DATA PATH CELL ON AN Se01 SUBSTRATE WITH A BURIED BACK CONTROL GATE BENEATH
THE INSULATING LAYER The field of the invention is that of microelectronics.  The invention
relates more particularly to a semiconductor device produced on an Se01 (semiconductor on insulator)
substrate based on elementary data path cells. 5The design of integrated circuits is based on
integrating a plurality of elementary cells having predetermined logic functions. In general, two types of
design may be distinguished. According to the first type of design, a library comprising around a
thousand predesigned cells for general usage is employed. These are then 10referred to as "standard
cells”.  According & ThePestoricFtyp bt 4bkRRP COILERERIAdAHY HdahteBUYSIRE &Mirbnment in which
they are used are designednTyase RigArerdefeietiiores datanatieelisay e will be understood

that, for a given circuit, the use of data path cells specifically developed for this circuit makes it

possible to achieve befter perfarmance charactaristics (upicalyiB igsns of speed, power consumption

and footprint). However, the design cost is higher.  Thus, data path cells are ty?iCaIIy used only for

high-speed circuits réthsiriimy eptienizedigiesfonaehdeachartel¥ristics, RATBIRARMHIERSr 2§Vice

microprocessors, Jfiese,celis 3 seciabiesianetheosts instatisesarthmeliouoil forwhich a
relative

high repetivity o y complex basic functions is observed, Examples that may be mentioned are
adders, multiplierigregsiary datgisid\e@Hent in performance (speed, consumption) and miniaturization
25 are ongaing requirgregtsiin-the fiakhaiaprbeation of thedaventivnedrdting aspectokyhe invention

provides a data path cell specifically adapted to its environment for use in an integrated circuit
produced on a S@W@bﬁﬁﬁérﬂﬁ@ﬁ@aﬂf?gﬁ%ﬂ%ﬁ'@%gﬂ%ﬁfwgof?ﬁn %@ngf%%i\g%%gﬁauctor

material separatggfsamrriukosuistiagaiblisal insulating layer, the cell comprising an array of
field-effect transistorsAgggrréit{ggn%s%gre first type of design, a library comprising around a
thousand predesigned cells for general‘-usage' is employed. These are then
10 referred to as “standard cells”, |
According to the second type of design, celis specifically adapted to the
environment in which they are used are designed.'These are then referred ¢
as "data path" cells.

It will be understood that, for a given circuit, the use of data path cells

84

specifically developed for this circuit makes it possible {0 achieve betier
performance character'istics {typically in terms of speed, power consumption
and footprint). However, the design cost is higher.

Thué, data path celis are typically used only for high-speed circuits
requiring optimized performance characteristics, for exampie for
20 microprocessors. These cells are éspecialiy designed so as io produce
arithmetic units for which a high repetivily of relatively complex basic
functions is observed, Examples that may be mentioned are adders,
multipliers, efc. _

improvement in performance (speed, consumption) and miniaturization

25  are ongoing requirements in the field of application of the invention.

A first aspect of the invention provides a data path cell specifically

adapted to its environment for use in an iniegrated circuit produced on a
semiconductor-on-insulator  substrate  comprising a thin layer of
30 semiconductor material separated from a bulk substrate by an insulating

layer, the cell comprising an array of field-effect transisiors, each transistor



2 having, in the thin layer, a source region, a drain region and a channel region which is bounded by
the source and drain regions, and further including a front control gate formed above the channel
region, wherein at least one transistor has a back control gate formed in the bulk substrate beneath
the channel region, the back 5control gate being able to be biased so as to modify the
performance-characteristics of the transistor. Certain preferred, but non-limiting, features of this cell
are the following: a back gate line connects the back gate regions of a plurality of transistors; the back
gate line extends into the bulk substrate beneath the insulating layer along a row of transistors ; the

back gate region is isolate fr%rilnnt e bulk substrate be(na é/vglll of opposite %pn%%%tr%\ﬁ%{t%eee' and

the back gate re&ﬂ)\ﬂr}ga? ) ﬁ¥ﬁ§1 8riRe A {ypé a5 that GPiRe 15eHannel o {?Qnsistor.

According to anatitstagpectibedrivetitiorsprovides@miategratesheireuit grothecethdndng a
semiconductor-og-iasulatorsubstiate, comprainga AP et eall ARerLing fadhs fistasnestiofdhe

invention. - According to %et another aspect, the invention provides a method of driving a data 20
path cell accordifigds thatfiest zaspdorntthininbe ok, Tahién trasdekhoshomtasebnischsdho a

first potentiagwheclaégglt%%sg)%ﬁr IS the,off-state and to a second potential when the transistor is in
the on-state.” According to yet another aspect, the invention provides a method of designing a data

path cell in whictbiheegeibigs e sifrshlyytae Rpiée RS 5 tArdpittnt rtlsdranaisPitegrated circuit
produced on a semicoRdugiQrpsHatonsyRsiiala LOMKISiRg athinslaxernel seigpsduetor material

separated from a bulk substrate by an insulating layer, comﬁrising the steps consistinq_in: -reducing
the physical width of a #ahdRfoEaRHEBeelONNerterliy back gate regions of a plurality of

transistors,
10 - the back gate line exiends into the bulk substrate beneath the
insutating layer along a row of transistors ;
- the back gate region is isolated from the bulk substrate by a well of
opposite conductivity type, and |
- the back gate region has & conductivity of the same type as that of the
15 channe! of the transistor.
According to another aspect, the invention provides an integrated
circuit produced on a semiconductor-on-insulator substraie comprising a data
path celi according 10 the first aspect of the invention.
According to yet another aspect, the invention provides a method of driving a data
20 . path cell according to the first aspect of the invém:ion, in which thé-back control gate is
connected fo a first potential when the transistor is in
the off-state and 1o a second potential when the transisior is in the on-state.
According to yet another aspect, the invention provides a method of
designing & data path cell in which the cell is specifically adapted to ifs
25 environment for use in an integrated circuit produced on a semiconductor-on-
insulator substrate comprising a thin iayer of semiconductor material
separated from a bulk substrate by an insulating layer, comprising the steps '
consisiing in: '
- reducing the physical widih of a transistor of the cell, in order to

30 decrease the capacitance thereof; and



30decrease the capacitance thereof; and 3 - adding a back control gate to the transistor, said gate
being placed in the bulk substrate, in order to increase the conductance thereof when in use in an
on-state.  Other features, objects and advantages of the present invention will become more clearly
apparent on reading the following detailed description of preferred embodiments thereof, given by way
of non-limiting example and with reference to the appended drawings in which: - Figure 1 shows the
possible gain in terms of propagation delay by implemgnting the invention; 10-Figure 2 is a diagram
illustrating the production of a back control gate; and - Figure 3 aims to compare a CMOS data path
cell on a bulk substrate with a CMOS data path cell on an SeOl substrate according to one possible
embodiment of the firstakpegta btk invetrtbga s It thntrantiistoe lated tyaten betegnaiteskdiiouit

comprising a plurality of dat Eﬁ}%ﬁ Il t cells ificall veloped for this
circuit and is conse%%%ﬁ& k%g y éc%a’ét%%qt%}%g{%E@?g%%%&e%\%rgﬁﬁgﬁﬁgﬁgér%éﬁ{;@ %ﬁt'ﬁ path cell
comprises an input 8&8ge andarsieifput stage. It may also include one or more intermediate stages

connecting the 201pubgiagadarfie.o BRI ARG SdVAHEYES (e PREBRALHISRIGHIbN yipUS actions

may be taken. Firstly, the length of th ctrical connections connecting the data path cells together or
the length ofthe BREGMEAMIAnEEEONsERNTBELIRG FRading the following detailed description

of preferred embodiments thereof, given by way of non-limiting example and
with reference to the appended drawings in which:
- Figure 1 shows the possible gain in ferms of propagation delay by
implementing the invention;

10 - Figure 2 is a diagram illustrating the production of a back control gate;

and

- Figure 3 aims to compare a CMOS data path cell on a bulk substrate
with a CMOS data path cell on an SeQl substrate according to one possible
embodiment of the first aspect of the invention.

15 The invention relates to an integrated circuit comprising a plurality of
data path cells. Each of the data path cells is specifically developed for this
circuit and is consequently highly adapted to its operating environment.

Typically, a data path cell comprises an input stage and an output
stage. It may also include one or more intermediate stages connecting the

20  input stage to the output stage.

To maximize the speed of the circuit, various actions may be taken.

Firstly, the length of the electrical connections connecting the data path
cells fogether or the length of the electrical connections connecting the
stages of a data path cell together may be shortened. The connections then

25 have a reduced load capacitance and a reduced resisiance.

Outward stages may also be provided that have a low impedance. The
output stages then have a level of conduction sufficient for rapidly charging
the output electrical connection or connections and the input stages of the
foliowing data path cell.

30 This typically imposes the use of large ftransistors, particularly
transistors having a large width.



stages of a data path cell together may be shortened. The connections then 25 have a reduced load
capacitance and a reduced resistance. = Outward stages may also be provided that have a low
impedance. The output stages then have a level of conduction sufficient for rapidly charging the output
electrical connection or connections and the input stages of the following data path cell. 30This
typically imposes the use of large transistors, particularly transistors having a large width. 4

However, it should be noted that an output stage alsosconstitutes a load (for the input stage or the
intermediate stage(s) of the data path cell) which is higher the larger the dimensions of the transistors
that make up the output stage. Furthermore, its power consumption, under both static and dynamic

Sconditions, is proportiaderits dhnanrsinaotedrBbaantbatyuestagebisaxionzingtdseadpeed of a
circuit consists in providing low-capacitance input stages. Thi be achieyed by redycing the
dimensions of th ﬁﬂlﬁ E?ﬁ&g%?% c%rllj[ @ﬁ%ﬁ%%ﬁﬁ%ﬁg@@%%&g.é%ﬁéﬁ‘eaéﬂge‘g%f But by
reducing the dimeigsienthdhargeds theiskirnbtiiomgpof dageamsidiasdntat suffican ldvebofmdnduction for

effectively chargigg éh'e intermediate ﬁgarggﬁéro%gg%%wtg 8er botM%&%ﬁXeﬁngeﬂ@%ce

variability may resuft from excessive mirliaturization. In"particular, there is then a ris allel data
path cells 15havierndillesarigatiprmiessl tpedinensigbre generally, any stage constitutes both an

output stage for the follgyving,giaperfRloyringLathiand andRpbatags Lrdhe rreedisg Skge or

preceding cell. It will therefore be understood that, for each stage, a compromise must 20 be sought

between transistBFe GHiE ANKIFABASIFNCHRHE SlBdeuERIhBIRA PR VBERYLIRIHEBerefore

reduce the load efthgiReerpshRmsiageinpHatsse and Eansipter oatlamgslipiepsing teipiger to
reduce the resistance thereof (and therefore to charge the following stage or stages effectively). In the

context of the inVBHESRYBERM of the stages consists of a plurality
10 But by reducing the dimensions, there is a risk of this input stage not

having a sufficient level of conduction for effectively charging the
intermediate stage(s) or the output stage.

Moreover, performance variabilily may result from excessive
miniaturization. In particular, there is then a risk of parallel data path cells

15  having substantially different speeds.

More generally, any stage constitutes both an output stage for the
following stage or following cell and an input stage for the preceding stage or
preceding cell.

It will therefore be understood that, for each stage, a compromise must

20  be sought between transistors of small dimensions, in order to reduce the
capacitance thereof (and therefore reduce the load of the preceding stage or
stages) and transistors of large dimensions in order to reduce the resistance
thereof (and therefore to charge the following stage or stages effectively).

in the context of the invention, each of the stages consists of a plurality

25 of FET transistors (FET standing for field effect transistor) that are produced
on an SeOl substrate, especially on an S0l (silicon on insulator). Each
transistor has a source region, a drain region and a channel region that
separates the source region from the drain region. The transistor also has a
front control gate separated from the channel by a gate dielectric layer.

30 The invention also proposes to place a back control gate in the bulk
substrate facing the channel of at least one transistor.



25 of FET transistors (FET standing for field effect transistor) that are produced on an Se01 substrate,
especially on an SOI (silicon on insulator). Each transistor has a source region, a drain region and a
channel region that separates the source region from the drain region. The transistor also has a front
control gate separated from the channel by a gate dielectric layer. 30The invention also proposes to
place a back control gate in the bulk substrate facing the channel of at least one transistor. 5

Figure 2 shows a sectional view of a row of nMOS tragsistors T1-T7 produced on an Se01 substrate.
In this sectional view, the insulating layer bears the reference BOX (BOX standing for buried oxide).
In this Figure 2, the channel of the transistors is fully depleted, the 5source region S and the drain

region D"b%th tl)eing inmﬁmt?@ witbwlgeeri]r@ﬁid;aﬂﬂgtlw BOX. i;)w;tﬂ\é\mersth%ﬂfwsmt@rrarsp dexterr]lds
to partia epleted technology in which the source region and t rain region do not extend right into
(o i loyor 1 TRSHEE8. WCHD PO SURS ol e A RECHRUR, S A A ARt me i
is_ further from th@Melr&fgipndmﬁ@ét&@é_(snamgﬁdrdmﬁecb@@ﬁ. For_the sake of clarity,
Figure 2 shows ”ans'%ortﬁiQ‘?—’I{QQrQT%,Sﬂmecﬂgﬁ%%?'%?%hé‘)[\‘;%%‘é%to'?%qH:!ef&g; ﬁ%ﬁé‘t&&"‘%w as an

illustration. In practice, the 15 transistors of the data path cell are not neces arran’gegin rows,
they do not rfece898FTy H@wOthSsane tmahgionsegieiudingetforplgivenoc@wactheitimiiiehave an
individual back cgniyplgrig9eameRMon back control gate, the potential applied to the back control
gates may or may not be different, etc. 20Referring to the transistor T7, this has, in the thin layer of the

Se0l substrate, a sourd@WEYRIn 6%, IBVGARTR RN TIEEAR 12 MRHALY ReRisiadAarRriRgEen the
source and the digiishl i anristesdidridibehinduse ssyisaricentrekame MRBIOAIS M gamventionally

Placed In & ANy P R R Ease RO It e o R el 16 Dok control gate is overall legs e

10  effective as it is further from the channel region between the source and drain
regions.

For the sake of clarity, Figure 2 shows transistors having the same
dimensions.

However, Figure 2 is given purely as an illustration. In practice, the

15 transistors of the data path cell are not necessarily arranged in rows, they do
not necessarily have the same dimensions (including along a given row),
they may have an individual back control gate or a common back control
gate, the potential applied to the back control gates may or may not be
different, etc.

20 Referring to the transistor T, this has, in the thin layer of the SeOl
substrate, a source region S;, a drain region D; and a channel region Cy lying
between the source and the drain. The transistor T; further includes a front
confrol gate region Gay conventionally placed in a manner known per se
above the channel, a gate dielectric layer 10 being interposed between the

25 front control gate Gay and the channel Cs.

The transistor T7 further includes a back control gate Gz placed in the
bulk substrate and separated from the channel C; by the insulating layer
BOX. The transistor T thus has two control gates: namely the conventionally'
used front control gate Gay, and the back control gate Gy, proposed by the

30 invention, which is intended especially to be used for increasing the



25front control gate GA7 and the channel C7.  The transistor T7 further includes a back control gate
GN2 placed in the bulk substrate and separated from the channel C7 by the insulating layer BOX. The
transistor T7 thus has two control gates: namely the conventionally used front control gate GA7, and
the back control gate GN2 Proposed by the 30invention, which is intended especially to be used for
increasing the 6 conduction of the transistor without having to increase the dimensions thereof.
Figure 2 aims to illustrate the various possible situatiggs. In this Figure 2: 5- the transistor T1 has a
back control gate Gpl of p+-type; the transistor 12 has a back control gate GNi of n+-type; the
transistor T3 has no back control gate; the transistors 14-16 have a common back control gate Gp2 of

pt-type; and 10- $uhHaewsiosT thbagahbiael catiolpaiaviply2tof imtrage theAs dihmmeionEigure 2, a
back control gate associated individually with a transistor may be located in the bulk substrate beneath
the insulating Iay@eé?)o s to extend only facing the channel of the transistor (cf. transistors T1, 12 and
T7). 15The back contrbigyate thagirbe conilinstratea plerabiyoofstraosstdes, dijiragiamshelbutkisubstrate
beneath the insmélﬂgﬂgelr%yer under the channels of said plurality of transistors (in the case of the
transistors T4-T6). e back control gate is for example formed by implanting dopants beneath the
insulating layer BOX. BT Hersigeichntras gehedk pantiel@aientthobiikR@strate by a well CN1,

- the transistor T2 has a back control gate Gy, of n"-type;

- the transistor Tz has no back control gate;

- the transistors T;-Ts have a common back control gate Gp, of p’-type;
and

10 - the transistor Ty has a back control gate Gy, of n*-type.

As shown in Figure 2, a back control gate associated individually with a
transistor may be located in the bulk substrate beneath the insulating layer so
as to extend only facing the channel of the transistor (cf. transistors T,, T»
and T7).

15 The back control gate may be common to a plurality of transistors, lying
in the bulk substrate beneath the insulating layer under the channels of said
plurality of transistors (in the case of the transistors T4-Ts).

The back control gate is for example formed by implanting dopants
beneath the insulating layer BOX.

20 The back control gate is isolated from the bulk substrate by a well Cyy,
Cp1, Cna, Cpa of opposite conductivity type (n-type well Cns, Cne for a p'-type
back control gate Gp1, Gez ; p-type well Cpq, Cpz for an n'-type back contral
gate Gn1, Gna).

The well voltage is chosen so that the parasitic diode created by the

25  electrode node between the back control gate and the well is always reverse-
biased, the diode isolating the back control gate from the well and from
anything that it may contain {especially other back control gates). In fact, it is
of course possible to provide a well common to several back control gates of
the same type.

30 it should be noted that, as an alternative or in addition to the wells, it is
possible to provide lateral isclation regions extending, beneath the insulating



CN2, Cp2 of opposite conductivity type (n-type well CNi, CN2 for a lot-type back control gate Gp1,
GP2 p--type well Cpi, Cp2 for an nttype back control gate GNi, GN2) The well voltage is chosen so
that the parasitic diode created by the 25 electrode node between the back control gate and the well
is always reverse-biased, the diode isolating the back control gate from the well and from anything that
it may contain (especially other back control gates). In fact, it is of course possible to provide a well
common to several back control gates of the same type. 301t should be noted that, as an alternative or
in addition to the wells, it is possible to provide lateral isolation regions extending, beneath the
insulating 7 layer BOX, depthwise into the bulk substrate so as to isolate the back control gate from
the bulk substrateykr SOR, alsfuaiics, ithe Pheckutosibbgate does Moiduute thdearkdsetplocated

facing the channel of a transistor,, Moregver, according to, an alternative embodiment (npt shown), a 5
second insulatin&?g?/i?@a edtquﬁseUBa?kaZeubgtrsag gnsita ﬁt't%né itli\qs?u#)a Fr%g %@@?TB%% Orf?aeﬁ also
contribute, completehaee pahby predseatingadeddakiogritrelaimenebnt thsdnsiktonbstrate. By biasing

the back control gare gidfis,yansiigheiiNe.a" BREAIMAI (REAIRAC QY il Vi he

properties of the transistor may be 10 individually modified. In particular, the threshold Voltage of the

transistor may b&epttddingoiatingodyeindoasehie shelduikialgestsaie RoarathtdmdemyinéNthe physical
width of the changel pfgbstransisiaso coHiisut terrpriRN AfthHyenyorothgnahyskabvidth of the

channel of the transistor is defined once and for all, but it proves possible to modify 15the apparent

(effective) width GPREARABATYY UBRIKGYRENRL in which the back control gate is driven. A
transistor with a chanmg} pfaRifphe WauGbtyoRgdta bagkecoaitsbaatecsitdyperaasghiniality (the back

e el R RS L g oy e

10  individually modified. In particular, the threshold voitage of the transistor may
be shifted. Now, modifying the threshold voltage is equivalent to modifying
the physical width of the channel of the transistor.

Thus, in the context of the invention, the physical width of the channel
of the transistor is defined once and for all, but it proves possible to modify

15  the apparent (effective) width of its channel by choosing the way in which the
back control gate is driven.

A transistor with a channel of n-type conductivity and a back control
gate of p-type conductivity (the back control gate is then said to have a work
function) has a very high threshold voltage. This threshold voltage can be

20 lowered by applying a positive voltage to the back control gate.

A transistor having a channel of n-type conductivity and a back control
gate of n-type conductivity (the back control gate is then said not to have a
work function) has a nominal threshold voltage that can be lowered by
applying a positive voltage to the back control gate.

25 This variation in threshold voltage of the transistor via the back control
gate may be formulated according to Vi = Vi — aVes, where Vy, represents
the threshold voltage of the transistor, Vgg the voltage applied fo the back
confrol gate, Vi the nominal threshold voltage (which may be shifted by the
work function according to whether a back control gate of n-type or p-type is

30 used) and a a factor associated with the geometry of the transistor,



A transistor having a channel of n-type conductivity and a back control gate of n-type conductivity (the
back control gate is then said not to have a work function) has a nominal threshold voltage that can be
lowered by applying a positive voltage to the back control gate. 25This variation in threshold voltage of
the transistor via the back control gate may be formulated according to Vth = Vto - aVBG, where Vth
represents the threshold voltage of the transistor, VBG the voltage applied to the back control gate,
Vto the nominal threshold voltage (which may be shifged by the work function according to whether a
back control gate of n-type or p-type is 30used) and a a factor associated with the geometry of the
transistor. 8  The factor a may especially be modelled as a = 3tOxi/(ts1+362), where .61 denotes

the thickness of the diglectdetyerehjhespate-agnad atisadhedragt.censigl gaie Jtgn), thmshannel, t3x2

denotes the thickness of the insulating layer separating the back cgntrol gate from the channel and ts,
5denotes the thidkneS8MA R fintigiess of i ABERAS HRVeh R 8 APR23RABHNY dFBoping of the

back control gatergasasiatest Vthea fransisher mehaemaynotehifebemominetibesshildiveltage, and
that the bias of the bf?ék colntrol ate e able%éhg th‘%esho!d ol:;ﬁgefto be[ adJUﬁte(rj]éiLOItéstthus possible

to benefit from af' iiePd38e' Y the GBRHIC rt1 Curent GNP the%on-Sate ohfethce AANRIHOF (6Y reducing
the threshold voltagelenthea fedkiotion of theettealaygps .current 'OFF in the off-state of the transistor (by

increasing the threshq{qNY[pH@gg&@gg%ﬁ:ﬂ%@%@ﬁ%ﬁ%@@ 8%‘8%@8%@%@@9 i8ahgose the 15

transistor so that it has a physical' w ! al wi at this transistor would have
without the implegathaaincisia enith éntrongisianaexser snasomMbtilatacpaaméesl Jrserivdd on a bulk

substrate). Thus, Hie apasiiencs ehiheiatage RaVBiK thisiNgisier BRIMNES thdegiessbith such a

way, the load of the preceding stage or stages is reduced. 20For a constant level of conduction, it is
thus possible to MWaEE tRLRAEIUERR preceding stage by around 33%.  The use of the back control

gate generally makes i gopsibpdesierUecHSRamMdibraf Ahdritrasisian hkadestuicabbnsutesra constant
conductance (starting from the 45 nm |ithogra ince the thickness ratios and.the, 25 yoltages are
not favourable f(iothg] 6P&%U§tﬁfﬁo‘§:£quﬂ?é%ﬁpﬁ%eﬂ?&idﬁm grihe gn%\rs%b?j &d %%‘a)b%}%{ fhctor of two,
its input capacityrisdaistioredudad hy=kagdéactorebtitithe outing obirstattantdhevhiransishyralbp be sought,

is not improved. Thus, it is | tu%‘%g{f imﬂ%dﬁ hat a quadratic factor (12) is usually preferable.

However, it shou%cf)%aﬁ!o t%at aga\fﬁc are

Thus, in the context of the invention, it is preferred to choose the
15  transistor so that it has a physical width smaller than the physical width that
this transistor would have without the implementation of the invention (in the
case of a CMOS data path cell produced on a bulk substrate). Thus, the
capacitance of the stage to which this transistor belongs is reduced. In such
a way, the load of the preceding stage or stages is reduced.
20 For a constant level of conduction, it is thus possible to reduce the load
of the preceding stage by around 33%.

The use of the back control gate generally makes it possible to reduce
the width of the transistor by a factor of two for a constant conductance
(starting from the 45 nm lithography, since the thickness ratios and the

25  voltages are not favourable for the previous lithographies). If the width of the
transistor is reduced by a factor of two, its input capacity is also reduced by
this factor, but the output conductance, which may also be sought, is not
improved. Thus, it is intuitively estimated that a quadratic factor (\N2) is
usually preferable. However, it should be noted that data path cells are

30  optimized relative to their context and that there may be cases in which it is

desirable to exclusively optimize the capacitance or the resistance.



30optimized relative to their context and that there may be cases in which it is desirable to exclusively
optimize the capacitance or the resistance. 9  Indeed, it is also possible to act on the back control
gate of the transistor in order to benefit from an increase in the conduction current (the effective width
of the channel is thus increased without the physical width being modified). Thus, it is possible to
reduce the resistance (increase the 5conductance) of the stage to which this transistor belongs. The
following stage or stages may be effectively loaded ingsuch a manner.  Thus, it is possible to obtain
an impedance reduction of around 33% at the 32 nm technology node (this reduction having to be
even greater for the next-generation technologies) without having to increase the size of the
10transistors.  Of chidéed thesie teledatissistteaycpraterahlytve inaplersented tggfethsfr.thesuch a

situation, the foofprint (%f the data path cellf %rp}e reduced bg/i%rwend 15 to ZSW%PI'}%%I?#‘OWMQ
| ay, Co

equation, drawn i articlé A éet TS xpresggr'lgcfrc?ra T nterco%?\rgjc %'r? elay p(:fing, and

Crosstalk in VLS¢Bbdtva .\@dt_tum,tmelE;E@We&rilsabuerismasmtwm@évibesp'u@li.ca’b wigih 1, January
1993, llustrates g QRagRlan 43y T BE0EFHEHBLES'HE LB Hhefagge EPdcit +

Rimcie + R bur niCin, 1 -v
5 conductance) of the stage to which this transistor belongs. The following

stage or stages may be effectively loaded in such a manner.

Thus, it is possible to obtain an impedance reduction of around 33% at
the 32 nm technology node (this reduction having to be even greater for the
nexi-generation technologies) without having to increase the size of the

10 fransistors.

Of course, these two actions may preferably be implemented together.
in such a situation, the footprint of the data path cell may be reduced by
around 15 to 25%.

The following equation, drawn from article "Closed-form Expressions for

15  Interconnection Delfay, Coupling, and Crosstalk in VL.SI's" by T. Sakurai, in
IEEE Transactions On Electron Devices, Vol. 40, No. 1, January 1983,
illustrates the propagation delay T, between an output stage and an input

stage:
. , ;
T, =01R,,C,, +1n(i———](RbnfCim +R,,Cop +RpCry +04R [, Cy )

20
In this equation:

- Ry and Ciy represent the resistance and the capacitance of the
electrical connection respectively, these varying depending on the
lithography (32 nm in the example considered below) and on the length

25 of the connection (between 10 nm and 10 um in the example);

- Ry represents the impedance of the output stage at the entry of the
electrical connection; and

— Cuuyrepresents the capacitance of the input stage at the other end of the

elactrical connection.



T 0.1R sCim +in 20 In this equation: F2,,,t and Cult represent the resistance and the capacitance of
the electrical connection respectively, these varying depending on the lithography (32 nm in the
example considered below) and on the length 250f the connection (between 10 nm and 10 pm in the
example); Rod represents the impedance of the output stage at the entry of the electrical connection;
and Chuf represents the capacitance of the input stage at the other end of the electrical connection.
10  The curves Ca and Cl in Figure 1 show the prgpagation delay (in ps) as a function of the
connection length (in nm), for propagation of 90% of the amplitude of an analogue signal and for 50%
propagation of the amplitude of a digital signal, respectively. 5In one exemplary embodiment of the
invention, Cbur and Rtn# ateves Ca and Cl in Figure 1 show the propagation delay (in ps) as

a function of the connection length (in nm), for propagation of 80% of the
amplitude of an analogue signal and for 50% propagation of the amplitude of
a digital signal, respectively.

5 in one exemplary embodiment of the invention, Cpy and Ry are
reduced by 33%. Curves Cai and Cli illustrate the substantial reduction (by
around 55%) in the propagation delay for the analogue and digital situations
respectively.

tt will have been understood that it is possible to vary one or both of the

10 parameters: Cyy (via a reduction in the dimensions of the transistor) and Ry
(via the back control gate).

Thus, at the 32 nm technology node, the speed may be approximately
doubled. However, an increase in speed of around 25 to 33% may be
conservatively estimated.

15 As indicated above, the footprint of the data path cell may be reduced
by around 15 to 25%.

The invention also offers the advantage of reducing leakage and
therefore power consumption. This reduction in leakage is due to the use of
smaller transistors and may also be obtained by appropriately controlling the

20 back control gate when the transistor is in the off-state (reduction in the
leakage current lorr).

The power consumption may thus be reduced by around 25 to 33% in
the on-state. It is reduced of the order of one to two decades in the off-state
compared with the data path cell in conventional CMOS technology or

25  without driving the back conirol gate.

it will be understood that this reduction in consumption obviously
applies at a constant operating frequency insofar as smaller transistors
cansume less power. However, the transistors are also markedly faster and
higher frequencies may be envisaged. A higher frequency does in the end

30  entail a higher consumption but also a commensurately higher usage factor.



reduced by 33%. Curves Cai and Cli illustrate the substantial reduction (by around 55%) in the
propagation delay for the analogue and digital situations respectively. It will have been understood
that it is possible to vary one or both of the 10parameters: Cbuf (via a reduction in the dimensions of
the transistor) and Rbuf (via the back control gate).  Thus, at the 32 nm technology node, the speed
may be approximately doubled. However, an increase in speed of around 25 to 33% may be
conservatively estimated. 15As indicated above, the {gotprint of the data path cell may be reduced by
around 15 to 25')/0.  The invention also offers the advantage of reducing leakage and therefore
power consumption. This reduction in leakage is due to the use of smaller transistors and may also be
obtained by appropriately testntibinduhraftzaekhzenthel baresfithefnafleaviran bigioe i opethtngff-state
(reduction in the Jeakage.current IoFF).  The [ a around 25
to 33% in the onfr?gf’e?%?'ﬁssré%gge%cggetﬁeedér ecr8 gg’ gt%r{lleg g%v%c%ﬂ%%d%sglrf %@%ﬁégﬂ%‘% ggmsgypared with
the data path cebiracameBlido&ICMOS technology or 25without driving the back control gate. It will

be understood that thig reduclianinEonsHmRIaNRMRUNARPY &% 8k 2GonSiaRtOReER M frequency

insofar as smaller transistors consume less power. However, the transistors are also markedly faster
and  higher fregtieaeleachniging Enthspeanionigrrsifednets) ises frthe LREUSOEMAR a higher
consumption butia{sR a&eRIMGARIAeeHhiBBeEURBEEIAMOIN the off-state and a second

potential when the fransistor is in the on-state.

More particularly, when the back control gate is in the low or off-state,
for example when connected to ground, the transistor operates at low speed

10 with low leakage. In the absence of signals, i.e. in the off-state. the power
consumption is reduced.

When the back control gate is in the high or on-state, for example being
connected to a nominal supply voltage Vep, the operating speed is increased.

By making an appropriate compromise between driving the back control

15 gate and the physical dimensions of the transistor, it is possible to achieve,
simultaneously, both a 20% reduction in the footprint and a 20% increase in
performance. Of course, each cell may be designed to benefit from all the
advantages of one or other of these parameters.

In the above description, only a singie transistor of the data path cell

20 was taken as example. In practice, all or some of the transistors of the cell
may have a back control gate.

A back gate line may furthermore connect the back control gates of a
plurality of transistors. in particular, a common back gate line may connect
the back control gates of transistors placed along one and the same row.

25 Figure 3 shows a comparison between a full-adder data path cell in bulk
CMOS technology (on the left in Figure 3) and the same cell according to one
possible embodiment of the invention (on the right). The transistors of the cell
according to the invention are arranged in rows, a back gate line BG1-BG6
extending in the bulk substrate beneath the insulating layer along each row.

30 The cell according to the invention has an operating speed at least
about 20% higher, has a footprint about 20% lower and a power consumption



11  The invention furthermore has the benefit of allowing higher operating frequencies to be
achieved. A conservative estimate is a frequency increase of around 30 to 50%. One method of
operating a transistor with a back control gate of a data 5 path cell according to the invention consists
in applying a first potential to the back control gate when the transistor is in the off-state and a second
potential when the transistor is in the on-state. More particularly, when the back control gate is in the
low or off-state, for example when connected to greund, the transistor operates at low speed
10with low leakage. In the absence of signals, i.e. in the off-state. the power consumption is reduced.
When the back control gate is in the high or on-state, for example being connected to a nominal supply
voltage VDD, theafieredingy sperd 20 dcre dsecicByemadiey aard dppropréatbasompr araisedbatween
driving the back &ont’[}%l 15 %{t} eand the physical dimensions of the transistor, it is possible to achieve,
simultaneously, botH & %Y’% reduction in the footprint and a 20% increase in performance. Of course,
each cell may be desifhedapdbemefif frene sdintineshewiagesiaient isirhardyBimese pagameters.

in the above desgiptien. gl SAEIaRsE AR ARIA RaVicaleOwasdperaasmxample. In

practice, all or some of the transistors of the cell may have a back control gate. A back gate line

may furtherrhored@SAFBEHENS beRUSEShtRY JRACHIS HIgraHENBREaNSistoRe NPt W common

back gate line mayceRnee: the PRstorMiohaairs of ilanegiassiiacedrignemone anGEedame row.
25 Figure 3 shows a comparison between a full-adder data ?ath Ce”HT bulk CMQS technolpgy (on the

left in Figure 3) aPRPERAUNAR RBEINAU AR P B S He BN @MBE S A BPHG TVERSE BN the
right). The transistissatthe celbgeaatding fathedtiventols pemdusarg eihiter polysdibatipigete line

BG1-BGE extending, I e 1K SR AR LS pEaIN IS8Rl laver along each row.
10 Furthermore, the cell consists only of bands of aclive zones, thereby
simplifying the photolithography operations.

In the example shown in Figure 3, the transistors of any one row have
the same dimensions (especially the same width). However, the invention is
not limited to such a situation, rather it also covers transistors having different

15  physical dimensions (particularly different widths) along any one row.

Moreover, each transistor (or each group of transistors, especially each
row of transistors} may have a dedicated "scale factor”, simply by applying a
different potential {0 each back control gate.

it will have been understood that the invention is not limited to a data

20  path cell according to its first aspect, but also extends to an integrated circuit
comptising such a cell, to a method of driving such a cell and to a method of
designing such a cell in which the physical width of at least one transistor of
the cell is reduced so as to decrease the capacitance thereof and a back
control gate is added to the transistor in order to increase the conductance

25  thereof.



30The cell according to the invention has an operating speed at least about 20% higher, has a
footprint about 20% lower and a power consumption 12 reduced by about 20% in the active mode and
by more than one decade in the inactive mode.  The topology of the example shown in Figure 3 is
also advantageous in that it provides a regularized configuration for limiting the aberrations and 5
deformations caused by reducing the dimensions undk? the exposure wavelength of photoresist
masks. This regularized configuration is based especially on a single polysilicon orientation (giving
only a single dimensional tolerance in relation to the fabrication tools) and on a single polysilicon pitch
(giving better control of the optical phenomena). 105 kfgsMore, the cell consists only of bands of
active zones, thereby simplifying the photolithography operations.  In the example shown in Figure
3, the transistors of any one row have the same dimensions (especially the same width). However, the
invention is not limited to such a situation, rather it also covers transistors having different 15physical
dimensions (partid¢ulabpidifieaémtasititeicifnalynmdapterbio its Mondoven eracfotransistordor each

group of transistopgeeraeeial £aRh R LRSI S L AL B G A dedicaled anaal fagtars simply by

applying a different potential to each back control gate. een understoo € invention

is not limited to a GRIEPIBINALA dBinaEwsTIRiyIeisERsiusipeaaiatialseeprrated focan mtbytated circuit
comprising such g@edkripeAnpesROARN SiNENGyaChReCeliPRgHp AR RPdpFAPSIoRNg SHED: @ cell in

which the physical width of at least one transistor of the cell is reduced so as to decrease the

capacitance therdGI S Y HRATOIABHSIRE haYnge i Dt EtPalayeio i BHES: BUifcRsEaRe

conductance 25thetfiei. didi a channel region which is bounded by the source and drain
| regions, and further including a front control gate formed above the channel

~ region, wherein at least one transistor has a back control gate formed in the

bulk substrate beneath the channel region, the back control gate being able

to be biased so as to modify the performance characteristics of the transistor.

2. Cell according to Claim 1, in which a back gate line connects the back
control gates of a plurality of transistors.

3. Cell according to Claim 2, in which the transistors are arranged in rows
and in which the back gate line extends into the bulk substrate beneath the
insulating layer along a row of transistors.

4. Caell according to Claim 1, in which the back control gate is isolated from
the bulk substrate by a well of opposite conductivity type.

5. Cell according to Claim 1, in which the back control gate has a
conductivity of the same type as that of the channel of the transistor.

8. Integrated circuit produced on a semiconductor-on-insulator subsirate
comprising a data path cell according to any one of the preceding claims.



CLAIMS 1. Data path cell specifically adapted to its environment for use in an integrated circuit
produced on a semiconductor-on-insulator substrate comprising a thin layer of semiconductor material
separated from a bulk substrate by an insulating layer, the cell comprising an array of field-effect
transistors, each transistor having, in the thin layer, a source region, a drain region and a channel
region which is bounded by the source and drain regizﬁﬁs, and further including a front control gate
formed above the channel region, wherein at least one transistor has a back control gate formed in the
bulk substrate bene -reglo r ] | as to
modify the perfomai{ggﬂ@%g%ig%{@% oﬁgﬁgﬂgﬁsﬁggggﬁ? iﬁi&%ﬂg%}%g?@?g&gﬁﬁch a back
gate line connec@@fifeipaainp6RtRs dardist Lptandin wheantistéransktoeis dochelint-sfattaim 2, in
which the transisips @/'e 38@NeHIRFRRISMHE iIhAhishdbe, PRCK gisling gxtends into the bulk
substrate beneath the insulating layer along a row of transistors. 4. Cell according to Claim 1, in which
the back control gate is isolated from the bulk substrate by a well of opposite conductivity type. 5. Cell

according to Claigy 1Matwbiriotheckrpiirprirahgatedinscaicandusivitted thaseme byifcamthat of the

channel of the tran is&grg 6. | te%;Hrated CiI‘leIi roduced on a semicondyctor-on-insulator substrate
e

comprising a dat& [Pl PO TSR EfeHSEHE A2 dBRAPLRSHECULPPHERh 8 b Adriving a
cell according to €ainchdnatdmeimtivesbatkrcosubkyatie is conmeadidteyto a firghipoteaijal whefn the

transistor is in th =stat t tial n,the transistor is in the on-state. 8. Method
of designing a dgﬁgﬁgﬂﬁ R/v%%%?ﬁag%%ﬁ%ss%if&ﬁf a Ef;'\{%)r(tes(? !Fglcl}t%{%ng rGHmen ?%ﬁnu%e in an
integrated circuit/Byéducen prisinseihtcsinmsceonsistimsulator substrate comprising a thin layer of

semiconductor materighgepgyaied BRRRAUIEHPYRLE WaARLiHIBingLen comBrslohe steps

consisting in:  reducing the physical width of a transistor of the cell, in order to rease the
capacitance ther88£raage thadingariaprectinrerf28% the transistor, said gate being placed in the

bulk substrate, in ordgidmarBasr taptransHEtRNERRRIRAE NI Y5 By W=iddein the
butk substirate, in order to increase the conductance thereof when in use in
an on-state.



