1 DATA PATH CELL ON AN SeOl 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 SeOl (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 usa%e is employed. These are then 10referred to as

"standard cells". rding, to.tbe second t ' ificall the
environment in Whigﬁs‘tﬁc‘(gf ﬁ%gg‘ﬁr@?\g&%]g%%%%w%e& tﬁéesn re er%e%%@gsa) ata gath" cells. It
will be understood that, forGONTERCLrQAT EhBEISEAT talkl pafielA TitNEp&AiiERy developed for this
circuit makes it possible to achieve better performance characteristics (typically in terms of speed,
power consumption angkfeielpmntheHaveition ihatdesijmicoseisdiighies.  Thus, data path cells are
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cells'are especially 'so as to produce arithmetic units for
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mentioned are a gﬁ{gn{g%ﬁ@{gr afGefprovement in performance (speed, consumption) and
miniaturization 2bare ongoing reguwements in the field of application of the invention. . The objective

of the invention is to rhbetdreign rebinfearaied aREVIS: ithiRI5EH S8 NieHating,8cPbi il iflention is a
data path cell spggificaliygdamerdoits pradiBmeRsiYRe imatdnegiageraiscUitoraghsed on a
semiconductor-on-insulator substrate comﬁgal‘ng a thin layer of

of design may be distinguis

According to the 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 to
as "data path” cells.

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

15  specifically developed for this circuit makes it possible to achieve better
performance characteristics {typically in terms of speed, power consumption
and footprint). However, the design cost is higher,

Thué, data path cells are typically used only for high-speed circuits
requiring optimized performance characteristics, for example for

20  microprocessors. These cells are especially designed so as to produce
arithmetic units for which a high repetivity of relatively complex basic
functions is observed. Examples that may be mentioned are adders,
multipliers, etc. _

Improvement in performance (speed, consumption) and miniaturization

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

The objective of the invention is to meet these fequirements and, for
this purpose, a first aspect of the invention is a 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

30  semiconductor material separated from a bulk substrate by an insulating

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



30semiconductor material separated from a bulk substrate by an insulating layer, the cell comprising
an array of field-effect transistors, 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 gate control region formed above the channel region, characterized in that at least one transistor
has a back gate control region formed in the bulk substrate beneath the channel region, the back gate
region being able to be biased so as to modify the performance characteristics of the transistor.
Certain preferred, but non-limiting, features of this celFare the following: a back gate line connects the
back gate regions of a plurality of transistors; 10- the back gate line extends into the bulk substrate
beneath the insulating laye f IS - the region is. i the bulk
substrate by a welr S Eoh Rt e A Teoha e i BBl o tne
same type as thatbichdsl benadae! ki the panestand dmircriitgto andthetespasiugiedivention
relates to an integrated Gircuit RIAAHCED- PR ARGMIERNEUHE ABrRSH IRIGbRURREAIBISARRNBING a data

path cell according to the first aspect of the invention. Accordingllrto yet another aspect, the invention

relates to a methdepbRDPAHIIRG HaNiSI9AMPEA BREH ALY FOTHS! HRIIQBJorMELi: TR diton, in which
the back gate regigpdgsnpestethiane Msimriertiabwhes theck aasisteyisrbthegisate pad to a

second potential when the transistor is in the gn-state.  Accqrding to yet another aspect, th
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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;
10 - the back gate line extends into the bulk substrate beneath the
insulating 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 a conductivity of the same type as that of the
15 channel of the transistor.

According to another aspect, the invention relates to an integrated
circuit produced on a semiconductor-on-insulator substrate comprising a data
path cell according to the first aspect of the invention.

According to yet another aspect, the invention relates to a method of

20  driving a data path cell according to the first aspect of the invention, in which
the back gate region is connected to a first potential when the transistor is in
the off-state and o a second potential when the fransistor is in the on-state.

According to yet another aspect, the invention relates to a method of
designing a data path cell in which the cell is specifically adapted to its

25  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, comprising the steps
consisting in:

- reducing the physical width of a transistor of the celi, in order to

30 decrease the capacitance thereof; and



25 environment for use in an integrated circuit produced on a semiconductor-oninsulator substrate
comprising a thin layer of semiconductor material separated from a bulk substrate by an insulating
layer, comprising the steps consisting in: -reducing the physical width of a transistor of the cell, in order
to 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 5 become more clearly
apparent on reading the following detailed description B 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 implementing the invention: 10-Figure 2 is a diagram
illustrating the productio%gg#r%bga%ﬁc(géﬁ rgﬁaqaggr?éa)é%%’@iéha?é%s aﬁfﬁ?ﬁé c%%er?g?é'gg é}‘@lﬁg data path
cell on a bulk substrtite ith aLOM@S diteopsheh foelhoreaseSbe |eutsktetap cc i ting wdendrpossible
embodiment of the f'{[gé ?Hsgﬂcélg%mgeinvention. 15The invention relates to an integrated circuit

ata pat

comprising a plurality of cells. Each of the data path cells is specifically developed for this

circuit and is consequépthehiffaiHrfapebipsitatp adrirRieestdinteatpresent invention will

5  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
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 CMQOS data path cell on an SeOl 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 together 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 resistance.

Qutward 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.

30 This typically imposes the use of large transistors, particularly

transistors having a large width.



Typically, a data path cell comprises an input stage and an output stage. It may also include one or
more intermediate stages connecting the 20input 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 together 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 resistance.  Outward stages may also be provided that have a low impedance. The output
stages then have a level of conduction sufficient for raf)idly 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 shquld be noted that an
octput atage aled consH S A 10Cal QLIS e cr e et s R MR AR T o
cell) which is highéortthe linget stagdintehsiorisroietaigasisipedss dhdieriaie pptthesthiwbichtisge.
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dimensions. Y er mé&ans of maximizing the speed of a circuit consists'in providing

low-capacitance iHiFIEstBHEBETNR ¢ndip ROWERIEOBEUTIPIERN CHI B Palh SHRlIS NS BYB#HEL stage of

a cell. The load oftheipmeeting Gk HAls REWHedn3RYt 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 SlGENOteN[BREEF P HBREIMIZNG 15 SPRES by rElGHTHRNERE Bive
miniaturization. Inppafidindaroherp it tiaenas ifipkitof pgealleTHatamstih sellshid/bavigorsdbstantially
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thus reduced.

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 variability 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 ioad 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 SeQ! 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.

30 The invention also proposes to place a back confrol gate in the bulk

substrate facing the channel of at least one transistor.



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 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. %OThe ' v%[]tion alsocgér'é)rpaqses to place a bag;lﬁﬁmgotl %atetin thT lk substrate
0

. U SNOWS a, se 1ew a ow o -
facing the channel of a 184St 6ne frasRdr Fvlgure 8hos & stttional Vil F réw of nMOS

transistors T1-T7 podiusst an am SeOl substrate. In this sectiomal wie, theirsulbting |&yerbears the

reference BOX ( érg%qjg%ggﬁ%gm%g?}.Standliﬂgtl?'@_ Iég[)#g 3xi Ichannel of the transistors is

fully depleted, the 5 source region ain region elng in contact with the insulating

layer BOX.  Howeveél) thésinvigHtR R altts esiienas e b irealipteipietedsetHiyorrpjateduhiba the
source region, and S draLISeIEn SAQ%HEXRER IIARITINSHHNIaYRY- i tisisassyilkshruild be

noted that the back controlﬁte is overall less 10 effective as it is further from the channel region
between the sourESWREMGENGEGBNs.  For the sake of clarity, Figure 2 shows transistors having the

same dimensions. HowayeevEiguie hisgiendiseedkiasdn i ysiratimn depriretiessiheiddytransistors of

the data path cell are necessarily arran in rows, they do not necessarily haye the same
dimensions (incluﬁ'aﬁﬂlﬁ Rjﬁﬁg% %uéﬁ?ehg%% ,af%gﬁ‘%gf;aﬁ%\r}%gé%i §&ﬂ8&8ﬁ?§€f"b‘%ﬁ%ﬂ%¥°g‘§% ig'f'na common
back control gate jaher plotdintiadzgep lieshiautt dbackarbiited thatesanayrdrohgytadt beediidemat, etc.

20Referring,to th Istor 17, thi I thi the r egion S7, a
drain regionl:§7 aeﬁg%&cw]%ﬁéé 1%@%?}?&%9 %ﬁ%ﬁ&%ﬁu@g\%ﬂﬁﬁéﬁaﬁﬁ (?él%{t(rggﬁrlsﬁlstor T7
further includes a®8control gate region GA7 conventionally placed in a manner known per se above

the channel, a gate diefggtricdaygrl QpeigaHnteiBare balReBSsistors 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 Tz, this has, in the thin layer of the SeOl
substrate, a source region Sy, a drain region D; and a channel region C; lying
between the source and the drain. The transistor T further includes a front
control gate region Ga; conventionally placed in a manner known per se
above the channel, a gate dielectric layer 10 being interposed between the

25 front control gate Gaz and the channel Cs.

The transistor T; further includes a back control gate Gy 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 conventionaily‘
used front control gate Gay, and the back control gate Gz 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 situations. In this Figure 2: - the transistor T1 has a
back control gate Gp1 of pt-type; the transistor T2 ha$a back control gate GNi of nt-type; - the
transistor T3 has no back control gate; the transistors T4-T6 have a common back control gate Gp2 of

tt d 10- the transist 7h back e GN2 of nt-t Figure 2,
Pack control gate SRR MDA T a HRIEP Ay 5 ICATER IS bOI0Be bercath

the insulating layehsreas to extend only facmg the channel of the transistor (cf tranS|stors T1, T2 and

T7). 15The b_ack co.ntr? ga}g may; esc? Qill%ra\)% [{g 5& RIe: Q‘[] t!Bnt ep]ul{f] ubstrate

beneath the insulating layer UrdeT the anne sald pIura tranS|stors in'the case of the
transistors T4-T6Y-igurghs back control gate is for example formed by implanting dopants beneath the

insulating layer BOX. %ﬂgI?Fahé’i%'f'o?qqtﬁ@sgﬂ?a@i%8@‘8%5?@@@%?‘&*9 %lg§trate by a well CNi,

- the transistor T2 has a back control gate Gy1 of n'-type;

- the transistor T3 has no back control gate;

- the transistors T4-Ts have a common back control gate Gp, of p'-type;
and

10 - the transistor T; 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 Ty).

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 Ts-Tg).

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 Cys,
Cp1, Cnz, Cp2 of opposite conductivity type (n-type well Cyi, Cyz for a p’-type
back control gate Gp1, Gpz | p-type well Cpy, Cpy for an n'-type back control
gate Gy, Gnz).

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 isolation regions extending, beneath the insulating



Cpi, CN2, CP2 of opposite conductivity type (n-type well CNi, CN2 for a pt-type back control gate Gpi,
Gp2 ; P--type well Cpl, Cp2 for an nt-type 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. 30It should be noted that, as an alternative or
in addition to the wells, it is possible to provide lateral {solation regions extending, beneath the
insulating 7 layer BOX, depthwise into the bulk substrate so as to isolate the back control gate from

the bulk substratg, 3 el SILATAC, IHE, FRS'SBRALALAAIE doesnal AR BiRciRplydpoated

facing the chann oreover, according to an alternative embodiment (not shown), a 5

second insulatingdiaigefrasadbe vithsuhakiaigb b stecheh sthuating.iHivIBang OB ERe fegsalso

contribute, complgig Iy L RAMHY SRISOMIRG 2 0RSK S IR BRIPHD G- Bhdistybstrate. By biasing
the back control gate of the transistor positively or negatively (typicalgly by +0.3 V or -0.3 V), the

I
properties of the transi¥lBraPvs b@CEO HiaNidRiaR) rbamadven pakedimetheAe SHBIVoiRge of the
transistor may besghified NNt tiysngthedhreshelcountiagede squiiaieattiomeomiéyingrtge physical
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(effective) width afdtgrohgateefrbyndhedsitigstitesinaie in which the back control gate is driven. A
o o YN TEoee i 8GR S Rl R AL i Faagglly (e back
gate is then said’to have a work function) has a very high threshold voltage. This threshold
voltage can be 20kypiceddl By appi§ing apdsidve volbgy@tereaiendk cherdiaggistor may be
10 individually modified. In particular, the threshold voltage 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 voliage of the transistor via the back control
gate may be formulated according to Vi, = Vg — aVes, where Vi, represents
the threshold voltage of the transistor, Vag the voltage applied to the back
control 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 = V10 - 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 shifted by the work function according to whether a
back control gate of n-type or p-type is 30used) and a% factor associated with the geometry of the
transistor. 8  The factor a may especially be modelled as a = 3t0,d/(ts1-E3t0x2), where t01 denotes

the thickness of the dielectric layer of the gate separating the front contgol gate from.the channel, t0,,2
denotes the thicknesseiﬁ%éamgﬁlﬁtm@’la%%?% rg’[?nalﬁgéﬁ%il?%c?nﬁo{ﬁ@ﬁ %F[E){?‘?P’ﬁ%e‘@ﬂg??nel and tsi
5denotes the thickpesseridiae thie taldness lbivldhdicgdatd b eayadef stoo d dhatddeatytie ptisoping of the
back control gatefasgtociat dwith.at nsisgﬁémC or ma notqshifttthe#\%mn% threshol:d,E %Itage, and

that the bias of thé.%aclg%%ﬁ?}o 85% Chables the thresholdivo tea{jgoeef% bea jUSFg(?.SfOR is thus possible

to benefit from anifiscietisg Iahe sepatattiontbarisak oty theote ftara dhenshenmsstendbisireducing
the threshold.volt r ln ity the leakage current IOFF in the off-state of the transistor (by
5 Sgﬁé%'&%‘f? A Tb[%l'} i % flfer

increasing the thres voltage). S, In the contéxt of the invention, it is preferred to choose the 15

transistor so that it haslih{aecaiarsdee sprgretorditaktbajyraphrorinafiths hasseesi®ould have
without the implemgitaliapQ4ihe WieatipahdR ibersasoPhaal NS SRt @ abrapibpiodidaegion a bulk

substrate). Thus, the capacitance of the stage tg which this transistor belongs is reduced. In such a
way, the load of tN8'[3¢cent Bahder Reg & idfe 38509%@5&32%r‘?‘;‘iﬁm%lﬁ\}é‘leoflggﬁ%ﬁgion, it is

thus possible to regdiisgdhe tieastinfdied preceding stage by around 33%.  The use of the back control

gate generally makes i po?ﬁ%ijble to rﬁiu&e hen vﬁp%pogoﬁ‘ g'eitranSngo{nb%a E%%t&rj f (;(}/}vo f?rre a.constant
conductancé starting J 8 PEFN fit %gér%p%y, e thd e ds TSIt 24 V(mages are
not favourable forlgherpteeionsstabmgfdphitrandistioe (Bidtkdiding titze $heenhisidedltege bardfactor of two,

s input capacity s gliq rdycaib s aoiar it e GHpHL cgpdusiangeuhiely mawelag be sought,

is not improved. Thus, it Is intuitively estimate t & quadratic factor (V2) 1s usually preferable.
However, it shoulthp@s@tedtfiedthaeghgiditptians hre

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 substirate). 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 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 t%chnology node (this reduction having to be
even greater for the next- generation technologies) without having to increase the size of the

10transistors.  Of cau he actlons ay. referably be i mented,to ther In such a
situation, the footprlntqo'?cfﬁe dai pa Tel {r%]sg'yl/ e ngﬂg‘e BZ/%rourEn%%Ec o' gg%/g%?ﬁe?ol gwmg

equation, drawn fiamséaticlé" Oldee thibenetik frewsioninfureasd itettemosctioh detayreDb (ihing, and
Crosstalk in VLS'ﬁﬁfe i WA e“'i’w ?ﬁEbTH&“Ea%'f?ﬁngré%%‘a”@ﬂ%ﬁv'ﬁ%s pHOLiéL): ML, January

1993, illustrates the propagation etween an output stage and an input stage: = 0.1R intqa,
(R bee;R int Ch./heRguneshfigdy). OTJDRSWéﬁg possible to reduce the resistance (increase the

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
next-generation technologies) without having to increase the size of the

10 transistors.

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 Delay, Coupling, and Crosstalk in VLSI's" by T. Sakurai, in
IEEE Transactions On Electron Devices, Vol. 40, No. 1, January 1993,
illustrates the propagation delay T, between an output stage and an input

stage:

int

T, =01R_C, m{i ){R Cug + R Chor + R Cour +C4R 1, Cint)
-V

20
in this equation:

- Rt and Ci 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
- Cpyrepresents the capacitance of the input stage at the other end of the

electrical connection.



- 20 In this equation: IR,n1 and C"-,1 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 iirn in the example); Rbuf
represents the impedance of the output stage at the entry of the electrical connection; and - Cbuf
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 propagation delay (in ps) as a function of the connection length
On nm), for propagation of 90% of the amplitude of aﬂ%nalogue signal and for 50% propagation of the
amplitude of a digital signal, respectively. 5In one exemplary embodiment of the invention, Cbuf and

Rbuf are reduced by 33%. Curves.Cal a 1l e stanti cli 55%) in
the propagation delay ohr'atr?(léE rgﬁglogauaen£n%%ﬁﬁ%ﬁaﬁ%ﬁ@p@é&?géégH (EglltgI %ﬁhﬁ\% een
understood that itisypugiibleidhargosneaiobolengtithén 0pardivTe sea0BP (VR D08 RHtiBIein the

dimensions of th%mﬁhﬁ@%@mﬁ%ﬁd&@é@ﬂﬁ%%ﬁ%@bw@pagai&w%éh&qﬁaiﬁmet%?hnology

!
node, the speed may be approximately doubled. However, an'increase in speed of around 25 to 33%
may be conservaf\Bgjiaksigrabdespectively.

5 In one exemplary embodiment of the invention, Cuy and Rey 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.

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

10 parameters: Cpy (via a reduction in the dimensions of the transistor) and Rpu
{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 control gate.

it will be understood that this reduction in consumption obviously
appiies at a constant operating frequency insofar as smaller transistors
consume 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.



15As 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 20back control gate when the transistor is in the off-state (reduction in the leakage
current IOFF).  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 25without driving tht back control gate. It will be understood that
this reduction in consumption obviously applies at a constant operating frequency insofar as smaller

transistors consume | ower..Ho ransisior S WA igher
frequencies may be eﬁé‘é‘é’ﬁﬁ E\Oﬁigﬁgﬁ#ﬂﬁreén%%gd?o%s%? E[%@'I end %re\%nt ”héﬂﬁil%qg%%ﬁg mption but
also a commensuragigriigisdousagelimsed. A LonsTh@tivecatiinatftisepnieRuBasHiRCIRARSt of
allowing higher opetatingfreglusaeies 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 inP8RtBE EGEsRSReAIPYiAJranHeigondinia t8hePHIR E8tRr8f §f8tRhen the
transistor is i the,gffrsiateanstdise eonsknateninhdeegithe thaasisiergsintieeeriiales theMore

particularly, when the back control gate is in the low or off-,state,éor example when connected to
ground, the transRRGF opERls SR ROWEEBe 20 "RFHSIRN 8ag .eln‘{rsﬁété) ¥ B SIS, i.e. in the
off-state. the powpttentialwipsiothis acieistor is inMeortkstdiack control gate is in the high or on-state,

for example being confipcted 10,8 RARINGHEHPRY ¥QURUBNRP oHIE RPHHDIRP IR it dpgigased
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 exampie being
connected to a nominal supply voltage Vpp, 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 single 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
CMQOS 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 subsirate 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



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 single
transistor of the data path cell 20was 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 comr‘?]%n 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 p%@g%%%ﬂggy%?&h"90@5%%'%%@8%@&&%@ SausSkan e sampest according

to one possible embodime the invention (on the right). The transistors of the cell according to the
invention are arrdhgdaagiiewsodeack gate line BG1-BG6 extending in the bulk substrate beneath the

insulating layer along eaghiipo3) Bierreb acaoidingsionte myeriigndasaafppiates spaed at least

about 20% higher, has a foo prln%about 20% lower and a power consumgtion 12 reduced by about

20% in the activelAdt BIRYIBSRregiiaBRE Gopiauralian: Malmvingdds. aeFREBRGEYY of the

example shown iR &figiuiatdis alsausdvanipgraisingthildt piméadsisfsregedianzetbceniigigiation for

limiting the aberrations and 5 defqormations caused hy, reducin th%éiime sion .underkt)%%ee&(posure

wavelength of ph&’t%Yg B a8k ?5?8’6&5?%9 C mﬁgﬁ?ﬁ 6%5aS8d Ié]‘sup‘)’%(’:CljaﬂI3}Sonasmgle

polysilicon orientatime¢igilynonomlyiragingbéy siilmensioealaider dgiee i oelatiosirtglehdifabridatiain tools)

O o oo PRliAReD PIAOAGATY BB SRRIchbiie LAl SHACABl RO e
ands of ac y simpli ograp

I
cell consists only 8?/ Ive zones, there ng the photo y operations.  In

the example shoWgivingigeitera:antat ahdhsoriictbpieonE iR have the same dimensions (especially
the same widsh). Howeyggn the, ipentiandsinas disite iy seebarsitvstiaiiingnb slsa seugs
transistors having different 15physical dimensions (particularly different widths) along any one row.
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 iransistors 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 to 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
comprising 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.



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 to 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 comprising 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 25thereof. 13 CLAMS 51. 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 (S7), a 10 drain region (07) and a ctaafBigegion (C7) which is bounded by the source
and drain regions, and further including a front gate control region (GA7) formed above the channel
region, characterized in that at least one transistor (T7) has a back gate control region (GN2) formed in
the bulk substrate beneath the channel region, the back gate region being able to be bjased so 15as to
modify the pérforrhant@8nRPiR &5l coF IrallyaRSaRieds I dif A2RUTEN ?Btc?g'irryi?irﬂr\/vﬂﬁbh the back
gate line (BG1-BGfir genaeciithe: backd@aiedregions okarplosaliyatd tramdisioiestoR 08ukzatbsecording to
Claim 2, in which the baclﬁatetane %BGl-%G@n%xger?ﬁ%%tigFor%% ebi%llk SUbaSté?éé lgler}gaéh tt)[}ﬁ(insulating
layer along a row SITRHESofs. t.nCI N ralng GRe Ty 1,in Which TH& Dac ga?e region Is isolated
from the bulk substriasérdng avyvelh ohsptisgdamrddioavisiityompisiag Gell aiceprainiptd-effaih 1, in

which the back g3fg fagigR Nasch SRS 9 1BeiRAme fiReiasdhal sbineshanar! @ shg ransistor.

10 drain region (D7) and a channel region (C;) which is bounded by the source

and drain regions, and further including a front gate control region (GA7)
formed above the channel region, characterized in that at least one transistor
(T7} has a back gate control region (GN;) formed in the bulk substrate
beneath the channel region, the back gate region being able to be biased so

15  as to modify the performance characteristics of the transistor.

2. Cell according to Claim 1, in which the back gate line (BG:-BGe)
connects the back gate regions of a plurality of fransistors.

20 3. Cell according to Claim 2, in which the back gate line (BG:-BGg) extends
into the bulk substrate beneath the insulating layer along a row of transistors.

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

25
5. Cell according to Claim 1, in which the back gate region has a

conductivity of the same type as that of the channel of the transistor.

6. Integrated circuit produced on a semiconductor-on-insulator substrate

30 comprising a data path cell according to any one of the preceding claims.



6. Integrated circuit produced on a semiconductor-on-insulator substrate 30comprising a data path cell
according to any one of the preceding claims. 14 7. Method of driving a cell according to Claim 1, in
which the back gate region is connected to a first potential when the transistor is in the off-state and to
a second potential when the transistor is in the on-state. 8. Method of designing a data path cell in
which the cell is 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, comprisingrthe steps consisting in: 10-reducing the
physical width of a transistor of the cell, in order to decrease the capacitance thereof; and -adding a

back control gate 1o th éan istor,.said gate being placed inthe bulk substrate, in grder to increase the
conductance ther Of\)’\% nof?fﬂgsgfiir\{lg (%nggt%t%?%ﬁpd?ng ‘i’o ({pa:m - which-the Back gaie
region is connected to a first potential when the transistor is in the off-state

and to a second potential when the transistor is in the on-state.

5 8. Method of designing a data path cell in which the cell is 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, comprising the steps consisting in:

10 - reducing the physical width of a transistor of the cell, in order to
decrease the capacitance thereof; and
- 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.



