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D~ CAM ~EL~ WITH HIDDEN.REFRESH 

BACKGROUND 07! THE Iij"VENTION 

Technical Field · 

The invention relates generally to semiconductor memory 

devices, and- more specifically to a Dynamic_ Content 

Addressable Memory (DCAM) Cell. 

Re1ated A;rt 

~odern telecommunication networks comprise digital qata 

.networks that _transmit da~a in packets or ~locks containing 

address fields for dyna~ically routing the data packets.or" 

·blocks through the network (e.g., to the destination 

address) at .high sp~~s. 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 th~ need for larger CAM arrays increases, 

.a-nd accordingly, the n~ed to attach:.more CAM cells to a 

common bit-line increases. Content· Addressable Memory (CAM) .. 
arrays of the related art are generallJI: implemente·d with 
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either conventional Static RAM {S~) or·. conventional 

destructive-read Dynamic~ (-D~ ~l>~rdware.designs, and 

therefore have all the disadvantages and limitations.of one 

.such nardw~re design or the other~ 
. . 

A typical tern~r}r static CAM (SCAM) of the relate art 

contains two six-transistor SRAM storage.cells plus an XNOR 

f~nctional· group containing four additional transistors, 

thus a total of 16 transistors per SCAM cell.. An SCAM is 

.generally mor~ vulnerable than a DCAM to corruption of · 

stored data by Soft-Errors (e.g., stored data errors due to 

exposure of circ.uits to ambient radiation). 

A typiGal ternary Dynamic CAM (DCAM) ce·ll of the 

·related art may contain fewer transistors than an SCAM, but 

may have disadvantages inc;luding destruc.ti~e-reads and 

~lower ·performa~ce. A typical ternary DCAM of the related 

~rt includes two data storage .c.apacitors that must be 

periodically read and refreshed.by charge-transfer via pass­

~ransistors that· are also used for reading and writing da~a . 

by charge-transfer, in addition to an XNOR comparison 

circuit containing four ·transistors. The charge stored in 

the dat~ storage capacitors of a DCAM cell· is gradually 

dissipated by leakages within the cell. For this reason, 

the information stored in the leaking capacitors· must be 

periodically "refres.hed, II i • e. I the Charge is read -and then 
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re-written pack into the storage cell. ·The related art 

provides various DCAM cell.structures:that are limited in 

that refresh-reads proceed by c:harge-transfer thus 

destroying .the data stored in the data-storage capacitors, 

mak~ng·the DCAM celi temporarily unavaila~le for CAM 

searches until the data ·is written back into the-DCAM cell· 

by~ refresh-write. The entire refresh read~write period· 

thereof generally occupies time during which CAM search~s 

can not be· performed. AI°so. limitations of the ability to 

sense the relatively small_ cha~e-transfer from·the storage 

capacitor to a capacitive pit-line coupled t~ereto limits· 

the maximum array population ~n such bit-lines, a~d/or 

requires larger storage capaci~ors. 

Art e~mple of. such a.destructive-read DCAM is 

-disclosed in U.S. ~a~e~t.No. 5,949 1 696 issued to Threewitt. 

A variation on the ternary CAM cell di~closed by Threewitt 

th~t provides a separate search-line and ~ separate bit-line 

.for each data storage c:apacitor of the CAM· entry.~ is 

depicted i~ FIG. 1, and is simila~iy limited by an 

inherently-destructive read. A read ope.ration for a· refresh 

.of the DCAM circuit of the relate¢l art depicted in FIG. ·l is 

_performed· by.charge transfer of the charge stored in a data 
I 

storage capacitor _(e.g. SBO or SBl) through a pass-
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transistor (e.g., TO~ or Tl_R, · respectively) and tl1.rough a 

bit line (e.g. NBIT or-B~T,. respec.t;i.v:e.ly)· .. 

In implementing CAMs, it is desirable to .minimize ·the 

.transistor .count and/or CAM. cell size, and to increas.e array · 
. . 

~t.ilization.. In implement.ing DCA:Ms it is desirable to 

perform the refresh of stored dat·a with minimal delay of or 

interference with CAM search.operation. 

SUMMARY OF THE J:NVENT:CQN 

Accordingly, the present invention.provides, among 

other things, an improved Dynamic Content.Addressable Memory 

(DCAM). cell topol"ogy that contains fewer than the 16 

trans·istors of the typical . Static Content Addressable Memory 

(ScAM} of the. related art·, but that _can p.erfo_rm a "hidden". 

·r~fresh· of stored data that do~s no~ ·delay nor. interru~t the 

CAM search cycle, thereby providing SCAM-like performance. 

Th~ inventive DCAM. achieves its search performance by 

sim~ltaneously comparing all entries stored in the memory 

~ith an externally applied ~comparand." ~ords stored in 

entries in the CAM, which "match" the comparand result in 

-maintaining the non-conductive barrier preventing charge 

·. transf~r.between their respectiye Match ·Lines -and ground. 

Conversely, all-words stored in ~ntries that contain.even a 

single bit _that mismat;.ches (i.e., does not match). the 
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corresponding_comparand bit.resl.,ilts in a ·conducting path 

·between each of their·Match.Lines...&J:l.Q.9round. Embodiments 

of the inv~ntion provide a non-destructive,read operation, 

such that tµe stored-data does not have to be Written back 

- because ·o·f a refresh-read operation; and a reliable CAM 

se~rch can be _performed after a r_ead operation and before or 

even while the r~fresh-·data is being written back. Soft­

error detection processes well known to persons· skilled in 

the a·rt may be perfo~~d on ~ach 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 invent~on provid~ CAf4 cell· 

circuit _topologies that can allow more CAM cells to be tied 

to a re~d-.bit-line of a CAM array than may be tied to a 

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

resul t~ng in greater a·rray utilization. · 

A first aspec~ of the invention provides a digital 
. . 

system t~at performs the tunction of a network· router, ·and a 

CAM array hav~ng Ci!- CAM cell includ_ing: 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-S~itcQ at a Node; a Data Storage 
I • . • 

Device operatively controlling the Second. !'.'ass-Switch; and a- •' 
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Third Pass-Switch connected to the Node.for detecting the 

logic .state of the. Data Storage Dev·ice-. 

A second aspect of the invention provides 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 the ~teps of 

performing a non-destructive determination of.the word and 

subseqUently performing a CA?4 search. 

The foregoing and other features of the invention will 

be apparent from the following more particuiar·description 

of e~diments of the invention, as illustrated in the 

accompanying drawings. 

; . 
BRXEP DE$CRIPTION OF THE DRAWINSS 

Embo~iments of the present invention will hereinafter 

be.described in conjunction with the appen~ed drawings, 

where like designations deno.te like elements; and wherein: 

FIG. 1 is a block circuit diagram of a destructive-read 

DC.AM cell of the related art. 

FIG. 2°,A ~s. a circuit diagram of a DCAM cell tliat 

supports n.on-dest·ruqtive reads and "hidden" r.efresh of 
• searchable stored data in accordance with embodiments of the 

. invention. 



FIG. 2B is' a circuit dj.agram.of an.-alternative 
. . 

embodiment of "the inventive.DCAM cell~of FIG. 2A wherein 

separate bit-lines.are prov~ded for reading and writing. 

FIG. 2C is a circuit diagram of an alternative . ' 

embodiment ol the inVentive DCAM cell of FIG.· 2A wherein 
. . . 

separate bit-lines are· provided for.readlng ~nd wri~ing, ··and 

separate search lines are provided. 

FIG. 3 is a timing.diagram illustrating the·timing 

relationships among devices, data and control signals and· 

illustrating methods of operating the i·nventive DCAM cell of 

FIG. 2A. 

·F.IG. 4 depicts a representative digital system 

including a·CAM array comprising a. DCAM cell depicted in 
• 

FIGS. 2A, -2B, or 2C. 

Detailed Description of Emb-odimerits of the :tnvention 

.FIG. ~A depicts a c~rcuit diagram of a ternary Dynamic 

~ontent Add~essable Memory (PCAM) cell 200a ·in accordance 

with an embodiment of the present invention. The inventive 
.·. . 

ternary DCAM cell 200a includes two capacitors .{SBO and SBl) 

tha~ funct~on as data storage devices. Each of these 
. . . 

capacitors· is independently·charged H~gh to store a· logical 

One ( "l 11 ). · a~ diseharged Low to ·store a log.ical Zero ( "0"'} . 

Ternary DCAM_200a .further comprises two memory storage cells 
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(CELLO =210a, CELL1=21la) each of which·is ~erged.. with one 

of the two transistor st~cks (T2-'»4-tan~ T3-T5 respectively) 

of the XNOR comparison ci~cuit 202 that.is connected·between 

·. the MATCH L_INE and ground. By sto~ing a ·11 0·," o~. a "1." 

(preferably a "0") in ·bath memocy· storage cells (e.g·., 210a 
. . 

and 211a), the ternary DCAM cell 200a stores· a "mask" state 

which allows a local mask logic value.to be stored within a 

given word entry. The ability to stqre a "mask" ·logic state 

in each DCAM cell· {e.·g., 200a) in a DCAM entry allows bit­

leyel masking of data stored in an CAM array of D~ cells. 
. . 

Th~ .. bit-level masking facilitates and/or enables the storing 

and comparing of .an address range.using the present 

invention and if? -beneficial· in_, inter alia, network address 

filtering. applicati9n~~ 

Embodiments of .the inventive.DCAM cell comprise an 

Ex.elusive Negative OR (XNOR) logic function i~lemented by 

.an XNOR Gate 202 {as shown in FIGs .. 2A, 2B, 2C-) including 

four (4) transistors arranged-in two parailel stacks of ·two. 

(2) s~acked transistors. Each ·transistor stack include·s a 
;,,_.· . 

first: pa·ss-switch le.g. NFBT transistor T2 or T:l) .and a 

second pass-switch (e.g. NFBT transisto~ T4 or TS), _the 

first pass-switch being·coupled to in series with the second 
4 

pass-switch at a node ·(e.g., NO or Nl respectively) .. 

Because each transistor stack. (e.g., TO-T2 and Tl-T3.) of the 
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XNOR Gate 202 func~io~s phy~ically independently of the 

other, is not necessary far.prop~~log~cal operation of the 

DCAM that the two transistor stack~ (e.g., TO-T2 and Tl-T3) 

·C?f one ter~acy DCAM celi .200a be located ·physically adjac.ent 

to one· another on the i.ntegrated circuit (IC)· chip .. The 

ternary DCAM cell 200a may therefore be "split" in ~o 

."halves" (with·other balved-DCAM cells disposed in between 

each such half)_ I provided· t;hat all such half-DCAM cells are 

connected to the same Match Line of the CAM entry. For 

example all of the "True halvesn of the"DCAM cell .of an 

entry can be segregate~·on one end ·of the entry's Match 

Line, while all of the "Compl~ment halves• of the ~CAM cell 

of an entry c.an .be segregated on the opposit.e ·end of the 

·entry's ~tch_Line. Search lines and bit lines would be 

. ~imilarly_ .segregated to follow the respective- halves of the 

DCAM cell. 

Because, the XNOR transistors·coup~ed conductively to 

the Match ·I.iine (i.e, T4;·· TS in· XNOR· 202) are ideally OFF 

while the Match Line is pre-charged High, prior to each <;AM 

·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 conductiv:ely. to·the 

Match Line (T4, TS)· are OFF. 
. . . 

Because the·non-destrtictive 

read inherently leaves the contents of the data storage 
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d~vices (e.g., capacitors SBO, SBl) undisturbed, a CAM 

search operation can be.afterwar~~Mpe~formed without· the 

necessity of first writing~back the data read-from the 

···'Storage capacitor. Therefore, in embodiments of the 

invention, a non-destruc.tii>-e refresh-read operation may be 

"hidden" from the CAM se.arch cycle in the . sense that a 

r~·fresh-read performed does not delay or prevent a 

subsequent CAM-search from being performed. A retresh-write 

pan be performed ~ollowing such a non-destructive refresh-

· read. either, before, during or after· the performance of a 

CAM search. 

Persons·· skilled in the .art will recognize that the 

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

. direct connection as shown in FIG." 2·A, or this connection 

c~n.be·selectively interruptible by the pass-switch (e.g. 

pasa-..:transistor) of a "g.lobal" bit-mask (not shown). A 

"global" l;>it mask coup'led to the XNOR circuit functions such 

that when a gle<>bal bit-mask signal is· ass~r.ted the 
. . 

_corresponding b~t position in every word stor~d in the CAM 

array is ·eliminated from the c9mpare function (i.e.·, it 

" becomes a global "don't care" {forced match) logic value for 

-~very word.in the CAM array). Such global masking is useful 
f 

in comparing or searching for ranges of dat·a values stored 

in the CAM entries. 
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. _The· plurality. of parallel transistor stacks {e.g.,. T2-

T4 and T3-T5) of all the XNOR comparison circu~ts .. of all the 

CAM cells in a cAM entry form a Match-Line Pass-Gate. The 

. _Match ~ipe Pass-Gate.operates such that a·pre-charged High 

Match Line wi·11 remain High in. the case of ~ MATCH-ing 

en~ry,. but will be discharged to.or ~ear ground voltage 

_level (indtcating a Miss) i~ any one or more ternary bi~s· 

st~red in the CAM.entry mis-matches the correspon~ing bit of 

the cofilParand. Alternatively, the Match Line Pass·G~~e and 

th~ DCAM cell of the present invention_wili also support a 

p~e-charged-Low Match·L~ne in a match-detection system, ~uch 

. as .is disclosed in U.S. patent _application .of Towler .. et. 

1 · Ser. No. 09/716,511 filed 20 November 2001, h as., I t ~ 

.. 
relevant portions of which are i~col'.Porated herein by 

r~ferenc~, wherein ·_the subject matter and. the claimed 

invention were at the time the invention was made, owned by, 

.or. subject to, ap. obligation for assignment to International 

Business Machines Corp·; which is the assignee of the present 

invention. 

The writing and reading 6f data into or from the memory 

storage cells (210a and 211a) can be performed by,charge­

transfer, -as. in the relate.q art DCAMs, through the bit lines 

(BLO. and BLl respectively) and through pass~transistors (TO · 

and Tl respectively) held ON (i.e., conducting) when the 
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Word-Line WL is held High. TQe method of writing or reading 

data by charge-transfer in· the pr€Sent• invention is the same 

or similar as· the method of writing and read~ng by charge-· 

· transfer used in DCAMs of the related art. However., reading 
. ' 

by charge-transfer is unnecessary. in embodiment~ of the 

pre·sent invention because tl_le present . invention enables the 

reading of stored data without destructive charge-transfer 

of the cha:r;ge stored in the data storage caP.aci t.or·s · ( e . g. , 

SBO and SBl )· • 

A non-destructive read may be pe~formed at each·memory 

s~orage cell. (e.g.; 21oa·, 21la).of DCA.M cell 200a, while the 

r~spective search line (e.g., SLC or S~T) is ·held Low, by 

pre-charging the respective· Bit-Line (e.g., BLO, BLl 

respectively) to a High iogic voltage, ano then turning the 

pass-transistor (e.g., T7, T6 respectively) ON (i.e., 

-.conducting) by asserting a·High logic voltage·on the gate 

thereo~ (e.g., by asse~ting 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, BLl) that is 

representative of the ·~tate of the respective data storage 

deviqe {e.g., SBO and SBl respec~ively). The Bit-Lines.may 

be pre-charged High through a plu~ality of pass-switches 

(e.g., P-type pass-transistors. PO and Pl) connec.ted between 

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

.· 
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are operatively controlled by a Bit-Line-·PreCHarGe signal 

(BLPCHG). If the.capacitor.SBO.st.GLes·a logic High.voltage, 

the pre:cbarged High bit-line (e.g., BLO) operatively 

. 9oupled.t? pass-transistors (e.g., T2 and T7} will drop to 

o~ towards a Low voltage level during the· non-destructive 

. read ope~ation, due to charge-transfer from the pre-charged 

bit-line (e.g., BLO) to groun:d ttu:;ough the ON (i.e., current 
. . . . . 

conducting} pass-transistors (T2 and T7). If the capacito~ 
. . 

SBO stores a logic Low voltage, the pre-charged High bit-
. . 

line (e.~.;· BLO) operatively cou~led·to.pass-transistors 

(e .. g. I T2 and 'l,'7) will r~ma;tn' at the· pre-charged High 

voltage level during the non-destructive read operation, due 

to lack of charge-~ransfer· from the pre-charged bit-l~ne 

·(e.g., ~LQ) to gro~d through said OFF. (i.e._,· non-
. . 

.c"onducting) pass-transistors (T2 and T7). 

A non-destructive· read of an entire ~ntry comprised of 

a plurali.ty of the inventive .DCAM cells (e.g. 200a) may be 

performed,· while .all of the· Search Lines. (e.~., SLC and SLT). 

are held Low, by pre-charging all ·the Bit-lines (e.g~, BLO, 

.· B~l) ·to a High ·logic voltage, and then ·turning ON all the 

pass-transistors. (e.g., T7, T6) by asserting a HigJ;i.. logic 

vo~tage on the Read-Word Line (RWL}, and then.seµsing a 

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

· BLl} • A non-destructive-read of the entire CAM entry may be 
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a refresh-read·performed, .while all the.XNOR transiBtors 

coupled directly to the MATCH- LINE' ("e:g., T4, TS) are OFJ;i', _ 

perfo+roed for the purpose of ultimately refreshing.the 

·contents of. the data storage devices (~ .g·, capacitors sB·o 
~ . 

and SBl). In this case, the stored data word is determined 
. . . 

(e.g., read inverted) from the DCAM entry via the read-only 
J 

pass-transistors (e.g., T7 and· T6) and via the bit-lines 

(e.g. , BLO, BL1 '> . The· data thus read from the data storage 

. devices may then be assert'ed (re-.i.nverslon may .first be 

necessary) and stored on·the bit-lines (e.g., BLO ~nd BL1} 

themselves until the Word Line (WL) is asserted to perform a 

refresh-write o.f the stored data asserted on· the bit-lines. 

Alternatively, a binary ~uff~r·or a Register external,to the 
·. 

CAM array may be used.to temporarily store orie stored-data 

word (either inverted·· or non-inverted) or te store a 

plurality of such stored-data words that have been read from 

.a plurality of DCAM entries, until written--back into the 

same entr(:les). 

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 transis.tors coupled directly 

t~ the MATCH- LINE. (e.g., ·T4, TS respectively) of the CAM 
• 

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

array, e.g., $LC, SLT, are Low). 
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Further details of the non-destr\lctive-read operation 

··of any storage capacitor in the CAM- ·eiil·ry may be. explained 

by· reference to· an example of reading data stored in storage 

·capacitor S.BO· in FIG. 2A. If the storage. capacitor (e.g., 

SBO) is. storing a log~c ONE represented by a logic High 

vo~tage· level stored in the capacitor, the transistor T2 of 

the XNOR circuit· 202 will be ON (because its gate is being 
. . 

held_ High by the capac~tor SBO), and a current can .f~ow from 

the ·pre-charged High bit-line (e.g., BLO) ~hrough T2 to 

ground, having the effect of pulling the voltage level of 

bit-line BLO towards ground. This current and/or the 

. attendant drop of voltag_e on bl.t--line BL~ may be sensed by 

any appropriate ~ensing circuit known. to person~ skilled in 

· the art. coupled to tl:l,e bit-line (BLO), and .may be · 

·,registered as indicating tha~ a logic ONE is stored. in the 

·data storage device (i.e .. , capacitor SBO}. · ·.Conversely, the 
. 

l~ck of such a current, or the lack of such a·. voltage drop 

on BLO, m~y be sensed and· registered as· indicating that a 

logic Zero is stored in the data st~rage device (i.e., 

capacitor SBO}. 

· The ·ncAM' s 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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provides refz:esh timing circuitry to periodica-lly refresh 

the DCAM entry's ·leaking data sto;r~e··capacitors. ·A logical 

ONa stored as a charge in any of the DCAM entry's capacitors 

. will eventually discharge to a logical Zero unless the 

Refresh circuitry recharges the capacitor periodically. The 

DCAM's support circuit:r;y may include: Sense amplifiers to . 

detect the state.of (e.g., ·to amplify the signal o~ charge 

·st-ored) on -a data storage device (e.g. storage capacitor 

· SBO). through a bit-line (e.g., BLO~ ; Addre.ss i?9ic to. 

~elect ~ows·and columns; Row Address Select (BAS_) and Column 

Address S~lect (CAS) logic to latch and resqlve the row and 
. . 

column addres!3es and .to initiate and terminate i;andom acc.ess 

read and write operations; Read and write circuitry to Write 

(i.e.;. store) .. information in the memory's storage. cells . 

.. (e.g.·, 21oa and 2·11a) or to R~aO. th.~t which is ·stored there;_ 

.Internal counters or registers to keep track of the ·refresh 
, . 

sequ~nce, o~ to initiate refresh cycles as needed; Output 

·logic to assert the address of a MATCH-ing CAM entry (e.g, a 

·:HIT) when found by a CAM search. 

A voltage -sense amplifier (SA) may be used to detec.t 

the logic state of the data ·storage device (e.g., capacitor 

SBO), even before the bit-line (BLO} ·is able to-drop fully 
I • 

fro~ rail to rail (i.e., from a pre-charged High voltage to 

ground). If a voltage-sensing.· circuit is used, a brief 

- . 16• 



strobing signal (e.g. a pulse SETSA, See.FIG~ 3) may be used 

to enable t~~ voltage-sen~in~ cir<Jttit·{e.g., SA) for a 

~e~atively brief time interval during which any sense-able 

. d~op of the:-volt~ge on Bit-line shall-~e expec~ed to have 

occurred or not-occurred depending upon the contents of the 

storage capacitor· (e.g., sao). ·The sensing strobe signal 

.(e.g., S_ETSA) may be pulsed at. an optimal time b¥ a circuit 

that includes a Du~-Bit-Line as a· timing model a~d 

implemented on the same integrated circuit chip, or by_any 

other method known to ·persons skilled in ~he art·. The 

sensing of the state of the data storage device (e.g4, 

capacitor ·sBO} ~y be thereby performed in a.brief time 

i~terval imrnediate~y before· either one of the search.lines 
. . 

of the DCAM entry (.e ._g. , SLT and SLC) has been raised to the 

full High.voltage level to effect a CAM search. Greater 

d~tail of exemplary timing and relationships. of the 

inventive DCAM cell·' s circuits, signals .and functions may be 

.expla~ned by ~eference to FIG. ·3 in Gonjunction ~ith·the 

ci~cuit diagram of DCAM cell 200a of FIG. 2A. 

FIG. 3 is a timing -diagram that depicts exemplary 

·timing r~lationships:·of signals and functions on lines 

-coupled to the inventive· ternary DCAM cell 20.0a of FIG. 2A . . 
during a span of time inqluding three consecutive CAM search 

cycles .(310, 320, 330). Bach CAM search cycle (e.g., 310, 
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~20, 330) comprises a CAM-search period (i.e~ a period 

. during which the stored-data in evecy"'entry of the CAM array 

i,s compared to a cotnpaz.:and) (e.g., 313,- _323, 3~3 

·respective1y), and a Match Line Pre-~harge period (e.g~, 

318, 328, 338 respectively} to prepare th~ Match Line 

coupied to all_ the DCAM c~lls (e.g., ·200a) of the DCAM e_ntry 

for the CAM search (e.g·.; 313, 323, 333 respectively). 

A CAM search is performed when one ·bit of the compa~and 

and t~at· comparand bit's logical complement are asserted 

respectively on the two search-li-nes (e.·g., SLT and SLC) of·. 

each- DCAM cell {e.g., 200a) of the CAM entry. Thus, during 

each CAM search period (e.g.;·313) one search line 

(e.g.,SLC) of a giv~ DcAM _ce~l 200a w~ll be_High, and the· 
. . . 

other ·search _line (e.g., SLT) will_ be Low. 

The ,first CAM ~-earch cycle 310 depicted in FIG. 3 

illustrates an 6Xemplary timing of signals in the inventive 

ternary DC.AM CELL 200.a during a refresh-read (~ithin period 

-318 plus 312) and a subsequent refresh-write performed 

·within the CAM search period .(313} • Althou_gh ·the first 
. . 

.-search cycle (313} happens to i~lustrate the case where the 

CAM .cell 20-0a is within a MISS~ing entry _of a CAM ~rray, the 

ability to perform a refresh-read and/or a refresh-write 

w~thin 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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whether the CAM entry· ·happens to be Miss·:..ing entry or· a 

_MATCH-ing entry. 

DuJ:'.ing each CAM search (e.g., 310, 320·, 3.30}, a given 

.CAM entry ~ill be either a MISS-ing entry., or a MATCH-ing 

entry based upon a comparison of the data word stored in the 

entry compared with the (unmasked) bits of the compara~d 

being asserted during that particular CAM search. Because. a 

_different "comparand and/or a different comparand-mask (e.g., 
• I • 

a global b~t mask).may·be asserted to the CAM array .during 

each CAM search cycle, a given CAM entry may be a MIS$-ing , . . . . 

entry during.one CAM search ~ycle, and the same CAM entry 

ll\a.Y be a MATC~-ing entry-during the ·very, next or any 

."subseqtient ·CAM search cycle, or vice versa. A MISS-ing 
. . 

·. ternary ~ entry is a . CAM entry that happens to be storing· 

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

. unmask~d bits of the comparand being asserted during a 

particular CAM search. Conversely, a MATCH-ing CAM en_try is· 

a CAM entry that happ~ns to.be ~to~ing a ternary data word 

that is·logically the same as the·urimasked bits-of the 

compa~~nd being asserted during a particular CAM searc_h. 

The inventive DCAM ce.ll's data-compar~nd compari.son 

function is performed .by four pass-switches {"e.g., N-channel 
~ 

pass-transistors T2, T3, T4, TS} arr~nged i~ two parallel 

stacks (T2-T4 and T3-TS} formil'.19 the XNOR Gate 202. Each of 
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the lower pass-s~itches (i.e., each of t:ransi·stors T2 and 

T3) perform the du~i function of support-J,ng. the non-
. . 

destructive-read of the data value stored in the ~ssociated 

. data storag~ device (i.e .. , capacitor· SBO. and SBl 

respe.ctively) plus that of enabling the XNOR ·comparison 

function within the inventive ternary DCAM c~ll (.e.g. ·2ooa, 

200b,· 200c) . 

. . In the case of a MISS-ing CAM·ei:itry, the occurrence of 
. . 

which.is·indica~ed by a drop to Low of the Match .Line 

voltage, a current-conducting connection'betw~en the MATCH 

LINE ~nd ground \ofili be es.tablished through .one or more 

pass-transistor stacks· (e.g., T2-T4, and/or T3-T5) o~ the . . 

XNOR circuit 202 .. -_Accordingly, in embodiments _of the 

inventi·on the pre-charged-High MATCH LINE. voltage of a MI.SS­

ing entry will drop to a Low (e.g., nearly ground) voltage 

level, thus indicating the MISS. 

In the case of a MATCH-irig entry; the occurrence of 

whiqh is depicted in.the thirp CAM search cycl~ (330) in 

FIG.3, no-current-conducting connection between the MATCH 

LINE and grc>ll;lld will be· established throug~ any of the 

transistor stacks (erg.,. neit~er T2-T4 nor T3-TS) of the 

XNOR circuits (e.g., 202) in the DCAM cells (e .. g. 200a) of 

t~e CAM entry. 
1 

Accordingly, in embodiments of the invention-

the.MATCH. LINE vo~tage ·of a MATCH-ing entry will remain at 
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.-
the pre-charged High voltage level, and this High HIT-event 

voltag~ can be detected and"thererore'a MATCH-or HIT may be 

associated with the unique address of. sucha MATCH-ing CAM 

·entry. 

- _ ·The second search cycle 320 depicted: -in FIG. 3-

··illustrates-the timi~g of signals in tµe inventive ternary 

DCAM CELL 200a during a non-destructive. read (occurring· 

within periods 328 and 322) apd a subsequent CAM search 323 

in the case where.·the DCAM cell 200a ~appens to be within a 

MISS-·ing entry of a CAM. array. The second· search cycle 320 

illµstrates that a reliable CAM search (323) can be 

· performed in the CAM array immeqiately after a non­

destrti.cti ve read.has peen perform~d in embodiments of an 

inventive CAM entry (e.g., comprising CAM cells 200a, 2oob· 

and/or 2ooc) without having refresh-written the read-data 

-.back into the data storage devi·ces (e.g. 1. SBO and SBi) in 

the·· CAM entry that was· read-from . 

; 

. The third search cycle 3;30 depicted in FIG.- 3 

illu~trates the timing of signals in the inventive ternary -

DCAM CE~ 200a during a ref~esh-write (occu~ring within the 

CAM search period 333) subsequept to a refresh•read (e.g., 

occurring in a prior CAM search cycle 320) in the.case where 

the DCAM celi 200a happens to be within a MATCH-ing entry of 

a ·CAM array. The third ·search cycle 330 illustrates that 
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the refres~-write can be delayed following a refresh-read, 

allow processi~g time· to perform error (e.g., soft-error) 

detection ana_lysis on _the refre~h-read data prior ·to the 

·: : refresh-wri.te, without preventing or delaying regular 

periodic CAM.search cycles and reliable CAM searches 

therein. 

In the exemp~ary embodiments of the inventive DCAM cell 

{e~g. '· 200~, 200b, 200c), prior to each CAM search (~.g., 

·313, 323, 333) the Match Line is pre-charged ·(either High or 

·Low .. in accordanqe with Match-Line Controller design;· as. 

·previously described), through a·pass-switch (e.g., pass­

·transi1;1tor TPCHG) connected. to the Match Line that is: 

·controlled by a Match Line Pre-Cha~e control.signal MLPCHG. 

During each Match Line Pre-Charge period (e.g., 318, 328; · 
.. 

338, 348). In an exemplary embodiment of the inyent~on 

(e.g., 200a) wnerei.n the Match Line is.pre-charged H"igh, 

·both search lines -{i.e., SL1 and SLC} of each DCAM cell 

(e.g., 2o·oa) will be held Low (e.g .• during a regular Match 

Line Precharge J?eriod _·31.a, 328, 338), the:r;eby· t_urning OFF 

·(i.e. non-conducting} both pass-transistors (e.g.- T4 and TS) 

of the:Xl:~"OR function 202, so that no co~ducting path exists 

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

Line will hoid the ·High charge until a CAM search on that 
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DCAM ·entry is a "MISS" (i_.e., the stored··data does not match. 

·the comparand). ..... ....... ' .. 
·The ·detection of the·· state. of the memo;ry storage 

. devices (i ~e., a non-destructive read of· the data stored· ·in 

.. ~h~ capac~tors)· in any inventive DCAM entry may be performed 

· · within a period of time du:r-ing which all search lines of the· 

DCAM entry.are held Low, (e.g. within. tbe Match Line pre­

charge periods 318, 328, 338~ 348), through the Bit-Lines 
. .. 

(e.g·. BLO ~nd BL1) and through pass-:-sw;i.tches {e.g., pass-

transis~ors T6 and T7) • Thus, the· logic state of each · 

· mem0ry storage device (e.g. , capacitors SBO and SBl) of 

eve;:y- DCAM. cell (e~g., 200a} in a given DCAM entry may be 

. de~ected. during each Match Line Pre-Chqrge period- (e.g., 
. . 

318,. 328, .338, 348) of the DCAM cell (e.g., 200a, 200b, or· 

· 200c) without destroying ·.the state of (e.g .. , changi~g the: 

charge cont.ained .in) the memory storage devic~s (e.g., ·SBO 

and SBl) .. A refresh-read performed entirely within or · 

performed substantially wi~hin such an ordinary and 

necessary Match Line Pr~-Charge period (e.g.,· 318) does not 

add signif·icant time to any CAM search cycle (_e.g., 310 and 

320), ·and may be said to be··a "hidden"' refresh-re.ad. 

A non-4estructiye read may be per~ormed by the 
• following sequence of steps: First, pre-chargirtQ Hi~h the. 

Bit-Lines {e.g. BLO and BLl) of all DCAM cells {e.g. 200a) 
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·of the· DC».J array within t·he Match Line . Pre-Charge period 

(-e.g. 3"18) . or before the Match Lin~· .. p·ie-:Charge period; 

Second,· asserting (e.g. High) the Read:...word-Line RWL·of the 

··CAM entry-to-be-read in order to turn ON (i.e. conducting) 

the pass-transistors (e.g., T6 and T7) thereof (while the 

··_pass-transistors ~o and Tl coupled to the data storage 

devices SBO arid SBl in DC.AM 200a are OFF) outside of {e.g. 

before) a cAM ·search per~od (e.g., 313); Third,-detecting 

the state. of the memory storage devices (_e.g. I s~o and. SB1) 

tb.rOugh the respective Bit-Lines (~.g. BLO and BLl) while 

the pas-a-transistors (e.g., T6· and"T7) are ON, as described 

above. Tlie . state o.f eaqh of the memory storage devices . 

·'ce.g. SBO and SBl) a,s. thus detected. may be asse~ted and/or 

st~~ed (e.g. stored on the Bit-Lines BLO .and BLl ·before 312 

or d~ring 314 or after the subsequent CAM sear9h ·31~ and 

until the ·next Bit-Line Pre-Charge) and· then .(3l.6) writte:O.­

back into the same dat.a storage devices· (e.g. S-BO a~d S~l). 

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

pl.ural:lty of ait-Line Pre-CHarGe pas·s-switches (e·. g . . 1 p­

ch~el pass-transistors· PO and pl in FIG 2A) coupled to a 

.logic High voltage l:~ve·l (e.g. the power'supply voltage) and 

. controlled by a Bit-Line PreCHarGe: control signal BLPCHG. 

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

conducting) the pass·-switqhes (e.g. PO and .J?l) to pre-charge 
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the Bit-Lines (e.g. BLO and BLl. respectively) during or 

befor~ the Match Line Pre-Charge peribd (e.g. :3.1a·). If a 

Bit-Line (e.g. BLO or BLl). is ·designed to be.u~ed b9th for 

. readin~ and_ ·for writing data- (as in DCAM. cell 2oo·a in F'.IG. 

2A, but· "not in DCAM cell 200b nor 200c of FIGs. 2B and 2C) 

then the use o~ .the Bit-Line (e.·g. BLO or BLl) must· be time­

multiplexed such t~at 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. ~A, the Bit-
. . . 

Lines can ~e pre-charged High for non-destructive reading. 

during Match Line Precharging periods (e.g··. 318 and 328, 

338, ·and 348) outsfde of writing-periods (e.g. 316. and 336 .) . 

during which writi~g ia being.performed .. However, where 

separate lines are provided to each memory sto~age ·cell 

(e.g. 210b and 2.1·oc in DCAM cells 200b and 200c as shown in 

FIGs. 2B and 2C r~spectively} .for writing and for reading, 

the Non-Destructive Read Bit-Line {e.g. RBLO. in FIGs. ·2s and 

2C) may.be pre-charged Hfgh before or even while a write 

operation is J:>eing perf"orm~d on the same or on another DCAM 

entry i~ the CAM array. Where separate lines (e.g. RBLO, 

WBLO) are provided to each me~ory sto.rage. cell (~.g. 210c in 

·DCJU4 cell 200c as shown in FIG. 2C} for writing (e.g. WBLO}° 
. . . . . . , . 

and for reading (RBLO), and where neither of· s·uch lines is 

also a Search~Line (e.g. SLC) coupled to the XNOR Gate 202, 
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a ~efresh-reading operation and a refresh-writing operation 

can be performed at the same time,~or'd~ring overlapping 

time per~ods during a Match Lin~ Pre-Ch~rge period within a 

·CAM search .cycle • 

. . Accordingly, a non-destructive read of an entire CAM. 

entry· can be "hidden" (i.e. I per.formed without interrupting 

·the periodic. Search cycles of the· CAM ent~) i·f it ·is 

performed during a time interval within a CAM Search Cycle 

period (e •. g., 316) during which all Searcb Lines coupled to 

the CAM' cell are held Low, e.g., Matc~'Line Pre-C~arge 

period 318). In embodiments of the invention wherein the 

··MATCH .LINE is ordinarily· Pre-charged High prior to -eac~- CAM 

·.search, all . the search lines will ordinar~ly be held Low 

p~ior to each· CAM search in· order to Pre-Charge the Match-

' Line High. During that time interval (e.g.318) ·be.fore each 

next CAM search (e.g., 3·23), a "hidden" read may perform~d 
. . . 

on the entire CAM entry.. The sensing of tbe state of the 

da~a storage devices may be thereby· perf.ormed in_ the brief 

time interval: (e.g-., 304 and/or 312) before either one of 

the search ·1i~es (SLT and SLC) shall have· been raised to the 

High vo.ltage·lev:el to perform a.CAM search (323). . . 

Because the read thereby effected ha·s been non-. 
4 

.destrlictive of the data ·stored in the·memocy storage devices 

(e.g., capacito~s SBO and· SBl) of the CAM cells (e.g., 20.oa) 
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. of the CAM entry, a CAM s.earch .may be performed _immediately 
. . . -. . ~-... ...... 

(313) .thereaf·ter. without firs_t completing a refresh-Write 

(e,g·., 316) ., The non-destructively read data (acquired 
. . 

· during period· 318) may be refres:Q-written ·back before, while · 

(316), ·or after (33·6) the post-read CAM search (313} is 

performed • 

. · The writing of data into the data storage devices 

(e.g., capacitors SBO and SBl) of the DCAM·cells 200a, 200b 

and 2ooc of FIGs. 2A, 2B and 2C, ·.is p~rformed _(e.g., while 

RWL in 2·ooa is Low) by _as·serting a High voltage on t):le 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 20.~a;_ WSLO and WSLl. in DCAM. 200b; 

WBLO and WBLi in DCAM 200c) .. ·The data represented by 

voltages thus asserted.on the data...:bit lines then charges_ 

(~r discharges according to the data) each data storage. 

capacitors (e.g., SBO and SB1) of the DCAM 9ell (e.g., 200a, 

200b and 200c) . When the ·word-Line. WL are brought Low, the . 

write-enabling ·1.ine"s may then be used for other purposes, 

(such as. for asserting the bits of the c0mparand ~uring a 

CAM search as in 200b in FIG 2B; or· for performing non-. . ' 

destructive reads as described above in DCAM.cell 20Qa in 

·FIG. ~A; or for performing destructive-r~ads as in the 

related art DCAM cells.)· The write-ena}?ling lines (e .. g., 
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BLO, BLl in DCAM 200a; WSLO and WSLl in. DCAM 200b; WBLO and 

WBLl .in .DCAM 200c) ·can be \lsed. ·alternatively for. pe:r-forming 
. . 

destructive-reads of the·stored~me~ory in accordance with 

conventional methods ot the related· art, unless the _array 

utilization of the particular oCAM·array manufactured in 

accordance ·wi·th einbodj,ments of the present Invention is too 

large to support such de·structive· charge-transfer t}rpe 

reads. 

A feature of the i.nventive DCAM cell is that the . 

refresh-write may begin before, ·while (31.6) or after (33~) 

the post-read CM1 search (313) is per.formed, and therefore 

without delaying the post-read CAM search (313) . ·Thus, 

. embodiments of the.invention provide a ~h~dden" refresh-
. . . 

-w;-ite in addition to a ~hidden" re~~esh-rea:d. The inventive 

DCAM cell may therefore be said to provide a ~hidden 

re.fresh. n" 

· The DCAM~ s memory· r~fresh-?Ycle, which·. is ordinari~y 

perAormed ·from time to time on each entire word Ce.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.refres~~write operation {e.g . 
.. 

·performed during a ~·search) both of which may be 

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

Because the r~ad-operat·ion performed through pass-

28 

.·: 
:~ 

.· · .... :--.., 



t.ransis~ors (e.g., "T2-T7 or T~-T6) is non-destructive (i.e.; 

does not alter the charge stored·by-"the st~rage capacitors 

SBO a.nd SBl resp~ctiyely), ·the· read-operation does not 

. itself .necessitate an immediate write.-back of the data read· 

from··tne· stora~e 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:9· 318 ·or 328)" has been performed on a CAM 

entry and the later time.that a refresh-write .operation 

(e~g., 336) is ·p~rfortned on the same CAM entry. Stated 

-· another way, the inventive DCAM's· refresh cycl·e does. not 
. . -

need to be· completed within one conventional DCAM's refresh 

cycle, and can instead be begun and,cornp1eted during a 

per~od that spreads across the bounda~ies of ~ plurality ~ 

· of CAM search cycles. 

This flexipility prqvides a varjety of opportunities, 

. including the oppor~\.mity ~o begin and complete the refresh 

cycle during periods thqt do not interfere with other 

activities of the DCAM cell. The flexibility of the 

.~nventive DCAM cell may suppo~t the ability to perform error 

· (e.g.,. soft-error) detec;:tion analysis (e.g., using ·stored 
. " . ~ 

parity bits) and perhaps even error-correction algor~thms· 

before writing-back the data. The ability to perform error-
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, .. 

detection during data refresh and without ~nterfering (e.g., 

d.elaying) CAM searche$ may· in turne.nable the increase of 

~ circ;uit 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 errqrs. If a 

stored data error (e.g., so~t-error) is.detected in an 

inventive DCAM entry, data may be c~rrected and immedia.tely 

written back, or CAM. searches can be suspended until the 

error cal) he corrected and correct d~ta is written-back to 

the. entry; or alternatively other.meas~res can be taken· to 

insure reliaQle CAM.search.results (such as writing to.the 

~ntry sucfi data or null-data that will not produce erroneous 

CAM search results) . Because the r;isk of soft-error may be 

rec:Iuced by error-d~tection, the inventive DCAM ce11· may.also 

utilize a parasitic capac:i.ta;ice (e.g~ from the source"'.' 

· substrate) rather than an explicit (e .. g., trencI:i> capacitor 

to decrease the cost.~f the. st:orage ele~ent. Use of the 

. parasitic capac~tance in transistors (e.g., TO.:T2 and.· T:l-T3) · 

allows an overall simplification of the manuf~cturing 

. -process of the storage ·elements (e.g. SBO and. ·SBl), thus, 

facili'tating the. use of_a relatively lower cost SCAM-like.· 

process .. A lower sto:c-age capacitance may be utilized with a . . . 

relatively higher refresh rate and/or a hig~r error­

detection sampling rate. The optimal parasitic capacitance 
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(0r total effective capacitance) and the· ·required refresh 

interira1 .may depend on the.partic\Me.r·fabrication process 

used to ma~e.the DCAM'of the present· invention . 

. Opti~izatio~ techniques that balance the ~nterrelated 

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. en~ry) into an· entry may. be performed whenever no 

CAM _se~rcb_is being per~ormed and no read operation is being 

perfo~ed. ~he writing_ of ._random data into each storage 

capacitor (e.g., SBO), is performed in the manner desc~ibed 
. I . . 

above by charge-transfer from a voltage as·serted on the 

respective write-enabling lines (e.·g., BL9· and BLl) through 

pass-switches. (e.g & ~ pass-transistors TO and Tl) which are 

·operatively controlled by the·word Line (WL). 

The MATCH··LINE coupled to a .CAM entry including the 

inventive CAM. cell (e.g., :2'ooa, 200b, 200c) may be ·pre·-

. charged to a lo~ic ·H:j.gh ·voltage level by holding all se·arch .. 

lines (e.g., stc, SLT} of the entry Low, thereby turning OFF 

{i~e., non-conducting) all transistor stacks (e.g., T2-T4 
. . . 

and T3-TS) of ~11 the XNOR circuits (e.g., 202) thereof and . . 

then.asserting.a logic High voltage on the pre-charge 
• t ., 

transistor TPCHG coupled to the MA~CH LINE, thereby 
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conductively con~ecti~g the MATCH LINE to the .supply vo~tage 

(e.g., logic High yoltage) · 1evel .... M • ~ • 

FIG. 2·c. is. a circuit diagram of an alt~rnative 

-embodiment of the inventive DCAM cell of FIG. 2A wherein 

separate bit-lines-are provided for reading and_writing, and 

·_separate searc~ lines are provided. 

FI~. 2B depicts a circuit diagram of an alternative 

embodiment of the inventiye DCAM cell. of FIG. 2A wherein 

separate :Qit-lines are provided for readi.ng (e.g.,. RBLO and 

RBLl) and for ·writing (e.g~ WSLO and WSLl). The inven~ive 
\ . 

ternary DCAM cell (200b) enables a read (e.g., a non-

d~structive refresh-read) to be performed at each memory 

sto~age cell (e~g., 210b, 211b) thereof, by qperation of 
. . 

pass-transistors (e.g., T2-T7; T3:-T6) ap.d through.a Non-

.'" Destructive Read Bit:..Lines (e.g., RBLO, ,RBL1). The· refresh­

read. operation can be performed to read the contents of the 

entj,re entry (e.g~, _comprised of a plurality of D~ cell 

· 2·oob) via the ·Read enabling Bit-Lines · (e.g. , RWBLO,. RWBLl) 

whenever the R~ad-Word Line (RWL) coupled to the pass- _ 

~~ansistors {e.g., T7 and T6 _respectively) is asserted High, 

while all the Search Lines (e·.g., WSLO. and WSLl 

re~pectively) controlling the.xNOR stack transistors co-µpled 

to the MATCH LINE (e.g., T4, and TS respectively) are hel~ 
. . 

Low. ~lternatively; one of the two individual bits·stored 
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i~ each DCAM cell (e.g., a. bit stored in.CELLO of DCAM cell 

20.0b) in a DC1\M cell 200b :can be r~ia):)ly read during a CAM 

sea~ch, since during a ·CAM search_ operation one_ of the two-
' 

-c9mplement~;rY $earch Lines (e.g., either WSLO -o~ WSLl) will 

be Low. 

A hidden-refresh-write may be performed ~hrough a pass­

tran~istor (e.g., TO, Tl; controlled by a Word Line, WL) and 

·,through the separate Write Bit-Lines (e.g., WSLO, WSLl) 

which also function as the DCAM's Search-Lines. Because the 

Write Bit-Lines (e.g.,. WSLO, .WSLl which also function as the· 

. DCAM' s- Search Lines, i;t is i_mpracticable in this alternative 

embodiment to-perform r.efresh-writes while CAM searches are 

being performed·. 
,. 

. FIG. 2C depicts a cfrcuit dia~ram of an -alternative 

embodiment of the inventive DCAM cells ·of FIGs. ~A and 2B 
. . 

wherein separate bit-lines are _provided for reading. (e.g., 

RBLO and RBLl)··· and for writing (e.g. WBLO and WBL1) and the 

Search Line~ (SLC and SLT) are sepa_rate from the bi·t lines •. 

The· inventive ternary DCAM cell 20-0c ot FIG. 2C -enables non­

destructive reads.' same manner as described for DCAM cell 

2oob in FIG. 2B. 

A hidden-refresh-write may be performed in the DC.AM .. 
cell 200c of FIG. 2C.in the same manner as described for 

DCAM cell .200b i~ FIG. 2B, however because the write bit 
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.. 
lines (WBLO and WBLl) are separate f r0m the Search Lines 

' • ..... M r ha . 

(SLC <;\nd SL'r) a r~fresh-wrlte may be performed in the DCAM 

cell '200c of FIG. 2C at t.Q.e same time that a CAM se~r9h is 

prciceeding .(just a~ in the DCAM cell 200a·in FIG 2A). 

The inventive .. DCAM cell (e.g, 2opa, 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. PFET~ ~y be·substituted·for·NFETs (e.g., TO, Tl, T2, 

.T3, T4, ~5, T6, or T1) 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 repr~~entatiye digital system 

including a CAM array comprising a DCAM cell depicted in 

F:tGs. 2A, 2B,_ or 2c. · The digital system, may· be for 
. . . 

·example, a computer, or a network router, comprising a 

digital proces~or ope.rativeiy coupled t'o a CAM array; the 

CAM a~ay comprising ·embodiments of the inventive DcAM cells­

disclo$ed herein c;ll)ove. 

while the i.nvention has been p~rticularly shown and 

described with reference to exemplary embodiments thereof, 

it will be under.stood by those skilled in the art that the 

foregoing and other changes in form and details· may be made 

therein without departing from the spi~it. and ~cope of the 
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invention. Embodiments of ·the.invention,may be impl~mented 

as an integrated electronic.circui.t..oR.a semiconductor . 

. s·u)?stra.te, or as an electronic circuit. implemented with 

·discrete devices such as sw~tches· (e.g., trans"istors, ol:'. 

electro.: mechanical relays, or analogous . optical· components) '· 

or as a qombination of these circuits. The following claims 

are therefore intended to include a1·1 · such al teriiati ve 

embodiments of the "invention~ Accordingly,· term "pass­

switch" is used in the following claims·to describe the 

. structure and function pro~id~d by the. pa~s--transistors 

depicted in .the accompanying drawing.a that depict exempla;ry 

embodiment·s ·of the invention . 
. . 

. . 
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.·CLAIMS 

I claim: 

i·.. A .. content addressable memory :(CAM) array co?'Prisin:g: 

a. ·CAM cell including: 

a data storage device;· 

a .pass-ga~e incluc:=ting a stack of f i"rst and a 

second pass-swi.tches, the first. pass·-switch being coupled to . . . . . . 

in series with the _second· pass·--~witch at a ~ode.; 

. _a. dat"a storage device operatively. controlling. 
. . 

the second pass-switch; and 

~ t~ird pass-switch connected to -th¢ node.for 

detecting the logic state of the data storage device. 

2 •. The arr~y of claim ~.wherein: 

the. first pa~s-switch is ope~atively con~r~lled by a 

~.ea~c.h. li11e; and . 

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

and beiri.g C;>peratively cdntrolJ.ed _by a ·first-word line . 

. 
: 3. The array ·of claim 2 furthe·r comp~isiz:ig a fourth pass--

switch cqnnected betwee~ the data. storage devi~e and a . . 

second bit-line·, the fourth. pass-switch being opera_tively . 

_controlled by a second wqrd. line. 
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. · 4.. 'i'he array of· claim 3 wherein the· data s~Qrage device is 

· . a. capacitor. . · ............ r • 

.. ·s. ~he ar~ay of claim 4 wherein the First Bit Line·and the 

Second Bit Line are one line.· 

· 6. ·The array of claim 4 wherein·the search line.and the 
..... 

.. second bit line are one lin~ ! 

7 .. The array · ~f clc;iim 3 wherein each of the First, Second, 

third and .four~h·pass-~witches is a fielq effect transistor 

.(FET) ~ · 

8. The array of. cl~im.3 wherein each of the first, second, 

t~ird .. :anq fourt~··p~ss~switches .. ~.s an N-:Type device. 

9. The array of c.la.'itn 3 where·in the pass-gate. is ~ p~rt of 

a match line pass-gate and·. is coupled between a match line 

and ground. 

10·. · .The array· of claim· 3 ·wherein th~ data· storage device · 
. . 

stores a binary Bit,,and.the logicalvalue·of the.Bit can b~ 

determined by read~ng through the third pass-switch without 

destro~iµg the ·Bit stored in the .dat:a storage device. 
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11. The·· array of claim ·10 wher_ein: a· CA:M. searc.h can .be 
. . 

. . . . ... ~ ~ ~-. . . . 

performed after a readi~g of· the Bit stored irt the data 
. . 

storage d~vice and before a. sub.sequ~nt refresh-Write into 

.·.the same· data storag~ device has· been c~mpleted. 

·12. The array of claim 10 wh~rein the sec.ond bit line is 

adapted to store the Bit during a CAM search oper~tion. 

13~ · The. array of claim 10 wherein the.Bit can be 

transferred to the ·d~ta·storage.device tlµ'ough the ~ourth· 

· . pass-sw~tch during a CAM. searc~· operatic~ withou_t · 

iriter·fering with the :CAM. sea;;.ch ·operat;ion. 

14. The array_ of claim 1 whe~ein the fira.t bit line ·is 

·coupled to a sE;ms.e ·amplifier (SA). adapted to detect the 

.state of the second pass-switch. 

ls:· Wherein the first bit: 1.ine and the second. bit line is. 

ope~atively· coupled to a __ register that is adapted to store 

the Bit. 

I lllf mt~ l~H II~ U 1111 
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16. A method for performing . .a ·plu:i::al:i.ty ··of CAM sea:r;ches in 
. . . . . . . . ~ . .;.. . . . . 

. ·a CAM ar~ay ·having a .CAM entry. that· .has a word. of. seB,rchable 

data stored in a pl.ural;i.ty of storage capacitors, 

·. :comprl.s_ing: 

(a) performing a non-destructive determination of· 

t;.he word; and 
. . 

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

. 17 •· "'!'.he metho<l of claim 16 furthe~ comprising C,c) ~iting 

the w:ord bacJ~. _into the plurali·ty of .storage, capacitors, 

·wherein (b) is performed before ('c) has been comi;>leted. 

18. The method of. claim lp ·further conu;:>rising_(~) 

,perform~ng a~d -error-detection.process on the word 

!3,etermined in. (a} . 

19 •. The method of claim 17 further compr~sing {d) 
. . . 

pe~fo~ing and error-detection process on the.word.. 

·determined in ·(a), wherein '(d) is completed pri9r to (c) . 

I ~I~/ H~ ll(H /I H Ml/ 
s * 
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-2 O .' A digital system comprising: 
. J • ,,. • 

-a CAM cell in,cluding: · 

a data storage device;": 
. . . 

a pass-gate includ~ng a sta~k of first ~nd·a 
. . . 

second ·.pass-switches., . the first pas~·switch being coupl·ed to 

· in 13eries. with. the -second pass"-s·~itch. at a node; 

a data star.age device operatively controlling 
. . . . 

"tlie s_eciond ·pass-·switch; and 

a third ·pass-switch connected. to the node for 

·dete?ting·the logic state of the data.storage device. 

***** 
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