 203a 203b 203c are cach associated with two of discharge
devices. In one illustrated embodiment, the discharge devices are transistors. For example,
capacitors 203a, 203b, 203c are respectively coupled in parallel to a first set of transistors
4022, 402b, and 402c. Transistors 402a, 402b have their gates coupled to node 207c.
Transistor 402¢ has its gate coupled to node 207b. The capacitors 203a, 203b, 203c are

also respectively coupled in paralle! to transistors 602a, 602b, 602c. The gatc of transistor



[0027] The capacitors 203a 203b 203c are each associated with two of
di scharge devices. In one illustrated enbodi nent, the di scharge devices

are transistors. For exanple, capacitors 203a, 203b,, , 203c ar espectively
coupled in parallel to a first set of transistors 4di§@wﬂﬂﬁﬁ?m%%d 402c.
Transi stors 402a, 402b have their gates coupled to node 207c. Transistor
402c has its gate coupled to node 207b. The capacitors 203a, 203b, 203c are
al so respectively coupled in parallel to transistors 602a, 602b, 602c. The

gate of lston 79 11 2Q056§%’i oupl ed t o node 207b.

I anst st SALE0died %0 npdb JU7RC Fragsecs 607k, GrEc bierthel it cuplrdioasthves
[ 0028] The .above described circuit topology is designed using a principle
simlar ﬁBdIPH@dFé{Viaary storage circuit 500 (Fig. 5) because the above

described circuit topology supports three stable states wherein only one
of the three capacitors 203a, 203b, 203c stores a high |level of charge

(e.g., a heal oJ1") . while the other two capacgitors,are discharged, (e.qg.
a | ogi ca{begéf . ﬂkﬁme&'%ﬂf&fimgowzﬁ mdmaae@@ﬂsmﬂarmy
associ ated with capacitors 203a, 203b, 203c and function nuch like the

f eedback thetertiagy starage circuit 5080Fig, 19)i becauseirthe absee described dreuitaopologly one
capacitor is coupled via one of the nodes to control the discharge devices

Capac tof TF5Ta ey AME Rl AhEN B0l oy, SRS TR fapachbls AURLRORb, 03¢

P £ anoorbe figh 161 of chaigR' (€% Slogical 134 whlic the SRt o Spacteomare '© 9% ©
discharged (e.g., a logical “0”). In particular, the nodes 2072, 207b, 207 are respectively
associated with capacitors 203a, 203b, 203c and function much like the feedback feature of
circuit 500. This is because the charge level of one capacitor is coupled via one of the
nodes to-control the discharge devices (e.g., 602b, 602c) coupled to the other capacitors.
For example, if capacitor 203a stores a high charge, node 2072 would be at a high
potential. Node 207a is coupled to the gate of transistor 602b and the gate of transistor
602c, thus both transistors 602b, 602c will be switched on. When transistor 602b is
switched on, charge will flow from capacitor 203b to ground 206 via transistor 602b.
Similarly, when transistor 602c is turned on, capacitor 203¢ will discharge to ground 206

via transistor 602c.

{0029] The cell 600 can be written by setting one of the bit lines 201a, 201b, 201c to
a high logic level (¢.g., a logical “1™) and the remaining two bit lines 201a, 201b, 201c to
a low logical level (e.g., a logical “0™). Once the bit lines 201a, 201b, 201c have been set
to the appropriate voltage levels, a logical high signal is placed on line 205, causing the

gates of transistors 202a, 202b, 202c to conduct, thereby transferring charge

- 10 -



602c, thus both transistors 602b, 602c wll be switched on. Wen transistor
602b is switched on, charge will flow from capacitor 203b to ground 206

via transistor 602b. Simlarly, when transistor 602c iNz.' t%neg%(gsn,
capacitor 203c will discharge to ground 206 via trardd™N¥VYPPEEYL [ 0029]
The cell 600 can be witten by setting one of the bit Iines 201a, 201b,
201c to a high logic level (e.g., alogical "1") and the remaining two bit
lines 201a, 201b, 20l1c to a low logical level (e.g., a logical "0"). Once

the bit || 2Qla, 201b, 20lc, have been t to.the I [ vol ta
ovels. SOPEBoRdiY o7 igh 1ogics Ievef o ang of the capscsions 2050 30h, F8c Lgarada
transi stors 202a, 202b, 202c to conduct, thereby transferring charge -10 11
Novenberwithahe bit lines20kadi20d by 30kc sitgh a highdegic!leveb and dransferririg clinrge
capacitors 203a, 203b, 203c associated wth the bit Iine 201la, 201b, 201c

set to acdtrg@pohditigho £16g! logitdl kevd@?6 tR & Q:hgé%rs 2084, 203003038 adsdciard 9

| ogi cal level to two of 'the capacitors 203a, 203b, 203c associated wth

the bit |4 b, 1 et to a,lowl.ogic,level. [0030] The cel
600 can éﬂﬁgﬁggﬁﬁ‘y %?@éﬂa?é%@ﬁﬁbﬂar‘?‘ﬁggg'ﬁ %l 201b, 201c to high,
swi tching on the access transistors 202a, 202b, 202c, and observing
potential changes on the bit lines 20l1a-201c. As previously noted, when a

Coaac, L TO0S0T = Ul 4 be oS 06 I 00 08, ook
state Wiih ! idtling B3 the 328 trantistons 305 0367 2058 ind obsefving potential
changes on the bit lines 201a-201c. As previously noted, when a capacitor stores a high
level of charge, the read process does not reduce the charge level of the capacitors. Thus, a
capacitor at a high logical state will retain that logical state through a read. In cell 600,
when a capacitor is at a low logical state, it will retain that logical state through a read as
- well because one of the other capacitors will be at a high logical state, ensuring that one of
the transistors coupled in parallel to a capacitor having low logical state will discharge to
ground. The cell 600 can therefore be used as a building block for CAM arrays which do

not require a charge restoration procedure following each read operation.

[0031]  Thus, the present invention is directed to a tertiary CAM cell 600. The CAM
cell 600 (Fig. 6) includes three bits of storage, arranged in a nine transistor architecture.
The architecture includes three stables states where only one of the three bits is at a logical
“0” while the other two bits are at a logical “1.” Thesc three stables states are sufficient to
encode the logical “0”, “1”, and “don’t care” states required in a ternary CAM. The three
stable states can also be read without requiring a charge restoration procedure while

maintaining the integrity of the storage.

-11 -



when a capacitor is at a low logical state, it wll retain that |ogical
state through a read as well|l because one of the other capacitors wll be
at a high logical state, ensuring that one of the tr i st or upled in
parallel to a capacitor having |ow | ogical state wil I1a'&?°§’8'ﬁg?%88€o gr ound.
The cell 600 can therefore be used as a building block for CAM arrays which
do not require a charge restoration procedure follow ng each read
operation. [0031] Thus, the present invention is directed to a tertiary CAM

cell 600506821 CAMp;gefl ' ic?&it'ﬁ@ﬁ % ' a§539 f?‘%
arranged [i n a]ni nelgregnl’ssiﬁgs)?]c‘){rsﬁgrggﬂ?%(gc ure. Zbgﬁlcgﬁi:z{%cﬁjre |%c u e%lc
three st S ere only one of the three bjts is . at_a.logica "o"
whal e thﬂW@kﬁé@%mtmmw- |mat$hdem¢wpge12§1’a§)miémhc
are sufficient to encode the logical "0", "1", and "don't care" states

r equi r ed arnay d 10 rHae CAMMevides700 may alset aiticnallydhelade arprivrity cheoderdB0
w thout requiring a charge restoration procedure while maintaining the

vi thout ge restor 2 Nt ai
1 b0t o P Spiete tHE REE setecting, Sicolty 12871A e8hftol St 1 B0 s chabted ) the array

the ar r 13 OhpBatehdscestiybinmiin 17Booresvcpneoen 10, sho dite 102 Ao 150,

encoder 130 coupled to the match detection circuitry 120. A control

circuit and'controtdbift sigrablinése Fhe egntralldrcnitnb4 @ amibinacdh detectiorr cirduit P20’

priority encoder 130, and the data 150a, address 150b, and control 150c

signal | hiegmillPfo B EQhvenitond] Louktlr pAad! iR hale BELEGHARP ©b Wotk Wittt Zh
encoding which maps the three stable states (i.e., 100, 010, 001) of the CAM cells to the
“0”, “17, and “don’t care” states of a tenary CAM. For example, state 100 may
correspond to a logical “0”, while state 010 may correspond to a logical “1”, and state
“001” may correspond to a “don’t care” state. The pﬂority encoder 130 may be coupled
to the match detection circuit to prioritize the output of the CAM device 700 should

- multiple entrics in the device 700 match a data sample.

[0033] Fig. 8 is an illustration of how the CAM device 700 can be used in a network
device 800. The network device 800 might be, for example, a network router 800 which
examines cach data packet received from input ports 801 and routes each packet to one of a
plurality of output ports 805. As data packets are received from each input port 801, they
are temporarily stored in an input buffer 802. The input buffer 802 may be organized as a
queue and read by a control logic 803. Each packet includes an address field. Generally, a
portion of the address field specifies a network or sub-network address, while another
portion of the address field specifies a node on a network/sub-network. The control logic:

803 examines the data packet at the head of the queuc 802 and determines which one of
-12.




are simlar to their conventional counter parts, but have been adapted to
work with an encodi ng which maps the three stable states (i.e., 100, 010,

001) of the CAMcells to the "0", "J", and "don't cagre"' stat of a
ternary CAM For exanple, state 100 nay correspond 36§B“W85“§§F "0", while
state 010 may correspond to a logical "1", and state "001" may correspond
to a "don't care" state. The priority encoder 130 nay be coupled to the:
mat ch detection circuit to prioritize the output of the CAM device 700

shoul d gl ity SGRIPRS pofes|(BR HIDHFGRod M TMR! Kt Raftplel st néHRHRor i 0.

8is an illustrdtion vice-700 can bé used in a network

devi ce 80Q. The twork devjce 800 m be, for, ex e, a;ne r.k

800 uni i BARrhEUHEEREaRE the Stk e Gonrol IoE WH o P 3talE Fich BEME/
routes each packet to one of a lurality of output ports 805. As data
‘packet s mselvedneswark/submetuork 2 -tpanitpaoportipaining in thet CANbdewics Y08+ or ed
in an input buffer 802. The input buffer 802 nay be organi zed as a queue

and r eadWihi¢na W piddet iDGlamifod by EHE BomasiHid 763, tHe hicBoRds sabndrivorid .

Generally, a portion of the addiess field Specifies a network or

sub- net r I | e, anot her ortion of .the addngss, f] cifies
a node %&%M&%% -?Fé‘!‘ﬁ\b’r" . @Bﬂt’?ﬁ%&?@hﬁ g&'ﬁe@ﬁcﬁgg f?gg dat a
packet at the head of the queue 802 and determ nes which one of -12 11

Nov enberPreviously sesolved zaute.y Ln the casp of apusich, theadata packes spo haiquisklyotransferred

exanple, a different network or sub-network) will receive the data packet.

The conttioathe lcofriet SO putPorewithosit Additeaslprocdsing.

[0034] While the invention has been described in detail in connection with the
exemplary embodiment, it should be understood that the invention is not limited to the
above disclosed embodiment. Radmgthchnmnﬁoncnntn:no&ﬂkdtohmnqxwmmany
number of variations, alternations, substitutions, or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Accordingly, the invention is not limited by the foregoing description or drawings, but is

only limited by the scope of the appended claims.
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resol ved networ k/ sub- net wor k address-to-output port pairing in the CAM
device 700. Wen a new packet is exam ned by the control |ogic 703, the
network or sub-network address fromthe data packet | extga%égg and
searched by the CAM device 700 for a previously resol V&EYPBUtE™ 1 n the
case of a match, the data packet can be quickly transferred to the correct
out put port w thout additional processing. [0034] Wile the invention has
been described in detail in connection with the exenplary enbodinent, it
shoul d be understood that the inventioq?tgﬁﬂgg limted to the above

di scl osed enbodi ment. Rather, the inventl an be nodified to incorporate
any nunber of variations, alternations, substitutions, or equival ent
arrangenent s her et.of oye descri bed, but which are comensurate with the
spirit and sco b S %enti on. Accordingly, the invention is not
limted by the foregoing description or drawi ngs, but is only limted by
the scope of the appended clains. -13 11 Novenber 2005 CLAI M5 What is

clai med ils: 1.Afemtiary ¢ontgnt sddressablzdremosy (CAMprl, cofpiising: el |
conprising: a first storage element having a first capacitor controllably
coupled via a first switch to a first bit line; a second storage el enent

having a asfepstdrapardemeRt haing A HrittaApYcit? HontbiMbly Gupléd¥id a first switch to a first
bit line;

a second storage element having a second capacitor controllably coupled via a second

switch to a second bit line;

a third storage element having a third capacitor controllably coupled via a third switch to a
third bit line;

wherein said first, second, and third storage elements are coupled to a control circuit
which, in response to one of said storage elements being set to a first logical state, sets each

of the other storage clements to a second logical state.

2. The tertiary CAM cell of claim 1, wherein said first, second, and third switches are

transistors.

3. The tertiary CAM cell of claim 1, wherein said control circuit further comprises,

-14 -



switch to a second bit line; a third storage el enent having a third
capacitor controllably coupled via a third switch to a third bit |ine;
wherein said first, second, and third storage el enent re co ﬁLsed to a
control circuit which, in response to one of said sﬂi#‘%"é“%ﬂ‘"g hts bei ng
set to a first logical state, sets each of the other storage elenents to a
second | ogical state. 2. The tertiary CAMcell of claiml, wherein said
first, second, and third switches are transistors. 3. The tertiary CAM

Novenber * Sobpe 9 PEPRUBbRURHER Scliock { AU It Al HEOPRE £ Bround fortpal

paral l el betwegn a ground potential and the first capacitor; a second pair
of contrﬁ?‘fgiﬂ £ PHe devices, coupled in parallel between the ground
potential and the second capacitor; and a third pair of controllable

di scharge devices, coupled in parallel between the ground potential and the
third capsesondpair offvontiollablei disdhiarge dpvices, obupledin phtaliel letdicen dar growbdvi ces
are arranged to set said first capacitor to correspond to the second

| ogi cal ﬁ%@im%ﬁ@mﬂqﬂ third capacitors are

a third pair of controllable discharge devices, coupled in parallel between the ground

potential and the third capacitor;
wherein

said first pair of controllable discharge devices are arranged to set said first capacitor
tocorrespbnd_nothcsccondlogicalstancifeithcrthcsecondorthirdcapacimtsare

set to store a charge associated with the first logical state;

said second pair of controllable discharge devices are arranged to set said second
capacitor to correspond to the second logical state if either the first or third

capacitors are sct to store a charge associated with the first logical state; and

said third pair of controllable discharge devices are arranged to set said third
capacitor to correspond to the second logical state if either the first or second

capacitors arc set to store a charge associated with the first logical state.
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set to store a charge associated wth the first |ogical state; said second
pair of controllable discharge devices are arranged to set said second
capacitor to correspond to the second | ggical state i1f l\?ithgr g first or
third capacitors are set to store a chitge associ at ed VEHCTKE i r st

| ogical state; and said third pair of controllable discharge devices are
arranged to set said third capacitor to correspond to the second | ogical
state if either the first or second capacitors are set to store a charge
associ at ed- wi t hhe GAM celsof ¢laign 3avheeiatsad congoliahla dispkaygndaices@s 4. The CAM
cell of claim3, wherein said controllable discharge devices are

t r ansi st otsnsistotsriavingfd fist sawesy/dreindemminalt cenpiedad a fioupérednalof ané pf sad

term nal of one of said capacitors and a second source/drain termnm na

coupl ed t @apRRoGIadAGeRsHdUTRIdraib terifif bhFled tC@B gfiindgdtngiak abl e menory
(CAM cell, conprising: a first, second, and third bit lines; a select

line; a first, second, and third access transistors, wherein each of said
first, second, and third access transistors include a gate coupled to said
select line and a first termnal coupled to a respective one of said
first, second, and third bit lines, and a second termnal coupled to a

respective one of a first, a second, and a third storage units; wherein
each of said f fstiarysepisptrddssssablememosy (a8 cal e nrishigude; ;

a first, second, and third bit lines;
a select line;

a first, second, and third access transistors, wherein each of said first, second, and third
access transistors include a gate coupled to said select line and a first terminal coupled
to a respective one of said first, second, and third bit lines, and a second terminal
coupled to a respective one of a first, a second, and a third storage units;

wherein each of said first, second, and third storage units include;;

a storage capacitor coupled between a respective second terminal of a respective
first, second, and third transistors and a ground potential;

a first discharge transistor having a gate coupled to the second terminal of a first
of the two other storage units, a first source/drain terminal coupled to the
storage capacitor, and a second source/drain terminal coupled to the ground

potential,

a second discharge transistor having a gate coupled to the second terminal of a

second of the two other storage units, a first source/drain terminal coupled to the



a storage capacitor coupled between a respective second termnal of a
respective first, second, and third transistors and a ground potential; a
first discharge transistor having a gate coupled to tH secong erm nal of
afirst of the two other storage units, a first sour iyﬁ?@ﬁ?iP m nal
coupled to the storage capacitor, and a second source/drain term nal
coupled to the ground potential; a second discharge transistor having a
gate coupled to the second term nal of a second of the two ot her storage

te_counl d ter secc f
Sor ae capaciTare: il Lok Al el s6uey Bfuip Rehiifal cbupMACRARE g0

potential. 6. A t%%ﬁiary content addressabl e nenory (CAM devi ce,

conpri si ng: ity encoder; match detection circuit, coupled to said
priority encoder; and a CAM array, coupled to said nmatch detection circuit,
and including a plurality of CAMcells, further conprising, a first storage
el emrent having a first capacitor controllably coupled via a first switch to
a first bit line; a second storage el enent having a second capacitor
controll ably coupled via a second swtch to a second bit |ine;

6. A tertiary content addressable memory (CAM) device, comprising:
a priority encoder;
match detection circuit, coupled to said priority encoder; and

a CAM array, coupled to said match detection circuit, and including a plurality of CAM

cells, further comprising,

a first storage element having a first capacitor controllably coupled via a first switch
uﬁaﬁnnlﬁtﬁnc;

a second storage clement having a second capacitor controllably coupled via a
second switch to a second bit line;

a third storage element having a third capacitor controllably coupled via a third
switch to a third bit line;

wherein said first, second, and third storage elements are coupled to a control circuit
which, in response to one of said storage elements being set to a first logical state,

sets each of the other storage clements to a second logical state.
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a third storage el enent having a third capacitor controllably coupled via a
third swtch to a third bit line; wherein said first, second, and third
storage elenments are coupled to a control circuit MHHEEW i n rg&yonse to
one of said storage el ements being set to a first |ogi'¢¥"®8P4AR™ sets each
of the other storage elenents to a second | ogical state. 11 Novenber 2005
7. The device of claim®6, wherein said first, second, and third sw tches
are transistors. 8. The device of claim®6, wherein said control circuit

further ¢GonpriEesdevicd of chind 8 wheteis editirfizbt, sdond] afid bitikd ewilehéscae trawisira.d
in parallel between a ground potential and the first capacitor; a second
pair of controllable discharge devices, coupled in parallel between the
ground potential and the second capacitor; and a third pair of
control |l abl e di scharge devices, coupled in parallel between the ground
potential and the third capacitor, wherein said first pair of controllable

di schar gg devi.ges,are arranged to set said first capacitor to correspond
to the sgc:ond %@%‘T’c%{&f"@%lg@@%m @W“HMFHO’PEHéﬁtorS are
set to store a charge associated with the first |ogical state; said second
pair of controllable discharge devices are arranged to set said second

capaci t op first pair ofeqrunollable discharge davicesygbupledsih garaliel betivwdeara giomnidi patental
third

and the first capacitor;

a second pair of controllable discharge devices, coupled in paralle] between the ground

potential and the second capacitor; and

a third pair of controllable discharge devices, coupled in parallel between the ground

potential and the third capacitor;
wherein

said first pair of controllable discharge devices are arranged to set said first capacitor
to correspond to the second logical state if either the second or third capacitors arc

set to store a charge associated with the first logical state;

said second pair of controllable discharge devices are arranged to set said second
capacitor to correspond to the second logical state if cither the first or third

‘capacitors are sct to store a charge associated with the first logical state; and

said third pair of controllable discharge devices are arranged to set said third
capacitor to correspond to the second logical state if either the first or second

capacitors are set to store a charge associated with the first logical state.
-18 -



capacitors are set to store a charge associated with the first |ogical
state; and said third pair of controllable discharge devices arc arranged

to set said third capacitor to correspond to the squrﬁg Iql%:r @5 state if
either the first or second capacitors are set to stor Veh 3 associ at ed

with the first logical state. -18 11 Novenber 2005 9. The CAMcell of claim
8, wherein said controll abl e di scharge devices are transistors having a
first source/drain termnal coupled to a first term nal of one of said
storage capacitors and a second source/drain term nal coupled to the
ground potential. 10. A network device, conprising: a first network

I nterface; a second network interface; a control logic for deciding whether

forward cket [ the of | .network interf .
netvork ot or (LSECAMEEN 8FchilS 8, Midhein Shilohrinlafle Bhatds 4 EEE Binsirors,
cells, said CAM cells further conprising, a first storage el ement having a
first cai-am baures/dmsin tesminal squpled tg afisktermipal of ong of said sterage ¢

| ine; a second storage el enent having a second capacitor controllably

coupl ed eapacitopeni sl scoondGouke /Araatendinal éouplédto thé Eidug:dspdttﬁﬁa. el ement

having a third capacitor controllably coupled via a thir

10. A network device, comprising:
a first network interface;
a second network interface;

a control logic for deciding whether forward packet received on the first network interface
to the second network interface, said control logic including a plurality of tertiary CAM

cells, said CAM cells further comprising,

a first storage element having a first capacitor controllably coupled via 2 first switch

to a first bit line;

a second storage element having a second capacitor controllably coupled via a

second switch to a second bit line;

a third storage element having a third capacitor controllably coupled via a third

switch to a third bit line;
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switch to a third bit line; 11 Novenber 2005 wherein said first, second,
and third storage elenents arc coupled to a control circuit which, in

response to one of said storage el enents bei ng set tq@lo({ei’rﬁstrz&d%gi cal
state, sets each of the other storage elenments to a's CEHEPA ogi cal state.

11. The network device of claim 10, wherein said first, second, and third
switches are transistors. 12. The network device of claim 10, wherein said
control circuit further conprises, a first pair of controllable discharge

devi ces, coupl ¥thersinsaid-finst|scanndyead thirdstorage ploments aic complid feca omtssl circuit
capacitor; a second pair of controllable discharge devices, coupled in

paral | el bet wewhithdn g sk tPOhE B bl stitigd &fWﬁn WG -E@%g,,
csglo ; : fenf l e ?n par%ﬁfsé et \%énécrf

third pair of controll able discharge devices, coup

the ground po | hird gapacitor; wherein said first pair of
control | abl e d%@%har g2 gvétggrsétg\?a‘geefﬁ?ﬁﬁ%@?&cg%‘f‘iwﬁ%t capacitor to

correspond to the second logical state if either the second or third
capacitors are set to store a charge associated with the first | ogica

state; -20 21

11.  The network device of claim 10, wherein said first, second, aﬁd third switches are

transistors.

12.  The network device of claim 10, wherein said control circuit further comprises,

a first pair of controllable discharge devices, coupled in parallel between a ground potential
and the first capacitor;

a second pair of controllable discharge devices, coupled in paralle! between the ground

potential and the second capacitor; and

a third pair of controllable discharge devices, coupled in paralle] between the ground

potential and the third capacitor;
wherein

said first pair of controllable discharge devices are arranged to set said first capacitor
to correspond to the second logical state if either the second or third capacitors are

set to store a charge associated with the first logical state;

-20 -



11 Novenber 2005 said second pair of controll able discharge devices are
arranged to set said second capacitor to correspond to the second | ogi cal
state if either the first or third capacitors are set to store a charge
associated with the first |ogical statga and said tHi'Npvgahs 289°

g

control |l abl e di scharge devices are arr ed to set said third capacitor to
correspond to the second logical state if either the first or second
capacitors are set to store a charge associated with the first |ogical
state. 13. The network device of claim 12, wherein said controllable

di scharge devices are transistors having a first source/drain term na
coupl ed to a fsaidsecord piinaf coftrodakledischaigd dedegraart awangedriol sef seidcgernd
source/drain termnal coupled to the ground potential. 14. A nethod for

operating a tegdpaéitit 16 ebirespbnd tirihe s&bl dogiedietye if €AMr thefitst or thivdpr i si ng:
setting a first of three binary storage elenents to a first binary state to

ndicate a fiEhol@s bikioMabs e Ao Rk the MOCHERA difles@aPONSE 10

[~]
said first binary storage el enent ing set to a first binary state, said

Stace. 15 TPl BuReTk SRR E SRR hRbed B.RSTERRA *00:

setting the second of three binary storage elenents to a.first bipary state
Lo indicate a SARAGHAT o 6PEFRPYA L3 the socond dckienT elafy i gfther the first or Second

capacitors are set 1o store a charge associated with the first logical state.

13.  The network device of claim 12, wherein said controllable discharge devices are
transistors having a first source/drain terminal coupled to a first terminal of one of said

capacitors and a second source/drain terminal coupled to the ground potential.

14. A method for operating a tertiary content addressable memory (CAM) cell,
comprising:

setting a first of three binary storage elements to a first binary state to indicate a
first tertiary state of said CAM cell,

wherein in response to said first binary storage element being set to a first binary

state, said second and third binary storage elements are each set to a second binary state.

15. The method of claim 14, further comprising,



wherein in response to said second binary storage el enent being set to a
first binary state, said first and third binary storage el enents are each
set to a second binary state. 16. The nethod of claipqﬁS fu;é gr

conprising, setting the third of three binary storage e Oe"r?vranrtf sto a first

binary state to indicate a third tertiary state of said CAMcell, wherein
In response to said third binary storage el enent being set to a first

bi nary state, L fhr n cond. bi nary stqrage, ele . ch s 0
= Second bi nar Joupe e Shesiof B binay fotaes! i By BTERH Bicky Ty ke
second, and third tertiary states are nenbers of a-set consisting of the
fol | owi ng2 &peanshtestary stase gfisajd GAM celbi nary "1"; and a "don't care" state.
18. The method of claim 14, further conprising: reading the state of said
first binary storage elenent, said reading further conprising the steps of,

-22 11 Novembewh2fib i rexpbascto@idisddonslt bibhdy stofage elonidn bbbl yetcwlpfindbimary
said first storage elenent to a predetermned |evel; coupling said first

bit line foees3hifl ke sHd HilPbikary BAYE TLrfilKiR are &4 st to a second binary state.
16. The method of claim 15, further comprising,

setting the third of three binary storage elements to a first binary state to indicate a

third tertiary state of said CAM cell,

wherein in response to said third binary storage element being set to a first binary

state, said first and second binary storage elements are each set to a sccond binary state.

17.  The method of claim 16, wherein said first, second, and third tertiary states are

members of a set consisting of the following clements,
a binary “0”;
a binary “1”; and

a “don’t care™ state.

18.  The method of claim 14, further comprising:

reading the state of said first binary storage element, said reading further comprising

the steps of,
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coupling, sensing a change in potential of said first bit |ine; wherein
sai d readi ng does not change the state of said first storage el enent. 19.
The net hod of claim 15, further conprising: reading HB state 6 sai d
sécond binary storage el ement, said reading fiuther iﬁ%?T Tﬁg’%he st eps
of , precharging a second bit line controllably coupled to said second
storage elenent to a predeterm ned |evel; coupling said second bit line to
said second binary storage el enent, and sensing a change in potential of

said second bit |ing, s o i, '

sai d second storageﬁéﬁwgﬁ&ﬁhwwgﬁkﬁ%?gﬁﬁﬁgﬁ& Elefent
conprising: 11 Novenbermzc{)OS r,egg' ng the state of said third binary storage
el ement, said readi ffy2 PIRqcgs D Fksing the steps of, precharging a third

bit line controllably coupled to said third storage elenent to a
predeterm ned | evel; coupling said third bit line to said third binary

storage el ement; ancbuplingsaidsfirsti bitdinel torsgid fistibinagy storigeredement; pndent i al  of
said third bit line; wherein said reading does not change the state of said
third storage el enent.

coupling, sensing a change in potential of said first bit line;

wherein said reading does not change the state of said first storage element.

19.  The method of claim 15, further comprising;

reading the state of said second binary storage element, said reading further

comprising the steps of,

precharging a second bit line controllably coupled to said second storage
clement to a predetermined level;

coupling said second bit line to said second binary storage element; and
sensing a change in potential of said second bit line;

wherein said reading does not change the state of said second storage element.

20.  The method of claim 16, further comprising:



11 November 2005

reading the state of said third binary storage element, said reading further

comprising the steps of,

precharging a third bit line controllably coupled to said third storage element

to a predetermined level;
coupling said third bit line to said third binary storage element; and
after said coupling, sensing a change in potential of said third bit line;

wherein said reading does not change the state of said third storage element.
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