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 (SeO1 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
contentaEdressedie EmAR (KA MA B atypeca CDENTUHED DRESSAERISed
in certain very high speed seamh QW%‘?\?@% Unlike standard
computer memories (of the randbm access memory RAM type, in
partlcularz_, forwhlch the userallcatlon supplies a memory address and
the RAM ¥etaras- Fregr-at that address, a CAM 15 memory is
designed®e tﬁalt:itlmé bsenappimatiothst oplesracdaty tiord avick the@Alore
searghes (gHafout its mesany: igsdptecaine Whstgicthisprercbiistesied 4

therein. If the’'word is found, the CAM returns a list of one or more
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in all search applications. However, unlike the RAM which has simple
storéﬁ@@@ﬂ%%ﬁ?%‘ﬁf‘g?é‘ﬂfﬁ&ﬁﬂ”&ﬁrﬁ RORRRS83B'R (0RY R a), the CAM must
also handle the comparison function. Each individual memory cell must

thus haves it RWRARIMNSH SR FiloEikHofietect a match 25 between the bit
stored mfhe cell and (@ro osed In ut b| R{ﬁ |cal s#ze of a CAM cell
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15  memory is designed so that the user application supplies a data word and the
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CAM searches throughout ifs memory to determine whether this word is
stored therein. If the word is found, the CAM returns a 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 mulliple operations in paraliel, this
memory is faster than RAM in all search applications. However, uniike the
RAM which has simple storage celis {the single function of a RAM is to store )
data), the CAM must also handie the comparison function. Each individual
memory cell must thus have its own comparison circuit {o detect a match
25  between the bit stored in the cell and a proposed input bit. The physical size
of a CAM cell {pariicularly in terms of surface uniis occupied) is therefore
greater than that of a RAM cell.
Figure 1 shows a conventional NOR-type CAM cell. Such a cell
comprises fen transistors and typically occupies approximately 300 surface
30  units (300 F?). _
A CAM memory of this type is said fo be binary in that it uses the
systematic search for data containing only 1s and Os. Also known is a fernary



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 5consists 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 10 supply a power supply line in the CAM
memé&itdmegmene ahvwinioiealeCiaing strienoirpdrasstipacirasebzatiedf X" or "any”
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The ajm of th(?binvention is to remedy the abovementioned drawbacks,
15and"5%AE BN, it proposes, according to a first aspect, a device for
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storing the complement of the data bit, the transistors being produced on.
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first and second transistors in read mode by applying to the front control
gate SESRIPHMSEARRISIGIR o HSWAAH PUUPGo RAGENIBINRREL S BRRTHIC
the backptyatishgatewidadheofrt iesti@ABistarscon avath theopreptiseal KAM

the ofherwifh e comalamant PLINE AIARASRY GLisyBlock the passing

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 linefrEtenascit ko o tHE BABINGIBNe transistors to indicate

whether the, prapPsethoiaR:he S echRiliarR ddensicahahiNed drawbacks,
15 and, to this end, i proposes, according to a first aspect, a device for
comparing datd in a content-addressabte memory, comprising:

- a memory cell formed by a first transistor storing a data bit and a second
fransistor storing the complement of the data bif, the transistors being
produced on a semiconductor-on-insulator subsirate and each of the

20 fransistors having a front conirol gate and a back control gate that can be
confrolled to block the fransistor;

- 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 {ransistors a nominai read voliage
25 while controliing the back control gate of each of the transisiors, one
with the proposed bit, the other with the complement of the proposed
bit to block the passing fransisior among said transistors if the
proposed bit and the stored bif correspond:; and |
o deiect the presence or absence of current on a source line linked fo
30 the source of each of the transistors {o indicaie whather the proposed

bit and the stored bit are identical or not.



3 Some preferred, but nonlimiting, aspects of this device are as follows:
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; 5- 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 back control gate of each of the transistors is isolated in the base
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is also corifigurack tcoaper ateidhe tradisistdhe itranbietdindsnadatdayin the base
9ntrgUg;grélgbeM@g@g*rgﬂ,%@e@@@ch of the transistors with one and

the same voltage chosen so that the passing transistor is 25blocked; the
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- during a ternary operation, the comparison circuit operates the first and

15 the second transisiors in read mode while confroiling the back control gate of
aach of the transisiors with one and the same voltage chosen so as to block
the normally passing transistor;

- it also comprises a circuit for conirolling the memory cell configured fo
operate the fransistors in read, programming and erase modes by controlling

20 the back controi gate of sach of the fransistors with one and the same
voliage chosen so that the passing transistor is not blocked;

- the control circuit is aiso configured to operate the fransistors in a
holding mode by controlling the back control gate of each of the fransistors
with one and the same voliage chosen so that the passing transistor is

25  biocked;

- the device comprises two parallel back gate lines, each of the back gate
lines being linked to the back control gate of one of the fransistors;

- a word line links the front control gates of the transistors, the word line

being perpendicular to the back gate lines;



4  the transistors are floating gate FET transistors, 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; the
transistors are floating channel FET transistors, and the back 5control
gate of a transistor is arranged in the base substrate, being separated
from the channel of said transistor by the insulating layer. According to
another aspect, the invention relates to g 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 10 data bit, the
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15transistors, the back gate lines being parallel with one another and
perp&iRaiERl SRR tha Eatision R arangsidrdimBass SHEF G e ShdRePfrated
can dieonibdiokathto thedicbitbesintrobgdte ofsaitimpfaie transistors.
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20array comprising a plurality of memory cells according to the invention.
AccofiffigI8ANs asTveY £8Hece AESiRgen R rEpieis!es 45aenrsyiprstore a
comp#diadhrlatad e aseontieni-atdsessabie neemeorytotketieetaiylement of the

£oMRIING,R %ee”%%xs?&'&@f&?@% &ﬂfé&&%ﬂ%t E%ﬁ%%ﬂ 2GR, kAR

a second trahsistor storing the complement of the data bit, the transistors
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A word. line parailel fo the source line can also be linked 1o the front
conirol gate of each of the transistors.
According to vet another aspect, the invention relates io a memory
20 array comprising a plurality of memory cells according to the invention.
According to yet another aspect, the invention relates to a method of
comparing data in a content-addressable memory, the memory comprising a
memory cell formed by a first transistor storing a data bit and a second
transistor storing the complement of the data bit, the fransistors being
25 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
controlied to block the transistor, the method comprising steps consisting in:
— operating the first and second transistors in read mode by appiying to
the front confrol gate of each of the fransistors a nominal read voltage,
30 while controlling the back control gate of each of the transistors, one
with the proposed bit, the other with the compiement of a proposed bit,



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 Opreferred embodiments
thereof, given as nonlimiting examples, and with reference to the
appended drawings in which: Figures 1 and 2, already discussed

previouslyJ eRIgseRl SRV HARSLNCIRBREGAMFEI S0 FE INRE WrERbsed bit

binary and ternary, in which the access transistors are not shown in the
interests o?rl:cl"atnﬁ/s’tféeqik?&ﬁ% r§’?E°a{"8|’iagram representing one possible
gmboqmmeétm@mm TSSOy neﬁbgiihdwoft«:ansiﬁtorseasoomﬁrimdimed to
invention; frigure, 4 SHPWSA BFEfRI SHRIRPO RO AEACHNRS I, ASR¥ed

according to the invention; _ Flgure 5 shows an equivalent diagram
of a CAM Rie8Are EIPRsRE Srailig I @IRREntion; Figures 6-8 illustrate
a comparison operation between a proposed 4-bit word and a word stored

in 4 CAM gon, in the respective cases

of a match_ between proposed word and the s{ored word, a non-match

between tFPé*}?FoﬁéB%%mﬁkﬁ%ﬁ% AR EGS B Mh PEREH- SRS EHYS Y
matchdovroaenufrthentsofitfrepropaded Werdolibrgagesdailandi@beription of
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used in a CAM memory according to the invention; 30- Figures 10a-10e
repre eRISRER S SRR B BB RIB RIS WiEback control gate. 6

Figures 1 and 2, already discussed previously, represent conventional
NOR-type CAM cells, respectively binary and ternary, in which the

access fransistors are not shown in the interests of clarity;
15 - Figure 3 is a diagram representing one possible embodiment of a
CAM memory cell with two transistors according to the invention;

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

— Figure 5 shows an equivalent diagram of a CAM memory cell

20 according fo the invention;

— Figures 6-8 illusirate a comparison operstion between a proposed
4-bit word and a word stored in 4 CAM memory cells according to the
invention, in the respeciive cases of a maich between the proposed
word and the stored word, a non-match between the proposed word

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

- Figures 9a and 8b represent two possible embodiments of a flash-type
fransistor that can be used in a CAM memory according to the
invention;

30 — Figures 10a-10e represent various possible embodiments of a back

controi gate.



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 5proposed 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 device for
comparing data according to the first aspect of the invention. The memory
cell comprises two transistors: a first trafsistor Ti stores 10 the data bit

BIT and the second transistor T2 stores the complement of the data bit
BITb. Onefihe HppsistasiadhiomerBalviassing (the one storing the
lOQ!C ,,0,, Va"'Hee )Inv\}f/gr%g? Sré?a%eosth%gé%zn 1ré£;n %oyaf gtg egs tggt,opoe gtoJé@%éh?or
logic "1" value). he transistors are“produced on
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According to a preferred embodiment, the insulating layer is a buried

oxidet?ﬁ/%y?ﬂ ). The insulating layer is, for example, made of Si02.
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The front control gate CG extends in a manner conyentionall per.
se onfi8 BhRAER SR QTIBLIPARSIIFb R HE LRI F@?ﬁﬁ“@@'&%ﬂ?&x%%f’“g
the inbhenibgit, the ok cohtelagateBBEr BGohaliirahsiktat ($arswegedring
in theulg@%@ul?sggﬁge}gnder the insulating layer BOX facing the channel of
said transistor. The back control gate is typically produced by dopant
implantatid A 3SARHSIHRSTRAIRAHRG SR P SemicqugpuR D BHF QS GHistEte
regionadirngiraiétbatiadhsisieantast avithrtheanisol atag GerBGXosokthantrol
the tranaisier sl ARRISIATL contrdliRg ROMIRS BEYRMaRE,De shared

betwéeen two adjacent memory cells (see the two adjacent cells Cl and 02
in Figure 4)"SWRETEFRIHG RO RBIB0 YRR BiG ccRIBRERS sarfite diga of
occupiatityhautigmangeslh sephiratitdbamdesisoditbat e byventioausting

not e (2 L eted memen 6P Ao e 108 BB on

cell on partlaeé In'a manner known conventionally per se,
His thTVIREEe3 AR BSSHate the cells along a line of the memory array in
order to isplalerdhe) abannedsedled embodiment, the insulating layer is a buried

oxide layer (BOX). The insulating layer is, for example, made of Si0-.

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

25 The front control gaie CG extends in a manner conveniionally known
per se on the surface of the substrate, above the channel C. In the coniext of
the invention, the back control gate BG1, BG2 of a transistor is arranged in
the base substrate under the insulating layer BOX facing the channel of said
transistor. The back conirol gate is typically produced by dopant implantation

3¢ under the insulating layer.



10 adjacent cells from one another. This is conventionally done by the use
of lateral isolating trenches (using the STI - Shallow Trench Isolation -
technique) extending depthwise from the surface of the substrate to the
BOX.  According to a preferential embodiment of the invention, the
memory cell is formed by two floating gate flash transistors. 15According
to a first variant represented in Figure 9a, the flash transistors are planar:
the floating gate 12 is arranged on the surface of the thin film of the Se0O1
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 figating 0ated? whils keleginaulaled thawfian BY @tact with the
20inter-gate dlelectrlc layer 11. Accorg ?gtfog % sec nd variant
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insulated from the fioating gaie 22 by an inter-gate dielectric layer 21,

The invention is not, however, limited to the use of flash transistors, but
also extends to the use of DRAM on Se(! with floating gate transistors.
According to a preferential variant, the front control gate of the DRAM

30 fransistors is recessed in the ficating channel so as o increase its apparent



25 in fact common to all the bits of a stored word). They are also thus
perpendicular to the word line WL which makes it possible to compare
simultaneously the proposed word with several stored words on different
rows (selective comparison by selection of a row via the corresponding
word line WL). 30The data comparison device according to the first aspect
also comprises a comparison circuit (not represented) configured to
operate the 9 first and second transistors in read mode by applying to the
front control gate of the transistors a norfiinal read voltage, while
controlling the back control gate of each of the transistors, one with a
proPo%%gthtMlAbetm ?ﬁg%:a}%ghf Qr% %m%L%H%QIt EJA;HI' A%t%f. § i %ectric layer.
proposed bit so as to block the passing Yransistor a%ona S2id TransIStors
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is acted upon to.bjock it in read mode if BIT and DATA matc eave |
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C n
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of the gate dielectric Iaé//\?r taxi is of the order of 15 A or less for current or
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The back control gates BG1, BG2 are parallel to the bit lines. They are
thus perpendicular to the source line SL which makes it possibie to compare
in parafiel ail the bits of one and the same proposed word (the source iine is

25 in fact common to all the bils of a stored word). They are also thus
perpendicular fo the word line WL which makes it possible to compare
simultaneousiy the proposed word with several stored words on different
rows {selective comparison by selection of a row via the corresponding word
line WL}).

30 The data comparison device according to the first aspect also

comprises a compatison circuit (not represented) configured to operate the



It will be noted that, with a greater insulating layer thickness, it may be
difficult to completely block a transistor via its back control gate. But it
does, 5however, remain possible to detect its residual current so that the
principle behind the invention can also be applied in such a situation.  In
the context of the invention, a choice will preferentially be made to act with
the working function so as to reduce the thickness, doping and other
constraints on the transistor. 10A choice is thus made to apply a zero
voltage to the back control gate of a norfhally passing transistor in order to
block it (the back control gate is then OFF) The threshold voltage of the
transigtar is effectiv. I lic tlon sitive v

to theﬁg%ntﬁg‘T Sgegt%nof{éa%rgﬁssgtcﬁ %Q 3[5 &ontro ?% eél)g s R iﬁ?gate
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or negative RaclkccoBlabgRiRylRERvd Joitage to the back control gate.
A transistor whose channei has an N-type conductivity and a back
control gate of N conductivity (the back conirol gate is then said to be without

—
I8k

working 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 voliage of the transistor via the back
control gate can be formulated according to Vi = Vg — a.Ves, in which Vi,
represents the thresholid voltage of the transisior, Ve the voitage appiied to
20  the back gate, Vi the nominal threshoid voltage (which may be offset by the
working function depending on whether an N- or P-type back conirol gate is
used), and o a coefficient linked to the geometry of the transistor.

The coefiicient a can notably be modelied according to o = m«——_3'f§“;

oxd

in which i designates the thickness of the gate dielectric layer separating

]
o

the front conirol gate from the channel, i, designates the thickness of the
insulating layer separating the back control gate from the channel and g
designates the thickness of the thin fim.

As an example, the thickness of the gate dielectric layer {o is of the

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



Various possible embodiments of a back control gate are detailed with
reference to Figures 10a-10e. It will be noted that, in these figures, only
the part that extends below the insulating layer is represented. Generally,
the back control gate is formed by dopant implantation under the -
insulating layer. 5 According to a first embodiment represented in Figures
10c and 10e, the back control gate BC extends under the entire width of
the cell.  According to another embodiment represented in Figures 10a,
10b and 10d, the back control gate BG i€located so as to extend only
facing the floating channel (DRAM case) or the floating gate (Flash case).
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from the base Substrate 1 b y a well W of opposite bias (N-type well for a
P+ baR\CESmrisIYdte W‘ﬂ%%ﬁ@n@%ﬁlﬁiﬁn for an N-type transistor).
The well valtageisrehesenasontitattheprrasiidgatiod cageeateckivysthé may be
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fora Rlﬂgh‘) back control gate bias (for example N- well for insulating P+
back ¢dntrol gate whereas an N+ back control gate would be arranged
directly in e Rrpiiztidbase suisdivateplirpFitjuteel oinithledateral & transistor

insulaiRg seSioRsSe 2R 80k UHiRA l@d?rréeﬁd%%@élrtar@rﬁr@%a@ of the
Figure 10d, the Iaﬁ?%l msulatg& regions 20 extend fr?m the s
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partly, to the insulation of a back control %ate from the base substrate.
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DATA (Héﬁ\%%ﬂggl}‘r%%lstor has indeed been blocked so that the cell

with two transistors supplies no current to the source line), whereas the
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for the cells) is used as "match line".  This makes it possible to avoid
having to produce interconnects, while the cell comprises only two
transistors and therefore has a minimal footprint. Moreover, the source
line is parallel to the word line, 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 proposed word, in parallel, over all the bits of
the word.  Given that the electrical function of the source line in the cell
is primarily to form the earth, the voltagéuof the source line is OV (or as
close as possible) 30in all circumstances to ensure correct operation of

the colls. Qe Olberba"dy kSRRSO IUORSHHE A6 RUCHREA LI

absence of current in this 13 line, the current being able to flow at any
voltadé€! %Wﬁ&ﬁ%ﬁéﬂﬁe‘ﬁﬁs'EW@‘I&@VBR?%\KP%ﬁ@d%%%%fgw%ém‘y the
presepae tfzturrentoentieganscadinietmaydyerdideréprasyribicoftaaansiy, the
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much s IIer t 0 transjistors jn series.
: WR‘: ryngh contain (other back control gates in particular).

in the case where the back control gate exiends 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  controt gate from the base substrate. In Figure 10¢, the lateral insulating
regions 20 are buried under the insulating layer BOX. In Figure 10g, the
lateral insulating regions 20 extend from the surface, through the insulating
fayer BOX.
Such fateral insuiating regions 20 can aisc be provided when the back
25  control gate is localized by thus contributing to the insulation of the wells. in
particuiar, it may in this case be necessary to produce wells only for a single
back conirol 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 2ateréi insulating regions 20 are
30  buried under the insulating layer BOX. in Figure 10d, the lateral insuiating
regions 20 exiend from the surface through the insulating layer BOX,



Referring to 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 line of a
25memory array such that the transistors of these cells share the same
word line WL and the same source line SL.  When the proposed bit
(DATA3-DATA2-DATAL-DATAO) is identical to the stored bit
(BIT3-3IT2-BIT1-BITO), no current flows on the source line SL. Taking the
example of the proposed bit DATA0=0, e first transistor of 30the cell
stores BITO=0, while the second transistor of the cell stores the
complemeRipt RHBLTOPaladnRasHAhERRHA SRepUam i dhe applitRipRling
of 19 a nominal read voltage VDD to the word line WL, and a voltage of
aroun’BS&?bL%féa{}??ﬁe“ﬂ)iﬂ%gﬁﬁf@ﬁ%? SEAOHRTINPING GEDRPS can
transistatsghutiee dinstifransistiy i sobiloe kel iatibitecthe sadondrisgpasdmgotn the
the casgg Ot actienwith the working function, the comparison circuit
according to the invention is 5 configured to perform this normal read
operation WAIE AR tHESETRHAD YRt RO BREK IR G ReBriHiad o
first trasistbpamebtivéd DA TAarEloe, thehepbackisuntrintgate abtheoségorat! io
transislaEo( e SREANLIENASISHheBIRlarkROdRie DRRKLANI'S 4fia o

(the latter is OFF because controlled by DATAQ0=0). It follows from this )
that tHi€ GOFEEIPERPABLATNG ol RRSSRIR & line 818 Whetlen feriePRRag Pt
is obgeaveddpetimeerial bihpibitsofddeipsoposad Matdsaadiftbsiigtanedibisnce
no cu : li il t there is.r .
D B e T i (12 PSl parsicor
FigurBa?, infeephRRBnHICSKRTE S ERbIaR eIhidisen HPRSEEFsHeskes no
word @frfehitsc0#@0sbartisihigurenerdherais mesnatehdeliveen Hignbiks that
DATAZ=0,0f t [OPQS rd an tored.hit 31T2= Taki
examp@%‘f i%gﬁ%gggreeﬁg blét\{%g%%%%??ﬁe |(:r§'tl%érné-:és§t§r% ;{) t?%i%ﬁ%é)%sn d
BIT2#1e Galile shemepefymieiidistoe puieecd®stores the complementary
bit BIT2b=0v}n mermabieaoper i tothedtishHan At ondsn i pasTidires 1
while {he second s blocked, The companson sredll Acepding 18 d0% cupp
invention 7 coﬁ?igurecri]ef o this ormal Tea oper tioR white PRYY
applyihg) ieruDATA® srinietsahe i kneolatediigjanrt GPIEArSt taplsistepuires
?nd thes @ﬁﬁ@cﬁ@u’ﬂ@’lﬁt&%hﬂé&&%f& %aﬁel?aétb@s?mag ﬂﬁgﬁ@{’)ﬁi@étﬂ' Rege
irst transistor the ai assing (its back control gate is ecause
contrgifeeaos\f/tv%ﬁ cfgéeﬁ?ﬁ %Eﬁysﬁ%é ell then delivers current to the
3ource lindn3te Theiprestifceivfahiioouthertpwhichnmégeberdlie tsegrgsbiarth

of thegyvayel Hids isQEesRANERigha;cifference between the proposed word
and the stgred word. Retg{rlrt% to Figure 8, Lzhls shows a ternary%ﬁs, while

comparisor EoPPASEBARRGTE'S UKV SRR HISSE
DAT Alie ot swohrisge omayyh89 tengisinsoandtibapeickecomtra ngatesidb tierint.

corresponghing SAM eell {SiPiGne is parallel to the word line, and therefore

25 common to all the bits of a stored word. it is thus possibie to make a

comparison between one {or more) stored word{s} and a proposed word, in
parallel, over all the bits of the word.

Given that the electrical function of the source line in the cell is primarily

to form the earth, the voltage of the source line is OV {or as close as possibie)

30 in all circumstances to ensure correct operation of the cells. On the other

hand, it is possible fo measure the presence or the absence of current in this



Bill) are forced to OFF, so that the passing transistor becomes blocked
and 15 no current is then delivered to 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 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 examplé?to a search in a database that
may contain "spelling errors”. A comparison operation between a,

PropogRd Bl ARdINS, B SIRAAHIAEE SN ESIABRAERBHRLRR: line has a

invention has been described above. The'read, programming, erase and

hold &PEFBEHS BIMREYEF&re described hereinbelow. These
operationsTiwnpiresemanrierukeoivonciieventica ity perysewith tegagcbiodhihe

voltages 0 pRappirddae o0 Grrialgals ARdiodReHAD 1304 Ate

transistor. ~ With respect to the read, (Srogrammln and erase modes, a
contrBTRRSHE M5 Lo 5 CARPBHER L O AT B R the i @il

with enduandritxbsare ofaltagaicidsersaurch that the passing transistor is

not blockegle| e exAmaIe.desailRad EreolldBack contialiomis: f eachay

of the two 20transistors s ti N during these operations. A!thOLég

not nRAEILY tBitha <R PERLBneENEEBrbRISater dReRJIPRIbUETReNt

contrglAiauiriaen kin @ cenptigDregktaorited therbackcantvil gateoadd that,
ch istors with one .S I c : t

e p A B A R S e AR s o

back @oth{rs| FYaRe GnestMoREIBTMEBIRrAASISEIrS WBBiIRAptAESTBESEsFRy dbeayord

to redwmeevtine nawerIcOISbENfieadiusing thistheMoperation. A truth dabigive
fora CAM G 8GR HINOIR 16 [RVEAREYD I8, PWsss (OB ardS proposed bit
with one or other of the bits stored in the cells C1 and CZ2.
15 On the right of Figure 5 is an equivalent circuit diagram of the CAM cell
according to the invention.
in as much as each transistor has two conirol gates (a front controi gate
and a back control gate), each transisior functions as two iransistors 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 iatier are much
smaller than two transisiors in series.
Referring o Figure 6, this shows an exemplary comparison of a
proposed word (comprising four bits: 0100) with a word stored in four CAM
celis according o the invention arranged on one and the same line of a
25  memory array such that the transisiors of these cells share the same word
line WL and the same source line SL.
When the proposed bif (DATA3-DATA2-DATA1-DATAD) is identical o
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 BiTO=0, while the second transistor of the cell stores the
compiementary bit BITOb=1. In normal read operation (via the application of



DATAI DATAb BIT 1 BITb MODE X X 1 Prohibited (this mode is
technically possible, but it is avoided because it would systematically
create a non-match result in the comparison modes)  Read,
programming, erase
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a nominal read voltage VDD {o the word line WL, and a2 voltage of around
VDD/2 to the bit iine BL1, BL2 of each of the first and second transistors), the
first transistor is biocked, while the second is passing. In the case of action
with the working function, the comparison circuit according to the invention is
configured to perform this normal read operation while applying the DATAbL
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
DATAO=0). 1 follows from this that this celi delivers nothing to the source iine
SL.

If a perfect match is observed between all the bits of the proposed word
and the stored bits, no current flows on the source line. It will be noted that
there is no consiraint 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 hits 0100, In this Figure 8, there is no match between the
bit DATAZ=0 of the proposed word and the stored bif BIT2=1.

Taking the example of the proposed bit DATA2=0, the first transistor of
the cell stores BIT2=1, while the second fransistor of the cell stores the
compiementary bit BIT2b=C. In normal read operation, the first fransistor is
passing, while the second is blocked. The comparison circuit according o the
invention is configured to perform this normal read operation while applying
the DATAD value 1o the back conirol gate of the first transisior and the DATA
value 1o the back conirol gale of the second transistor. The first transisior
then remains passing (its back control gate is ON because controlied with
DATAZb=1). This cell then delivers current to the source line SL. The
presence of the current, which may be due to any bit of the word, thus
corresponds o a difference beiween the proposed word and the stored word.,

Referring to Figure 8, this shows a ternary comparison corresponding to
2 "don’t care" situation on proposed bit DATA1. For such a fternary
comparison, the back control gates of the corresponding CAM cell (storing
BiT1) are forced to OFF, so that the passing transistor becomes biocked and
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no current is then delivered to the source line. The compariscn 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 faulis.

As a variani, the two transistors can be controlied for each {o siore a
"0". The comparison on the bit is then biocked, no current being able to be
delivered on the source line by this pair of transisiors. Such a variant
corresponds, for exampie, t¢ a search in & 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 hold operations of this cell are
described hereinbelow.

These operations run in & manner known conventionally per se with
regard to the voltages o be applied to the front control gate and 1o the drain
of each transistor.

With respect {o the read, programming and erase modes, a control
circuit also conirols the back conirol gate of each of the fransistors with one
and the same voliage chosen such that the passing transistor is not biocked.
in the example described here, the back conirol gate of each of the twe
transistors is thus ON during these operations.

Although not mandatory, different operation can be provided for the
hold mode, the control circuit then being configured o control the back
control gate of each of the fransistors with one and the same voltage chosen
such that the passing transistor is blocked. In the example described here,
tha back controi 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 io the invention is thus as follows.
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Ternary "don‘'tcare"0 10 "1 Match 00 1

16
DATA | DATAD | BIT BiTh MODE
X X 1 11 Prohibited
(this mode is technically possible, but it is
avoided because it would systematicalty
create a non-match result in the comparison
modes)
1 1 - - | Read, programming, erase
- - 1 Hold
0 X X Ternary
"don't care”
X X 0 0 Temary
‘ ‘don't care”
5 : 5 3 Comparison v
1 0 O 1 Non-match
0 1 1 0 Non-match
i 0 g 0 Match

it will have been understocd that the invention is not limited o0 the
comparison device according 1o iis first aspect, but aiso extends o a content-
addressable memory cell, o a method for comparing data in a content-
addressabie memory impiementing the principles described hereinabove,
and to a content-addressable memory comprising a piuraiity of cells with fwo
transisiors according to the invention arranged in lines and columns.

The invention offers the following particuiar advaniages.

« Firstly, by fimiting to two the number of fransistors needed fo fuffit the
comparison function, the surface area occupied by the CAM cell is
considerably reduced. Depending on the technological process used, the
CAM cell of the invention occupies around 8 F2 in memory process, at ieast
30 F2 in logic process (to be compared with 300 F? for the conventional
binary CAM cell, and with 500 F2 for the conventional ternary CAM cell).

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

= The comparison speed is similar to that of the conventional celis.



Non-matchO 110 Non-matchl 010 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, and 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 éavantages.
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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.

« The comparison is selected via the word line, which is not possible with
the conventional cells. it is therefore possible to choose simply the number of
words compared simulfansously without bheing consirained by the
architecture of the memory circuit (size of the arrays in particutar).

« The CAM cell according to the invention operates at low power,

¢ The CAM memory is relatively easy 1o design: it in effect comprises only
long 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 2 CAM cell with SRAM
transistors. However, the CAM cell according to the invention consumes less
and has smalier 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 transisiors, a

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

faster than with flash fransistors. This vartant embodiment can
advantageously be used to produce the memory buffers {usually called

Caches L1, L2, L3) of a microprocessor.



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
considerably reduced. Depending on the technological process used, the
CAM cell of the invention occupies around 8 F7 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 conventional
ternary CAM cell). Moreover, in the context of the invention, the same cell
can be used to perform a binary compari&on or a ternary comparison.

The comparison speed is similar to that of the conventional cells. 17 The
CAM memory according to the invention gaes not need any power supply
line so that neither leaks nor power I655€5 are observed in the memory
array. The comparison is selected via the word line, which is not possible
with 5 the conventional cells. It is therefore possible to choose simply the
numberiéuerils companeg i uftameosh-avithesddbémgacoostrainedibng:
the architaellig PELNGIRRZA0sY s'wt@%%frﬁ %EBMﬁd%%&H%{H@iT and

The CAM cell according to the invention oper atlowp
CAM m&mbrynd Faasi %W&éﬁtﬁffa%éiwqmﬁ'@ﬁ@ei 86?%#?&%% 9%} the

10long tentdisiess vegignsdonaitithe myensqdhecinmtactsnbeinigrestbbiisteeand
according g 6?9’:&!%%@%@3 N%Uﬁ@ Q“ﬁo%%rﬁﬁﬂ Qﬁ@fé@géﬂdt%%ck controf

invention uses flash transistors, the initial programming is relatively slow
compar8aitd B aARPR iRt tﬁ%ﬁﬂ&?ﬂ%%ﬁ%ﬁ@rgmkﬁwg\ﬁé@”ﬁ‘ﬁ%%AM cell
accordirg:tontheitaventian contyumesttess 15 and has smaller dimensions.

The CAM cell-ta alaoe usedanbn o inupalian al ndaUsgeiiting 1o

addressed cell accordi e invention uses
transistors, HHEPRIdTETEREHDOP I Cb AN fsansiBia, ol fHaal read voltage

programminghile sigtiitanthtastentbanwithfiash bansistens. (Faisivaranine
embodiment, a@\él?gdg@%ggs ‘(5@(21% URET IR P OAHCR INS ISt of the

buffers (usua y ca 3) of a microprocessor.
15 proposed bit (DATAD) to block the passing iransistor 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 (SL) linked
to the source of each of the transistors io indicate whether the
20 proposed bit (DATA) and the stored bit (BiT) are ideniical or not.

2. Device according to Claim 1, in which the comparison circuit is configured

to supply the back controi gate (BG1) of the first transistor with the

complement of a proposed bit (DATAD} and to supply the back control gate
25  (BG2) of the second transisior with the proposed bit (DATA).

3. Device according to one of the preceding claims, in which the
semiconductor-on-insulaior subsirate comprises a thin film of semiconductive
material separaied from a base subsirate by an insulating layer, and the back
30 control gate of a transistor is arranged in the base subsirate under the

insulating iayer facing the channel of said transistor.



18 CLAIMS 1. Device for comparing data in a content-addressable
memory, comprising: 5 - a memory cell formed by a first transistor (Ti)
storing a data bit (BIT) and a second transistor (T2) 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 (CG) and a back control gate (BG1, BG2) that can be
controlled to block the transistor; 10- a comparison circuit configured to: o
operate the first and second transistors iff read mode by applying to the
front control gate of each of the transistors a nominal read voltage while
contrglli e the ISEOrS,: '
oropo s O e SHer s Qe SR B
(DATEHf 87 58ek BhdFalsaisistranideaiptongiaibrga Byt fer well of
propasghsite B345TA) and the stored bit (BIT) correspond; and o detect
the presence or absence of current on a source line (SL) linked to the
source of each of the transistors to indicate whether the 20proposed bit
(DATR) Rgidcthacseirieptn cBeTYidhe iresaemcoriatis. o peiged adsrdpmpirol
to Clajatelofinarhichitbersaspardsen eiiguikisccRntigured to supply the
back control gate (8G1) of the first transistor with the complement of a
proposed bit (DATAb) and to supply the back control gate 25(BG2) of the
secorfd HariessascuingHe prepeised bre(PRTAF aBnD évivhisl o dipgrerison
one ofithatpeceRAnG HaliRsa itbWRIEbriR e SRIMEAN BN d0BHIRWhich the
fbjbstr%e %%@E{,{i?egi a éhgr} J” of semiconductive material separated from
a2 badé Aibstrate By an msulating layer, and the back 30control gate of a
transistor is arranged in the base substrate under the insulating layer
facing thr-pbarnebedisgidblraRsiator inl Ak NSRS ARG BeBR_@S e e
precedin% claims, in which the q%c _ ctontr% ate of each of %he transistors
is isofYEHTRTHE BEEE WHEFE Y ShRIF OB SH6RNE B HeSb{fas mode
acconfivlg toradiog the peesedingotiedtesyfiinashichttizetivasistoatithgate afic
each Qb BedEaANSISIRr SRS AW FKIBBIMICHR hom B BYIGsAGFRERL 1O
one of the preceding claims, in which the comparison circuit is also
configured to perform a ternary operation during which the

8. Device according to one of the preceding claims, also comprising a circuit

for controlling the memory cell configured {o operate the transistors in read,
programming and erase modes by conirolling the back control gate of each
20 of the transistors with one and the same voltage chosen so that the passing

fransistor is not blocked.

9. Device according to one of the preceding claims, aiso comprising a circuit

for controliing the memory cell configured to operate the transistors in a

bJ
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holding mode by controliing the back control gate of each of the transistors
with one and the same voliage chosen so that the passing fransistor is
biocked.

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

control gate of one of the transistors.



10proposed bit is disregarded. 7. Device according to Claim 6, in which,
during a ternary 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 15the same voltage chosen so as
to block the normally passing transistor. 8. Device according to one of the
preceding claims, also comprising a circuit for controlling the memory cell
configured to operate the transistors in read, programming and erase
modes by controlling the back control g%@e of each 20of the transistors
with one and the same voltage chosen so that the passing transistor is not

blocked. 9. REMICE,ALGAUAING 10N 9htNE RIFERING,GIAIMT: AR the front

comprising a circuit for controlling the memory cell configured to operate
the traRRIHIEIRP £ 31 HEABRRI Ao e BYPEO RO PG AME HAER LA Bt Biardack
of eaghtefiitie transistors with one and the same voltage chosen so that

the passing transistor is blocked.  10. Device according to one of the
preceding claims, comprising two 30parallel back gate lines, each of the
back tate IIREE BRGNP BARTE S Ghtd St the dransistors are
transigiatisg 28aid . Peviceaeterding ttee Claimicddinciuhicohiasyatdrlireistksie
the frg agﬂ@é@"'a@%‘ﬁ? fﬂHh&t@%@Rﬁmyﬁs %&Jf&eﬁgﬁ}%@&rﬂ%ﬂﬂ'&%{se

to the back gate lines. 512.Device according to one of Claims 1to 11, in
whiclFRettpih Sk ensinidaibgityGafNE P PaRKisRAYEtgate of a transistor is

semicpReidetpirothinsei ol BdbstratsaMpsisesadtadinmefchannel of said
miconductive material separated from a base substrate by an insulating
semicondictive malsrial sepay

ransisio e insuyt g, ) ) )
ayer, an ? e contro teyo? a transistor is arranged in the base

substrate, being separated from the channel of said 10transistor by the

insula@ag |chl§edaﬁili@t@@$@r dméﬁr@nlet_@fi@armibﬁmﬂel%ré{hm@&’@ are
the t.r ﬁgaéﬁltﬁoraiga%gfoegqgt?;nasgsqgslz%Jetr&rggggé%%sl{#%%ﬁminﬁuiator substrate
semicon tor-on-imsutator substrate comprises a thin film o

semiconuisEgeaniieriEisap aereidondreiydaselargisapearaiehyram a base

1asulatingiaiehyaird iHaeibaek 608t Qlaaig.ob A VKRN G iR TRAdRM LIRSS
base substrate, btﬁin% separ%t dtfrorg the chann?lé)ffsaidt ransistor P)éfthe'd
insulgﬁiﬁ'ﬂg{ﬁg eI'I:I e Dase supsiraie, being separate TOm g cnanneg sal

transistor by the insulating layer.

14.  Content-addressable memory cell comprising a first transisior (T1)
20  dssigned {o store a data bit (BIT) and a second transisior (T2) designed io
store the complement of the data bit (BITb), the iransistors being produced
onh a semiconductor-on-insuiator substrate and each of the fransistors having
a source, a drain, a front control gate (CG) and a back control gate (BGH,
B(G2) that can be controlled to block the fransisior, in which cell a source line
25  (8L)is linked to the source of each of the transistors, a back gate line (BGH1,
BG?2) is associated with the back control gate of each of the fransistors, the
back gate lines being parallei with one another and perpendicuiar to the

source line.



14. Content-addressable memory cell comprising a first transistor (Ti) 20
designed to store a data bit (BIT) and a second transistor (T2) designed to
store the complement of the data bit (BITb), the transistors being

produced on a semiconductor-on-insulator substrate and each of the
transistors having a source, a drain, a front control gate (CG) and a back
control gate (BG1, BG2) that can be controlled to block the transistor, in
which cell a source line 25 (SL) is linkegl to the source of each of the
transistors, a back gate line (BG1, 8G2) is associated with the back

control gate of each of the transistors, the back gate lines being parallel
with orge armaneé@aﬁhra@rﬂemiﬁwlmtmtmzaawemmaanaxWE)G@liinked to the
accordin im &40 which ( % %
controrl0 FC' ac[;aneo fﬁac{‘ransﬁ?térgs%[ Agg%%(\)%%@ifg (}e(ﬁl%gp%ar IP %Etz té) the
sourc@ﬂﬁ@; BY6. Content-addressable memory comprising a plurality of
memory cells according to one of Claims 14 or 15 arranged in lines and in

columns. 17.Meth d f comparin data macontent le memo
tk?e rr:ﬂ(;élmoréj co?%nr% r?regsmemor c ormgdsbfa fI% qtar %i%ftor sni'gr nc\élls

data amcyﬁf(altp)wé@émaﬂwnmnagﬁﬁmg tRescoAplePRbRRRY-the
data bit (BITb) the transistors being produced on a

semlc insulator substrate and eac of the transistors havin

fronté ntr %&L‘?ggaﬁg 5%%””%% ggfeatha?n Htt?eg %rgﬁ ro%}ed%% Kk the
the treneshstor ctmepnainbicr nempnisial Siepedcon sidtisidirndperindgthe data
figst apd @@9%&@%@5@@ Ir4R&EGA08 Y, %HQ')&&%E&%’E@%&Q"@Q& bit

gate the transistors a nominal read voltage, while controllin
ook B Lol Gite PORH o DG JHERIET e B B Ra B
(DAT)shretetined watth thetico pheiviont bR cpsadobitt(DARRbIND a back

blocki0eBASHIRG faniaieLamepgsld 20UiaBsisters #iheiRPasedhiinod
(DATA) and the stored bit (BIT) correspond; detecting the presence or

abseﬁeg‘W%G?réﬁlpéﬁﬂ‘%ﬂ?@érlme linked to the source of each of the
1ransistorsoieiaticatieswinstized thecpropivsesidiit$ D\ Tek) anddhéstappiyibd to

(BIT) are iﬁi%qjcgﬁtl O8RS &ﬁe of each of the transistors a nominal read voltage,
while controfling the back control gate of each of the transistors, cne
with the proposed bit (DATA), the other with the complement of a
proposed bit (DATAD), fo block the passing transistor among said

20 transistors if the proposed bit (DATA) and the siored bit (BiT)
correspond,;

~ detecting the presence or absence of current on a source line linked o

the source of each of the transistors {o indicate whether the proposed
bit {(DATA) and the stored bit (BIT) are identical or not.
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