CIRCUIT OF UNIFORM TRANSISTORS ON SeO1 WITH BURIED BACK
CONTROL GATE BENEATH THE INSULATING FILM FIELD OF THE
INVENTION The field of the invention is that of microelectronics.  The
invention relates more precisely to a semiconductor device made on an
SeOl1 (Semiconductor On Insulator) substrate based on components with
uniformized patterns. BACKGROUND OF THE INVENTION A general

tendengy in the field of application of the invention is to seek to simplify
the Iitf?rEJI Gt FH%FH‘&H@%M@M diStORdR 4HY BefIrHYATIDrBH BirMBARK

lithographic straxines thaideve tehetranstered oot a wrfersi vihe
prior art thus recommends avoiding as far as possible corners in the same

Iithograp@fag!%n&:wéemémm of different widths of transistors for
constructmg CIretitsTs acommorrpractice.  The channel length of an
MOSFET transistor is at the present time typically around 30 nm, whereas
s widih Wris Raeall BHGR ABAIR OB Hiesiitbisgumines the
current intensity in the transistor for given source, drain and gate voltages.
201t is usuamy Pyeaiise t6latasignes dEtisriic reusemigbich tier @it made
drangistars Saue difterRHNIRS- DRWeyahH PEasliea ik i3 AllicW e omponents
obtain different widths with any precision because of the resolution limit of
the IHBJIAPRNFERERIERSUgh it is relatively easy to produce long
stripstrips by lithography, short strips of very controlled dimensions are
particularly di I@ﬁ, [ US 2008/0251848 teaches a
fabricatio'%-'g).:(:"fcr1':\931‘,5BEQE?Hg ?‘ @mﬁﬁg%neiti% in performance
between the various transistors of a circuit. To do so, this document

1 Proposesfo.make the | ce of tf [ t on the various. .
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dimensions, being spaced apart by gate regions of fixed dimensions.
The prior art thus recommends avoiding as far as possible corners in

the same lithographic plane. However, the use of different widths of
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transistors for constructing circuits is a common practice.

The channel length of an MOSFET transistor is at the present time
typically around 30 nm, whereas its width W is typically much greater. Now,
the width determines the current intensity in.the transistor for given source,
drain and gate volitages.

20 it is usually possible to design an eiectronic circuit in which the various
transistors have different widths. However, in practice it is difficult to obtain
different widths with any precision because of the resoiution limit of the
lithography. In fact, although it is reiatively easy to produce iong stripstrips by
lithography, short strips of very controlied dimensions are particuiarly difficult
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to obtain.

Document US 2008/0251848 teaches a fabrication process aimed at
obviating inhomogeneities in performance between the various transistors of
a circuif. To do so, this document proposes 10 make the infiuence of the
environment on the various transistors uniform. More precisely, the above
30 document provides for an array of FET transistors to be arranged in the form

of long strips. The drain and source regions of any one strip then have the



It will therefore be understood that the resolution limit of the lithography

tends to dictate the use of such long strips of transistors having identical
dimensions. 5SHowever, the flexibility in designing electronic circuits is then
lost since it is no longer possible to vary the geometric width of the

various transistors so as to modulate their performance. BRIEF
DESCRIPTION OF THE INVENTION 10 In this context, objectives of

the invention are: to solve the problem p%sed by the variability inherent in
lithographic pattern transfer (random variability due to the structuring of

the }i ad i j lahility): vQidi e.
nee%%%f??ﬁﬁ%ﬁ?ﬁ&?@%ﬂ@%ﬁ%&iﬁﬁ%@ s Y A A Eions.
structurel YHBti08 EHIELY Mmoo ibrRidinserasnieiorimit af dhe lithography
simpliidhe lidhaaraniy Rserepesiny RIFCUIRS e drNSBRY ey ¥R ntical
more regular and denser.  For this purpose, the invention provides,
accgpa‘i?l 18" first aspect, a semiconductor device formed on a
ssemiconéiatenen-ins leidsisybistiaseig2thgosnprirong: atintiing efen lost since
semy uctor material separated from a base substrate by an insulating,

i e e R R BT A PECIARE SO ol e R ragtors
oneshieid-isfiecduirisither, padbrinansistor having, in the thin film, a source
region, a drain region and a channel region which is delimited by the
source and drain regions, and furthermore comprising a front 25 control
gate regigriainkEBAHRIRTIGIN HAE ENFONatterns being arranged

10in the form of rows, the source and drain regions of any one row having
the same dimensions and being spaced apart by front control gate regions

of fixed dimBlSiGRRIRHaRRIBSYES inf iR deYyerdesnaralRisriyarthe problem
patigssdiadp tiack/eoatiutgatmsegionioniedisdiiie rReesURRRIRr (random

beneath, 30the chanpel region, the k gate region being capable of .
o It S B SR ol B e e b aptipbiity): o
simesatee spasditiyationidBin thee obeariet whdthoef thentiansisttioar @Toread by

-the | i ver.th I applied on its.front
S o B R L e e B et
areaf@ 1BIRMREY shediieasarhy patteierosinoratuate tsrndekonamséermed that

the fameActivg AaNSeHaf dagdain film of the semiconductor substrate and in
which an_isolation region delimits the adjacent patterns, the isolation

region coMpHYMBURRSH: iLBIASATER RBRHEES RS RERERAR Bstaapect. a

a beskisotationcyat:{segdrindbedrase sisicairibenrath e ReVSsubstrate

zong; . . N : ,
207 cOmprising a thin film of semiconductor material separated from a base

substrate by an insulating film, the device comprising an array of patterns
each formed from at least one field-effect transistor, each fransistor having, in
the thin film, a source region, a drain region and a channel region which is
delimited by the source and drain regions, and furthermore comprising a front
25 control gate region formed above the channel region, the patterns being
arranged in the form of rows, the source and drain regions of any one row
having the same dimensions and being spaced apart by front control gate
regions of fixed dimensions, characterized in that at least one transistor of a
pattern has a back control gate region formed in the base substrate beneath
30 the channel region, the back gate region being capable of being biased in

order to shift the threshold voltage of the transistor to simulate a modification



10- a back isolation line connects the back isolation gates of each of the
isolation regions of any one row; the back isolation line is common to
several rows; the back isolation gate has a conductivity of opposite type
to that of the active zone; 15- a back gate line connects the back gate
region(s) of one or a plurality of transistors; a back gate line connects the
back gate region(s) to ground or to a noLJninaI supply voltage; a back
gate line connects the back gate region(s) to a an analogue and
20adjustable potential; the back gate region is isolated from the base

subgtipte dheAnaell Rk BPasie sonde vt dhedarkpale degion é'ég@e_ﬁ%ﬁ or

conductivitéof the same type as that of the transistor channel; an

bacRpaReiRGE R HasnaRRIRA B IS SisdieoRipR eatBat of the

transistoCeRaingbreferAECOBING &9 ARMIAG! aspstidhednypntign[elates the
to aé (#Hethod_ of driving a device according to the first aspect of the

inv %\ﬁi,ni%‘ which the back control gate region is biased positively or

5negativelyria ofdeetpsthifinihan38theshaldivoliageef the Eaasipwsand active
in which a.the back control [

E?apszeé%%%gfgﬁ%;ﬁ@ogﬁ%t%n g aﬁjng{g%ﬁ;éju ?or substrate ar%le Eﬁ \r:?r%&né:sw isolation
region delimits the adjacent patterns, the isolation region comprising a front
isolation gate formed above the active zone and a back isolation gate formed
in the base substrate beneath the active zone;

10 — a back isolation line connects the back isolation gates of each of the

isolation regions of any one row;

- the back isolation line is common to several rows;
— the back isolation gate has a conductivity of opposite type to that of the
active zone; |

15 — a back gate line connects the back gate region(s) of one or a plurality of

transistors; |

- a back gate line connects the back gate region(s} to ground or to a
nominal supply voltage;
— a back gate line connects the back gate region(s) to a an analogue and

20  adjustable potential;

- the back gate region is isolated from the base substrate by a well of
opposite conductivity;

— the back gate region has a conductivity of the same type as that of the
transistor channel; and

25 ~ the back gate region has a conductivity of opposite type to that of the

transistor channel.

According to another aspect, the invention relates to a method of
driving a device according to the first aspect of the invention, in which the
back control gate region is biased positively or negatively in order to shift the
30 threshold voltage of the transistor, and especially a driving method in which a
the back control gate region is biased by an analogue and adjustable



potential. According to another aspect, the invention relates to a

method of driving a device according to the first aspect of the invention, in
which the shift of the threshold voltage is controlled to cause the transistor

to remain off 5 or on whatever the voltage applied to its front control gate.
The shift of the threshold voltage can in particular be programmed by

means of memory cells that store and deliver predetermined voltages to

the back control gates. According to*another aspect, the invention

relates to a re-programmable circuit comprising a device according to the

first %ﬁgﬁﬁépf the 10invention interleaved with rows of memory cells that
store-and deliver predetermined voltages to the back control gate regions.
BRIEF DESCRIFMTYON @FOTEE BRAWINGSINFDiier asistetsiogentsthod of
an BIRY LB RRT TYRD PG WEHRRP P& D HEARBR SR Phich the

readin% the following detailed description of preferred embodiments

therEBE &fived bhyspagidMabaaminipe &eiathie aadsrithadrensister tis tirsnain off

sappeneRdvaERUReHE Waee BIgHIELISNAVEhCEBHIFACSRIE NG L iR Tof the
art; O-g%% re 2 illustrates the way the threshold voltage of a transistor is
contPERREPHY LR B DARUSIGHEY Peroprginaied kY Memew hargeive cells
zonidiestoata thedebrdaiingoitioroficedinayibgianticel d bt iniogatds.
according to various embodiments of the inyentian; 25-Figure 8 is a
sectional \l;}cé%}%cfuagpﬁr%o@ o qé%wagpﬁgtnsi\gg rs OV L cREfSwr%n @ e
Figoredrarmigabieiscait esapséofdalpviceaittnding tecbafigsirablesta of the
(o]e)V; - functi b fa priate voltages .
loappﬁggﬂéf%thr?ﬁ @%@E%lg%‘; m&‘%ﬁ\%ioﬁgﬁgﬁ% orgi%%- %ttu r%%'?isaﬂsuje deliver

trutArRsif et thecrwelinags fapielbgrk arsliiebgate regions.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Other aspects, objects and advantages of the present invention will
become more apparent on reading the following detailed description of
preferred embodiments thereof, given by way of nonimiting example and
with reference to the appended drawings in which:

- Figure 1 shows a circuit according to prior art;

20 - Figure 2 iliustrates the way the threshold voltage of a transistor is
controlled by biasing a back control gate:
- Figures 3 to 7 show the active zone beneath the insulating film of a
circuit identical to that of Figure 1 according to various embodiments of
the invention;

25 - Figure 8 is a sectional view of a portion of a row of transistors of the

circuit shown in Figure 7;

- Figure 9 is an example of logic circuit that is reconfigurable to cover
all 2-input Boolean functions by means of appropriate voltages applied
of the back gates of the various transistors:

30 - Figure 10 is the truth table of the reconfigurable logic circuit of

figure 9;



figure 9; 5 -Figure 11 shows a possible arrangement of logic cells and of
memory cells used to store the programming of the logic cells and to
deliver the appropriate voltages to the back gates of the transistors of the
logic cells. 5 DETAILED DESCRIPTION OF THE INVENTION Figure
1 shows a CMOS electronic circuit according to the prior art, as taught by
document US 2008/0251848. This circuit comprises an array of patterns
each formed from at least 10 one field-effect transistor, the patterns being
arranged in the form of rows, the source and drain regions of each

transistot of ay,ANe FOURALNG Reae dmERRIRRRAR RERD 8BRSy of

apart by front Control gate regions WL1-WL7 Imensi

Thus, duFe¥ RAIEYESSSY leteHy PRI 5aYS IS0 AL ditalagiv sellsdand to
vertical feiit/epmbe g pRaiensIggSotad: Theichannebyidth ®iiBRiors of

various transistors is then uniform, defined by the section between two
perpendi®@&PLEBR'S - It should be noted that there are no STI-type
sisolation trenches between adjacent transistors of any one strip. However,
such isolgtiqn, esare 20indeed present along the strips so as to
isolate 3" ’ '- 2 :1;"*1“'-‘- 1B RN SEY from left to right
in FigureFiguhe folloovisgapaNEdSs e thgicigalechiOR2othieg ioweeersdiM, as
INV, i More precisely, the circuit
com%%sﬁr? t.%ngﬁﬁaﬁﬁgﬁr@%%ﬁg 25 busses, the p-FET transistors
being arrHtgedraldingobiRdess2amarGaw e rpatiattes re ST founsisthesrasd least
10T ERLRINEEEURSASIANEHE: (BHERRS AR S MEMRRA IORASEING rows, the

input/output connection to these patterns and to connect these various

patfHC gt reeienr MR Rdransiin ey arepeysibrvingtine same

reagnnehtioBoahd B ZsBHEs8 VISl R DS 8- PR WL 1-WL7

SLNi, BL %.serve. to fix the potential of some of the drain regions of the
trar?éﬂ' xed dimensions.

Thus, during the lithography steps only wide strips (horizontal rows and

15 vertical front control gate regions) are formed. The channel width of the

various transistors is then uniform, defined by the section beiween two
perpendicular strips.

it should be noted that there are no STi-type isolation trenches between
adjacent transistors of any one strip. However, such isolation trenches are

20 indeed present along the strips so as to isolate them from one ancther.

The circuit comprises, from left o right in Figure 1, the following
patterns: a logic gate NORZ, three inverters INV;, INV, and INV; and a logic
gate NAND2.

More precisely, the circuit comprises, in this example, nine metal2

25  busses, the p-FET transistors being arranged along busses 2 and 3 whereas
the n-FET transistors are arranged along busses 7 and 8. Busses 4 to 6 are
used to make the input/output connection o these patterns and to connect
these various patterns together. It is clear that other combinations are
possible, with reasonably 8 to 12 metal2 busses.

30 Metal1 supply lines Bles, Blps, BLyi, Blye serve to fix the potential of

some of the drain regions of the transistors. .



6  Thus, the drain of the first p-FET transistor of the logic gate NOR2
and the drain of the p-FET transistors of the inverters INV, and INV2 are
connected to the line BLpi, whereas the drain of the p-FET transistor of
the inverter INV3 and the drain of the p-FET transistors of the logic gate
NAND2 are connected to the line BLp2.  The drain of the n-FET
transistors of the logic gate NOR2 and the drain of the n-FET transistors
of the inverters INV, and INV2 are connected to the line BLN1, whereas
the drain of the n-FET transistor of the inverter INV3 and the drain of the

first n-FEJ, t ist f the, logi t ND2 d, 10tq the li
D B I GRS o
nor_ﬁmal@lﬁﬁplpf\/éitagp—VB"D,tvmmemsheﬂim Bividrtard BUN2zare INV, are
typ'%%':%‘é%% SRS %E‘Q,%Q@E@%rﬁeaﬁ?%s&l?ﬁg -%%%F%J&E@%?dof the
on one and the same active Zone 15 of the substrate, and therefore

isoldteHiREd MW 28 Browdrin petheenadjdcensipiate ot EHegicigelatiiAND2

FegigRscORLRAVIBYH fipstHsolation gate formed above the active zone,
bear, in what follows, the references Ipi-Ips for the isolation regions linked

to the p-PET RIS Anldkhdraneiriptesir eifosair Nafagnd the drain
reglionm&mmttbasésﬁgdganéimwa&TW{mstgcme?afm@éﬁiéw to the
isolation.regions are biased by means of.isglation gate supply lines B
I R e s e VAR
n-FHIE piastiernstrespettivell T iwsedioesBhzdodiBidtars ANiralydamedcted
1ofr°n?o glm@alline semiconductor material (typically polycrystalline

silicon). 25In geﬁze'ral, the invention proposes to transfer circuits with a
uniformizeteeingroR hre@nsf Besygie shedyipicilyrie Delhteram iSeoibal supply

subggiaigdcomprigiegsahindilim el ssmicaRaugior materghseparaled Ay 1o
a base substrate by an insulating film). In this confext, thé'invention
profbReGEFPice a back control gate in the base substrate facing the

channel ThatdeastROaRmdransiater-Byhiasing thedask aantahate®e zone
o ST th TSPl e, (RSB Ragions e OBt between
adjacent patterns. These isolation regions, each having a front isolation gate
formed above the active zone, bear, in what follows, the references lps-lpg for
the isolation regions linked to the p-FET transistors and the references Int-Ing
for the isolation regions linked to the n-FET transistors
20 The front isolation gates of the isolation regions are biased by means of
isolation gate supply lines Blp and Bly for the isolation regions between
p-FET patterns and between n-FET patterns respectively. These lines B,
and Bly are typically formed from a polycrystalline semiconductor material
(typically polycrystailine silicon).
25 in general, the invention proposes to transfer circuits with a uniformized
- environment of the type shown in Figure 1 onic an SeOl substrate
{comprising a thin film of semiconductor material separated from a base
substrate by an insulating film). In this context, the invention proposes to
place a back control gate in the base substrate facing the channel of at least
30 one transistor. By biasing the back control gate of the transistor positively or
negatively (typically by + vdd or - vdd), the properties of the transistor may be



individually modified. In particular, the threshold voltage of the transistor
may be shifted. Then, modifying the threshold voltage is equivalent to
modifying the physical width of the channel. Thus, in the context of the
invention, the physical width of the channel is 5 defined once and for all
and for all the transistors. However, it proves possible to modify,
individually for each transistor, the apparent (effective) width of its channel
by choosing the way in which the back control gate is driven. Since the
voltage applied to the back control gate may be modified, the invention

thus, off tage. of modifying the effective channel 10wjdth .
e O e BTN R oL ol m
andhg isddfiesonthsing anedipng-theetomsioidivinitéigeatie equibextieot themodifying
pre%@tpqi@ggé@mhtgptpg%gﬂﬂgpl gate is then said to have a work

function) has a very high threshold voltage. This threshold voltage may

then be rEQYRER B £oRkANRA thsHB¥RRIE Vol BYSIRE! Madih riheicharnel is

=A trasgisiar shvdhishdhehanngldsef nalymeCentiicdtdly andBR@eK it proves

control gate is of n-type conductivity (in the context of the present _
deseﬂﬁﬁgﬁﬁ Eﬁefﬂ%ﬁé’»{ﬁdﬂiﬁ&%&wigqﬁ&mitﬁawé rBavBRRRIRRtGRifective)
hasveidtbroinigs tmashelobyodm@sthgtmanmredmh bﬂﬁanﬁh‘tm%@tmi gate is
poSjij oltage tq the 20back control gate.,  This variatign in t .
v e T R AR TR e L et g e modife
forrthgatedeatontibus/ offeryBiG; whesotegle represdifyinthdtbreghotive channel

1Ovolt@qﬁtpgyp‘%ﬁg%§'y§tor, VES3G represents the voltage applied to the back

15

control gate, Vw represents the nominal threshold voltage (which may 25

be shifte® BRRRESIOHIR fiyhitb i Gepapiiigd isrofvhditng aansticbuntrangaaeback
of nebpRPEAEYBR I PSS LBRGRIORITREING BJREir ASRRGAed Wit dBgption,

geomeﬁﬁy of the transistor. As presented in the thesis "Architectures

inndVBEKIECRTEPh GRS HNGBI SRR BnitsaR Bew i iRsiAmcBagea very high
siliciturashpRovaliygenaiiyatadiendi merage rashitesiuse seuuthin sliedplying a
films "sﬂﬁffgegﬁg l%th(JBt fe aig B%Sr%lrj '\n J%lne 2009 at the Provence,
AixINarseille’ Uiiversi v, %é]%lct Pa%gy in 8 particular be
approxinfateshas =i tokiicts, hatot@n veh dsedor; tipaatesdhetithigkmes s dfack
the di trl e fil ing.the. fr r channel. ..
o A AT B RS b a5e i a8choton

sep&aMRGHHORkEk G¥ktis| Gar $riehithdatmnaehagipitdlsientas fonominal
SeQdresHbIstiRay 8 HLS caR UGS HRBIBNSSRIPDS BELHIR: voltage to the

20 back control gate.

30

This variation in the threshold voltage of the fransistor via the back
control gate may be formulated as Vi, = Vi ~ aVag, where Vy, represents the
threshold voltage of the transistor, Vgg represents the voltage applied to the
back control gate, Vi represents the nominal threshold voltage (which may
be shifted by the work function depending on whether a back control gate of
n-type or p-type is used) and o represents a factor associated with the
geometry of the transistor.

As presented in the thesis “Architectures innovantes de mémoire non-
volative embarquée sur film mince de silicium [innovative non-volatile
memory architectures on thin silicon films]” defended by Germain Bossu in

June 2009 at the Provence, Aix-Marseille University I, the factor o may in
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It will therefore be understood that the doping type of the back control gate
associated with a transistor may or may not shift the nominal threshold
voltage and that by biasing the back control gate it is possible to adjust the
threshold voltage. 10It is thus possible to benefit from an increase in the
conduction current IoN in the on-state of the transistor (by reducing the
threshold voltage) and from a reduction in the small leakage current |OFF

in the off-state of the transistor (by incre§sing the threshold voltage).

A contribution may also be made to the isolating function of an isolation
15regian separating the. adjacent patter agn row by reducing the

el AL MRt (RERIIR T2l 3l hose briagiraezls 18 LR ate tRE%ES the
in wihicknibes tbf ébb aliblealidg g atb dinassistoatpigdnsdeban esnieldate from the
subgirate | { e l?rl] sing a bag# controlI te made ip the base.
e, SRRl g g s WG B sCting fim
trarigp@nating the thackiepnsa gate davrdhenvano fopiesignts 2em for SeOl
nongipalipiiRclRESlicgeigbMR ok A LaBpisiot ity pp back control

gate).  The upper curve CvT- represents the nominal characteristic

log(lo(vdf) Wil dBPial et WidererRE St GatioRifigeiRRtATARe lRagk control

belgatihgs@iviesainglisurpinyRliconXPE rfdhesirsHit HSBRRSAIGHNEhold
iIIustr;‘ﬂt;[%egsI the i g{ease in the threshold voltage and the reduction in the

curtSHEIB RSB PIRs R HICHRRS GORTRLSRISHHh(S Mesalaisiiaiadiust the
chattaetshigtiostsitide(Vc)) under the effect of a back control gate driven

L eciucton 1§ D HHCEA VRS B AEEEE i Baf LAt curen
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340

reduction’in age andthe’inc

anddeFF the ontsialietniive ansrtwod ek iyingthia dhtes baick vaitage) and
gate. hias, it ib 0 | tween the lower e
e vt SUas aff e

thefROsisies(an e annadierbieshalbveliagm. and 'OFF.

A contribution may also be made to the isolating function of an isolation
region separating the adjacent patterns along a row by reducing the leakage
current therein. '

The purpose of Figure 2 is to illustrate the way in which the threshold
voltage of a transistor produced on an SeOl substrate is controlled by biasing
a back control gate made in the base substrate, beneath the insulating film,
facing the channel of the transistor.

In this Figure 2, the central curve Cy represents the nominal
characteristic log(In{Ve)} (for a transistor with no back control gate).

The upper curve Cyr. represents the nominal characteristic log(ln(Vg))
under the effect of a back control gate driven with a voltage below the
nominal supply voltage Vpp of the circuit. This upper curve illustrates the
increase in the threshold voltage and the reduction in the currents loy and
lope.

The lower curve Cyr. represents the nominal characteristic log(In(Vs))
under the effect of a back control gate driven with a nominal supply voltage
Vpp. This lower curve illustrates the reduction in the threshold voltage and

the increase in the currents oy and ioee.



5The following equation links in particular the current ID in the channel to

the channel width W and to the threshold voltage Vth: CWID _ nox (V
2LGS Vth)2(1ANDS)*  Firstly consider gate and drain voltages of 0.9 V
(V05 =VDs = 0.9 V), with A =0.05 and a threshold voltage Vth = 0.3 V.

10By modifying the threshold voltage of the transistor so that it takes a

value between 0.05 V and 0.6 V, it is then possible to simulate a

modification in the physical width of the channel. Theoretically, the

effective width of the transistor channel is actually between 0.25 and 2.01
times the,RhySjGal B’éqﬁtﬁdé’g%%foté‘fp%?%y‘% 1?’(3%95'5/9&'8 MANLte bias, itis
example, lower gate and drain voltages;, naFXé]? 7 , an agamg

mo @B ehio tepushiie eolise ererthetwaesidtor lwviratintakes sandldiee upper
betyg 02, ViRd héMidtis SiiReiNRLAaln b shaniel tRelLheing,ng its
theoretically between 0.06 and 2.64 times the physical width of the

chat M RIBSERFREGRETRIYA thudRfldees a reduction/increase of the effective

schannel witdfoniaRd eqUandn aFe TR PEARURAL HRESHRPHY 1Y HHAFE A nel to
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I It should b ted in this regard that the tendency in the technical
f(i)evlvéhgf?ﬁgsr?ﬁ\?i}qﬂ%%l f%?c#ndﬁlfseg Erat g%?@l%é{%niz Icomponents! to

use ever lower supply voltag%.@hw@nvention thus2 proves itself to be a
priori even 25more interdsting tar tef0{ue getesatidrd.Vpskigures 3 to 7
show the active zone beneath thé insulating film of a circuit identical to

that in Fighisgyl aeepidingde \@icdp-amhadinents ofdhe ivention,dn= 0.9 v),
Figur_e 3: 20- g-doped back control gate reg__ions are associated with the
iso4iih = 0.05 and a threshold voltage Vi, = 0.3 V.

By modifying the threshold voltage of the transistor so that it takes a
value between 0.05 V and 0.6 V, it is then possibie to simulate a modification
ir} the physicaf width of the channel. Theoretically, the effective width of the
transistor channel is actually between 0.25 and 2.01 times the physical width
W of the channel.

Consider, in another example, lower gate and drain voltages, namely
0.7 V, and again modifying the threshold voltage of the transistor so that it
takes a value between 0.05 V and 0.6 V, the effective width of the channel
then being theoretically between 0.06 and 2.64 times the physical width of
the channel

The invention thus allows a reduction/increase of the effective channel
width which is even more important that the supply voltages are low.

it shouid be noted in this regard that the tendency in the technical field
of the invention is for future generations of electronic components to use ever
lower supply voltages. The invention thus proves itself to be a priori even
more interesting for the future generations.

Figures 3 to 7 show the active zone beneath the insulating fiim of a
circuit identical to that in Figure 1 according to various embodiments of the
invention,

In Figure 3:

- p-doped back control gate regions are associated with the isolation
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10 regions Ipi-Ips, with the two, p-FET and n-FET, transistors of the
inverter INV2 and with the two n-FET transistors of the logic gate NAND2;
and - n-doped back control gate regions are associated with the isolation
regions IN1-1N6 and with the two, p-FET and n-FET, transistors of the
5inverter INV3. A back gate line BGp and a back gate line BGN serve
for collectively connecting the p-doped back gate regions and the n-doped
back gate regions, respectively, to the sbfne potential. The line BGp
associated with the p-doped back gates may thus be in a 10high state

(being typically connecied to the potentjal Voo), whereas the line BGN
assocfg)@{? Qﬁit){ﬁ’ [ Fé*’n‘f\ﬁfbg}? éﬁ'& Bigg!a rﬁ5§ tﬁeﬁﬁg BRPEERsRinge inverter
typicaliyf\épanestitt thegroundFEN Dansisiosushtizeayingstehe AMiE emd

regions exp cg higher shold voltages_and consequently lower . .
Ieakage?:%l(ﬂgegr%g Ig , tAUS | E|8Ta§8 t%eggr%%ir?{ginaggﬁ%?%éa i%% F\ﬁﬁv&%%ﬁmﬂ
adjacéngisazeinslatoaganyitbntheodwo, MEEdgars the fivettensit®s tiof the
back Gaptiebopi.of the p-FET transistor and that of the n-FET transistor

are in the high state VDD. The conduction current ON of the n-FET _
transistofiPffrRiedinnRS s soA Rt Sla it GGnesprpefor collectively

transipiesdgrigoueed-dhssinveser DB thisiord hassa ey R-66pEaNERK gate
high n-FET.  As regards the inverter NV3, this has a high p-FET and a
low'] ﬁ%‘ﬁ&ﬁ@%&@ﬁ%xn&% 8B PRYPERT transistor and that of the

n-FET trdhsidhos 86 rathedmestaiehGND)-dsperpbads tiadegitagattus be in a
NANDZ2, - transistors do not have a 25 back trol gate. These |
- %gﬁ s%?epggi;{ e& ca}ﬁ/ GO ec%e 0 t%e ott)fen ia é;rj?%_\gﬁelreas ?ﬁe line

ransistors ore-‘opératé in the nomfhar mann
traridistorsspsiniac wibkibenrdbpatebackgatighnstatdeThesdowrEate (being

trar{ﬂ%ocﬂﬁ,f&m&%gﬁgrgqgﬂ%(‘ég@jurrent. Figure 4 shows another

embodiment in which four ditferent voltage levels are used to offer more
ﬂexibility'.nInSFfFéUl% ymanner, the isolation regions experience higher threshold

voltages and consequently lower leakage currents lorr, thus helping to
maintain better isolation between adjacent patterns along any one row.

As regards the inverter INV:, the back control gate of the p-FET
transistor and that of the n-FET fransistor are in the high state Vps. The
conduction current lox of the n-FET fransistor is increased, while the
conduction current of the p-FET transistor is reduced. The inverter INV, thus
has a low p-FET and a high n-FET.

As regards the inverter INV;, this has a high p-FET and a low n-FET
(the back control gate of the p-FET transistor and that of the n-FET fransistor
are in the low state GND).

As regards the logic gate NAND2, the p-FET transistors do not have a
back control gate. These p-FET transistors therefore operate in the nominal
manner. n-FET transistors do have back control gates in the high state.
These n-FET transistors have a higher conduction current.

Figure 4 shows another embodiment in which four different voltage
levels are used to offer more flexibility. in Figure 4:

- p-doped back control gate regions collectively connected to a back gate
line BGpy in the high state are associated with the isolation regions lpy_fpg



30- p-doped back control gate regions collectively connected to a back
gate line BGpri in the high state are associated with the isolation regions
Ipi-lps 11 and with the p-FET transistor of the inverter INV2; - a p-doped
back control gate region connected to a back gate line BGpL in a low state
is associated with the p-FET transistor of the inverter INV3; n-doped back
control gate regions collectively connected to a back gate 5line BGNL in a
low state are associated with the isolatibh regions IN1-1N6 and with the
n-FET transistor of the inverter INV3; and an n-doped back control gate
reglon o ted to I|n NH i W state is associated
with tHe Crﬂa—l@jf rar?s%?)ra e |nver er ikl \E’L}ef[o stlike the example in
Figure- 3 athhedekd dadunentaf gateiseditivcoegrisdsohaback yerd.line BGe.

The inyerter | }é%et}@ ﬁ a"\):e ]:{ﬁr% ?EF%%%@& P%%%OHUQHQF‘ RIVs;

in a high state) and a transis control gate in

a hlgh"statéymhwwllm IesoRhRHIeCHETY Eansis tdedpcahegk gate
sback Q%trgtqet%'%ad%%@é%@”ég@d%t@f@Eﬁfﬁr@'%éﬁ%ﬁj‘?@@@#ﬂ -Ing

control gate in a low state). _ Figure 5 shows another embodiment in

which %PBM%%%FE&E&%@%@BP&@HWW%H&Y@ #@eonnected to a
back gaterdinedghish wewmraogé@reggnw&bhﬁeﬁ@@rﬁioedﬁm L8 line

e A e AR ASHIE 8 RESEIAIES o vorer
p-dopd&dvback control gate regions coIIectlver connected to a back gate
I|ne BGp];—Lg@ %‘QH @ISrﬂé?eaxfﬁs?%%dswme“?sa&g&%“8DrF89 o&StH:erlzs iation
regions is thus reduced.
The inverter INV; has a low p-FET transistor (p-doped back control gate

in & high state) and a high n-FET transistor {n-doped back control gate in a
high state).

15 The inverter INV3 has a high p-FET transistor (p-doped back control

gate in a low state) and a low n-FET transistor (n-doped back control gate in
a low state).

Figure 5 shows another embodiment in which a back control gate
associated with a transistor is connected to a back gate line which is specific
20 thereto. It will be understood that such an embodiment enables the potential
applied to the back gate line dedicated {o a single transistor to be modulated.
In this Figure 5:

- p-doped back control gate regions collectively connected to a back gate
line BGpy in a high state are associated with the isolation regions Ipi~les
25 and with the p-FET transistor of the inverter INV,;
- a p-doped back control gate region connected fo an individual back
gate line BGpa, the voltage of which can be adjusted, is associated with the
p-FET transistor of the inverter INVj;
- n-doped back control gate regions collectively connected to a back gate
30 fine BGyy in a low state are associated with the isolation regions Iys-lns and
with the n-FET transistor; and
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25and with the p-FET transistor of the inverter INV2; a p-doped back

control gate region connected to an individual back gate line BGpA, the
voltage of which can be adjusted, is associated with the p-FEY transistor

of the inverter INV3; n-doped back control gate regions collectively
connected to a back gate 30line BGNL in a low state are associated with

the isolation regions IN1-1N6 and with the n-FET transistor; and 12 an
n-doped back control gate region connécted to an individual back gate line
BGNA, the voltage of which can be adjusted, is associated with the n FET
transistor of the inverter INV2. Thus, the inverter INV2 has a low p-
transisto o HOPREFLARRK £ eBlaLPEld S9ahighnaass i 2R Elﬂ]lYé‘iiHBI‘ebaCk
n- FETgammmoleMi@bJabtt@med Whith canirokbgatpuandrensagdsdaidhgd with
line B 'gléerqotentl% rr‘%cih cank b justed).  As for the inverter
INV3, |snhas alown- tranS|st% -doped back control gate in a low
state) andhaus, adjasfab@pFFE!‘FlirdTwsmrimedMHEé‘l pFaI@dkaecddadobed back
Con%t%tﬁﬁg%eéw é%att%? ing BCA ugt"gop W'ﬁtﬁ % g;" dlaﬁdu?i M-

adjusted). © Figure 6 shows ‘an alternative em odlment o mp €0
Fig@rPad |Rasisorifirbdate addipshssbuindlRr bﬁﬁt@ﬁgatéh%@@@@ﬂal of which
collggﬁ\{ﬁyggw@@}ed to a back gate 15line BGpH in a high state are
associated with the isolation regions Ipi-Ip6; p-do %dc_l back controlggate

regions ESIEETRRETHRICINY 101D A8 GaleWiMeTEa pransisisidadrpaseback
assosiatedgaithithe QnﬁE:»Tat@@ﬁi@frﬂéﬂl%t@wtpiHNVZr@ﬁéﬁe\Mﬁh(I:Hl@iwduat p-

f.th INV3 b
O BERUE G B9 B GE LD B oA g gl which
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20

25

30

assorebedadjitltte.isolation regions IN1-IN6

Figure 6 shows an alternative embodiment of the example of Figure 4.
In this Figure 6:

- p-doped back control gate regions collectively connected to a back gate
line BGpy in a high state are associated with the isolation regions lp-lpg;

- p-doped back control gate regions collectively connected to a back gate
line BGeL in a low state are associated with the p-FET transistor of the
inverter INV; and with the p-FET transistor of the inverter INVa;

- n-doped back control gate regions collectively connected to a back gate
line BGyn in @ high state are associated with the isolation regions Iyi-Ine
and with the n-FET transistor of the inverter INV3; and

- an n-doped back control gate region connected to a back gate line BGy.
in a low state is associated with the n-FET transistor of the inverter INV.,,

Thus, the inverter INV, has a high p-FET transistor (p-doped back
control gate in a low state) and a low n-FET transistor (n-doped back control
gate in a low state).

The inverter INV; has a high p-FET tfransistor (p-doped back control
gate in a low state) and a high n-FET transistor (n-doped back control gate in
a high state).

Figure 7 shows a preferred embodiment in which the isolation regions

are associated with back control gate regions having a conductivity of



and with the n-FET transistor of the inverter INV3; and -an n-doped back
control gate region connected to a back gate line BGNL in a low state is
associated with the n-FET transistor of the inverter NV2. Thus, the inverter
INV2 has a high p-FET transistor (p-doped back 25control gate in a low

state) and a low n-FET transistor (n-doped back control gate in a low

state).  The inverter INV3 has a high p-FET transistor (p-doped back
control gate in a low state) and a high nlFET transistor (n-doped back

control gate in a high state). 30Figure 7 shows a preferred embodiment in
which the,jsolation.regions are associated with back control gate regions

e PSS RIRE RS SToXAUH B S e e RRUGR RIRSTR fhesdrtner
isolagrhimcezgions are thus further reduced. More precisely, in this Figure 7:

- n-dope c trol gate regions collectively connected to a back gate
5line EF:G Ei?lengé%%l%é?gt%?e%a{?’egé%%;gggted with the isolation regions with

one of the-#ePEd” hewhsistioirolafake legiiong ate! NGRS anonvebtdactpBEBECK gate
stransighor @ide verRlNMe 'a?e%%@B&%tBé%i&ﬁ%@'i Bﬁiéﬁgr'%gi%ns Ip -,
connected to an individual back gate line BGpm, the voltage of which can

be adji&te@MtoArPmicfiRddimasigomue’ thodeaipwaie NMRd 3t wit), e p-
associaEtwiBite BfFEd inverter INV.:

- a p-doped back control gate region connected to an individual back
gate line BGras, the voltage of which can be adjusted (to any intermediate
10 value chosen by the skilled person), is associated with the p-FET
transistor of the inverter INVg;

- p-doped back control gate regions collectively connected to a back

gate line BGpL in a low state are associated with the isolation regions Iys-

Ins, with one of the p-FET transistors of the logic gate NAND2 and with the

15 n-FET transistor of the inverter INV;;

- - a p-doped back control gate region connected to an individual back
gate line BGpaz, the voltage of which can be adjusted (to any intermediate
value chosen by the skilied person), is associated with the n-FET
transistor of the inverter INV;

20 - an n-doped back control gate region connected to an individual back

gate line BGna+, the voltage of which can be adjusted (to any intermediate

value chosen by the skilled person), is associated with the n-FET
transistor of the inverter INV,; and

- an n-doped back control gate region connected to an individual back

25 gate line BGnaz, the voltage of which can be adjusted (to any intermediate
vaiue chosen by the skilled person), is associated with the p-FET
transistor of the logic gate NAND2 which is not connected to BGpL.

Thus, the isolation regions lpi-lps have a p-channel with a p-type back

control gate in the high state (typically at Vpp). These regions have a

30 maximum threshold voltage and consequently a minimum leakage current.

The isolation regions Ini-lne themselves have an n-channel with an



transistor of the inverter INV3; p-doped back control gate regions

collectively connected to a back gate line BGpL in a low state are

associated with the isolation regions IN1- 1N6, with one of the p-FET
transistors of the logic gate NAND2 and with the 15n-FET transistor of the
inverter INV3; a p-doped back control gate region connected to an

individual back gate line BGpp,2, the voltage of which can be adjusted (to

any intermediate value chosen by the skiled person), is associated with

the n-FET transistor of the inverter INVi; 20- an n-doped back control gate
region connected to an individual back gate line BGNAI, the voltage of
whiGHHER BCkdRHER @8 8n iHEriRUcaiey AR e @ e RARgegions
persanvg ia assoionatedthvissitbiel n:bikabéransistonetfietivedanINMnansbkage
an r}:-drgged back control gate region connected to an individual back 25

gate ﬂnerg'GNAZ, the voltage of which can be adjusted (to any

intermediate vellubectesEN yatmsskiledl dbes doyjdsgassosiafed sl ties an n-

SR O A SR UL B e

confriMGaEin TGN staplaamicny acUBEYUThbke Mgibnermaregormance

30mmsrsRYiEesne b MAlage aneLEaRRRUHRIMI & minimum leakage
current. The isqlation regions INI-IN6 themselves have an n-channel with

an 14 n-fyebhEL LsHirhiigart IRaHRVRRR StARY: (Rasi iy -shenIs) Withea #-type
regipaskheoeral gawmuenbiagaald walthgeaansecamiseasenty d NHMERsistor
leakage current. One q]l‘ the %-F Ttr nsis;é)%? of thequogic ate NOR2 also

H B t

1 S, DU AR S Aoty PRI R of GalB THTIHE higrormance

has an rEe ch anngl,%u W
statehatrdete ris e iandniht restzol doedivage rerel doarsetpretity mepémding on the

pert\%{%gécgp%ng@@%@m&\(ial{ﬁw}s?cgégnduction current ION).  The

n-FET transistor of the inverter has an"A-channel with a p-type back
control gafte thé KoltEpsistarméineaintrrtadjiivediorsusptiieteanadistor control

gate, and therefore it operates in a nominal manner.

15 The n-FET transistor of the inverter INV, has an n-channel with an n-
type back control gate, the voltage of which can be adjusted. Thus, this
transistor has performance characteristics lying between the mean
performance characteristics and the maximum performance characteristics
depending on the voltage applied to the individual line BGPyas.

20 The p-FET transistor of the inverter INV; has a p-channel with a p-type

_ back control gate, the voltage of which can be adjusted. Thus, this transistor
has performance characteristics lying between the minimum performance
characteristics and the mean performance characteristics depending on the
voltage applied to the individual line BGPpa;.

25 The p-FET transistor of the logic gate NAND2, which does have an n-
type back control gate, the voltage of which can be adjusted via the individual
line BGua2, has performance characteristics lying between the mean
performance characteristics and the maximum performance characteristics.

The p-FET transistor of the logic gate NAND2, which has a p-type back

30  control gate, the voltage of which is in the low state via the line BGp(, has

itself a minimum threshold voltage and maximum performance



10 has performance characteristics lying between the minimum

performance characteristics and the mean performance characteristics
depending on the voltage applied to the individual line BGPA2.  The
p-FET transistor of the inverter INVi does not have a back control gate,

and therefore it operates in a nominal manner. 15The n-FET transistor of

the inverter INV2 has an n-channel with an n- type back control gate, the
voltage of which can be adjusted. Thus !this transistor has performance
characteristics lying between the mean performance characteristics and

the maximum performance characteristics depending on the voltage
appﬁ%%?ir?g}ﬁ{ésfﬁai\/idual line BGPNAI. 20The p-FET transistor of the

inverter M\ ingisea pachafirfébuith & pHywe backreetii@l iyale, theanoltdgaiong
of which c t;galEa(d Thus, this transistor has.performance
ch;\lr%]]g%rig"t%:s yinépgﬁe%%teoerrsl %felirr%n(f'rﬁclﬁjﬁé %e(r) oPn%ﬁﬁ%gugﬁara%{Sr%@gg d. The
andemeirraih pefigtteatceithws axtesistiosatiofmnding eottenvoftagsal2 line 8
aprlisthdndlie UMAIInRBRON, £ TRAEET SR YSIANALIDg 198G, ino
gate NAND2,which does have an n- type back control gate, the voltage of

whiblPEsh Be agubiedNia tHe)iaritNid (ihe BasRms,; Hnthjsesratinaatyew, the

chariRfislics i ipedre e earthermegoperformance characteristics and

the maxig;%m erfg\cvrﬂ]ance characteristics. The p-FET transistor of the
logic gat A$§ﬁé, wHIBNTRAS 'SRl Tha TR 0cdrivoPgRIetheDBIRQIEGSH and
whidteis irgienobestgie dentaetlinghBEdinshasikgdifia minimum threshold

O P AR DRI AIS8 sbeleCte e Kty enigted 1 defology
traﬁgiwbi@wdﬁmeccirw iasAaainmedure doaretslseed. Mtuettenentparthof film. It
F'%F%@i&*ﬁ%%%&%‘?%@%é@@‘%g{ mgce;rgap%A@?S@'&&Fﬂﬁ@éﬁ%@é#&%ﬂve

I 1-T4 ot the

the isolation regions IN1-1N3 and the n-FET transistors

NORR T4 BtharawRi/from)the e mne{ Tapisatteehucanthis sestiemand drain

viewsdhdnsulating film bears the reference BOX.  In Figure 8, the
_transistor, channels are fully depleted, the source and drain regions being

15in contadt R HESRSBREVR Hir ISRl deaiomsdineniBte S apipadiand
theqratialyidaieted tEclypeldatk control gate Gri-Grs (in the low state via the

line BGPL).
One of the nFET transistors, T4, of the logic gate NOR2 has an n’-type

(84

back control gate Gy, (in the high state via the line BGug), whereas the other
20 nFET ftransistor, T, of the logic gate NOR2 does not have a back control
gaie.

The nFET transistor Ty of the inverter INV1 has a p*-type back control
gate Gp4 (which can be adjusted via the individual line BGopy).

The nFET transistor T, of the inverter INV, has an n™-type back control

25  gate Gng (which can be adjusted via the individual line BGna1).

As shown in Figure 8, the associated back control gate is localized so
as to extend only opposite the transistor channel. For example, the back
control gate is formed by implanting dopants beneath the insulating film BOX,

The back control gate is isolated from the base substrate by a well Cyy,

30 Ce1, Cna, Cp2 of opposite conductivity to that of the control gate (n™-type well
Cn1, Cne for a p’-type back control gate Gpy, Gpz, Gps, Gps ; p-type well Cpr,
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in which the source and drain regions do not extend into the entire thin
film. It should be noted in this case that the back control gate is overall
less effective as it is further away from the channel region between the
source and drain regions. 15As discussed above, the isolation regions
IN1-IN3 have an n-channel and each region has a pt-type back control
gate Gpl-Gp3 (in the low state via the line BGFL).  One of the nFET
transistors, T1, of the logic gate NOR2 A&s an nt-type back control gate
GNI (in the high state via the line BGNH), whereas the other 20nFET
transistor, T2, of the logic gate NOR2 does not have a back control gate.

The'FrEef fARSIEBR PEYF BREYTN &AL trewiGhat a pt-type back control

gﬂte Gp4r ﬁﬁ%l%t%@eﬁ@ﬁ@i@ﬁeﬂ%ﬁ?ﬂﬁﬁﬁ@%@@%@@%ﬁﬁy the electrical
The nEET transistor T4 of the inverter as an nt-type back control .
RS RE TR BBl SOHUDHR BHE iR LRI S AR 7o Agse.

shotiva tidegusel8iindtss baciatemhbachaterittohghtevielionadi Zashsamghimg that

exte I Si e transistor nnel. Ear example, the back control
ot e B e ] AR i B e
backassHie g desiared fommbe kasevabkirats byrdralaie@EN bf the same
30GpbdCNE. SRR SRROReREFely WHIA! SHHBB AR gBIES e back
(n--type well CNi, CN2 for a pt-type back control gate Girl, GP2, GP3,
GPEoniRlgpesierclsis 88CE2:for an nt-type back control gate GN1,

GN2). RERaHel (oHRERIY Ciesriicreibas e slade, o Ry thewells that

lectrical node bet he b trol gate and th lis al
VeI 1 BE MEOHb RBIREEPEY: BALPLAAFS EEREFANs e eI C-

froraranyihivag yhat theitonagtatn @i e specenly idevalack cantrofgatdls)in the
In f%?é its'k%t%f\yourse possible to provide a well common to several back
contr Pga es ofthe same type, as is the case for the well CN2 which
collectivéigtontings the dackitonatigawsi@olner3 @l GRawRetEnisgcond

to Figuigthdhfieliieaeen fR 3adL N sepmsaniibsialls Maliating fim BOX,

15  may contribute, fully or partly, to isolating a back control gate from the base

20

25

30

substrate.

A device according to the invention has the following advantages.

A wide performance range may be obtained for the p-FET and n-FET
transistors while using only a single physical channel width. Typically, three
types of performance are the foliowing:

— regular performance, in the absence of a back control gate:

o the transistor is then an ordinary SeOl fransistor, and it is
unnecessary to modify the existing circuit designs;

- boosted performance, with an "ON" back control gate, increasing the
conduction of the transistor:

o the transistor then operates as if it were wider than it actually is,
or it has a smaller footprint per performance unit (speed, lox);
and

— reduced performance, with an "OFF" back control gate, reducing the
conduction of the transistor:

o - the transistor then operates as if it were narrower than it



10 isolate the n-type and p-type back control gates respectively. The wells

Op are typically in the low state GND, whereas the wells ON are typically

in the high state VDD.  According to an alternative embodiment (not
shown), a second insulating film, placed in the base substrate beneath the
insulating film BOX, 15may contribute, fully or partly, to isolating a back
control gate from the base substrate. A device according to the invention

has the following advantages. A wide pérformance range may be obtained

for the p-FET and n-FET transistors while using only a single physical
channel width. Typically, three 20types of performance are the following:
regular performa%%%%w tHe aﬁ ?105"3‘?/ a gﬁ%@co@trﬁﬁaﬁqvﬁﬁ%ﬁﬁggto‘whe”
is then an ordingryrBe®inansisios, and itisirsde(assasy tasnodifiidtigies, for
existing circuit designs; osted performance, with an "ON" back
controlggate, incrse%(i{ﬁ éetﬁgt%%"zfggti Efﬁ?hné; ?rz'fﬁss\% %?Sp%ee WANESHE Y to
then operates agvitiziwepaoilitsr thanideactiibly iscardghasarsenddlerare  also
footprint per perfggmancaynitliresd 1RN; d%[ peﬁa?&%%%% may thus be
performance, with an "OFF" back control gate, reducing the 30conduction
of the transistor:U#R€ tFalhgstarstaéss dp satas 2k itraesisipasuiierendnatratio

17 to be respected), the leakage current losr then being reduced.

tn

However, the invention is in no way limited to these three types of
performance. Indeed, the performance characteristics can be dynamically
10  modulated by applying an analogue and adjustable bias to the back control

gate of a ftransistor. Any kind of performance in between the above

mentioned “reduced performance” and the “boosted performance” can
therefore be achieved.
In a particular variant, the back control gate may be biased by any one
5  of multiple predefined voltages. These multiple voltages are typically voltages
that are available in the environment of the device, such as Vdd, various
fractions of Vdd (such as Vdd*2, Vdd/4) and various combinations of
available voltages (such as Vdd-Vtp, Vdd-Vin, efc.).
Thus, the ratios between the pFET and nFET transistors may be
20 adjusted without having to maodify the channel width.

Thus, it will be undersiood that a device according to the invention
obviates the needs encountered in the conventional designs for transistors
having different dimensions. Effectively only a single physical width and
simplified transistor models and parameters are used. It should be pointed
25 out that the transistor models are actually complex equations with many
secondary (parasitic) or tertlary edge effects. Most of these effects depend
on the dimensions of the transistor and, for recent technologies, the
environment (proximity stress). In the context of the invention, the topology is
unique and the models can then be greatly simplified (this results in more
30  rapid availability, shorter development times, etc.).
it should also be noted that there is very low variability owing to the high



actually is. This may prove to be advantageous when performance ratios

are desired (in the case of latches, for example of the flip-flop type) since

it is therefore unnecessary to widen another device. The leakage currents

are also 5significantly reduced. This type of performance may thus be

used in the off-states in so far as no transistor switches (no ratio to be
respected), the leakage current 'OFF then being reduced. However, the
invention is in no way limited to these thrée types of performance. Indeed,

the performance characteristics can be dynamically 10 modulated by

applying an analogue and adjustable bias to the back control gate of a
trant&iSebr O AG AT BBRoRRERIERSIPBbtWEEN RRY Silitve FeegtioRes remains,
"redusectperignmancsianh the "heosiediperfaipmits” @@@gbsé_eéor\m% fully
ach(i:fev?d. In z%{@r?{ticular variant, thcg back control gate may be biased by

any ohe fg B L}lltriﬁeaﬁ?e%fgﬁr‘fga oltages. These multiple voltages are
typically #ottenjes Habatingaithbléniethioenyissvriessefithe devigge $00Rding

e e Y L e B S R T Bl wiotn

combinations'or available voltages (such as
Thu'%h@Iﬁﬂtb{@o@b@twéedaw@‘ww!saﬁdmﬂdbtmnqimrmanp beunding near a
2036HIRENEIRIARENGA MALIYINENBRBPLIAT: ne HOUSd Ml the

stood that a device according to the invention obviates the needs
enc%@IH’t%r%iﬁ*mq(ﬁfgft&ﬁxieﬁtf&%’aﬁa8§6ﬁ§>ﬁ6¥%@§m§ﬁavmgehiﬁ@éeﬁ@es not
dimersianswvitifesdivetvenrlig. single physical width and simplified

transistoy models and parameters are used. It should be pointed_25 out

0that the tHERYSFnToEIE SERIRAINY dBnRfeN¥GLLABAS Wit Hlivg to cross-

secomddinyy péfeasdtic) or tertiary edge effects. Most of these effects depend
on the dimensions of the transistor and, for recent technglogies, the
environrrl:@r?\ (E'rgé?rﬁﬁ{ﬁssﬁfe?s)??ﬁ \fﬁ{aq Iéjonﬁ?ilex T i R@%L?ﬂﬁ}ﬁ%pens that a
topeRgsilisamiepinaniiomhésraditsiaio tacirdio gfeatiytisimpiifiedgétes The two
res i e pj itahility r el ti ).
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should also be noted that there’is very low variability o

15 resulting in communication delays. Since the neighbouring of celis is
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unpredictable, this coupling cannot be taken into account in the model of
each cell and is therefore discovered relatively late in the design of the
application. In the context of the invention, the interaction between active
strip and polysilicon connection is the same for all situations, thereby
resolving the drawback encountered in conventional designs. in particular,
the modelling of the coupling remains valid after circuit production.

Furthermore, a device according to the invention has a reduced
consumption via the association of back control gates with the isolation
regions, in order to reduce the leakage currents therein, and the possibility of
dynamically acting on the back control gates associated with the transistors
in their off-state, in order to further reduce the leakage currents.

To illustrate the effectiveness of the invention, it will be recalled that a
standard CMOS cell library may comprise twelve inverters having different
performance characteristics.

The invention makes it possible, when applied in fully-depleted
technology, to use only three inverters (INV:, INV; and INV;) because the
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18 level of regularity and because only the polysi icon roughness remains,
whereas any fluctuation in the level of dopants disappears when fully
depleted structures are produced. A device according to the invention is
also insensitive to edge rounding 5 effects of patterns because all the
channels have the same physical width. The active zone strip is effectively
a long polygon, having no rounding near a polysilicon connection line. The
90 corner of such a line is also far from 1l¥e active strip (both at the top and
the bottom of the structure) and does not interact with the active strip.
10Mgqreqver, a device according to the invention is insensitive to cross-
couPIRGNREIETE MR e SRoT Bl ot s s Bl wicth,
happensithataatiadiysitipiteconaeaiislogs, afjaecint tatardraire ohatsibssy (INV,,

logi t et s are then capacitively coupled and mutuyall
distﬁ?%%&%@%%?\gmngepeescﬁﬁﬁﬁ Eﬂecg%r%h% céf%ﬁ"&le}ﬁ hg?ﬁgegﬁ]éodulated
neidghobirislfebtéis fdysipabdictible, this coupling cannot be taken into
account j I i re di d relatively .

o the Taags S g S B AR 8 SRR o rect
inteliz@bRHEENEEN Y Eeecedipandasiysifidon connection is the same for

all situatippgs thatebyROLesolving theHaubaskigRCAHNeRd iDsed today, the

conventional designs. In particular, the modelling of the coupling remains

valith 4Rk daeesieih'e forepinarrinte ityelibemdedrgivpyieinesed.
inventiontha®aldashifethe onshie RSty i e ase eiadio el Rask AN Shanual

gates with the isolatian regions, i a::rt reduce the leakage currents
e RGP in ARSI Bt 28R M act DS (G B R B RLgFe now

gat@srysdyiatetbwith &Bmtranﬂiamrgﬁhyﬁemoﬁfmate, mwrdppéeriughefat are
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invention, it will be reca a standard ay

conipfise 3ofetic! P-aRBrsutesiry diffefehepettsimalngy ohedactbestiesign rule
30ThgrDyeRERpAR_KEHEROSED!R YERD AnRlied RdlHeBleiethe new rules

technology, to use only three inverters (INV1, INV4 and INV8) because

15¢he8fcomplex descriptions of difficult combinations of topologies. This entails a
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loss of efficiency in terms of footprint. In contrast, the efficiency of the
invention remains generally constant. Thus, if the invention and a
conventional approach are generally equivalent in terms of footprint used at
the 45 nm node, the invention will become increasingly more efficient at
subsequent technology nodes.

Moreover, in so far as the set of design rules is an extremely reduced
subset of the usual set of rules, and because these rules are applied in a
unique context for each of them, it proves possible to design transistors
below what ‘the lithography initially permits. In particutar, it is possible to
optimize the width of contacts (for example by replacing two nominal square
contacts by a single rectangular, and somewhat narrower, contact) and the
poly-contact distance.

Moreover, it should be noted that the back control gates have the
advantage of being buried beneath the insulating film and consequently have
no impact on the footprint.

It should also be pointed out that the footprint may be reduced by about



effective channel width may be modulated by + /- 50% of the physical
width.  In partially-depleted technology, four inverters are necessary
(INV1, INV4, INV6 and INV9) because the effective channel width may be
modulated by + /- 30% of the physical width. 5It follows that the standard
cell library is considerably simplified - in fact it can be generally reduced
by a factor of 2.  Thus, although around a hundred design rules are
used today, the invention makes it possile for only around fifty of them to
have to be used. It should be noted in this regard that, in the past, the

design. rul | 10 contained imately 100-20Q rules. Si ,
techRolBole%eri o1l BeRERAIR bAoAPTBE v AR, R AR oG i of

appeziisigdoateai’bimestdtintpcaevithitlesithvangiceyvent the simple and easy
applicatigr he initial set of 100- rules. At the 32 nm technol .

mode. e HaLy T ARSISEL A R HE RN o BT e
modtef entendulskutigreof oimg | & agstenstitnpofittiffietit suitable for the
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footprint. In contrast, the efficiency of the invention remains generally
consStERCaHUSeShiesirkRIStRe PRI 88 0 aRBREAAFHYEh are generally

equivalemmhis feasAfdociprabrsedirl Hhe teantonestcthadaventionik: via
become anreasigg%% ore efficient at 20subsequent technqlo%y nodes.

MofBERIZAILY &L¢ SHgHRA hRdaNAl @RferralgabyiiRe constant
subsithof The usdaicsienofrrulesignddiedasige thase retesrasesipiediines the
unigue context for. each of them, it proves possible ta design transistors

ol e B R R SRS AR TRIRRIR repeat
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and the poly-contact distance. Moreover, it uld be noted that the

backcBiftrEIRjatesHing a6 b Hitagrnueriimglotrral BuRdatAdhelways very

insWaingitm:aacheeBsSaHeHp Aa¥aIZORS iANRAFHOHBERPWPENbIEsibility of
shoulf(lifgiso be pointed out that the footprint mfz%/)be reduced by about 20
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celleedsingteiol imperoodanae withiiberduientiond offdnatsdhshaotgdditng the
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considerations are eliminated through the general simplification and
preplacement of the strips of transistors.

Moreover, the invention is not limited to the device according fo its first
aspect, rather it extends to a method of driving such a device in which the
back control gate region is biased positively or negatively in order to shift the
threshold voltage of the transistor. Advantageously, a p-type back isolation
gate is connected to ground and an n-type back isolation gate is connected
to a nominal supply voltage.

As mentioned above, the application of a back gate voltage on a FDSOI
transistor modifies the electrical characteristic of the device. Simply
described, a higher voltage on the back gate reduces the threshold voltage of
a N-channel device and vice-versa. The same applies on P channe! devices
in absolute values.

It is possible to saturate this effect by applying very high voltages on the



5normal use of what are called "back-end" metallizations for what are

called "standard" cells (i.e. cells predesigned for general usage).  This

is because standard cells are interconnected (routed) together via

metallization levels that are alternately horizontal and vertical with a

constant pitch. The reduction in number of design rules enormously

facilitates the 10 closing-off of the front-end and back-end constraints (the

transistor repeat pitch and the routing p#téh are made identical). The

usage of standard cells then becomes easier since - by construction - the

inpyts/ ts ar Iac on the metal [0 rid. In th nventional
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It |s ossible to saturat his effect b applyln very high voltages o
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tranﬁ'}stor reduces it threshold down to a negative value, making the
tranS|stor always ON des ite the voltage level applled on its front gate.
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partlcularly efficient to create a reconfigurable logic. Figure 9 represents
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2-inpyhReelea BupkiienmidersnEiPCARRS YAIRASAPRIRH 0B Hirdeslt this
gate BG1- BG4 of the various transistors T1-T4, as indicated on the truth

tabR'BFRIRL ﬁf%@%@&r@@'%%saél %B%Eéﬁl%%dt%?ﬁﬁﬁlﬁ?ﬁ iRyts.
reconfigUiablsfdogiog transistors into “opens” and “shorts” through an

appropriate back gate control proves interesting for re-programmable circuits
such as FPGA for instance. In this case, the back gate is not used fo
modulate the strength of the transisior but to establish or cut electrical links
between a group of tfransistors. Of interest is that the layout of a re-
programmable cell is unique for all functions.

The voltage appiied to the different back gates advantageously comes
from external, and if possible adjacent, circuits such as SRAM cells or Flash

cells. The programming of the various functions that can be implemented by



circuit, while OUT represents the output of the reconfigurable logic circuit.
On figure 10, Vpp represents a voltage that is sufficiently high to force the
threshold voltage either to a negative value (the transistor is always ON)
or a value higher than the supply voltage Vdd (the transistor is always
OFF) for a 20 N-channel transistor, and respectively to a value either
positive or greater than Vdd in absolute value for a P-channel transistor. It
will be noted that this principle of reconfigurable logic can easily be
extended to 3 or more inputs.  Transforming transistors into "opens"
and, "shorts" through an appropriate btgge@gate control proves interesting

for FESrSPARGRABRABIRHECWS sicis AR TSRS 1 i@t aBeolean
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cells, then a unique and predefined back-end interconnection can be
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device formed on a semiconductor-on-insulator
represents the metal3 layer used for interconnecting tracks of logic celis LC.

ot



substrate comprising a thin film of semiconductor material separated from

a 5 base substrate by an insulating film, the device comprising an array of

93]
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patterns each formed from at least one field-effect transistor, each

transistor having, in the thin film, a source region, a drain region and a
channel region which is delimited by the source and drain regions, and
furthermore comprising a front control gate region formed above the

channel region, the 10 patterns being a¢fanged in the form of rows, the
source and drain regions of any one row having the same dimensions and
being spaced apart by front control gate regions of fixed dimensions,
characterized in that at least one tram a pattern has a back control
gate region formed in the base substrate beneath the channel region, the
baclf gat re ion eiF capable of_ 15 b in%ét?iased in orderéo shift the
threSholPONSGeSFIRE 13RS or I3 B tIala AodiFCAFBAIHSI%-eRaRREIRtor
widgub$tiatetreomsstoingr dottorddrtheftsamsistorticctemamafhbsararated from a
wh r g lig its frent cqpirol,gate. 202.Device
o R B R RS e DR ey of
on GRdeng arckdpimedtfien @hdeantrenthifelilrefiiahbramsisioondactotransistor
subghalyanrHE WIIERIAT Sliiien tegien, detmils FB@&‘P'JQHS@ Bﬁgﬁﬁ@ﬂegion

the isolation region comprising a front'isolation gate formed above the
actiVRiIZhndSa g Hisek R614hBn SRUECROrATE Fraie pasioresnste furthermore
benestipthemgSacibie 2onroBdaayiereraingtalaiainme dhaviNeNRgion, the
back iﬁolatiq%l line connects, th% b%():k isolation %gtes of each of the .

O EGISHAP AR TS A Bl We 08oraGtABAS B B Egians of
2 toadyionenichvtheegkhisotatine date hsieres candl betiviiysph opg egitertypefront
tot ctive, 06 Device according to Claim 1, in which a bac
ot e B B b B T 1986 one
trarfs1IRsOT Pevivatizrcordiagrtd athimobiol wiaich ragiaskigatedinie the base
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15 being biased in order to shift the threshold voltage of the transistor to
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simulate a modification in the channel width of the transistor or to force the
fransistor to remain off or on whatever the voltage applied on its front control
gate.

2. Device according to Claim 1, in which some of the patterns in a row are
formed on one and the same active zone of the thin film of the semiconductor
substrate and in which an isolation region delimits the adjacent patterns, the
isolation region comprising a front isolation gate formed above the active
zone and a back isolation gate formed in the base substrate beneath the

active zone.

3.  Device according to Claim 2, in which a back isolation line connects the

back isolation gates of each of the isolation regions of any one row.

4. Device according to Claim 3, in which the back isolation line is common

10 several rows.



8. Device according to Claim 6, in which a back gate line connects the
back gate region(s) to an analogue and adjustable potential. 9. Device
according to Claim 1, in which the back gate region is isolated 15from the
base substrate by a well of opposite conductivity. 10. Device according to
Claim 1, in which the back gate region has a conductivity of the same type
as that of the transistor channel. 2011. Device according to Claim 1, in
which the back gate region has a condugtivity of opposite type to that of
the transistor channel. 12. Method of driving a device according to Claim
1, in which the back control gate region is biased positively or negatively
in order to shift the 25threshold voltage of the transistor. 13. Method

accg.rdinm@i@l@\i&é&diﬁ%\@%%ﬁ@%ﬁ@w%gﬁtﬁwfﬁm% ig,RiasRy BYsiation
an analogqu{g and adjustable potential. 3014. Method of driving a device

accBAI A 2 EERFY I WIREARReS Rt Aol fbrarivagone-

controlled to cause the transistor to remain off or on whatever the voltage

applied tq its. front confrol gate, 25 15, Method according to claim 14,
i B E e Toad® KO Oohre @B B fopfects the

meprtl gells givs{ofebrnkdel v el wrdite térinineitoodtages to the back
control gates. 16. Re-programmable circuit comprising a device according

to claim 1 interleaved with rows of memory cells that store and deliver
predeterPRYéee\enejeint th&lriek Gontroiieiteadiokgate line connects the

back gate region(s) to ground or to a nominal supply voltage.

10
8.  Device according to Claim 6, in which a back gate line connects the
back gate region(s) to an analogue and adjustable potential.
9.  Device according to Claim 1, in which the back gate region is isolated
15  from the base substrate by a well of opposite conductivity.
10. Device according to Claim 1, in which the back gate region has a
conductivity of the same type as that of the transistor channel.
20 . 11. Device according to Claim 1, in which the back gate region has a
conductivity of opposite type to that of the transistor channel.
12. Method of driving a device according to Claim 1, in which the back
control gate region is biased positively or negatively in order to shift the
25  threshold voltage of the transistor.
13.  Method according to claim 12, in which the back control gate region is
biased by an analogue and adjustable potential.
30 14. Method of driving a device according to claim 1, in which the shift of the

threshold voltage is conirolied to cause the transistor to remain off or on

whatever the voltage applied to its front control gate.



25

15.  Method according to claim 14, wherein the shift of the threshaold voltage
is programmed by means of memory cells that store and deliver

predetermined. voltages to the back control gates.

16. Re-programmable circuit comprising a device according to claim 1
interieaved with rows of memory cells that store and deliver predetermined

voltages to the back control gate regions.



