1 DEVICE FOR COMPARING DATA IN A CONTENT-ADDRESSABLE MEMORY ON Se01 FIELD OF
THE INVENTION The field of the invention is that of semiconductor devices, and more particularly
that of content-addressable memories produced on a semiconductor-on-insulator substrate (Se01
substrate). 5The invention relates more specifically to a device for comparing data in a
content-addressable memory, to a method for controlling such a comparison device and to a
content-addressable memory. BACKGROUND OF THE INVENTION 10The content-addressable
memory (CAM) is a type of computer memory usediin certain very high speed search applications.
,Unlike standard computer memories (of the random access memory RAM type, in particular) for which
the user application SPHTEsFORSIOH AQhHEs8AR ‘ﬂﬁé\m_‘%{*ﬂfﬁ@[ﬂ%ﬁg&ﬁb d at that address,
a CAM 15 memory is designed so that the psafarplioniigasupplies a data word and the CAM
searches throughout its memory to determine whether this word is stored therein. If the word is found,
the CAM returns a list gf o oLmoj oS where the word has been found. Because a CAM
memory is designed tﬁé&'g&ﬁmm&%ﬁg’s‘memory 20 in a single operation by performing multiple
operations in parallel, e fieshrines nasaiandn RN PEINEERRY D SRS dRVer, unlike the
RAM which has simpleisigrage-gells (thermingleduretapief ar@Abtiis tostorecddtathesCAM must also
handle the comparison function. Igacg irggri\éigéj%!ar;{ne 0Ky ggﬁsqp&ﬁg.thus have its own comparison
circuit to detect aTHARR B HERieen %ﬁe bit'stored n the cell and a proposed input bit. The physical
size of a CAM cell (paftieularaniionsritesoiesne tfindiy de nsyics RIS GRS Han that of a
RAM cell. Figure, Jshoys azanrentientirNOR-typerteidccelbr Sushralted camprises ten

transistors and typically occupies a ximately 300 surface 3 '%SOO F2). A CAM memory of
this type is said tCHEHIERY ﬁf?‘ﬂ%ﬁﬁ[?éz%s e !sgyzt%crjﬁé chééﬁgrc%% ré‘l'or ata containing only is and Os.
Also known is a ternary 2

BACKGROUND OF THE INVENTION
10 The content-addressable memory (CAM) is a type of computer memory

used in certain very high speed search applications.
Uniike standard computer memories (of the random access memory
RAM- type, in particular) for which the user application supplies a memory
address and the RAM returns the data stored at that address, a CAM
15 membry is designed so that the user application suppiies a data worg and the
CAM searches throughout its memory to determine whether this word is
stored therein. If the word is found, the CAM retumns & list of one or more
addresses where the word has been found.
Because a CAM memory is deéigned to search throughout its memory
20 in a single operation by performing muliiple operations in paraliel, this
memory is faster than RAM in all ssarch applications. However, unlike the .
RAM which has simpie storage celis (the single function of a RAM is to store
data), the CAM must aiso handie the comparison function. Each individual
memory cell must thus have its own comparison circuit 1o detect a maich
25  betwsen 'th'e bit stored in the celi and a proposed input bit. The physicai size
of & CAM cell (particularly in terms of surface units occupied) is therefore
greater than that of a RAM cell.
Figure 1 shows a conventional NOR-typs CAM cell. Such a cell
comprises ten transistors and typically occupies approximately 300 surface
30 units {300 F3),
A CAM memory of this type is said o be binary in that it uses the

systematic search for data containing only 1s and 0s. Also known is a ternary



CAM memory allowing for a third state of correspondence called "X" or any for one or more bits in the
stored data word, so that flexibility can be added to the search. Figure 2 shows a conventional
NOR-type ternary CAM cell. This cell consists of 16 transistors and typically occupies 500 surface
units. It will have been understood that a conventional CAM cell thus occupies a large surface
area. That said, there is a recurrent need in the field of application of the invention for miniaturization
of the semiconductor devices. Moreover, merely because of the large number of transistors and the
need to supply a power supply line in the CAM meméry array, a conventional CAM memory has the
drawback of consuming a lot of power. BRIEF DESCRIPTION OF THE INVENTION According to a
first aspect of the present invention, there is provided a.device for ' ta.inq. »
content-addressa&é‘%@?ﬁ@ﬁf?c%iﬁ’(ﬂﬂgiﬁoé :aat&q’gr%%[? JORTEIESA %%gaggf?%h%%ggsq%r Es%]gring a data bit
and a second trangistotestormgehéscortisi st ththwerdiabihahienRiib<tBrsIseiRg $5rdtiuced on a
semiconductor-on-'nesgé%;g substrate and each of the transistors having a front control gate and a
back control gate that can be controlled to block the t{\@gi tor; a comp&ﬂ\‘ﬁg% eclircy;j% c%%“gured to: o
operate the first and seCENEEFaRERYSIE iIHFRYER Fidde MY é?ﬁ yiig To'thé front control gate of each of
the transistors a negrgaly endsvektagewhidecynitellingsthpibadikésriiatyHidof each of the transistors,
one with the proposed Biwﬁa%h@éﬁ{immmm%waﬁmen%@gp@maammgm&m passing

t

transistor among said transistors if the proposed bit and the stgred bit coréesrp(inﬁg; ﬁa?ud C(;fdetect the
presence or abserdaBe FEREDREB0ARE FAKIMREE 5 the' SOHIFRR oF &L of the Tangistors to
indicate whether the,propeses: hikandsiestoredibitare ientiahorseotic@1Sere peyferred, but
nonlimiting, embodynents of this Aexiee Ale % oIpHe T umdliFoaiRRISANFIcH iscaniigured to

supply the back co'ﬂ%elod{gfena? the irst transistor with the complement of a pro?osed bi%{fnd to supply
B5RUGESE-on-insulator

the back control gatepphitizerswessrrybrin distor\ith tHd'bFEpHSEH BIEYS 28 SE
substrate comprisegaJbin {laed spmicandscibienaiey@lsepatated from a base substrate by an
insulating layer, and the back control gate of a transistor is arranged in the base substrate under the
insulating layer facing the channel of said transistor; the back control gate of each of the
transistors is isolated inBREEDBESTRET IS kA4S [y TS

According to a first aspect of the present invention, there is provided a device for comparing data -

in 2 content-addressable memory, comprising:

- a memory cell formed by a first fransistor storing a data bit and a second

tranéistor stori.ng the complemant of the data bil, the transistors being
produced on a semiconducior-on-insutator substrate and sach of the
transistors having 2 front control gate and a back control gate that can be
controlled to block the transistor;

- a comparison circuit configured to:

o operate the first and second fransistors in read mode by applying to
the front contro! gate of each of the fransistors & nominal read voltage
while controliing the back control gate of each of the iransistors, one

~ with the propesed bit, the other with the compiement of the proposed
nit to block the passing transistor among said transistors if the
propesed bit and the stored bit correspond; and

» detect the presence or absence of current on a source fine linked o
the source of sach of the transistors to indicate whether the proposed

bit and the stored bit are identical or not.



the back control gate of each of the transistors has a working function; the comparison circuit is also
configured to perform a ternary operation during which the proposed bit is disregarded; during a
ternary operation, the comparison circuit operates the first and 15 the second transistors in read mode
while controlling the back control gate of each of the transistors with one and the same voltage chosen
S0 as to block the normally passing transistor; it also comprises a circuit for controlling the memory
cell configured to operate the transistors in read, programming and erase modes by controlling 90 the
back control gate of each of the transistors with one and the same voltage chosen so that the passing
transistor is not blocked; the control circuit is also configured to operate the transistors in a holding
mode by controlling the back control gate of each of the transistors with one and the same voltage
chosen so that the passing firafasistdnis:@8bidckedmtivdinevicefchmprisesatoe petattel back gate lines,
each of the back gate lipgsdaeipsribked:taithe baaigoentrel saie phieneaithedmnsistorss a word line
links the front contgol qatfﬁof th%e trart%sigjfgrgbth ev%%r% Ii?ea be-rion é)e%'%lnéjri] u{grsto trile glack gate lines;
4 the transistors are floati ngsgté)r fransist rs, an the BacKEontro gate of 4 Hansistor is arranged
in the base substrdtesiheintaeptrafduefrasriiteensive Wik dig aranskaemy the insulating layer:  the
transistors arefloating ¢hangehicElitansisiorsuaid thehackcontrol aate of adrangistokds arranged in

the base substrate, being separated from the channel of said transistor by the insulating layer.
According to a secBHl SBE G (REFHR FFER RS d RTpViaRd 3 eshien At S84 fhemory cell
comprising a first ttaysistoridés gt tocstiove gattatafbit fndssesecondrtrangsistar desigaed to store the

complemet of the (i Bl Jhe.IaRSLAIS e ROPradiEe coamRieadueiaLaRinsulator substrate

and each of the transistors having a source, a drain, a front control gate and a back control gate that
can be controlled to biotie thect &A8{EbEaIF WhiR#eeH dhsolirtsiflvesidslitréerad thd sobRee of each of
the transistorgpa backsgaie tne is-Assegisterwitksthe back control gate of each of the transistors, the

back gate lines being parallel gith %nF anot era%r\l%ffer endicular to the source line, A word line
K

parallel to the source TinBCAH AREBR ffked B BRI ésa?@so?&é% ot fH@cljfgrﬁ;sistors.

According to a third aspibetafiheriswenition; therscisprivided @ pwemoneasaagonmerEing a plurality of

memory cells accogguﬂ,%@rﬁlgg 58 9@%%8%15%%9@%%&9 a fourth aspect of the invention, there is
c

provided a method of comparing data in a content-addressable memory, the memory comprising a
~ memory cell formed by 84§ &HERMOPREGHIY el RCO BIPRIRPA JERBPRENERtB? dsriAbtthe
complement gkthetgaigsdaitdtherisaasisions heingdy odtisesharodisg Micenductoimengmsutator substrate

and each of the irageislorsnavinga e ool gats and aasl coniplgate that cap, e controlled to
block the transstor,gfﬁe method comprising steps consisting in: operating the first and second
transistors in read M®AETBRAPPAFRSIEANSISION, .

- it aiso comprises a circuit for controliing the mamory cell configured fo

operaie the transistors in read, programming and erase modes by controlfing
- 20 the back control gate of sach of the transistors with one and the same
voltage chosen so that the passing transistior is not blocked:;

— the control circuit is aiso configured to operate the fransisiors in 2
holding mode by controliing the back control gate of each of the transistors
with one and the sams voltage chosen sc that the passing transistor is

25  blocked;

— the device comprises two parallel back gate lines, sach of the back gals
lines being linked to the back controi ga’ta of one of the fransistors;

- & word line links the front control gates of the transisiors, the word lins

being parpendicular {o the back gate fines;



the front control gate of each of the transistors a nominal read voltage, while controlling the back"
control gate of each of the transistors, one with the proposed bit, the other with the complement of a
proposed bit, 5 to block the passing transistor among said transistors if the proposed bit and the
stored bit correspond;  detecting the presence or absence of current on a source line linked to the
source of each of the transistors to indicate whether.the proposed 5bit and the stored bit are identical
or not. BRIEF DESCRIPTION OF THE DRAWINGS Other aspects, aims and advantages of the
present invention will become more apparent from reading the following detailed description of
10preferred embodiments thereof, given as nonlimiting examples, and with reference to the appended
drawings in which: Figures 1 and 2, already discussed previously, represent conventional NOR-type
CAM cells, respectivelj?hbiﬁw%&@%ﬂ?{%ﬁ‘ﬁ/ﬁﬁﬂ?tﬁéoTa PERSRAD ARG CERBRN in the
interests of clarity;gJa{g Faweanzigs diagramdepiesenting anepassiteisgnigdimedtfofra CAM memory

cell with two transistofrﬁ ac%?rdinr%/%%the.inventi n; . Fig%ge 4 sbgws a preferential topology of a CAM
i ins ;rﬁ] 3
S

memory array acchry &'}8 ha fi |8?1§;3mr oy igure ows an equivalent diagram of a CAM

memory cell 20accorditig tortnsistvention; | Fuge s BBRUSRTe BRE6ITPE B opEr it between a
proposed 4-bit word and & ware.starackin 4 GAM FRemoRLcalisagtrding teiliesipeention, in the

respective cases of a match between the proposed word and the stored word, a non-match between
Fafone |

the proposed word™25he ?ﬁ@%r@%grﬁa&ﬁ egfcﬂa%rfggarﬁ%}ch for one of the bits of the
proposed word. According to a second aspect of the invention, there is provided a content-

addressable memory celi comprising a first transistor designed io store a
data bit and a second transistor gesigned to store the complement of the
data bit. the transistors being prodused on & semiconcuctor-on-insulator
substrate and each of the transistors having a source, a drain, a front confrol
gate and a back control gate that can be controlled 1o biock the transisto; in
which cell & source fine is finkad fo the source of each of the iransistors, a
back gate line is associated with the back control gate of each of the
fransistors, the back gate lines being paraliel with one another and
nerpendicuiar {o the source line.

A word iine paraliel to the source line can also be linked 1o the front
conirol gate of each of the transistors. *

According to a third aspect of the invention, there is provided a memory array comprising a

plurality of memory cells according to the sccond aspect.

According to a fourth aspect of the invention, there is provided a method of
comparing data in & content-addressable memory, the memory comprising a
memory cell formed by a first fransistor storing a data bit and a second
transisior storing the complement of the data bit, the transistors being

- produced on a semiconductor-on-insuiator substrate and each of the
transistors having a front control gate and a back control gate that can be
conirolled to block the fransistor, the method comprising steps consisting in:

~ operating the first and second transistors in read mode by applying o

the front conirol gate of each of the fransisiors a nominal read voltage,
white controliing the back control gate of each of the transistors, one

with the propesed bit, the other with the compiement of a proposed bit,



Figures 9a and 9b represent two possible embodiments of a flash-type transistor that can be used in a
CAM.memory according to the invention; 30- Figures 10a-10e represent various possible
embodiments of a back control gate. 6 DETAILED DESCRIPTION OF THE INVENTION The
invention relates, according to a first aspect, to a device for comparing data in a content-addressable
memory comprising a memory cell storing a data bit BIT and a comparison circuit configured to detect
whether a nproposed bit DATA is identical to the stored bit BIT.  Referring to Figure 3, one possible
embodiment of a memory cell is shown, used in a deyice for comparing data according to the first
aspect of the invention. The memory cell comprises two transistors: a first transistor Ti stores 10 the
data bit BIT and the second transistor T2 stores the complement of the data bit BITh. One of the
transistors is thus norntallyqsadsingaghiamiensision G bentc TarRsiies Whera®s e8ebltter is normally
blocked (the one storing Jhel0gigrel" breddgbspond;The transistors are produced on a
semiconductor-on-insulator substrate 15and each of the (%ransstors has a frop ? kro(lj ate CG and a
back control * gate BG USRS I RIEBRER N SREFIECTA K TS trihigEhce g pigred 10
semiconductor-on-insutatossuisstiEteasbnep tise sargiscfitnicoirséraie vitRibevé enatereseeparated from
a base substrate by anpsylating Jayes e Serisradyctet-on-insulator substrate is, for example, a
silicon-on- 20insulator SOI substrate.  According to a preferred embodiment, the insulating layer is a
buried oxide layer (BOX). The msulatmg Iayer |s for example, made of S102. Each transistor Ti,

T2 has a source regiongs % At ESextending between the source region and

the drain region. 25 T@tﬁ&%@ﬁ@&@'%&%%@ﬁ@éa@s MANRET GRRANIAREHOKNWN per se on

the surface of the substrate, above the channel C. In the c?é}iext of t mv ntion the back control gate

BG1, BG2 of a traRERIBEI e ARea i BoAJgading iase ‘DHaNng '1;3 R PIPBSX facing the
channel of said tragrsicioed Tamsiiteantritlegt igitgpicadynordiduiteg bya(mb%mt anplavitation

refarence to the appended drawings in which:

- Figures 1 and 2, already discussed previously, represent conventional
NOR-type CAM celis, respectively binary and ternary, in which the
access transistors are not shown in the interests of clarity;

15 -~ Figure 3 is a diagram represeniing one possibie embodiment of a
CAM memory cell with two iransistors according 1o the invention;

- Figure 4 shows a preferential topology of a CAM memory array
according to the invention;

~  Figure 5 shows an eguivalent diagram of a CAM memory cell

20 according to the invention;

~ Figures 6-8 iliustrate a comparison operation between a proposed
4-bit word and a word stored in 4 CAM memory celis according to the
invention, in the respective cases of & maich beiween the proposed
word and the stored word, a non-match between the proposed word

25 and the siored word and a non-search for a match for one of the bits
of the proposed word.

~  Figures 9a and 9b represent two possible embodiments of a flash-type
transistor that can be used in a CAM memory according to the
invention;

20 - Figures 10a-10e represent various possible embodiments of a back

conirol gate.



30under the insulating layer. 7 The drain D and source S regions are preferentially in contact with
the insulating layer BOX so that the transistor is fully depleted. = The source S can thus be shared
between two adjacent memory cells (see the two adjacent cells Cl and C2 in Figure 4). Such sharing
makes it possible to reduce the surface area occupied by a memory cell. It will be understood that
the invention is not limited to a fully depleted memory cell but also extends to a memory cell on
partially depleted Se01. In a manner known conventionally per se, it is then necessary to isolate the
cells along a line of the memory array in order to isolgte the channels of 10 adjacent cells from one
another. This is conventionally done by the use of lateral isolating trenches (using the ST1 - Shallow
Trench Isolation - technlque) extendlng depthW|se from the surface of the substrate to the BOX.
According to a preferengg ; s HEdNVEERTEMMOory cell is formed by two floating gate

flash transistors. 15ACC@H@IHQJ&1§J%V&@@N%&BF@§@d dndriguseRa: the flashwansistors are
planar: the floating gate 12 is arrang% %}?athe %#rfac% fthe thin f|Im of the Se01 substrate and is

insulated from the SHIRASICAR AR RN |ﬁﬁ‘%’%°2’ SERRIR T %yepll%e he front
control gate 10 is feteriag abstecbinB fcmtig Wi@%ﬂ@bél@fmmw drtgetrdratigr &n 20inter-gate

dielectric layers11. ., AceAGlinghiP e SREeANELY & iRRl SRPE8sANERd in Figure 9D, the flash transistors are
of the recessed floatlng ate ty e the floa%1 é%@ ate 22 is form BﬂgAm a trench made in tﬂ_le channel C,

and insulated from the ‘?‘fﬁ‘ vig &'gHis tROTEPLE SPRPARGEY Bn3ndIEE SFth& trench. The
front 25control gatet2ivis femdad enitvesisfaceTafatingstdistatecyvinie toeine) fingasisdfidm the floating
gate 22 by an interzgaie dielectric layer 21.  The invention is not, however, limited to the use of flash
transistors, but also extends to the use of DRAM on Se01 with floating gate tran%_itors According to a
preferential variant, the TRSnEYESMIFS IS A EGIRARED RIM DR AR B Y ?g ?@6‘@@@ #¥#dating channel
SO as to incregse itsappareit Biangth, tvhitedeiddgrimsidate d Irefordhdiehanmpldryengaitéhdielectric layer.
ROAT (Recess Chappalifuisy. Bﬁé‘ﬂﬁ&?@t@%ﬁ&é{@@%ﬁﬂﬁé A Sefiied one o0 4R of Figure 3

there is a plan view a CAM cel wo transistors Ti, T2 (in this case, of flash type with recessed
floating gate) the logic "0" value), whereas the other is normally biocked (the one storing

the fogic™1" value).

The transistors are produced on a semiconductor-on-insuiator substrate

15 -and each of the transistors has a front controt gate CG and a back control

' gate BG1, BG2 that can be controlied 1o block the transistor..

The semiconducior-on-insulator substrate comprises a thin fim of
semiconductive material separaied from a base subsirate by an insulating
layer. The semiconducior-on-insutator substrate is, for exampile, a stiicon-on-

20 insulator SOI substrate.

According to a preferred embodiment, the insulating layer is & buried
oxide layer (BOX). The insulating iayer is, for example, made of SiO..

Each transistor T1, T2 has a source region S, a drain region D and a
channel C extending between the source region and the drain region.

23 The front control gate CG extends in & manner conventionally known
per s on the surface of the substrate, above the channel C. in the context of
the invention, the back controf gate BG1, BG2 of a transistor is arranged in
the base substrate under the insulaiing layer BOX facing the channel of said
transistor. The back control gate is typically produced by dopant implantation

30 under the insulating laver.



5 according to the invention with the various access or control lines in the various regions of the
transistors: source line SL linking the source regions S of each of the transistors, bit lines BL1, BL2 for
addressing the drain region of each of the transistors, word line WL linking the front control gate of
each of the transistors, back gate lines BG1, BG2 for addressing the back control 10gate of each of
the transistors. On the right of Figure 3 there is a cross-sectional view along the axis AA' of the
transistor Ti illustrating the arrangement of the various source 5, drain D and channel C regions of the
front control gate CG and of the back control gate BG1 and of the various access lines BL1, WL, SL.
15The active regions of the two transistors are arranged along two parallel strips. A word line WL is
linked to the front control gate CG of each of the transistors, while a source line SL is linked to the
source S of each of theTnodrainsistars. sourceT Aeagoros|mre Wefarsdithly Soneddiriovi the

perpendicular to the active 2Qregionsiinaa IRl R aliRastbEansistor is addressed by a bit line
BL1, BL2.  The back control gates BG1, BG2 are parallel to the bit lines. The}/Bare th%Js

p |
perpendicular to the sodfeIRECS SRR HRRESRYEESIHRY TS T ORTATELRT HaPSIBP I RE bits of one
and the same propesedhacieh(ttssentcelingis 2p8 DXactiouneon Suchl sherbitsrogiestdred word).

They are also thus aaupepdicualde dhesyriddinr M- whieh makenhagssile to compare

simultaneously the proposed word with several stored words on different rows (selective comparison
by selection of a row vid ¥ E8rHESSETARTG R i HHRAIEP 6 1% RIS LSNP AN RIRN R according to
the first aspect alsengormprizgisbatcosopaisotsciscuihématmepsi sentedatip iiigiated Befperate the 9 first

and second uansisiors NEAAMACE RIARANING IR TorY SABYALARIE ) Ue wagsisiss @ nominal

read voltage, while controlling th rol gate of each of the transistors, one with a proposed bit
DATA, the other witlithaletipldhtert BRTAY I hETFHO PO BEDBiIISeRES B8R #EHEsYing Stransistor
among said transisi@rsciirihespeopesedhitang e shared bibmateinally Fbus, thehsagtecontrol gate of

the normally passing transistor (the one storing.the logic.’4" v ' 0 ckitin read
mode if BIT and D gméﬁgi%{"gﬁd% eeg\C}eal% pg&sgs"ﬁﬁg #ﬁ % I% and a[#k?%%%}%%%ﬂtﬁ%%ﬂﬁansistor whose

channel has an N-tpgnisisdsiriginmeeatbuise Toredhrentrae ofthecamitiaiity iR Back control gate
is then said to have a wagkiigifignetiemRasanvanehighiieshsldheolirgatidhisibneshale, voltage can
be reduced by applying 2, RosYS ¥Rl AgSFS D AKhGRNIR gt
15  According to a first variant represented in Figure 8a, the flash
transistors are planar: the floating gate 12 is arranged on the surface of the
thin film of the Se0l substrate and is insulated from the channel C which
extends in the thin film via a gate dielectric layer 13. The front control gate 10
is formed above the floating gate 12 while being insulated therefrom by an
20  inter-gate dielectric layer 11.
According 1o a second variant represented in Figure 9b, the flash
transistors are of the recessed ficating gate type: the ficaling gate 22 is
formed in a trench made in the channsi C, and insulated from the channel via
a gate dielectric layer 23 arranged on the walls of the trench. The front
25 coniroi':'gate 20 is formed on the surface of the substrate while being
insulated from the floating gate 22 by an inter-gate dielectric layer 21.
The invention is not, however, limited o the use cof flash transistors, but
also extends io the use of DRAM on SeO! with floating gate transistors.
According to a preferential variani, the front control gate of the DRAM
30 fransistors is recessed in the floating channel so as to increase its apparent



A transistor whose channel has an-N-type conductivity and a back control gate of N conductivity (the
back control gate is then said to be without 15working function) has a nominal threshold voltage that
can be reduced by applying a positive voltage to the back control gate.  This variation of the
threshold voltage of the transistor via the back control gate can be formulated according to Vth = V10
ci.VBG, in which Vth represents the threshold voltage of the transistor, VBG the voltage applied to 20
the back gate, Vto the nominal threshold voltage (which may be offset by the working function
depending on whether an N- or P-type back control gate is used), and a a coefficient linked to the
geometry of the transistor. ts, 3.cr, in which t", designates the thickness of the gate dielectric layer
separating the front control gate from the channel, t02 designates the thickness of the insulating layer
separating the bacleogthirelidjatédiogmitizaiateinfretraticktehdesignates thadhickaess ehybe thin film.

As an example, e bickess,0f e0ate Alele e ds) ik s A10R.Q'dRY A1 adaLess for curren

or future technologies, the thickness of the 10 thin film ‘is}'is of the order of 25'A or less, and the
thickness of the insulatif§ Efetsd, o i§ Gt JRFER dF 50 Ear YiRd¥eOT @ SIS MatedMRat, with a
greater insulating layesithiekriessT# mayhhe cificult theehnypletelitrbleck asdtansision \hatis back control
gate. But it does, 5 ,remain ' tect | S| urre he principle behind
the invention c%n a{%ﬂ@’@p&ﬂ%ﬁﬁ%ﬁ? %gﬁ&?@gq}&%%%ﬂ%%%r%é& %@%m%%%&m{hg choice will
preferentially be m¥RiéHs ERAIMEPIHBSFEFRITHM EQUIFe IS 36 HelEEhRSTHICRITESE oping and other

constraints on the gasaistortikOfanbietoes|DhiraBUde B 2pplnadzasaingttrge-4m theiback control gate
of a normally passing trapgistor. in.order to black it,(the back contro| gate is then OFF). The threshold
Voltage of the rancl Be B R b AL e e iR S8 e 3 to the contro
gate of a transistofthg5raneisiaiek eaptropgaises ther] AGdaucsdnrsingdbroiacioransadf the
transistor, soithat gsersnabwpassivg-dranststor will not be blocked by the back control gate.

On the right of Figure 3 there is a cross-sectional view along the axis
AA’ of the transistor T1 illusirating the arrangement of the various source S,
drain D and channe! C regions of the front control gate CG and of the back
control gate BG1 and of the various access lines BL1, WL, SL.

15 The active regions of the two transistors are arranged along two paraliel
strips. A word line WL is iinked fo the froni control gate CG of each of the
fransistors, while a source line SL is linked fo the source 3 of each of the two
transisiors,

The word line WL and the source line SL are perpendicular to the active

20 region strips, while the drain of each transisior is addressed by a bit line BL1,
BL2.

The back control gates BG1, BGZ are paralle! to the bit lines. They are
thus perpendicular to the source line SL which makes it possible to compare
in paraliel ali the bits of one and the same proposed worc (the source line is

25 in fact common to all the bits of a siored word). They are alsc thus
perpendicuiar to the word line WL which makes it possible to compare
simultaneously the propesed word with several stored words on different
rows {selsciive comparison by selection of a row via the corresponding word
tine WL},

30 The data comparison device according to the first aspect also
comprises a comparison circuit (not represented) configured to operate the



This means that the complement DATAb of the proposed bit must be applied to the back control gate
of the first transistor storing the data.bit BIT, 20and the proposed bit DATA must be applied to the back
control gate of the second transistor storing the complement BITb of the data bit. Thus, if BIT = 1, the
back control gate of the first transistor is: OFF if BIT and DATA match, so that this transistor is then
blocked and delivers no current, 250N if BIT and DATA do not match, so that this transistor remains
passing and delivers current. It will be understood that the invention is not limited to the use of the
working function, but extends to the case without working function. The invention is not moreover
limited to the use of a zero or positive back control 30gate voltage but also extends to the use of a
zero or negative back control gate voltage. 11  Various possible embodiments of a back control
gate are detailed witkt eekerencedadrigetes 0mddendtisilympigter tthite inctitesefiguyes only the part

that extends below e slengsay HolRBPrEss sl BeURTRILo M A £ODIA Gelip formed by

dopant implantation und e insu atln layer. 5Accor to a first embodiment represented in

Figures 10c and 19@@@&%%8}&@@@%0@@%@%&%@@%?& Biitté Uatheof it ¥ According
to another embodlmerﬁcﬁapr@ﬁenﬁedﬁmﬂgw&ael%oﬁ&earwz1§hd dhedaticeothsopgsdmd G is located

SO as to extend on y 09 pﬁeo §§§@gtr%ta§{;gp%eﬂség%%ég} %i% ttgﬁd @Et‘% rQ@@tgﬁLﬁéh case). 10As

represented in Flgure 1 contro ate from ase substrate 1 by a well W

of opposite bias (N-typd ‘W@H T’Bﬁ* Bk gHtIeLBAtPOPhHIR VAT A rRATS RINERBHTOY ARNEPe transistor).
The well voltage issehtpgemsmliat thedaspsitisciadepcrentetbby ithe elactriealewdTetwveen the back

control gate and tkﬁ Ilis alwa S rever d the dm iSO trol gate from the well and
from anything that \rx% corita¥n t NEr DACK ¢ ro?gatézﬁlﬁgpa cu?g%'gpﬂ

A transistor whose channe has an N-iype conduciivity and & back

10 control gate of P conductivity (the back conirol gate is then said to have a

- working function) has a very high threshoid voliage. This threshoid voltage
can be reduced by applying a positive voltage to the back control gate.

A transistor whose channel has an N-type conductivity and a back

controi gate of N conductivity (the back control gate is then said to be without

working function) has a nominal threshold voltage that can be reduced by

‘.....l
o

applying a positive voltage 1o the back control gate.
This variation of the threshold voltage of the iransistor via the back
control gate can be formulated according fo Vi, = Vi — @.Vgg, in which Vi,
represents the threshold voltage of the transistor, Ves the voltage applied to
20 the back gate, Vi the nominal threshold voltage (which may be offset by the
working function depending on whether an N- or P-type back controi gate is
used), and o a coefficient linked to the geometry of the transistor.

3

The coefiicient ¢ can notably be modelled according o o = Y
S +3. ox2

in which {1 designates the thickness of the gate dielectric layer separating

25 the front confrol gate from the channel, {o; designates the thickness of the

insulating layer separating the back control gate from the channel and is
designates the thickness of the thin film.

As an exampie, the thickness of the gate dielectric layer tox is of the

order of 15 A or less for current or future technologies, the thickness of the



In the case where the back control gate extends under the entire width of the cell, it is also necessary
to provide lateral insulating regions 20 extending depthwise into the base substrate 1 so as to insulate
the back 20 control gate from the base substrate. In Figure 10c, the lateral insulating regions 20 are
buried under the insulating layer BOX. In Figure 10e, the lateral insulating regions 20 extend from the
surface, through the insulating layer BOX. Such lateral insulating regions 20 can also be provided
when the back 95 control gate is localized by thus contributing to the insulation of the wells. in
particular, it may in this case be necessary to producgqwells only for a single back control gate bias (for
example N- well for insulating P+ back control gate whereas an N+ back control gate would be
arranged directly in the P-biased base substrate). In Figure 10b, the lateral insulating regions 20 are
30buried under thetivsiilatingdayeh8OMed nFiGukeol Beisthathteedhinsugating tegionsl@Mextend from

the surface througi,fhe {nsilating laver B Alg mofdccording to a variant embodiment not
represented, a second insulating layer, arranged in the base substrate below the insulating layer BOX,

can contribute, wholly off B4HR? ReRLiuKibA SrepiRdRIUARHIRG '§4EE FiG G HLER L Wsstrate.
5Returning to the dgfSictiptionehpieaiatdochrapansosiaericisdendr dmmgrtd gacefiBttaspeet of the

nvention, the compafisel:Cisllie alsanebaediadrlert DieRrespage L ahapqge of current on

i
the source line SL linked to the source of each of the transistors to indicate whether the proposed bit
DATA and the dat®#imshihalaveRiianeadaReeRrRrelgHdRifiday teeiBlence 10 of current signifies a

match between BIT andDipgd Adiledpasgingritensistomhasioeledl pretnditakedesontiuiat the cell with

o varsistors sunpISORSUUEAIS I sOMGeJE) WIEeqs P iEsenEp L oy pones

' ing transistor has not been ell is supplying
current to the sour€aniejnts on HAIIEDFIBIR that, for the conventional CAM memories of Figures 1

and 2, a Spquc |i|r1e (gag@ﬁaibé Gl@&ig@aﬁ@dhémﬁéi@w@n@'%éﬁaw?ég@ddm@my thewesglef the -
comparison. This line is different from earth. If also require P ction of inferconnects, which is
made possible by é}garg%m/%qﬁ// Paarsgsé”%i%'ea %?l#% (':neIFElfgtn)r ct)?sfgg ﬁ(aggg}t%br%%aﬁgﬁﬁéﬁé %%ﬁté%(t of the
invention, the sourt®line{genEraliigsbaidselirgeior the daryistoudeebrctiviiciBAeverY This makes
it possible to avoidijgying to produce interconnects, while the cell comprises only two transistors and
therefore has a minimaL‘{oo%)rirl,t. loreqver, the sour € ling i arallﬁl Fo g%ee yogqrgp}ei,sgr}d therefore
25 common to all the bitSoPBPSEHES Wort P/t E\Jfﬁuvsopa Silies fRake e?comparison éfween one (or
more) stored Viord(¥)sahack propusegbivoisl trepariieesiieealtisetiviesiiithealiaag. of Beven that the

electrical function @fgs0urcs ine In ABereaY isauimgriviRidesmiiensaiib, shrnaitageyed the source
line is OV (or as clgggkagﬂ Rgg%@@
This means that the complement DATAD of the proposed bit must be
applied to the back controi gate of the first transistor storing the data bit BIT,
" 20 and the proposed bit DATA must be applied io the back controf gate of the
second transistor storing the compiement BITb of the data bit.
Thus, if BIT = 1, the back control gaie of the first fransistor is:
- QOFF if BIT and DATA match, so that this fransistor is then blocked and
delivers no current,
25 - ONIif BIT and DATA do not maich, so that this fransistor remains passing
and delivers current.
it will be understood that the invention is not limited to the use of the
working function, but extends to the case without working function. The
invention is not moreover limited fo the use of a zero or positive back control
30 gate voltage but also extends to the use of a zero or negative back control

gate voltage.



30in all circumstances to ensure correct operation of the cells. On the other hand, it is possible to

- measure the presence or the absence of current in this 13 line, the current being able to flow at any
voltage, provided that the line has a relatively low impedance.  The presence of current on the
source line may be due to any bit of the word, which corresponds to a difference between the stored
word and the 5proposed word in the comparison. Only a perfect match of all the bits will induce an
absence of current in the source line.  Figure 4 represents a preferential topology of a CAM memory
array according to the invention. In this figure, the dotted lines identify adjacent CAM memory cells Cl
and 02 as described previously. It will be noted that, 10 advantageously, the source line SL is
common to the two adjacent cells Cl and C2 along an active region strip (the cell Cl being addressed
by the word line WL1, thanislisQbeig enitedisentbypiebaordtintoizy. Ahatstebedivatactivation of

WL1 or WL2 thus makes it Ressihlr.toeamipare: avireaasadihuith aneserraihes obiierhits stored in
the cells Cl and C2. 150n the right of Figure 5 is an equivalent circuit dla%ra of the CAM cell

according to the inV8RtHA SXHIYE helnd the daalinAJRIGH IR SRIBSEBH oI GRIELY 78Rt control gate
and a back controligate}peachganisikionédrigtidorsaasitwéetntaisistang dntbe s atng éatkbthus works like

a cell with fourfransistogs,. The, Interesk in 2Qusing-Eansizsiis:Hial havsaactoeonirok gate is that the

latter are much smaller than two transistors in series.  Referring to Flgure 6, this shows an

exemplary compari38HatCprIBbeal R e EBATIIRE TELPHite WEB WithZvord stored in four CAM
cells according to the inkemtidim@utcamget=orembedamnedihessarsentie iofrag2bea i ry Grmydsuch that the

transistors of thes lls, sh re i d ce i . hen the
proposed bit (DATGA@?D% A %IA%'F ﬁ%&r@o c%sq%t\'aér{%gc} tggtﬁggtg%%%? SBél ??_38%1% fg?‘l\{l-BlTO), no

current flows on thcsdineceprees(DRAM case) or the ficating gate (Flash case).
10 As represented in Figure 10a, the back control gate BG is insulated

from the base subsirate 1 by a well W of opposite bias (N-type well for g P+
back control gate with working function for an N-type transistor).
The well voltage is chosen so that the parasitic diode created by the
glectrical node .between the back control gate and the well is always
15 reversed, the diode isolating the back contro! gate from the well and from
anything that it might contain (other back controf gates in particuiar).
in the case where the back control gate exiends under the eniire width
of the cell, it is aiso necessary to provide lateral insulating regions 20
. exiending depthwise into the base substrate 1 so as to insulate the back
20 control gate from the base substrate. In Figure 10c, the iateral insulating
regions 20 are burled under the insulating layer BOX. in Figure 10e, the
lateral insulating regions 20 extend from the surface, through the insulating
fayer BOX.
Such lateral insulating regions 20 can also be provided when the back
25  conirol gate is iocalized by thus contributing to the insulation of the wells. in
particular, it may in this case be necessary to produce wells only for a single
back éontro! gate bias (for example N- wsll for insulating P+ back controf
gate whereas an N+ back control gate would be arranged directly in the P-
biased base substrate). In Figure 10b, the iaterél insulaiing regions 20 are
30  buried under the insulating layer BOX. in Figure 10d, the lateral insuilating
regions 20 extend from the surface through the insutating layer BOX,



Taking the example of the proposed bit DATA0=0, the first transistor of 30the cell stores BITO=0, while
the second transistor of the cell stores the complementary bit BITOb=1. In normal read operation (via
the application of 14 a nominal read voltage VDD to the word fine WL, and a voltage of around VDD/2
to the bit line BL1, BL2 of each of the first and second transistors), the first transistor is blocked, while
the second is passing. In the case of action with the working function, the comparison circuit according
to the invention is 5 configured to perform this normal read operation while applying the DATAD value
to the back control gate of the first transistor and the DATA value to the back control gate of the
second transistor. The second transistor is then blocked by its back control gate (the latter is OFF
because controlled by DATA0=0). It follows from this that this cell delivers nothing to the source line
10SL.  If a perfect maicividiohsevestbetwabndithting ixtsefrirepeshessdandrirsitelie: stored bits,
no current flows on,the sQUIREJING, thwillRe Roird-thalihiele isimeanaYRialendeswidih (number of

bits) of the proposed word. Referring to Figure 7, this shows the same exemplary comg}arison of a

15proposed word EPRYHHED MR ShiRatiyuie %’?tﬂé?‘@qg%%ﬁtéﬁ%eﬁ%@gﬁ?BTPWA A2=0 of the
proposed word angdbe stosedtbit 131-12=1.  Taking the example of the proposed bit DATA2=0, the

first transistor of the celhg{g;gﬁgg %:elldg\g%ugtfgﬁgﬁﬁgqg{gaéﬁ%%gg%%ﬁ% SeEPSiItBgo

complementary bit 3112b=0. In hormal read operation, the first transistor is 20 passing, while the
second is blocked .ﬂ"lﬁh@%ﬁﬁﬁﬁﬁ%ﬁﬁ%ﬁéﬁ?ﬁ%@raﬁmﬁrﬁ%ﬁﬁBWtiésc‘?Jﬁcﬁgﬁ%@@LEBQSetHorm this
normal read operatisravkile mpplyiog dhend Adsahoeadtiiedodhedreitie conteel gt lofittkeditst transistor

and the DATA Va|L{ﬁ etos %f&%ba&k %(l){\:lwrg‘] g%tqrggég%%ﬁgvrmﬁ{%%ﬁ% Tgped{gs‘g,gaggégo&ghen remains

h
passing (its back control gate Is because controlle Tg\z‘bzl ). This cell then delivers
current to the sourB&fifeaB INendai SEPideatt BRNEGHERDNNNICAFRRPHEENE 1B5:7RSBRST the word,
thus correspangs ter a@iéarangaiketwanathepropesaiend @Xdrhetstopedsmorttansidteferring to
Figure 8, this shows a ternary.comparison,corr ing,iQ.a. don't saifuation,an proposed bit
DATAL . For such\féaFemg??%@ggr%%%?%gﬁ, ?ﬁegﬁ%ggg %o%r%lr!o gg'?é{sg o#:'f%reg ggrresp%%f%n CAM cell
(storing BIT1) are forcedt ttp OFEFseuresalithe PASSRRAT tHmHEE6P B OB IOCRIBAIARR that

DATA is different from BIT (the passing fransistor has not been blocked and
the cell is supplying current to the source line}.
[t will be noted that, for the conventional CAM memories of Figures 1

-
n

and 2, a specific line {generally designated "maich line") is provided to supply
the result of the comparison. This line is different from earth. t also requires
the production of interconnects, which is made possible by the reiatively large
size of the cell (10 or 16 transistors),
20 in the context of the invention, the source line (generally used as earth
for the cells) is used as "maich ling".
This makes it possible to avoid having fo produce interconnects, while
the cell comprises only two transistors and therefore has a minimat footprint.
Moreover, the source line is paraliel 1o the word iine, and therefore
25 common to all the bits of a stored word. It is thus possible to make a
comparison between one (or more) stored word(s) and a propesed word, in
paraltel, over all the bits of the word.
Given that the eiectrical function of the source line in the cell is primarily
to form the earth, the voitage of the source line is 0V {(or as close as possibie)
30 in all circumstances to ensure correct operation of the celis. On the other

hand, it is possibie to measure the presence or the absence of current in this



15 no current is then delivered to the source line. The comparison on the bit BIN has thus been
blocked. Such a ternary comparison corresponds, for example, to a.search on words that are
incomplete or contain faults. As a variant, the two transistors can be controlled for each to store a 5
"0". The comparison on the bit is then blocked, no current being able to be delivered on the source line
by this pair of transistors. Such a variant corresponds, for example, to a search in a database that may
contain "spelling errors". A comparison operation between a, proposed bit and the bit stored in 10the
CAM cell according to the invention has been described above. The read, programming, erase and
hold operations of this cell are described hereinbelow. These operations run in a manner known
conventionally per se with regard to the voltages to be applied to the front control gate and to the drain
150f each transisténe, thatthreas pettatisctodaw, prograrlieing aivtidegddaanibadiweddsritrol circuit also
controls the back contraligale of gf the transistors with one and the same voltage chosen such
that the passing transistor is not blocked. In the example d(—rtscribed here, the bach C(%r%;\rol gate of each
of the two 20transistors' RetRIRSBIRERIrfy BIL 88 gl?e?ﬁ’ifﬁ?s.me %Effh%%aHéngt% AdoRy° different
operation can be prorddedifdr tertridruode aivifeomnel betwieth e biimeccwafig@rd feecontrol the
back control gate 8?&%@%@@8&1t!ﬁ@ﬁ@%ﬁ{&@é@&ﬂ%ﬁ-@i&“&é@@%ﬁ%ﬁ shasenssuckthat the

ple describe

passing transistor Is blocked. In the exam r FT*,re, 25the back control gate of each of the

two transistors wolMHIR R PEREESY SUTE TR IR oW consumption during this hold operation.
A truth table for a CAMFigliradcoedirgetaithe pretamsofiiistthusogy follewsAM 6TRATE BAFAD

according to the invention. In this figure, the dotted lines identify adjacent

CAM memory celis C1 and C2 as described previously. it wili be noted that,
10 advantageously, the source line SL is common to the two adjacent cells C1
and C2 along an active region strip (the celt C1 being addressed by the word
line WL1, the cell C2 being addressed by the word fine WL2). The seleciive
activation of WL1 or WL2 thus makes it possible fo compare a proposed bit
with one or other of the bits storad in the celis C1 and CZ2.

On the right of Figure 5 is an eguivalent circuit diagram of the CAM celi

|t
o

according to the invention.
in as much as each fransisior has two control gates (a front control gate
and a back control gate), each transistor functions as two transistors in
series. The cell thus works like a cell with four transistors. The interest in
20  using transistors that have a back control gate is that the atter are much
smaller ihan two transistors in seties.
Referring fo Figure 6, this shows an exemplary comparison of a
proposed word (comprising four bits: 0100) with a word stored in four CAM
cells according to the invention arranged on one and the same iine of a
25  memory array such that the transistors of these cells share the same word
iine WL and the same source line SL.
When the proposed bit {(DATA3-DATAZ-DATA1-DATAQ) is identical to
the stored bit (BIT3-BIT2-BIT1-BITO}, no current flows on the source line SL.
Taking the example of the proposed bit DATAO=0, the first transistor of '
30 the cell stores BiTC=0, while the second fransistor of the cell stores the

complementary bit BITOb=1. In normal read operation {via the application of



BIT BITb MODE X X 1 1 Prohibited (this mode is technically possible, but it is avoided because it
would ' systematically create a non-match.result in the comparison modes)

14

a nominal read voltage VDD to the word iine WL, and a voltage of around
VDD/2 to the bit line BL1, BL2 of each of the first and second transisiors), the
first transistor is blocked, while the second is passing. In the case of action
with the working function, the comparison c':rcu.it according fo the invention is
configured to perform this normal read operation while apply'mg the DATAD

(&3]

value fo the back conirol gate of the first transistor and the DATA value to the

back control gate of the second transistor. The second transistor is then

blocked by its back control gate (the lafier is OFF because controlled by

DATAO=0). It follows from this that this cell delivers nothing 1o the source line
10 8L

If a perfect match is observed between all the bits of the proposed word
and the stored hits, no current flows on the source line. It will be noted that
there is no constraint on the width {number of bits) of the proposed word.

Referring to Figure 7, this shows the same exemplary comparison of a
proposed word of 4 bits 0100. In this Figure 6, there is no match between the
bit DATA2=0 of the proposed word and the stored bit BIT2=1.

Taking the example of the proposed bit DATAZ=0, the first transistor of

[
L83

the cell siores BiTZ=1, while the second iransistor of the celi stores the
complementary bit BIT2b=0. In normal read operation, the first transistor is

20  passing, while the second is blocked. The comparison circuit according to the
invention is configured to perform this normal read operation while applying

the DATAD value io the back conirol gate of the first fransistor and the DATA

valie 1o the back control gaie of the second tfransistor. The first fransistor

then remains passing (its back control gate is ON because controlled with

25 DATA2b=1). This cell then delivers current to the source iine SL. The
presence of the current, which may be due to any hit of the word, thus
corresponds to a difference between the proposed word and the stored word,
Referring to Figure 8, this shows a ternary comparison corresponding to

a "don't care" situation on proposed bit DATA1. For such a ternary

30  comparison, the back control gates of the corresponding CAM celi (storing
BiT1) are forced to OFF, so that the passing fransistor becomes biocked and



Read, programming, erase 00, -Hold 00 X X Comparison Ternary "don't care"

10

-
o

20

15

no curreni is then delivered fo the source line. The comparison on the bit
BIT1 has thus been blocked. Such a ternary comparison corresponds, for
example, to a search on words that are incomplete or contain faults.

As a variant, the fwo transistors can be conirolied for each fo store g
*C". The comparison on the bit is then blocked, no current being able to be
deiivered on the source line by this pair of transistors. Such a varnant
corresponds, for example, to a search in a database that may contain
"spelling errors”.

A comparison operation between a proposed bit and the bit stored in
the CAM cell according to the invention hés been described above.

The read, programming, erase and hoid operations of this cell are
described hereinbelow.

These operations run in & manner known conventionally per se with
regard fo the voltages to be appiied to the front control gate and to the drain
of each fransistor.

With respect to the read, programming and. erase modes, & control

~ circuif also controls the back control gate of each of the transistors with one

and the same voltage chosen such that the passing transistor is not blocked.
in the example described here, the back control gate of each of the two
transistors is thus ON during these operations.

Although not mandatory, different operation can be provided for the
hold mode, the control circuit then b@ing configured to control the back
control gate of each of the transistors with one and the same voltage chosen
such that the passing iransistor is blocked. In the exampie described here,
the back control gate of each of the two transistors would thus be OFF so as
to reduce the power consumption during this hold operation.

A truth table for a CAM cell according fo the invention is thus as follows.



X00

Ternary "don'tcare”0 10 1 Match

10

-
(B4

16
DATA i DATAD | BIT BiTb MODE
X X 1 1} Prohibited
(this mode is technically possible, but it is
avoided because it wouid systematically
creaie a non-match result in the comparison
modes)
i 1 - - | Read, programming, erase
0 ¢ - -1 Hoid
X X Ternary
"don't care”
X X 0 0 Ternary
, "don’t care"
= ; 5 3 Comparison s
1 0 0 1 Norn-maich
0 1 1 0 Nor-match
1 0. 1 0 Match

It will have been undersiood that the invention is not iimited to the
comparison device according 1o its first aspect, but also extends to a content-
addressable memory cell, fo a method for comparing data in a2 content-
addressable memory impiementing the principles described hereinabove,
and to a conient-addressabie memory comprising a plurality of cells with two
transistors according to the invention arranged in lines and columns.

The invention offers the following pariicular advantages.

« Firstly, by limiting to two the number of transistors needed to fuliil the
corhparison function, the surface area occupied by the CAM cell is
considerably reduced. Depending on the technoiogical process used, the
CAM cell of the invention occupies around 8 F? in memory process, at ieast
30 F2 in logic process (10 be compared with 300 F* for the conventional
binary CAM cel!, and with 500 F2 for the conventional ternary CAM cell}.

« Moreover, in the context of the invention, the same celi can be used to
perform a binary comparison or a ternary comparison.

« The comparison speed is similar {o that of the conventional celis.



1001 Non-matchO 1 10 Non-match 1

10
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« The CAM memory according to the invention does not need any power
supply line so that neither leaks nor power losses are observed in the
memory array.

o The comparison is selected via the word jine, which is not possible with
the conventional cells. It is therefore possible to choose simply the number of
words compared simultaneously without being constrained by the
architecture of the memory circuit {size of the arrays in particular}.

« The CAM cell according o the invention operates at low power.

« The CAM memory is relatively easy to design: it in effect comprises only
jong rectilinear regions for ali the layers, the contacts being established
according to reguiar arrays.

« When the CAM cell according to the invention uses flash iransistors, the
initial programming is relatively siow compared to a CAM cell with SRAM
transistors. However, the CAM cell according to the invention consumes iess
and has smaller dimensions. The CAM cell can also be used oniy for
information that is infrequently addressed.

When the CAM cell according to the invention uses DRAM transisiors, a

’ periodic refresh of the content is needed, but the programming is significantly

faster than with flash ftransistors. This varant embadimeni can
advantageously be used to produce the memory bufiers (usually called

Caches L1, L2, L3) of a microprocessor.



G1 0 Match It will have been understood that the invention is not limited to the comparison device
according to its first aspect, but also extends to a content-addressable memory cell, to a method for
comparing data in a content-addressable memory implementing the principles described hereinabove,
5and to a content-addressable memory comprising a plurality of cells with two transistors according to
the invention arranged in lines and columns. The invention offers the following particular advantages.
Firstly, by limiting to two the number of transistors needed to fulfil the comparison function, the surface
area occupied by the CAM cell is 10 consideggblyrgduced. Depending on the technological process
used, the CAM cell of the invention occupies around 8 F2 in memory process, at least 30 F2 in logic
process (to be compared with 300 F2 for the conventional binary CAM cell, and with 500 F2 for the

conventionaliteragry AN c%‘ﬁﬁ'ﬂarMQ@Ré[?ﬂ’ i@&HﬁﬁQﬁ%Qﬁﬁfﬁﬁ%&%}W&&%%@e cell can be used

to perform a binary comparison or a ternary comparison. The comparison speed is similar to that of

the conventionat defisiony7cath&wpad vetion) deesitigtering mdeatih ek pacRddaatiyipower
supply line so that nRithel.leaks Non PoweF lasses.arewPsanved nte ey JHhcdhesomparison

is selected via the word line, which is not possible with the conventional cells. It'is therefore possible to

choose simply tEEHaMEFFRBTESEERTTRRE dprnbsrsBudiihwitsasis sy eosstERE S e
architecture of t%ﬁt%@%@a@ﬁ%ﬁ@?&fg {e SHFSIMRITGHBDock the transistor;

- acomparison circuit configured to:

- operate the first and second transistors in read mode by applying to the front
contro! gate of each of the transistors a nominal read voltage while controlling the
back control gate of each of the transistors, one with the proposed bit, the other with
the complement of the proposed bit to block the passing transistor among said
transistors if the proposed bit and the stored bit correspond; and

- detect the presence or absence of current on a source line linked to the source of
each of the transistors to indicate whether the proposed bit and the stored bit are

identical ornot.

2. Device according to Claim 1, in which the comparison circuit is configured to supply
the back control gate of the first transistor with the complement of a proposed bit and

to supply the back control gate of the second transistor with the proposed bit.

3. Device according to one of the preceding claims, in which the semiconductor-on-
insulator substrate comprises a thin film of semiconductive material separated from a
base substrate by an insulating layer, and the back control gate of a transistor is
arranged in the base substrate under the insulating layer facing the channel of said

transistor.



The CAM cell according to the invention operates at low power. The CAM memory is relatively
easy to design: it in effect comprises only 10long rectilinear regions for all the layers, the contacts
being established according to regular arrays. When the CAM cell according to the invention uses
flash transistors, the initial programming is relatively slow compared to a CAM cell with SRAM
transistors. However, the CAM cell according to the invention consumes less 15and has smaller
dimensions. The CAM cell can also be used only for information that is infrequently addressed. When
the CAM cell according to the invention uses DRAM,transistors, a periodic refresh of the content is
needed, but the programming is significantly faster than with flash transistors. This variant embodiment
can 20advantageously be used to produce the memory buffers (usually called Caches Li, L2, L3) of a
microprocessor. 18 CéiddlSctoRingae torasitipasiegeadiaty tadnto mtesmtiaid thre seakleameshory,

comprising: a memary sell Jgimed %2 (Ut sISioLsioling:a pata biiandia srcopdrgsistor storing
the adata

the complement o lata bit, the transistors being produced on a semiconductor-on-insulator
substrate and eacRRPPEHE fidfisistors having a front control gate and a back control gate that can be
controlled to block the transistor; a comparison circuit configured to:  operate the first and second

ransistors in reacngde,y ABBIng i dne it conualaate g1 e AIANBLIRSIRIRAominal read

voltage while controlli ntrol gate of each of the transistors, one with the proposed bit, the
other with the con#énméaeeh HéNsrbpaIe@BINES BIVEKKRE PSSPy transistor among said transistors if
the proposed bit and the stored bit correspond; and o detect the presence or absence of current

on a source line linkegh (0. the souee of sachqhins Lanig U INAGRIS RS s Ahagpposed bit and
circuit is also configured to perform a ternary opersgtion during which the

10  proposed bit is disregarded.

7. Device according to Claim 6, in which, during a fernary operation, the
comparison circuit operates the first and the second transistors in read mode
while controlling the back control gate of each of the transistors with one and

15 the same voltage chosen so as to block the normally passing transistor,

8. Device according 1o one of the preceding claims, also comprising a circuit
for controliing the mamory cell configured to operate the transistors in read,
programming and erase modes by controlling the back control gate of each
20  of the fransistors with one and the same voltage chosen so that the passing

transistor is not biocked.

. Device according to one of the preceding claims, also comprising a circuit
for controliing the memory cell configurad to operate the transistors in a

25 holding mode by controlling the back control gate of each of the transistors
with one and the same voltage chosen so that the passing transistor is
blocked.

10. Device according fo one of the preceding claims, comprising two
30 paralief back gate lines, each of the back gate lines being linked to the back

controt gate of one of the transistors.



2. Device according to Claim 1, in which the comparison circuit is configured to supply the back control
gate of the first transistor with the complement of a proposed bit and to supply the back control gate of
the second transistor with the proposed bit. 3. Device according to one of the preceding claims, in
which the semiconductor-oninsulator substrate cggnprises a thin film of semiconductive material
separated from a base substrate by an insulating layer, and the back control gate of a transistor is
arranged in the base substrate under the insulating layer facing the channel of said transistor. 19 4.

Device accoidingfq ang.of the Preceding caimsyinwhichaehackeontiokeate ghearbpldhg

transistors is isolated in the baSe substrate by a well of opposite bias. 55. Device according to one of
the preceding clgrsnsisidsic e tradivedising pareadicnld bf thebrelhsiibadias a working function.
6. Device according to one of the preceding claims, in which the comparison circuit is also configured
to perform a ternary operation during which the 10proposed bit is disregarded. 7. Device according to
Claim 6, in wicRediganganditraty eperdtiolmelconigaisavhighctlic drertiostiaectilopting A second

ransistors in regg nada.ile, caRaling e ack eaiel apts.leachohiisuagsieip At one and

15 the same voltage chosen so as to block the normally passing transistor. 8. Device according to one
of the precedingokirpsdutsycotnistisingrparttediffon cohtss! G tHateianisryreelrtaaflgrredits operate

the transistors iy tepd, PIOGRAMMING ARY S1aSRMOdES RS AN IRlNAdNERAGK CoRRlApiR.RlLach

200f the transistors with one and the same voltage chosen so that the passing transistor is not
blocked. 9. DeVisanabestingelobpEbttre pradadiyierimsslareeomprising a circuit for controlling
the memory cell configured to operate the transistors in a 25 holding mode by controlling the back
control gate of each of the transistors with one and the same voltage chosen so that the passing

transistor is hibdRecice apgPEECE atorfirglaamend & the predddifigtbraitisasiintpAsng e 8oparallel
back gate lines, £a6hfiRe hAGKiGRIR, IRRSLARINGINkES 19 heharkcamehealsRbans o the

transistors. _ .
film of semiconductive material separated from a base substrate by an insulating

layer, and the back control gate of a transistor is arranged in the base substrate, being

separated from the channel of said transistor by the insulating layer.

14. Content-addressable memory cell comprising a first transistor designed to store a data
bit and a second transistor designed to store the complement of the data bit, the
transistors being produced on a semiconductor-on-insulator substrate and each of the
transistors having a source, a drain, a front control gate and a back control gate, that
can be controlled to block the transistor, in which. cell a source line is hinked to the
source of each of the transistors, a back gate line is associated with the back control
gate of each of the transistors, the back gate lines being parallel with one another and

perpendicular to the source line.



20 11. Device according to Claim 10, in which a word line links the front control gates of the
transistors, the word line being perpendicular to the back gate lines. 12. Device according to one of
Claims 1 to 11, in which the transistors are floating gate FET transistors, the
semiconductor-on-insulator substrate comprises & thin film of semiconductive material separated from
a base substrate by an insulating layer, and the back control gate of a transistor is arranged in the
base substrate, being separated from the channel of said transistor by the insulating layer. 13. Device

according to pne-gf Glaimp d 1 H,n whish e Hansisters.are foatng chanpsl FELHansistgrs. the
semiconductor-on-insulator substrate comprises a thin film of Semiconductive material s parated from
a base substratedsh ahtirsutatrgclay dre anddhedbok gomedeyttehofsatransistor is arranged in the
base substrate, being separated from the channel of said transistor by the insulating layer. 14.
Content-addressable memory cell comprising a first transistor designed to store a data bit and a
second transiétdr aesigrddrts stdranthmegneptepmentof tHerdata ditpthednansistersdrding foroueiced on
a semiconductor-InJ%Tgirilsgl?Lo(g rslfg)gttrrgﬁ% e%r}g ﬁ%g" a%tg}e g%%sl;l tors having a source, a drain, a front
control gate and a Back contro gate, that can be controlied to block the transistor, in which cell a
source line is linked to the source of each of the transistors, a back gate line is associated with the
back control gat ch-of the transistors, th K l eing parallel with one another and
perpendiculat i S Cg o B Y g IR T A e
the front control gatenofreasil dbthedrhysistoss, thesivordstimenbeindp paballehdoathecsnd reeningorl 6.
Content-addressable mgmo risin lur I; .memory_cel cqrdi f Claims 14 or
15 amanged i o D e oA o e A M e B Temon.
the memory consprisingdaisiemorinseiitforsnbeilbie arfitstttansidtorstorter ahdatagoit fame aosemdnd
ransistor storing, e cmplement g6 1% a0l e UARRIHOISDRRGRIASELAN Bre method
semiconductor-Gh-insulator substrate and each of the transistors having a front coritrol gate and a
back control gateothatiseug bemontneliddomblock the transistor, the method comprising steps consisting
in: operating the first and. d:transistors inseadmed pPIYing.t gﬂ a{J co, te. of each
of the transistors a ﬁg%ﬁ%ggﬁgfd \llcs)?tage,gw%ci%dcontrblf?ng %gbég:ﬁ{cg%% I%’ t@%ﬁ?egcﬁ?%gt%e
transistors, one witlcthtgregesedebith the tbtharwsittothie complednent ofdtpgopodeld bitntoblogk the
passing ransistor aoggsaldransisiarsy e RreRgsadhikand e.slarpd it sartesnend: dtecting
the presence or absence of current ©n a source line linked to the source of each of the transistors to
indicate whether thethropegbdthit aerinhensiired bitraveddehtichl or hbick RVPEEIFDRAGDIIPARING
DATAIN A CONTEM- J;CI)I(D}[E, AT ME Q g %I%@ &@g&gR@ﬁg’ H}g lnovention relates,

Sect, tc ge\}fce El éﬁ%pda%' A ent-add Sg]l:j)\ﬁzcﬂ

according to a first aspect, to a or co Ing data In a content-address memory,
comprising: - detecting the presence or absence of current on a source line linked to the source

of each of the transistors to indicate whether the proposed bit and the stored bit

are identical or not.



a memory cell formed by a first transistor storing a data bit (BIT) and a second-transistor storing the
complement of the data bit (BITb), the transistors being produced on a semiconductor-on-insulator
substrate and each of the transistors having a front control gate and a back control gate that can be
controlled to block the transistor; a comparison circuit configured to: o operate the first and second
transistors in read mode by applying to the front control gate of each of the transistors a nominal read
voltage while controlling the back control gate of each of the transistors, one with the proposed bit
(DATA), the other with the complement of the proppsed bit (DATAb) to block the passing transistor
among said transistors if the proposed bit (DATA) and the stored bit (BIT) ' correspond; and o detect
the presence or absence of current on a source line linked to the source of each of the transistors to
indicate whether the proposed bit (DATA) and the stored bit (BIT) are identical or not.

DEVICE FOR COMPARING DATA IN A CONTENT-ADDRESSABLE
MEMORY ON S0l

i

ABSTRACT

The invention relates, according to a first agpect, to a device for comparing

data in a content-addressabie memory, comprising:

- 2 memory cell formed by a first transistor storing a data bit (BIT) and a
second fransistor storing the compiement of the data bit (BITb), the
transistors being produced on a semiconductor-on-insuiator substrate and
each of the transistors having-a front conirol gate and a back conirol gate
that can be controlied {o block the transistor;

- & comparison circuit configured to:

o operate the first and second transistors In read mode by appiving {o
the front control gate of each of the fransisiors 2 nominal read voltage
whiie controliing the back conirol gate of each of the transisiors, one
with the proposed bit (DATA)}, the other with the compiement of the
proposed bit (DATAD) fo biock the passing transistor among said
transistors if the proposed bit (DATA) and the siored bit (BIT) -
correspond; and

o detect the presence or absence of current on a source line linked to
the source of each of the transisiors 1o indicate wheather the proposed
bit (DATA) and the storad bit (BIT) are identical or not.

FIGURE S



