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DRAM CAM CELL WITH HIDDEN REFRESH
BACKGROUND OF THE INVENTION

Téchnical Field
The invention relates generally to semiconductor memory
devices, and more specificaiiy to a Dynamic Content

Addressable Memory (DCAM) Cell.

': ﬁelated Art
; Modern telecommunication networks comprise.digital data

_networks that transmit data in packets or blocks containing
address flelds for dynamlcally routing the data packets or
-blocks through the network (e.g., to the destlnatlon
'address) at high speeds. The fastest searching of stored

‘ data may be acsqmplished:using,a Content Addresssblelmsmory
. (cam). ' |
| As the size of networks (e.g., intranets and the
: Inte;het) increase the nsed.for larger CAM arrays increases,
.and ac¢cordingly, ;hs need to attach_more.CAM'cells_to a '
common bit-line_insreases. Contént:Addréssable Memory (CAM)

arrays of the related art are-generally iﬁplemented with
. . . ‘ . .
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either conventional Static RAM (SRAM) or. conventional
destructive-read Dynamic RAM (DRAM) .hardware de51gns, and

therefore have all the disadvantages and 11m1tatlons of one

_such hardware de51gn oxr the other.

A typlcal ternary Static CAM (SCAM) of the relate art.
contains two six-transistor SRAM storage .cells plus an XNOR
functional  group contalnlng four addltronal trans1stors,

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

generally more vulnerable than a bCAM.to corruption of -

_ stored data by soft-Errors (e.g., stored data errors dué to

exposure of circuits to amblent radlatlon)

A typlcal ternary Dynamic CAM (DCAM) cell of the

'related art may contain. fewer transistors than an SCAM, but

way have dlsadvantages 1nc1ud1ng destructlve reads and
slower performance. A typical ternary DCAM of the related

art includes two data storage .capacitors that must be :

' periodically read and refreshed by charge-transfer via pass-

transistors that are also used for readinhg and writing data -
by charge-transfer, in addition to an XNOR comparison
circuit containing four transistors. The charge stored in
the data etorage capacitors of a DCAM cell is gradually
dissipated by 1eakages'within the cell. For this reason,

the information stored in the leaking capacitors must be

periodically “refreshed,” i.e., the charge is read and then
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re-written back into the storage cell. -The related art
pfovides various DCAM cell. structures: that are limited in

that refresh-reads proceed by qharge-transfef thus

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

méking‘&he.DCAM cell ﬁemporarily unavailable for CAM
searches until the data is written back into the DCAM cell-
by a refresh—writé. The entire refresh readrwri;e periodi
thereof generally occupies time during which CAM éearchgs
cén.not.be'performed. Aléo,.limitations of the ability to
éense the felatively small‘chargé—transfer from7thé storage
capacitdr to'a'capacitive bit;line coupled theréto limits-
the maximum array population @n sﬁch bit-lines, and/or |
requires larger storage capacitors. |

An example of such a destructive-read DCAM is

disclosed in U.S. Patent No. 5,949,696 issued to Threewitt.

A variation on the ternary CAM.celi disclosed by Threewitt
that provides a separate search-line and a separate bit-line

for each data storage capacitor of the CAM7entry, is

- depicted in FIG. 1, and is similarly limited by an .

inherently-destructive read. A read operation for a refresh

of the DCAM circuit of the related art depicted in FIG. 1 is

performed by. charge transfer of the charge stored in a data

storage éapacitor (e.g. SBO or SB1) throﬁghfa pass-
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transistor (e.g., TOR'dr TlR,~respectiveiy) and through_a

_bit line (e.g. NBIT or BIT, respectively).

In implementing CAMs, it is desirable to minimize the

_ transistor count and/or CAM cell size, and to increase array -

utilization. In implementing DCAMs it is desirable to

perform the refresh of stored data with minimal delay of or

- interference with CAM search operation.

SUMMARY OF THE INVENTION |
L Accbraingly, the presenﬁ'inventionlprovides,_among
other thiﬁgs, an improved Dynamic Content. Addressable Memory
(DCAM) . cell topology thét contains fewer than the 16

transistors of the typiCal,Static'Conteht Addressable Memory

" (SCAM) of the related arﬁ}.but that can perfoim a “hidden”.

refresh of stored data that does'nog'deléy nor. interrupt the

CAM search cyclé, thereby providing SCAM-1like performance.
The inventive DCAM achieves its search performance by
simultaneoqsly comparing all entries stored in the memory

with an externally applied “comparand;” Wprds stored in

entries in the CAM, which “match” the comparand result in
-maintaining the non-conductive barrier preventing charge

. transfer .between their respective Match ‘Lines and ground.

Conversely, all words stored in éntries that contain even a

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

"
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correspondingﬂcomparand bit resylts in a:conducting path

between each of their Match. Lines.and-ground. Embodiments
-~ of the invention providc a non—destructive:read operétion,

) such that the stored- data does not have to be wrltten back

fbecause ‘of a refreshfread operaclon, and a rellable CAM

- gsearch can be performed after a ;ead operation and before or

even while che refresh-daté is being'written back. Soft-
error detection ﬁrocesses well known to perscns skilled in
the art may be performed on each CAM entry during the
pendency of the refresh cycle (or independent of the refreéh

cycle) w1thout delaylng or 1nterrupt1ng CAM search °

operations. Embodiments of the invention prov1de CAM cell

" circuit topologies that can allow more CAM cells to be tied

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

_read-bit-line of a DCAM array the related ért, thus

iesuiting in greater array utilizétion.-'

i A.fifst aspect of the invention provides a digital
system that performs the function of a network router, and a
CAM array having a-CAM cell including: a data storage

deviee; pass—gate including a stack of first énd a second

5pass switches, the Flrst Pass-Switch belng coupled to in

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

Dev1ce operatively COntrolling the Second,Pass-Sw1tch; and a
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Third Pass-Sﬁitch connected to the Node for detecting the
logic state of the. Data Storage Dewvice.

A secend 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

o pluraiity of storage capacitors, comprising the steps of

performlng a non-destructive determination of. the word and
subsequently performlng a CAM search
The fore901ng and other features of the invention will

be apparent from the following more particular description

“of emquiments of the invention, as illustrated in the

accompanying drawings;

BRIEF DESCRIPTION OF THE DRHWINGS

Embodlments of the present invention will hereinafter

be descrlbed in conjunctlon with the appended drawings,

where like designations denote like eleménts;'and wherein:

T e

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

DCAM cell of the related art.
FIG. 2A is a circuit diagram of a DCAM cell tHat
supports non;destructive reads and “hidden” refresh of

searchable stored data in accordance with embodiments of the

.invention.



L

™y

FIG. 2B is a circuit diagram of an -alternative
embodi@ent of the inventive DCAM cell.of FIG. 2A wherein
separate bit-lines are provided for reading and writing.

FIG. 2C is a circui; diagram of an aiternative

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

“.} separete-bit-lines are'provided for.reading and writing, and

- separate search lines are provided.

FIG. 3 is a timing diagram illustrating the timing

_relationships among devices, data and control sigﬁale and

- illustraﬁiﬁg methods of operating the inventive DCAM cell of

FiG. 2A.

"FIG. 4 depicts'a representative digital system

including a CAM array eomprising a. DCAM cell depicted in

FIGs. 24, 2B, or 2C.

Detailed Description of gﬁhodiﬁents of the Invention

’FIG. 2A depicts a circuit diagram of a ternary Dynamic
Content Eddressable Memory (DCAM) cell 200a:in‘eccordance
with an embodiment of the present invention. The inventive
tefnaf? DCAM cell 200a inciudes two capaeiters:(SBO aﬁd SB1)
that function as data storage devices. Each of these |
capacitors is indepehdently-charged High to store e'lcgical
One (“1") or eiseharged Low to store a logical Zere (»0").

Ternaxry DCAM 200a further comprises tﬁo memory storage cells

g
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{CELLO =210a, CELL1=21la) each of which ‘is merged with ome

- of the two transistor stacks (T2-T4. and T3-T5 respectively)

of the XNOR comparison circuit 202 that is connected between

':the MATCH LINE and ground. By storing a "0," or a "1"

(preferably a “o") in both memory storage cells (e.g., 210a

“and 211a), the ternary DCAM cell 200a stores a “mask” state

which allows a local mask logic value ta be stored within a
given word entry. The ability to store a “mask” logic state

in each DCAM cell (e;é., 200a) in a DCAM entry allows bit-

'level.masking of data stored in an CAM array of DCAM cells.
The . bit-level masking facilitates and/of enables the storing

and comparlng of .an address range using the present

invention and isg. benef1c1al 1n, inter alla, network address

_fllterlng appllcatlons.

Embodlments of the inventive DCAM cell comprlse an

Exclusive Negatlve OR (XNOR) logic function implemented by

an XNOR: Gate 202 (as shown in FIGs. .2A, 2B, 20) 1ncludlng

four (4) transistors arranged in two parallel stacks of tvo

. (2) stacked transistors. Each-tranSistor stack includes a

flrst pass-switch (e. g. NFET tran81stor T2 or T3) and a

second pass-switch (e. g NFET trans1stor T4 or TS), the

first pass- -switch belng coupled to in series W1th the second

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

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



W

n

XNOR Gate 202 functions physicaily independently of the
other, is not necegsary for. propex~logical operatien of the

DCAM that the two transistor stacks (e. g TO-T2 and T1-T3)

" of one ternary DCAM cell 200a be located ‘physically adjacent

to one another on the 1ntegrated circuit (IC): chip.  The

ternary DCAM cell 200a may therefore be “split” in to

*halves” (with otherx halved-DCAM cells disposed in between

each such half{, provided that all such half-DCAM cells are

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

. example ali of the “True halves” of the'DCAM cell of an

entry can be segregated on one end of the entry’s Match

Liﬁe, while all of the “Complemeﬁt halves*” ef the DCAM cell

of an entry can be segregated on the opp051te end of the
~ entry’s Match Line. Search 11nee and bit lines would be

_31m11ar1y segregated to follow the respectlve halves of the

DCAM cell.
Because, the XNOR traneistors'coupled conductiﬁely_to
the Match Line (i.e, T4, TS5 in XNOR 202) are ideally OFF

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

‘search, the non-destructive read through pass-transistors

(e.g., T2;T7; T3-T6) may be performed prior to a CAM search
and while the XNOR transistors coupled conductively'to-the
Match Line (T4, TS)-are OFF. Because the‘nbn—destrdctiﬁe

read inherently leaves the contents of the data storage

o
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devices (e.g., capacitors SBO, SBl) undisturbed, a caM

" search operation can be.afterwards“pérformed without the

pecessity of first writing4back the data read-from the

- "gstorage capacitor. Therefore, in embodiments of the

invention, a non-destructive refresh-read operation may be

*hidden” from the CAM search cycle in the sense that a

refresh-read performed does not delay or prevent a

- subsequent CAM-search from being performed. 'A refresh-write

can be performed following such a noh-destructive.refresh-

"read'either, before, during or after the performance of a

CAM seaxch. '
Persons skilled in the art will recognlze that the

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

‘direct commection as shown in FIG. 2A, or this connection

can be selectively interruptible by the'pass—switch (e.g.
pass4transistor) of a “global” bit-mask (not shown). A

“global” bit mask couﬁled to'the XNOR circuit functions such

that when a global bit-mask 31gna1 is asserted the

,correspondlng bit positlon in every word stored in the CaM

array is- ellmlnated from the compare functlon (i.e., it

'. becomes a global “don't care” (forced match) logic value for

“every word in the CAM array) Such-global masking is useful

in comparlng or searching for ranges of data values stored

_1n the CAM entries.

10
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. The plurality of parallel transistor.stacks (e.g., T2-

' T4 and T3-T5) of all the XNOR comparisoh circuits of all the

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

,_Maﬁch_LineuPass-Gate'operates such that_a'pre—charged High

Match Liné will remain High in the case of a MATCH-ing
entrf,-but will be discharged to or near ground voltage.
level (indicating a'Miss) if any one or more ternafy bits’
étqred in the.CAM'entry mis-matcﬁes the cbrrésponding bit of
the comparand,- Alternatively, the Match Liﬁe Pass-Bate and
thé DCAM cell of the present invention will also support a

pre-charged-Low Match Line in a match-detection system, such

.as is'disclosed.in U.S. patent application of Towler.et.

als., - Ser. No. 09/716,511 filed 20 November 2001, , the

relevant portions of which are incorporated herein by

'rgferenée, wherein the subject matter and the claimed

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

br-subjectnto, an obligation fbr assignment to International

Business Machines Corp; which is the assignee of the present

invention.
 The wrifing and reading of data into or from the membry
storage cells (210a and 21l1a) can be performed by‘chérge-'

transfer, as in the related art DCAMs, through the bit lines

'(BLO.and BL1 respectivaly) and through péséltransistors (TO

" and T1 respectively) held ON (i.e., conducting) when the

11



Word~Line WL is held High. The method of writing or readlng

data by charge -transfer in the prédent’ 1nventlon is the same

_-or similar as the method of ertlng and reading by charge—

-transfer used in DCAMs of the related art. However, readlng

by charge -transfer is unnecessary. 1n embodlments of the

" present invention because the present 1nvent10n enables the

readlng of stored data w1thout destructlve charge ~-transfer

'.'of the charge stored in the data storage capac1tors {e. g.,

SBO and SBl)

A.non destructive read may be performed at each ‘memory

_storage cell.(e.g.; 210a, 21la) of DCAM cell 200a, while the

respective search line (e.g., SLC or SLT) is held Low, by

pre-charging the reepective-Bit-Line (e.g., BLO, BL1

respectlvely) to a ngh logic¢ voltage, and then turnlng the
.pass -transistor (e. g., 7, T6 respectlvely) ON (1 e.,

'*conductlng) by assertlng a High logic voltage on the gate

thereof (e.g., by asserting a High logic voltage on the
Read-Word Lihe'(RWL)), and-theh_sehsing a current and/or a
voltage on the respective Bit-Line (e.g.,-BLO, BL1) that is

representative of the state of the respective data storage

’

device (e.g., SBO and SB1 respectively). The Bit-Lines may

be pre-charged High through a plurality'of pass-switches
(e.g., P-type pass-transistors PO and Pl) connected between

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

12



are 6peretiveiy controlled by a Bit-Line-PreCHarGe signal
.(BLPCHG). I1f thefcabacitor;SBdespores-a-logic_High'voltage,
the pieycharged High bit-line (e.g.; BLO) operatively |
.goupled:tp pass-transistors {(e.g., T2 and T7) will drop to
or towards a Low voltage level duriﬁg the non-destructive

. read operation, due to charge-traﬁsfer from the pre-chafged
bit-line (e.g., BLO) to ground through the ON {(i.e., current
conductlng) paSSvtran31stors (T2 and T7). If the capac1to:
,_SBO stores a logic Low voltage, the pre-charged High bit-
 line (e.g.,;BLO) operatiﬁely coupled'to'pass-transisters
(e.g., T2 and T?f will remain’ &t the-pre-charged High:
voltage level during the non-destructi%e read operation, due
to lack of cherge-;ransfer'from the pré—charged-bitfline
e(e}g., BLO) to ground threﬁéh said OFF'(i;e.,'non-
cenducting) pass-transistors (T2 and T7f.

A nen-destructive-read:of an eﬁtire entxry comprised of
a,plurelity of the inventive DCAM cells (e.é. 200a) may be
pexformed, while all of the:Search Lines (e.g., SLC and SLTL
are'held Low, by pre;eharging all the Bit-lines (e.g;, BLO,
,'BLl) ‘to a High logic voltage, and then turnzng ON all the
'pass transistors. (e. g., T7, T6) by asserting a High logic
voltage on the Read-Word Line (RWL), and then,sep51ng a
current and/or a voltage on all the Bit-linés (e.g., BLO and

"BL1). A non-destructive-read of the entire CAM entxry may be

- 13



a refresh-read'performed,-while all the'XNOR transistors
coupled directly to the MATCH- LINE (€:g., T4, T5) are OFF,_
performed for the purpose'of ultimately refreshing. the )
.contents of. the data storage dev1ces (e.q, capac1tors SBO
and SBl) In this case, the stored data word is determlned
’ (e g.., read inverted) from the DCAM entry via the read-only
pass-transistors (e.g., T7 and T6) and via the bit-lines
‘(e.g., BLO, BL1). The data thus read from the ﬂata storage
~devices may then be asserted-(re-inversion may Eirst be
neceseary) ;ﬁa stored On'the.bitelines {(e.g., BLO and BLI1)
themselves until the Word Line (ﬁL) is aeserted to'perform a
.refresh—wrlte of the stored data asserted on the b1t llnes.
Alternat1vely, a blnary Buffer or a Reglster external -to the
CAM array may be used to temporarily store ‘one stored- .data
word (either 1nvertedfor non-inverted) or te store a
plurality pf-such stored-data words that have been read from
.a plurality of DCAM entries, until writteh-back into the
same entr(ies). -

The non-destructive read-of'the entire CAM entry may
also be perfprmed as a-Random Access (i.e., a'RAM memoxry-
_ aecess), whenever all the XNOR traneistors coupled directly
to the MATCH- LINE (e.g., T4, T5 respectively) of the CAM
.entry being read are OFF (i.e., all Search ﬂineS'in'the_CAM
array, e.g., SLC, SLT, are Low). |

14



Further details of the hon-destrdctive-read operation
“of any storage capacitor in the CAMfeﬁtry may be. explained
‘by reference to an example of readlng data stored in storage
,-capac1tor SBO in FIG. 2A. If the storage capac1tor (e g.,
.SBO) is storlng a loglc ONE represented by a logic ngh
" voltage level stored in tlie capacitor, the transistor T2 of
the XNOh circuit- 202 will be ON (because its gate is being
held High by the cepacitor SBb), end a current can flow from
the pre- charged ngh bit- 11ne (e. g., BLO) through T2 to
.ground hav1ng the effect of pulllng the voltage level of
‘ bit-line BLO towards ground. This current and/or the
:attendant drop of voltege_oh bit-~line BLO may be sensed.by
any eppropriate sensing circuit known to perSons skilled in
" the art coupled to the'bit line (BLO), and.maf be -
ﬂreglstered ag 1nd1cat1ng that a logic QNE is stored in the
-data storage dev1ce (i.e., capacitor SBO). Conversely, the
iack of such a cdrrent, or the lach.of_spch a.voltage drop
on BLO, may be SenSed and'registered as indicating that a .-
logic Zero is stored in the data storage device (i.e.,
ceoacitor SBO) . |
- The DCAM’s support circuitry (hot shown) allows the
.system hardware to read the data stored in'the DCAM’' s memory'
storage cells (210a and 211a), and wrlte to the DCAM'

memory storage cells. The DCAM'’s support c1rcu1try also

15
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provides refresh timing circuitry to periodically refresh
the DCAM entry’s leaking data stordye” tapacitors. ‘A logical

ONE stored as a charge in any of the DCAM entry’s capacitors

. will eventuslly discharge to a logical Zero tinless the

Refresh c1rcu1try recharges the capacltor perlodlcally The

" DCAM's support 01rcu1try may include: Sense amp11f1ers to
: detect the state of (e.g., ' to amplify the signal or charge

:stored) enVa data storage device (e.g. storage capacitor

SBO) through a b1t line (e g.. BLO), Address logic to
select rows and columns; Row Address Select (RAS) and Column

Address Select (CAS) logic to latch and resqlve the row and

column addresges and .to initiate and terminate random access

read and write operations; Read and write circuitry to Write

(i.e.;~store),ihformation in the memory’s storage cells

. {e.g., 210a and lea) or to Read that which is stbred there;

Internal counters or reglsters to keep track of the refresh

'sequenee, or to 1n1t1ate refresh cycles as needed Output

-loglc_to assert-the address of a MATCH-lng CAM entry (e.g, a

~HIT) when found by a CAM search.

A voltage -sense amplifier (SA) may be used to detect
the logic state of the data'storage device (e.g., capacitor
SBO), even before the b1t line (BL.0) is able to. drop fully

from rall to rail (i.e., from a pre charged ngh voltage to

" ground). If a voltage-sen31ng.01rcu1t is used, a brief

.16



'e stroblng slgnal (e.g. a pulse SETSA, See FIG 3) may be used
to enable the voltage senslng c1r@u1t (e g., SA) for a
.re;atlvely brief time 1nterva1 durlng which any sense-able -
. drop of the voltage on Bit—line shall'be'expected to have |
_eccurred or not-occurred dépending upon the contents of the
.l¢stdrage capecitor-(e.g., SEO). - The sensing strobe.signal |
ie.é., SETSA) may be'pulsed at. an 6primel time by a circuit
that includes a Dummy-BitQLine as e'timing model and
implemented on the same integrated circﬁit chip, or by any
other method known to persons skilled in the art. The
-eensing of the state of the deta storege device {(e.g.,
-ecapacitor'SBO) may be thereby performed in e_brief time
interval immediately before either one of the search'liﬁee
| Af the DCAM entry (e. g.,-SiT and SLC) has been raised to the
full High voltage level to effect a CAM search. Greater
deta11 of exemplary timing and relatlonshlps of the
1nvent1ve DCAM cell{s c¢ircuits, signals and functlons may be
:.ekplarned by reference to.FIG.-3 in econmjunction with the
circuit diagram of DCAM cell 200a of FIG. 2A.

FIG. 3 is a tiﬁing-diagram'that depicts exemplary.
timing relationships of signals and functions on 11nes
coupled to the 1nvent1ve ternary DCAM cell 200a of FIG. 2A
: during a span of tlme including three consecutive CAM search.

cycles .(310, 320, 330). Each CAM search cycle (e.g., 310,

17



320, 330) comprlses a CAM- search period (1 e. a perlod
fdurlng which the stored- data in every entry of the CAM array
is compared to a comparand) (e.g., 313- 323 333
-respectlvely), and a Match Line Pre Charge perlod (e.g.,

318, 328 338 respectlvely) to prepare the Match Line

" coupled to all the DCAM cells (e.g., 200a) of the DCAM entry

for the CAM search (e.g., 315, 323, 333 respectiVely).
B A CAM search is performed when one bit of the comparand
end that'comparand,bit's lcgical complement are asserted
~ respectively on the two_search-lines (e.qg., SLT and SLC) of -
‘éach DCAM cell (e.g;; 200a) of the CAM entry. Thus, during
" each CAM Search period (e.g. ;'313) one seerch line |
(e.g.,SLC) of a given DCAM cell 200a will be High, and the-
f'other search 11ne (e.g., SLT) will be Low.

The .first CAM Search cycle 310 deplcted in FIG. 3
illustrates an exemplary timing of signals in the inventive
ternary DCAM CELL 200a during a'refresh;read (within period
.:318 plus 312) and a subsequenr refresh-write perfcrmed'
‘within the CAM search period (313). Although'the first
-gearch. cycle (313) happens to illuetrate the case where the
CAM cell 200a is wirhin'a MISS-ing entry of a CAM érray, the-
:ability.to perrorm a refresh-read and/or a refresh-write
"within a CaM search cYcle {e.g.310) is not éependent upon

the data stored in the entry, and is not dependent upon

18
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whether the CAM entry happens to be MISS-ing entry or a
_MATCH ing entry o vor oo

Durlng each CaM search (e. g., 310 320 330), a given
a.CAM entry will be either a MISS-ing entry, or a MATCH-ing
: entry based unon a ceﬁparisen of the éata word stored in the
entry compared with the (unmasked) hits of the comparand
being assertea during that particular CAM search. Because a
_different'cemparand and/or a'aifferent eomparand—mask (e-g.,
a global bit mask) may be asserted to the CAM array durlng
,each caMm search cycle, a given CAM entry may be a MISS-ing
entry during. one CAM search cycle, and the same CAM entry
may be a MATCH-ing entry durlng the very next or any
fsubsequent CaM search cycle, or vice versa. A MISS-ing
'lternary CAM entry is a_CAﬂuentry that happens to be storing-
a ternary data word that is not 1ogiea11y the same as the |
.unmasked bits of the comparand being asserted“during a
particular CAM search. Conversely, a MATCH+-ing CAM entry'is'
a CAM entry that happens to .be storing a ternary data word
that iz logically the same as the unmasked bits-of the
comparand being asserted during a particular CAM search

The inventive DCAM cell’s data-comparand comparison
function is performed,by four pass—switches'(e.g., N-channel
passltransistors T2, T3, T4, T5) arranged,in two parallel

‘stacks (T2-T4 and T3-T5) forming the XNOR Gate 202. Each of

-7 19



the lower pass-switches (i. e;, each of transisfors T2 and
' T3) perform the dual function of supportlng the non-
destructlve read of the data value stored in the assoc1éted
.data storage device (i.e., capac1tor SBO and SB1 _
respecﬁively) rlus that of enabling the XNOR'comparison
" function within the inventive ternary DCAM cell (e.g. 200a,
200b,- 200c). | | |

. In the case of a MISS-ing CAM'en;ry,_the occurrence of
'which is'indicated by a drop to Low of tho Métch Line
_voltage, a current-conductlng connectlon ‘between the MATCH
LINE and ground will be established through .one or more
pass-tran81stor stacks (e.g., T2-T4, and/or T3—T5) of tho
XNOR circuit 202 Accordlngly, in embodlments of the
_1nventlon the pre-charged—ngh MATCH LINE. voltage of a MISsS-
1ng.entry will drop to a Low (e.g., nearly ground) voltage
level, thus indicating-the MISS.

In the case of a MATCH-ing entry, the occurrence of
whlch is deplcted in.the third caM search cycle (330) in’
FIG.3, no current- conductlng connectlon between the MATCH
LINE and ground will be establlshed through any of ‘the
tranSJStor stacks (e.g.,. nelther T2-T4 nor T3- TS) of the
XNOR 01rcu1ts (e g., 202) in the DCAM cells (e. g 200a) of
~ the CAM entry. Accordlngly, in embodlments of the invention

the. MATCH LINE voltage'of a MATCH-ing entry will remain at
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the-pre-charged High voltage level, and this High HIT-eveht
voltage can be detected and’ therefré'a MATCH or HIT may be
associated with the ﬁnique address cf.such_a MATCH-ing CAM
- entry. |
 The secoad.searcﬁ'cycle 320 depicted in FIG. 3
"illustrates-the timing of signals in,the inventiye ternary.
DCAM CELL 200a during a nbn«destructive‘read (occurring'_
within periods 328 and 322) and a subsequent CAM search 323
in the case'wherelthe DCAM cell 200a happens_to be within a
MISS-ing entry of a CAM array. The second‘search cycle 320 ,
“illustrates that a reliable CAM search (323) can be
-performed in the CAM array immediately'after a nomn-
. desfrucrive read has been performed in embodiments of an

1 1nvent1ve CAM entxry (e. g., compr1s1ng caMm cells 200a, 200b
and/or 200c) w1thout hav1ng refresh- written the read-data
-back into the data storage devices (e.g.t SBO and SB1) in
the CAM entry that was read from.

The third search cycle 330 deplcted in FIG.: 3
illustrates the timing of signals in the inventive ternary
DCAM CELL 200a during a refresh-write_(occurring witﬁin the
CAM search period 333) subsequent td a refresh-read (e.g.,
;occurrlng in a prior CAM search cycle 320) in the case where
the DCAM cell 200a happens to be within a MATCH ing entry of

a CaM array. The third search cycle 330 illustrates that
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- the refresh-write can be delayed followihg a refresh-read,
allow,processing time to perform 8¥ror’ (e.g., soft-error)
detection analysis ou_the refregh—read data prior to the

y 5refresh-write, without preventing.or delaying regular

periodic CAM search cycles and reliable CAM searches

: thereln.

In the exemplary embodlments of the 1nvent1ve DCAM cell
{e.g., 200a, 200b, 200c), prior to each caM search {e. g.,
‘313, 323, 333) the Match Line is pre-charged (either High or
‘Low. in accordance with Match- Llne Controller design, as.

' previously described) , through a pass-sw1tch (e.qg., pass-
transistor TPCHGl connected to the Match Line that‘is
-controlled by a Match Llne Pre-Charge control. 31gna1 MLPCHG.
Durlng each Match Llne Pre -Charge period (e.g., 318, 328,
338, 348). In an exemplary embodiment of the invention
(e.g., 200a) wherein the.Match Line ls'pre charQed-Hiéh
:both search lines .(i. e., SLT and SI1C) of each DCAM cell

(e g., 200a) will be held Low (e.g. during a regular Match
Llne Precharge perlod_BlB, 328, 338), therehy turning OFF
{i.e. non-conducting) bothH pass-traneistors (e.g; T4 and T5)
of the:XNOR function 202, so that no conducting path exists
betWeen the Match Liné and -ground, and so that the Match

L1ne will hold the ngh charge until a CAM search on that

C



DCAM ‘entry is a “MiSS” (i,e.,.the stored data does not-matéﬁ-
the comparand). . e “@f““

-The detection pf the state. of the memory storage
.devices (i.e., a non-destructive read of the dafa étofedVin_
the capécitorsl-in any inventive DCAM entry méy be performed
- within a'pe?iod of time during which‘all search lines of the -
DCAM entry afe held Low, (e. g. w1th1n the Match Line pre-_
charge perzods 318, 328, 338, 348), through the Blt Lines
(e.g..BLO and BLl) and_through passesw;tches te.g., pass—.
transistors T6 and T7) . Thus, the logic étate of each
" memory storage_device fe.g., capaditors SBO énd.SBl) of

every DCAM. Cell (e.g., 200a) in a given DCAM entry may be

" detected during each Match Llne Pre- Charge period (e g.,

318, 328, .338, 348) of the DCAM cell (e.g., 200a, 200b, or -
'200¢) without destroying the state of (e.g., ghanglng the
charge contained in) the meﬁory étorage dévices (e.g., SBO
and SB1). A réfresh-read performed entirély within or -
performed substantially within such aﬁ ordin%ry'and
necesspary Match Line Pre-Charge period (e.g., 315) does not
add 31gn1f1cant time to any CAM search cycle (e.g., 310 and
320), -and may be said to be-a “hidden” refresh-read.

.. A.non—destructlve read may be performed by the _

. following sequenbe of stepé; First,.pre-charéing High tﬁe

Bit-Lines (e.g. BLO and BLl).bf all DCAM cells (e.g. 200a)
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- of the'DCAM—array within the Match'Line.Pre-Charge period
(e.g. 318) or before the Match Liﬁé”PféfCharge period;
Second " asserting (e.g. High) the Read4Word-Line RWL of the

~CAM entry-to-be read in order to turn ON (1 e. conductlng)

. the pass tran51stors (e g., Té6 and T7) thereof (whlle the

'ipass -transistors TO and Tl coupled to the data storage
devices SBO and SB1 in-DCAM 200a are OFF) outside of (e.g.
before) a CAM -search period (e.g., 313); Third'-detecting
the state’ of the metory storage dev1ces (e.g., SBO and’ SB1) -
through the respectlve Bit- L1nes (e g BLO and BLl) while
" the pass trans1stors (e.g., T6 and T7) are-ON as described _
| above The state of each of the memory storage dev1ces :
'(e g. SBO and SB1) as. thus detected. may be asserted and/or '
stored {e.g. stored on the Blt-Llnes_BLO_and BL1 -before 312
or dsring 314 or after the subsequent CAM search 314 and
until the next Bit- L1ne Pre-Charge) and then (316) wrltten—
back 1nto the same data storage dev1ces (e.g. SBO and SB1).
The Bit-Lines can be pre-charged High through a
plurality of Bit-Line Pre-CHarGe_pass-switches (e.g., p—
channel pass—transistors'Po and pl in FIG 2A$ ooupled to a
_loglc ngh voltage level (e.g. the power supply voltage) and
. controlled by a Bit-Line PreCHarGe control 51gnal BLPCHG.
"The control s1gna1 BLPCHG will activate (i.e.. turn ON-

conducting) the pass-switches (e.g. Po and Pl) to pre-charge
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.the Bit-Lines (é.g. BLO and BL1 respectively) during or’
before the Matc¢h Line Pre-Charge ﬁeriod (e.g. 318). 1If a
Bit-Line {e.g. BLO or BLl)_is'designed.tb be used both for
.feading.and3fof writiﬁg data. (as in DCAM cell 20da in FIG.
|22, but ‘not in DCAM cell 200b nor 200c of FIGs. 2B and 2C)
- then the use of the Bit-Line (e;g. BLO or BL1l) must be time-
multiplexed such that reading and writing operatidns.do not
‘occur at the same times and do not interfere with ‘each |
other. Therefore, in the DCAM 200a of FIG. 2A, the Bit-
Lines can be pre-charged High for nonédestrﬁctivé reading.
during Match Line Precharging periods (e.g. 318 and 328,
338, and 348) outside of wriﬁing-periods (e.g. 5161and'336 ) -
during which writing is being performed. However, where
-_separaté lines are pxovidéd to each memory storage’céll
(e.g..210b and 210c in DCAM cells 200b and 200c as éhown in

: FIGs. 2B and 2C respectively)_for writing and for reading; |
 the Non-Destrﬁétivé Read Bit-Line (e.g. RBLO in FIGs. 2B and
: 2&) may- be pre;charged High before or even while a write L
operatiqn.is beiqg perfgrmed 6ﬁ the same or oh another DCAM

entry in thé CAM array. Where separate lines (e.g. RBLO,

' WBLO) are provided to each'memory storage cell (g;g.:2106 in

-DCAM cell zpéc as shown in FIG. 2€) for writing (e.g. WBLO)

and for reading (RBLbj; and where neither.of such lines is

also a Search-Line {e.g. SLC) coupled to the XNOR Gate 202,
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a refresh-readihg-opératibh_and a reffésh;w;iting operation
.cén be.perfoimed at the same time,”Ef"&ﬁriﬁg overiapping
| time.beriods dqring a Match Line_Pre-Chaige period within a
CAM search cycle.
| Acésrdingly, a nén-destruétive read of an entire CAM
'entry'can-be “hidden” (i.e., performed without interrupting
"the periodiq Search cycles of the-éAM'ent;y) if it is )
performed during a time interval'within a CAM Search Cycle
ﬁeriod (e,g., 316) during which all Search Lines coupled to
the CAM celi aré.held Low, e.g., Match Line Pre-Charge
period 318). In embodiments of the invention whérein the
-~ MATCH L;NE is ordinarily'Pre-charged High prior to-each;CAﬁ
aéearch, all the seérch lines will ordinarily be held Low
prior to-each'CAM séarch iﬁ-order to Pre—chafgé the Match-
"Line Higﬁ; Du;ing-tﬁat fimé intefval'(e.g.318)'before each
next CAM search (e.g., 323), a “hiddeﬁ”\read may performed
‘on tﬁe entire CAM'entryﬁ Tﬁe éeﬁsihg of thelstate of the
data,storage devices méy be thereby performed in tﬁe brief
time inté}valfke.gu, 364 and[or.312) before either one of
the search lines (SLT and SLC) shall haQe‘been raised to ﬁhe .
High voltage level to perform a.CAM search (323).
Becéuse the reéd thereby effected has been non-.

.destfﬁctive of:the data stored in the'memor;'storage devices

(e.g., capacitors SB0 and SB1l) of the CaAM cells (e.g., 200a)
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f the CAM entry, a CAM search may be performed 1mmed1ate1y
-(313) thereafter without first completlng a refresh -write

. {(e.g., 316). The non—destructively read data (acqulred

‘auring'peried'318) may be refresh—writtenzback before, while -

(316),_or after (336) the post read CAM search (313) is
'performed '

. The writing of data into the data storage devices
(e.g.,.capaeitors SBO and SB1) of the DCAM cells 200a, goob
and 200c of FIGs. 2A; 2B and 2C," is performed {e.g., while
RWL in 200a is Low) by asserting a High voltage_on the Woxd-
.Line (hL) and asserting the logical voltage representing:
'.bits of the data word on the‘respeétive-write—ehabling.lines
(e g., BLO, BL1 in DCAM 200a, WSLO and WSL1. 1n DCAM 200b
WBLO and WBLl in DCAM 200c). The data represented by
voltages thus asserted on the data-bit lines then charges
'(Qr discharges according to the data) each data storage.
capacitors (e.g., SB0 and SB1) of the DCAM eelll(e.g.; 200a,
200b and 200c). When the Word-Line WL are brought Low, the .
write-enabling lines ﬁay then he used for other purpeses,
~ (such as for asserting the bits of the comparand during a
_CAM search as in 200b ih FIG 2B; or for performing non-
-destructive reads as described.above in DCAM.cell zoo; in
FIG. 2A; or for performing destructive—reads as in the
B related art DCAM cells)r The write;enahling lines ({(e.g.,
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BLO, BL1l in DCAM 200a; WSLO and WSL1 in DCAM 200b; WBLO and

WBL1 in DCAM 200c) can be used.altérnatively for pe;forming'

destructive-reads of the stored-memory in accordance with

" conventional methods of the related art, unless the array

utilization of the particular DCAM array wanufactured in

" accordance ‘with embodiments of the present invention is too

larée to'suppoft such destructiﬁe'chargé-tfahsfer type .
reads. ' ‘ ‘

A feature of the inventive DCAM cell.is.that.the.
refresh-write'may beéin before,'while (316) or after (336)
the post-read éAM search (313) is pérformed, and therefore

ﬁiphout delaying the post-read CAM search (313). -Thus,

. enmbodiments of the invention provide a “hidden” refresh-

-write in additién to a “hidden” refresh-read. The inventive

DCAM cell may thereforg_be said to provide a “hidden
refresh.”

"The DCAM’s membry'refresh-qycle, which -is ofdinarily

pexformed from time to time on each entire word (e.g..,

entry) of the inventive CAM array, includes a refresh-read

operation (e.g. performed within a.Match Line Pre-Charge

period 318) followed by a,refresh;write operation {(e.g.

performed during a CAM' search) both of Whiéh may be

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

Because the read-operation performed through pass-
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transistors (e.g.,:T27T7 or T3-T6) is non-destructive (i.e.,

. does not alter the charge stored by~ the storage capacitors

SBO and SB1 respectively), ‘the read-operation does not

 itse1f‘necessitate an immediate write-back of the data read-

from-the storage capacitor. ACcordinglf, a CAM search

-bperatioh (e.g. 313), or even a blurality (i.e., N, wherein

N is a positive integer) of CAM search operations, may be.

performed between the time that such a. non-destructive read

operation (e.g. 318 or 328) has been performed on a CAM

entry and the later time that a refresh-write operation

" {e.:g., 336) is-pgfformed on the same CAM entry. Stated

another way, the inventive DCAM’ s° refresh cycle does. not

" need to be-compléted within one conventional DCAM‘s refresh

cycle,.and can instead be begun and .completed during a

| period that spreads across the hbupdaries of a plurality N

~of CAM search cycles.

This flexibility provides a variety of opportunities,

.. including the opportunity to begin and complete the refresh .

cycle during peridds that do not interfere with other

activities of the DCAM cell. The flexibility of the

/inventive DCAM cell may support the ability to perform error

- (e.g.,. softéerror) detection analysis (e.g., uging:stored

parity bits) and perhapé even error-correction algofithms-

' before writing-back the data. The ébili;y to perform error-
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detectioh during data réfrésh and'withcﬁf iﬁterfering (e.c.,
dclaying) CAM searches may in turﬁ"éﬁable the increase of
CAM circuit-density, such as by allowing for a redgction of
“hardware and/or devicé-sizes (e.g. large trench capaciﬁcrs)
-that mcf oﬁherwise be-provided Eo prevent such errors. If a
" stored data error\(e.g., softeerror).is'deﬁected in an
-inventive DCAM entry, data may be cprrectéd and immediately
written back, or CAM searches can.be suspended until the
error can be corrected and correct data is written—back'co
_ the.eﬁtfy; or citernatively other measures can be taken to
insure reliéble CAM'séarch_rcsults (such as writing to.the .
entry such data.or_null?data that will not produce erroneous
CAM searchﬁresults). Because the risk of soft-error may be
reduced by error-detection, the invencive DCAM cell‘ﬁayValso
_ utilizé a parasitic capacitapce (e.qi from the scurcée
'substraté) rather than an explicit (e.g., tienchf capacitor
to decrease ﬁhe cost of the-storage eléﬁent. Uée of the

. parasitic capacitance in tranéiétors_(e.g., TO-T2 and T1-T3)-
" allows én overall simpiification of thc manufacturing
.-process of the stofage‘elements (e.g. SBO and SBl1), thus,
fécilitating the use of a felafiVely lower cost SCAM-like.-
process. . A lower sto:agé capacitance may be_utilizec with a

. relatively higher refresh rate and/or a higcr error-

~ detection sampling rate. The optiwal parasitic capacitance
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- (or total effective capacitance) and the required refresh -

interval may depend on the.particular-fabrication process

used to make. the DCAM of the present invention.

-_Optimizatiop techniques that balance the interrelated

factors of circuit dehsityhand refresh rate are well known

- in the art.

The Writing of random data (i.e., data not read-from
the'same_entry) into an entry may. be ﬁerformed whenever no
CAM_searchgis being performed and no read operation is beiné
performed.d ihe writing.of.random data into each storage

capacitor (e.g., SRO), is performed in the manner described '

-7

_above by charge transfer from a voltage asserted on the

respectlve wrlte enabllng 11nes (e.g.., BLO and BL1) through

pass ~gwitches. (e g., pass- tran51stors TO and T1) whlch are

'operatlvely controlled by the Word Line (WL)

.. The MATCH ‘LINE coupled to a CAM entry 1nclud1ng the

inventive CAM cell (e.g., 200a, 200b, 200c) may be’ pre-

- charged to a logiC'High voltage 1evel by holding all search .

lines (e.g., SLC, SLT) of the entry Low, thereby turning OFF

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

_and T3-T5) of all the XNOR'circuits (e.g., 202) thereof and

then asserting a logic ﬁigh-voltage on the pre-charge

transistor TPCHG coupled to the MATCH LINE, ‘thereby
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' separate search lines are provided.

conductively connecting ﬁhe MATCH LINE tb'the_supply'voltage

(e.g., logic High vpltage)'level."”

FIG. 2C is a circuit diagram of an alternative

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

seﬁaraﬁe-bit—lines-are provided for vreading and writing, and
FIG 2B depicts a circuit dlagram of an alternatlve '

embodlment of the inventive DCAM cell. of FIG 2A wherein

separate bit-lines are provided for readlng (e g., RBLO and

RBL1l) and for writing (e.g. WSLO and WSLl) The inventive

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

desfructive refresh-read) to be performed at each MEMOry .
storage cell (e.g., 210b, 211b) thereof, by operation of

pass-transistors (e.g., T2—T7; T3fT6) and through“a Non-

,;Destructive Read Bit-Lines (e.g., RBLO, RBL1l). The refresh-

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

entire entry (e.g,,'ebmprised of a ﬁlurality of bCAM cell

. 200b) via the Read enabling Bit-Lines (e.q., RWBLO, RWBL1)

whenever the Read-Word Line (RWL) coupled to the pass- .

tran51stors {e. g , T7 and T6 respectlvely) is asserted ngh

while all the Search Llnes (e g., WSLO and WSL1
respectlvely) controlllng the. XNOR stack tran31stors coupled

to the MATCH LINE (e d.., T4 and TS respectlvely) are held

Low. Alternatlvely,_one of the two individual bits’ stored
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'in each DCAM cell (e.g., a bit stored in CELLO of DCAM cell

'. 260b) in a DCAM cell 200b :can be réliaﬁly read during a CaM

. search, since during a CAM search operation one of the two.
-complementary Search Lines (e g-, elther WSLO or WSLl) w111
be Low.
A hidden- refresh wrlte may be performed through a pass-
transistor (e.g., TO, T1; controlled by a Word Line, WL) and
.. through the separate Write Blt-L1nes (e.g., WSLO, WSL1)

-'Whlch also functlon as the DCAM’s Search Lines. Because the

erte B1t Lines (e.g., WSLO WSL1 whlch also functlon as the

_DCAM 8. Search Lines, 1t is impracticable in th1s alternative
embodlment to -perform refresh-wrltes whlle CAM searchea are
_ belng performed | |

B FIG 2C depicts a 01rou1t dlagram of an alternative
'embodlment of the inventive DCAM cells of FIGs 2A and 2B
wherera separate bit-lines are.prov1ded for reading (e.gf,
RﬁLO-and RELl)’and for writing (e.g. WBLO and WBL1) and the
Search Lines (éLC and SLT)“are separafe-from the blt'lines.,
~ The inventive ternary DCAM cell 200c of FIG. 2C enables non-
destructive reads"same wmanner as described for'DéAM cell
- 200b in FIG. 2B. |
| A h1dden-refresh-wr1te may be performed in the DCAM
_'cell 200c of FIG 2C.in the same manner as descrlbed for

DCAM cell 200b in FIG. 2B, however because the write brt
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‘lines (WBLO and WBL1) are separate from'the Search Lines
(SLC and SLT) a r§fresh~write way be performed in the DCAM

cell ‘200c of FIG. 2C at the same time that a CAM search is

E proceedlng (Just as in the DCAM cell 200a in FIG 23).

The inventive DCAM cell (e.qg, 200a,.200b ‘and 200c) may
'.comprlse solely NFETS (e.g., N—Channel MOSFETS) as dlsclosed
and depicted in the embodimeﬁts shown in FIGs. 2A, 2B, and
-2C, PfﬁTe may be-substituted-for-NFETs (e.g., Td, TL, T2,
fT3, T4, TS5, T6, oxr T7) if control signals etc. are
-~aCCordingly complemented.- Altetnately, All-pP-Channel
'embodimente of the inventive DCAM-cell are also withiﬁ the
jsoope'of the present invention.

FIG.'4 depicts a reéresentative digital system'
1nclud1ng a CAM array comprlslng a DCAM cell depicted 1n
FIlGs. 2A, 2BL or 2C. The dlgltal system, may be for
'example, a computer, or a network router, comprlslng a
digital processor operativeiy ooupled tb a CAM array;'the
_CAM array comprlslng embodiments of the 1nvent1ve DCAM cells-
disclosed hereln above ' '

Whlle the invention has been particularly shown and
described with reference to exemplary embodiments thereof,
‘it will be understood b}_ those skilled in the art that the
foregoing'and other changes in form and detedls'may be made

therein without departing from the spirit'and scope of the
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.iﬁvention.. Embodiments of“the'invention:may'be.implemented
as an integreted electronic.Eifouib“on.a eemiconductor;
ubstrate, oxr as'an electronic eircuit implemented with
;dlscrete dev:ces such as sw1tches (e. g., tran51stors, or
electro- mechanlcal reiays, or analogous optical components),
. or as a combination of these circuits. The following claims
ave therefore intended to include ali'such‘alterhative
eﬁbodimeﬁts of the 1nvention; Accordlngly, term pass-
switch” is used in the folloW1ng claims -to descrlbe the
~structure and-functlon prov1ded by the pass-tran51stors
depicted in the accompanylng draw1ngs that deplct exemplary

embodiments of the 1nventlon.
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‘CLAIMS
I élaim: - |
1;- A.content addressable memory (CAM) array comprlslng.

| a CAM cell 1nclud1ng ' -

a data storage devide;'

a pass- gate 1nclud1ng a stack of flrst and a
second pass switches, the first. pass-sw1tch belng coupled to
in series w1th the second pass- sw1tch at a node,
| S a data storage dev1ce operatlvely controlllng
the second pass sw1tch‘ and | _ .

a thlrd pass- ~switch connected to the node ‘for

detectlng the loglc state of the data storage devncel

o 2.' © The array of c1a1m X whereln _ _

the. flrst pass sw1tch is operatlvely controlled by a
search 1ine, and.

the thlrd pass-switch belng coupled to a firet b1t line

. and being operatively controlled by a first- word line.

+3.. The arrayﬁof claim z-further comprising a fourth pass-

"sw1tch connected between the data storage device and a .

-second b1t ~-line, the fourth pass -switch belng operatlvely

;controlled by a second word line.
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" -4.. - The array of claim 3 wheréin the data storage device is

-3 s

' -a capacitor. .

-'5.  The array of claim 4 Where;n the First Bit Line and the

Secoﬁd'Bit Line are one line.:

6. “The array of_qlaim 4 whereln the search llne and the

.s8econd bit line are one 11ne.

7; ' The array- of . cla1m 3 whereln each of the Flrst Second.
thlrd and fOurth pass sw1tches 'is a f1e1d effect trans1stor

.(FET) .

8. The array of. c1a1m 3 whereln each of the first, second,

.thlrd and fourth pass sw1tches 1s an Nnype dé#ice.

9. The array of claim 3 wherein the pass—gata‘is.a'part of

" a match line pass-gate ahdfis coupled between a match line

and ground.

"10. .The array of claim:3'wherein the data storage device'
. stores a blnary B1t, and the loglcal value- of the B1t can be
-_determlned by readlng through the third pass -switch without

.'destroylng the Blt stored 1n the data storage dev1ce
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the Bit.

© 1. Thé”afray of claim 10 Wherein:a'CAM'searqh cah;be:

perfoimed after a reading of the Bit stored in the data

storage device and before é:subgequenﬁ refresh-write inté_ -

H:Ehe same’ data storage device has been cpmpleted.'

2. ihé array of claim 10 wherein the second bit line is

adapted to store the Bit during a CAM search operation.

" 13.° The artay of claim 10 wherein the Bit can be

transferred to the data storagé device through the fourth’

. pass-switch during a dAM.search-operatidp withouﬁ-

interfering with theLCAM.seaich'operatioﬁ.

14. The array of claim 1 wherein the first bit line is

‘coupled to a sense amplifier (SA) adapted to_depect'the

state of the second pass-switch.

15." Wherein the first bit line and the'second-bit_line is .

opexati#ely'coupled tb aﬂregistér that ié_adapted to store
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16{ A method for performlng a plurallty of CAM searches in

“a CAM array hav1ng a CAM entry that has a word of searchable

data stored 1n a plurallty of storage capac1tors,

'fcomprlslng‘

< (a) performlng a non-destructlve determlnatlon of
the word and

'-._(b) performlng a CaM search after performlng (a).

17, The method of claim 16 further comprlslng (c) wr1t1ng

the word back into the plurality of storage capac1tors,

~where1n (b) is performed before (c) has been completed.

18. The method of claim iS'further comprising'(d)

:performlng and error—detectlon process on the word

"-determlned in (a).

19. . The method-of.claim'17_fgrther comprising (d)'

BTN

performing and error-detection process on the woxd,

-determihed in {(a), wherein (df is completed'prior to (c).
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.~ 20. A digital éystem,comprising:

-a CAM cell'inpluding:
' a'data etofage device;:
a pass gate 1nclud1ng a stack of fxrst and a

second pass sw1tches, the flrst pass ~switch belng coupled to

'"ﬂln series w1th the - second pass sw1tch at a node;

a data storage device operatlvely controlllng

the second pass- sw1tch and

‘a third pass—sWitch connected to the node for

- detecting the logic state of the'data'storégejdevice;
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