1 MEMORY CELL IN WHICH THE CHANNEL PASSES THROUGH A
BURIED DIELECTRIC LAYER  The field of the invention is that of
semiconductor devices and more particularly that of memory devices
comprising a plurality of memory cells.  The invention relates more
particularly to a memory cell formed by an FET (Field-Effect Transistor)
having a floating channel or a floating gate, and 5also to a memory array
consisting of a plurality of memory cells of this type.  Figure 1 shows a
sectional view of a conventional floating-Ehannel DRAM memory cell
(DRAM being the acronym for Dynamic Random Access Memory). This
cell isvignarer o SEIBHiconTaa-Tis i) StASBER THIRPIHS N aBHRIED
silicon layer 3 separated from tP) %%[@Eg%@bstrate 101lviaa
buried oxide layer 2 (BOX). A floating channel 4, a source region 5 and a
drain region 6 are formed in the thin layer 3 above the BOX layer 2. A gate
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15  gate elecirode 8 is connected to a word line WL.

Tne ficating channel is electrically isolated by the BOX iayer, the gate
dielectric iayer, the source region and the drain region. Because of this
isolation, the floating channe! can store electricai charge, leading to the same
result as with a capacitor.

20 During an operation of writing data into such a transistor, the floating
channel stores charges through an impact ionization effect, thereby
modifying the threshold voltage of the fransistor. During a data read
operation, the amount of current flowing between the source and the drain of
the transistor thus depends on the quantity of charge stored in the fioating

25  channsl

Although fabricating smaller transisiors enables a larger number of
them to be integrated on one and the same substrate, the scaling-down can
igad to undesirabie effects. In pariicular, FET transistors having a channel of
refatively shori length may have undesirabile elecirical characteristics known

30  asshort channe! effects (SCE).



Because of the continuous reduction in size of semiconductor devices, the
SCE phenomenon proves to be increasingly problematic. One

solution for this reduction in physical dimensions of integrated circuits
consists in forming what are called "buried gate" transistors that have 5a
gate region buried in the channel.  Unlike a conventional planar
transistor for which the control gate electrode is formed on the surface of
the substrate above the channel (being isolated therefrom by a gate
dielectric layer), a buried-gate transistor has a control gate electrode that
fills a trench formed in the thickness of the 10channel.  Such a
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Although such RCAT fransistors heip to soive problems associated with
channel size reduction in the case of 65 nm and 45 nm technologies, the fact
remains that the volume of the channel is s0 small in the case of the next-
generation (especially 32 nm) fechnologies that oniy a small guantity of
20 charge can then be stored therein. It will therefore be understood that a
variation in only a few chaf-ges can then lead to relatively iarge perturbations.
To give an illustrative example, an SOl-based ptanar transistor can onty
contain a few tens of charges. The loss of only a single charge then
represents signal loss of around 2%. Now, each access to a cell that shares
25  a connection with a cell in retention mode may potentially disturb said cell by
“pumping” by coupling, for example one or more charges at each cycie.
There is therefore a2 need for memory cells that obviate the
aforementioned drawbacks of the prior art due to the small channel volume.
The objective of the invention is {o meet these requirements and, for this
30 - purpose, according to a first aspect, the invention provides a memory cell

comprising:



a semiconductor-on-insulator substrate comprising a thin layer of
semiconductor material separated from a base substrate by an insulating
layer; an FET transistor comprising a source region and a drain region

that 5are arranged at least essentially in the thin layer of the
semiconductor- on-insulator substrate, a channel in which a trench is

made, and a gate region in the trench, characterized in that the trench
extends into the depth of the base substrate beyond the insulating layer

and in that the channel extends betweersthe 10source region and the

drain region at least essentially beneath the insulating layer. Certain
preferred, but non-limiting, aspects of this memory cell are the following;
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regions that are lpcated 25beneath the insulating layer; the gate region Is
separSted Fonfiisy 'ﬁﬂejf"h‘ﬁ{aaaféI@cfnﬁilé%r?ha”“ef extends between the

10 source region and the drain region at least essentially beneath the insulating
iayer.

Certain preferred, but non-limiting, aspects of this memory cell are the
following:
-~ the drain region and the source region are arranged integrally in the thin

15  layer of the semiconductor-on-insuiator substrate, and a channel conduction
region is arranged at the insulating iayer ievel on either side of the trench so
that the channel extends between the source region and the drain region
both above and beneath the insulating layer via the channe! conduction
region;

20 - the source and drain regions exiend both above and beneath the
insulating layer via 2 socurce conduction zone and a drain conduction zone
respectively, the zones being arranged at the insulating layer level on either
side of the trench, and the channel extends integrally beneath the insulating
iayer between the parts of the source and drain regions that are located

25 beneath the insulating layer;

- the gate region is separated from the channel by a dielectric layer;

— that part of the channel beneath the insulating layer is formed by a wel
made in the upper part of the base substrate;

- the well is isolated from the remaining part of the base substrate by a

30 layer of opposite conductivity to that of the well:



that part of the channel beneath the insulating layer is formed by a well
made in the upper part of the base substrate; the well is isolated
from the remaining part of the base substrate by a 30layer of opposite
conductivity to that of the well; the cell further includes lateral isolation
regions of that part of the channel located beneath the insulating layer
which extend depthwise beneath the insulating layer;  the FET
transistor is partially depleted and the cell furthermore 5comprises lateral
isolation regions of that part of the channel located above the insulating
layer; - the channel is floating and the gate region serves as control gate
electrode for drlvm%@_1 e FET transistor; the cell further comprises a
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and the gate region | ng and the FET transistor further
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- the channel fs floating and the gate region serves as control gaie

electrode for driving the FET transisior:
— the cell further comprises a bipolar transistor, the collector of which
10 serves as channel for the FET ransistor:
- the source of the FET transistor serves as base for the bipolar
transistor;
- the base substrate serves as base for the bipolar transistor; and
~ the gate region is floating and the FET transistor further comprises a
15  controi gate electrode isolated from the floating gate region via a dielectric
layer.

According to another aspect, the invention relates to a memory array
comprising a plurality of memory cells according to the first aspect of the
invention.

20 According to yet another aspect, the invention relates to a process for
fabricating a memory cell, characterized by the steps consisting in:
~ forming a trench in the semiconductor-on-insulator substrate so that it
extends beyond the insulating layer;
-~ covering the walls of the trench with a layer of semiconductor material:
25 — carrying out a recrystallization annealing operation on said material in
such a way that the material recrystaliizes:
o In a single-crystal state in the regions located above and
beneath the insulating layer;
o in a polycrystaliine state at the insulating layer level so as to

30 define the channel conduction region on either side of the



20According to yet another aspect, the invention relates to a process for
fabricating a memory cell, characterized by the steps consisting in:
forming a trench in the semiconductor-on-insulator substrate so that it
extends beyond the insulating layer; covering the walls of the trench
with a layer of semiconductor material; 25- carrying out a recrystallization
annealing operation on said material in such a way that the material
recrystallizes: o in a single-crystal state in the regions located above and
beneath the insulating layer; o in a polycrystalline state at the
insulating layer level so as to 30define the channel conduction region on
either side of the 5 trench at the insulating layer level and the lateral faces

of the trench; covEFig 1Ak RMRSEIRINS daeHRYRhandidie deterplyarearmd the

forming a gate redrendby filling the trench. 5According to yet another

aspect. IneURRYSRLIEIAICS 02 PURERSAICL [Rbdealng 2 memory cell

characterized by the steps consisting in: forming, imme |atee1§1/ eneath the
insulating fayBiNGaepedagirs: it ihedieatihe the source region and

deain regionctihadingtengdeeneaibribspingutatingayas-ORRhe tsileaEiRg for
trenc'?ébricating a memory celi, characterized by the steps consisting in:

- forming, immediately beneath the insulating layer, a doped layer
intended o define the source region and drain region that extend
beneath the insulating layer on either side of the trench:

© 10 — forming a trench in the semiconductor-on-insulator substrate so that the
trench extends beyond the insulating layer;

— covering the walls of the trench with a layer of semiconductor material:

-~ covering the walis of the trench with a dielectric layer;

- forming a gate region by filling the french; and

15 ~ causing the dopant to diffuse along the walls of the trench at the
insulating layer levei from the source and drain regions located above
and beneath the insulating layer respactively, so as to form the source
conduction zone and drain conduction zone enabling the source regions
and the drain regions, which extend above and beneath the insuiating

290 layer, respectively, to be connected.

According to yet another aspect, the invention relates to a process for
fabricating a memory cell, characterized by the steps consisting in:

- forming a first trench in the semiconductor-on-insutator substrate, the
first trench exiending from the surface of the semiconductor-on-

25 insulator substrate down to the base subsirate:

- covering the wails of the first trench with doped spacers having a
conductivity of the same type as those of the drain and source regions
that are intended to extend above the insulating iayer:

— forming a second french in the first trench, said second trench

30 extending into the depth of the base substrate beyond the insulating
layer from the botiom of the first trench:



10forming a trench in the semiconductor-on-insulator substrate so that the
trench extends beyond the insulating layer; covering the walls of the
trench with a layer of semiconductor material; covering the walls of the
trench with a dielectric layer; forming a gate region by filling the trench;
and 15- causing the dopant to diffuse along the walls of the trench at the
insulating layer level from the source and drain regions located above and
beneath the insulating layer respectively, so as to form the source
conduction zone and drain conduction zéne enabling the source regions
and the drain regions, which extend above and beneath the insulating
20layer, respectively, to be connected. Accordfglég to yet another
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substrate; #Vering the walls of the first trench with doped spacers having
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depth of tHeadeesshetrens Hbgondatrrinsatatingg lafer flopathedifbttirn, obs
the first tref@iind conduction zones and drain conduction zones respectively, in
order to connect the source and drain regions that extend above and
10 beneath the insuiating layer.

Other aspects, objects and advantages of the present invention wili
become better apparent on reading the following detailed description of
preferred embodiments thereof, given by way of non-iimiting example and
with reference to the appended drawings in which:

15 - Figure 1, already presented above, represents a conventional floating-
channel DRAM cell;
- Figure 2a represents a first embodiment of a DRAM memory celf
according to the first aspect of the invention;
- Figure 2b is an eniarged view of Figure 2a illustrating the presence of a
20 channel conduction region on either side of the trench at the insulating iayer
level;
- Figures 3a and 3b show a variant of the cell according to the first
embodiment of the invention, in which a bipolar transistor is associated with
the FET transistor in order to inject charge into the channel of the FET
25 fransistor, as a sectional view and as an equivalent electrical diagram
respectively;
- Figures 4a and 4b show another variant of the cell according to the first
embodiment, employing a bipolar transistor for charge injection info the
channel of the FET transistor, as a sectional view and as an equivalent

306  electrical diagram respectively; and



covering the walls of said second trench and of the first trench with a
dielectric layer; forming a gate region by filling said second trench and the
first trench; and 5forming localized source and drain regions immediately
beneath the insulating layer on either side of said second trench by
dopant diffusion from the spacers, the spacers serving, after dopant
diffusion, as channel conduction zones and drain conduction zones
respectively, in order to connect the source and drain regions that extend
above and 10beneath the insulating layer. Other aspects, objects and
advantages of the present invention will become better apparent on
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10 insulating fayer, for example a buried oxide layer BOX.

In the context of this first embodiment, the drain D and the source S are
arranged infegrally in the thin layer of the 5e0l substrate.

The channel C itself exiends both above and beneath the insuiating
fayer. The difference in volume (typically by a factor of between 200 and

15  1000) between that part of the channel located above the insuiating iayer and
that part of the channel located beneath the insuiating layer is such that if is
considered, in the context of the present invention, that the channel lies
essentially beneath the insulating layer.

in the context of Figure 2a, the drain D and the source S are in contact

20 with the insulating layer BOX so that the FET transistor is fully depleted.

The source S may thus be shared between two adjacent memory celis
{along a row of a memory array lying in the plane of Figure 2a, the columns
of the memory array lying perpendicular o the plane of Figure 2a). Such
sharing enabies the footprint of a memory cell to be reduced.

25 However, the invention is not limited to a fully depleted memory cell but
also extends to a partially-depleted SeQ! memory cell (not shown). it
therefore proves necessary to isoiate, in a conventional manner known per
se, the cells along a row of the memory array so as to create the floating-
channe! effect. This is conventionally accompiished by means of lateral

36 isolation trenches that extend depthwise from the surface of the substrate



-Figures 4a and 4b show another variant of the cell according to the first
embodiment, employing a bipolar transistor for charge injection into the
channel of the FET transistor, as a sectional view and as an equivalent
30electrical diagram respectively; and 7 -Figures 5a and 5b illustrate two
variants of a second possible embodiment of a memory cell according to
the first aspect of the invention. Figure 2a shows a sectional view of a
DRAM memory cell according to a first possible embodiment of the first
aspect of the invention, comprising an 5FET transistor having a source 5,
adrain D and a channel C between the source and the drain The

memary ¢ cel | qﬂg d on Se%é&eml ondtﬁctor -0On- Qarted STi
substrate, pre era J?@s icon-on-instrator) SUBSHE rate Eomprising a
thin Iai%ﬁﬁﬁ‘@é’rﬁ%@h&i@iﬂé@ﬂﬁatenal separated from a base substrate by

an %Oins%l?ﬁ@qfiﬂm t@l’:f??@ﬂr?lfh% %%Maﬁ&%ﬁtdﬁy@nﬁé@%nown IPethegs, 1o 2
conte T Im e e sour are
o3 el AT e R
G itseibe‘ba@msstmmaabcfxeaahdvﬁéﬂeaﬂmm redalpkhegd @yeny Thie row.

iference gk GyacAly 8500 boineTRIey tamgns@a@ae ine St
etween alrt o ec nne caled a e e Insulatin
et S e SRR R B B G o S0 dtere aach o

is considerettpiy tedicpliexd afdhe presentinveihtomsthatytlzerghaimitciesse
essenfially PAngatthiRe PSRN Filf DS LN f9YERI2R ihehared
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lying perpendicular to the plane of Figure 2a). Such sharing enables the
footpﬁﬂm’é%éﬁwpEEé’P&?%éf%d‘"ﬁY@éﬂpie “-doped) central zone 21 serving

mainty for making contact with the source line SL and a lightly doped (ior
15  example n-doped) peripheral zone 22 surrounding the central zone and
serving mainly for operating the transistor.
it shouid be noted that the drain D may also have a highly doped central
zone 11 (n"-doped in the example) serving mainly for making contact with the
bit iine BL and a lighily doped peripheral zone 12 {n-doped in the example)
20 surrounding the central zone and serving mainly for operating the transisior.
The example given here is an n-type FET fransistor memory cell.
However, it will be undersiood that the invention is not limited 1o this type of
transistor, rather if extends aisc to a p-«typé FET transisior memory cell.
in the context of the invention, the channel has a french and the FET
25 fransistor further includes a gate region G in the trench. The french extends
from the surface of the semiconducior-on-insuiator subsirate beyond the
insufating layer, depthwise into the base substrate.
The tfrench has a boftom and sidewalls connected together via the
bottom. It will be recalled that, along a column of a memory array, the cells
30 have isolation trenches for isolating the cells of the column from one another.



25However, the invention is not limited to a fully depleted memory cell but
also extends to a partially-depleted Se01 memory cell (not shown). It
therefore proves necessary to isolate, in a conventional manner known
per se, the cells along a row of the memory array so as to create the
floating-channel effect. This is conventionally accomplished by means of
lateral 30isolation trenches that extend depthwise from the surface of the
substrate 8 down to the BOX layer. These trenches typically provide what
is called STI (Shallow Trench Isolation).®  The drain D is connected, in a
conventional manner known per se, to a bit line BL. This bit line BL may

extend along a row of the memory array, contacting the drain of each of
the UG b T FEAR A VR o R RS ebiphges Foltior
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Iayerra?{gﬁtla\év&g\ﬁ;%g) itn 8 R\aezsgass%bg&%aé[t(?éte. To do this, a trench mask having
efching patterns with a diameter, for example, of around 40 nm is used.

20 The walis of the french are then coated with a layer of semiconductor
material, preferabily silicon.

More particuiarly, amorphous silicon may be conformally deposited on
the entire surface of the Se0l substrate (on the mask and along the sidewalis
and the bottom of the french). By using an amorphous material it is possible

25 n particular for the crystaliographic arrangement of the material constituting
the thin tayer of the SeQl subsirate not to be damaged.

Typically, the thickness of amorphous silicon deposited is tess than the
thickness of 10 atomic layers (5 nm).

Alternatively, ALD (Atomic Layer Deposition) may be used for

30 depositing a single silicon atom layer.



The trench has a bottom and sidewalls connected together via the bottom.
It will be recalled that, along a column of a memory array, the cells 30have
isolation trenches for isolating the cells of the column from one another. 9
The gate region in the trench is thus bounded longitudinally by these
isolation trenches. A channel conduction region 30 (cf. Figure 2b,
showing an enlarged view of the region circled in Figure 2a) is moreover
made at the insulating 5 layer level between the insulating layer and the
sidewalls of the trench so that the channél can extend between the source
and the drain both above and beneath the insulating layer via the channel
conduction region (the channel thus extending essentially beneath the
channel ini\lﬁ’é%v & B URHEFIHEE (RIS TmBPHERG R RaCigt & thmove the
channeblesi e dilidvovie whepiresalataigtaytbe 1@and thatkpart of the channel
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trenchecrystallif®se possible way of producing the channel conduction

region 30 is 15explai indetai C efr is firstly formed in
the Se01 substratm(it sg(;%a%% g(%%ge%%\{r% 'E ei%r é@g %g tﬁelke ¥r£%crﬁqocat86

semiconductor-orR VA&t ReRRIFAIE S ByEIREEdaY ulating layer,
depthwise into-therbasesubstrliee Tadae higha tansingaslehawagdso as to

etching patterns v&iétﬂr% m% I for exam le, of around 40 nm is used.
20The walls of the trenc arett%er% c%gaﬂg%gv? ?qg%ner%fosne%%?g%rrlaft‘?gtgﬁ the

Haterial, preferabligsiiicofiweemie paHringripyanfirphens dxcvslipay the

be conformally deparsited on the entire surface of the Se01 substrate (on

a amorph s TSR 8 DALl oA BTl (e A SraRLY
arrangériygelivatinatdoalc onstingifigthéhthiseripandictns Salddns present
substieehiphasamagethsutatlpialy, thethiskpess SLARSRBQUST the
Slicop dPRRYRILP FEHRRRMIE IGkHSRR AP Jigmic lavers (5 nm).
Next, the recrystallized silicon layer is covered with a gate dielectric
iayer 31.
The french is then filled in order to form the gate region G therein, for
example by depositing doped polysilicon. As a variant, the gate region may
20  be metallized.
Returning fo the description of Figure 2a, that part of the channe
located beneath the insulating layer is preferably formed by a well 40
produced in the upper part of the base substrate. The well 40 may especially

be isolated from the remaining part of the base substraie by a layer 50 of

[y}
821

opposite conductivity to that of the well (a layer of n"-type conductivity when
the well is of p-type conductivity in the exampie presented here of an n-
channel memory cell biased with Vag s0 as to force the diode created to be in
reverse bias mode, the reverse reasoning applying to a p-channel cell).

The memory cell further comprises lateral isolation regions 60 of that
30 part of the channel located beneath the insulating layer which extend



Alternatively, ALD (Atomic Layer Deposition) may be used for
30depositing a single silicon atom layer. 10  Next, a gentle etching step
is carried out in order to remove the deposited silicon layer present above
the trench mask. Next, a recrystallization annealing operation is
carried out on the silicon deposited along the walls of the trench, in such a
way that the silicon 5recrystallizes:: in a single-crystal state in the regions
of the trench located above and beneath the insulating layer; in a
polycrystalline state at the insulating layir level so as to define
the channel conduction region 30 on either side of the 10trench between
the in é a\% layer BOX and the walls of the trench.

recryStat ﬁF?ﬁgﬂH&\%?H@%%@%Wéﬁ%@@%@%%lﬁﬁf‘?ﬂétg"‘atmg

recry el keedt it ffromts c ormiaigifro pathef seartieeadubkirategions present

above andiepeath thedRsuating layes JaeResd mm%@%ﬁ%%rﬁ%ﬁénogéhﬁe

15|nsulat|n§ layer, the recrystallization fronts may even meet.

the reeYRRiZREdABR AR RassFeRba Rithe atiatingdayse ray%%qase of
The trenthlijsdbmatéitltbDi ordewctp felm thergatioregipneGdingyein, for
example bﬁ(cgsmﬁ%gadf%%@& s lé%bdofﬁé%y 3rant, ng?&g%%é?g%gms

may 20be metallized.
60 of that part of the channel located beneath the insulating layer are

isolation trenches produced using ST! technology.

According fo a second possible embodiment, these regions 60 are

10 formed from a semiconductor material of opposite conductivity to that of the
channel (n'-type conductivity in the exampie described here of a p™-type
channel region 40),

According to a preferred embodiment of the inveniion (shown in
Figure 2a), the channel is fioaling and the gate region serves as control gate

15  electrode for driving the FET fransistor.

Thus, a DRAM memory cell is defined for which a write operation
makes it possible, via an impact ionization effect, to store charges in the
floating channel that extends both above and beneath the insulating layer
BOX.

20 it will be understood that, in the context of the invention, the charge
storage volume is particulary increased (cf. the 200 to 1000 factor mentioned
previously) compared with that of conventional cells owing to the extension of
the floating channe! beneath the insuiating layer.

In other words, the quantity of charge that can be stored in the fioating

25  channel of a cell according io the invention may remain relatively constant
foliowing the road-map of technological developments towards ever greater
reduction in the size of semiconductor devices, or at the very least decrease
less rapidly than might be observed with conventionai cells.

in particular, the reduction in size of the semiconductor devices along

30 the X and Y axes (along the rows and columns of the memory array) may be



Returning to the description of Figure 2a, that part of the channel located
beneath the insulating layer is preferably formed by a well 40 produced in
the upper part of the base substrate. The well 40 may especially be
isolated from the remaining pad of the base substrate by a layer 50 of
opposite conductivity to that of the well (a layer of ri-type conductivity
when the well is of p"-type conductivity in the example presented here of
an n-channel memory cell biased with Vdd so as to force the diode
created to be in reverse bias mode, the¥gverse reasoning applying to a
p-channel cell). The memory cell further comprises lateral isolation
regions 60 of that 30part of the channel located beneath the insulating
layer HHIERERER AL PYPIREE K ABAAThEYHEHIR0TS IS%P‘MrEﬁ“eam the
reachimyithimgalgee50 for solating the well 40 from the remaining part of

the base SUBRIRIS- the F@WQ B%&?&?Qﬁeﬁﬁé@éﬁd SQWQQJPQ'HQ%OW

same function as the STI-type isolation regions placed above the
insuldtFY 15587 T AL LARE B Sitaffasingdd §¥oiYRBIRGREY BRI in
mentiomsenienao8El tech Mo@ydxa@gq:arﬁms&msmbis eThizodiskent thastble

aterapiseialon egions 0 aHALAR dlihe chaLARHRGRIEd benealh he

insulating layer are Isolation trenc ced using STI technologg/
Accordingt8*ar88Ko i %ﬁﬁl%ﬁ’@r‘ﬁﬁﬁg AidRE {RERRIRSYIBRS BrPure: e gate

formeddiamisa feemvieoaad clas mmem@h@fsmpmﬁt@n@admﬁ&yémmmfgate
the Cg?e% Shgn %P %9 ;H:élyégtm%t %t X éﬂ gnebdﬁcgrpse cL%igcf;f‘tc E?%e%r

p".-type C anne region 4 toa re erre Imen

%ﬁe |nvent@#@%ﬁﬁ?mtﬁ?@mmtﬁéﬁcﬁa?ﬁéﬁ@ ﬂ@rawﬁ@%lrﬁm%eg%raﬂon
regiomaiesy&passasiis) griplselairdafabdaying hefilch, @8R Oharge

Thus memgor ceII| deflnedE h|c write .o rat| nma es it
p033|28?éh%§§%4ﬁ a%t¥ IoNiZaton. e?fec R?o s?iore %ha{r{a}gggﬁs’[he armei

chanhengs thadmisaoehiadssOand beneath the insulating layer BOX

201t will b%ﬁ%ﬂ@%@i%&?c'Shlﬂfﬁsi@rﬂl%mg?(&iﬁgtﬁﬁ@rziig\get\mifgloetM@Q@rg&eased
se C e
e T RSO BRPSd TSR et

the e&M@@@ifth@f%@tmieha@mmeneath the insulating layer. In other
words, thergidagiiboafrBar geiat canbesieedindheHealings for reducing

the overali size of power transistors reqguiring high operating voliages.
Figures 3a-3b and 4a-4b show two variants of the first embodiment of a
20 DRAM memory cell according to the invention. In these variants, a bipolar
transisior is associated with the FET tfransistor in order to inject charge into
the channel of the FET transistor. The coliector of the bipolar transistor is
thus formed by the channel of the FET fransistor.
In the case of the variant shown in Figure 3a {Figure 3b illustrating the

38
o

equivalent eiectrical diagram), the source of the FET transistor (bearing the
reference 9 in Figure 3b) serves as base for the bipolar transistor (bearing
the reference 71 in Figure 3b).

in the context of this variant, the emitter 70 of the bipolar transistor is
designed so that the source of the FET transistor serves as base for the

30  Dbipolar fransistor. Typically, the FET transistor is a horizontal transistor and



25 channel of a cell according to the invention may remain relatively
constant following the road-map of technological developments towards
ever greater reduction in the size of semiconductor devices, or at the very
least decrease less rapidly than might be observed with conventional
cells. In particular, the reduction in size of the semiconductor
devices along 30 the X and Y axes (along the rows and columns of the
memory array) may be 12 compensated for by the floating channel buried
more deeply beneath the insulating layer?  Moreover, the peripheral
circuits (amplifiers and decoders) of a memory array consisting of memory
cells %ﬁzcordjn%]to the invention may remain in 5conventional SOI

technbIBGy ISThiy STRBPIFAIMGIRFHTS KL 1 HEelBE IBvamiterFrurce

problessobiaidability veows storksumption, etc.  According to one
embodimentOLHgdRVepHAB LR BhoyvRbdhaoaie Eeaien 15 Haalke ,@g%n of

the FET transistor further comprises a control gate electrode isolated from

the fISREINGGadTAGRoRASH HRSHLST SRR RcicHAFR INg0SPHIRS, gomPprises a
flash-tygreymeomedy caitisl defimed2forantiich Bohitite dapexativeTinhekals ibne 22
POSSIDIg, R AR RRENAMANULOL NPCaRHIRL U GUORLIP SN charge 4 they,

floating gate reéglon formed in the trench that extends into the channel

bene &SI UGPSR ZRHCT the sqirpsardiineil bethgianmedikeanthe
the stioraiiyeywoigmnelisvtseliiadpbastddinbeeaiisrcoddbetangerssite ehthier is
floati Ion . | t e -
ol g o (oh 155 Sl LRt A RN S Wion 21 anc
HelvattSdeoRE 6 resiceing theeverall size of power transistors requiring

high operafingyaliages: kiguresidpibeasddambrabguebNo Mafiantsiedihein
first embodignent Oba,2 %Bé%”.%\%&?&é%t%&%&fﬁé&%ﬂl

o,.the invention.
JagInvenuon. .
In thesé variants, a bipoldr transistor is associated wi éle ﬁlf‘?q{ransgt%rhe

in ordEr{8ihfBénERkrge into the channel of the FET transistor. The
collector ofrthighipedasitrassistrimississformriiyheshasns) altefighe

fans o AR EBRR.8 NR AR TSR (N OME S35 Recisoly e
isolation laver 50 of the well 40 — serves as base for the bipolar fransistor
{bearing the reference 72 in Figure 4b).

The emitter 80 of the bipolar transistor is thus placed sc as o be in
contact with the base substrate (i.e. with the isolation layer 50 of the well in

20 the example shown).

in the context of this variani, the emitter is placed in a lower part of a
iateral isolation region 80 of that part of the channel located beneath the
insulating layer, while still betng separated from this isolation region 30 via a
region which surrounds it, so as fo isolate it from the floating channel, and

25  which has the same type of conductivity as that of the base substrate (n-type
region in the example).

The region 60 below which the emitter lies is then preferably formed
from a semiconductor material of opposiie conductivity to that of the channe!
(n*-type in the exampie). '

30 In each of the two variants mentioned above, the emitter 70, 80 is

connectied 10 an injection line IL that exiends paraliel to the source line SL so



25 equivalent electrical diagram), the source of the FET transistor (bearing
the reference 9 in Figure 3b) serves as base for the bipolar transistor
(bearing the reference 71 in Figure 3b). In the context of this variant,
the emitter 70 of the bipolar transistor is designed so that the source of the
FET transistor serves as base for the 30bipolar transistor. Typically, the
FET transistor is a horizontal transistor and the emitter is more precisely
designed in such a way that the emitter/source assembly forms a vertical
stack. The emitter is preferably integrated into the source in a lower
region of the latter. In the case described above, in which the source

ises a highly doped centra| zone 21 and a lightly doped peripheral
Zone 55 ST TTRALE T TSR S o Rt AR PR BBy FEey

to be Tmieortadisvitta thericanryl zompaf theswearerwhilesidirsinge injection
isolatgel.frompthefloating, shanpg)iby the peripheral zone 22 of the source.

Here, the emitter is fully integrated into the source electrode between the
central regi8h @fawf%% PHRENSPIRINISR P HRREBMOPe] FarEcRgyctor
of a fullyteteplgtedPedlomemoryiect antiathshawer in FigumssSa tie BOMnt

layer (aay,AIRG Ry M%&%@lﬁ}iﬁg e emLer N RS- 10aing £hARNel,

In the case of the variant shown _in Figure 4a (Figure 4b illustrating the 15

equiveAERCEBEMRAP Y SBPAMYNRIGWERR S ubstrate - and more precisely the
isolation layendamitdheoiitit 4@ cervasas, asEHar dhe bipaiarttansisierare
(bearj 7240 Fi T itter. f.the hipal
ol L DURERCER KA B ioan b LR o AR 8 S
Hith REFSHRMBIFSayer 50 of the well in 20 the example shown).  In the
context of This ¥atamt, the=pimfignéisrmpitasasiiniadower friitiohs ldamlvia the

isolatj ' fih fth I d. h .
meulig B Urte VP S e pa S SRS Mo rpesa

a regRCAHTEHIRG tRsurRIs g 96 tetsaiiandayerdii ahéaoihdlcHingtated as

and 25MbighFiasdhe samme huesiohaonstiechiviii apdhat abimiBasane case of
S bStée E{N% -wQaedre {ia?&iglntshe example). The regi_on 60 below Whi(_:h
]tf%:e emitter fies’is tﬁgn preferably formed from a semiconductor material of
opposite cOMiasavirydrsthation teathaithel {intingoebititherd xeinaplegrsgince!!
each Qichaifyay ariaHecRRMiRRahAIOVR Hhaenalish HidBPdserrReaigdn
o AN e O I R SIS ar e to g, SOUTCe e RS n-insulator
subsirate and for which the channei exiends between the source region and
20 the drain regicn both above and beneath the insulating tayer via the channel
conduction region. _

Two variants of a second embodiment of a memory cell according to
the invention are described below with reference io Figures 5a and 5b, for
which the source region S and drain region D each exiend over two levels,

25  both above (91, 21, 22; 101, 11, 12) and beneath (92, 83; 102, 103) the
insulating layer via a source conduction zone 80 and a drain conduction zone
100 respectively, these being arranged at the insulating iayer level on either
side of the trench., However, the source and drain regions are placed
esseniiaily in the thin layer in so far as the source region and the drain region

30 respectively located above the insulating layer have g substantially higher



14 as to address the memory cells placed along a column of the memory
array. This results in a particularly compact arrangement in so far as the
injection line IL occupies no surface region. The injection line IL may
especially be made of a doped semiconductor 5 material (pt-doping of the
- material of the thin layer in the case of the variant shown in Figure 3a and
-p+-doping of the material of the base substrate in the case of the variant
shown in Figure 4a). In the context of the second variant, the FET
and bipolar transistors are practically indépendent so that each can be
optimized without having to seek 10 a compromise.  This second
variant {urthermore rovides an deltlonal node éwa the base substrate

servinG 4LBARRFEYHY 51 5379 (PaAYISES QY MBre i seldsR, gion and drain

contredinenthespediagly drcttedibelztash oy érsbiGatiighayarell 40, illustrated as
GND in Figie AMJ,@Is:aﬁgétwaﬁgﬂegqrﬁéf@raegrseﬁ%{!ﬁﬁ@“m%ﬁg layer

case of 15cell write/read operations. he above description dealt with a
frot SRBURAMAT BFE esto ) LEM SSIFG 8 IEAROaRET o ferHRine
déain irggioandritetiparsGece @8 gibina i pracedom tegaalty iartte i | mpetaihg
the semigonductor-on-insulator substrate and for which the channel
extends between the source reé%lon and 20the drain region both above

and benedth e R aRARY PRy drs izBiendsAh & IsRatiaIs thfetbience 101)
Two vagiastsof maammdfetﬁdo@@tmenbgfoa 'BeEerarbigaaerdian e g D)

'”Ve%%Qtééea%%@%”t*Pm@dir%‘?}@ J Rt élig éﬁgﬁ‘ do?thoEe fral

which the source region S ain region D e GVeriwo leve S,
5 potgidhove eiemetivoly. %f”flofi'?? BAUPHErR 851002 b@itepmtively) 11).
the msulanmquaysnma afswmammomm@@r@@@mbapéf@@z 102 of the

conduslion Zae 100 respeciyely.ese banaAanded. o e fedatng o,

Iayer eve on EIt er si e trenc e?—?owever e source an rain
regiofis Eeepldeuer cwsithtiatlyagatas (iR [HFesiisesdapiadthdaerrssbstrate,

regiommigmﬁémiwaﬂm@@@iwI%@ﬁi@&m&éﬂaﬂném@ﬁﬁg is of

ayer ave a subs antiall her 15 voI |ca} y a factor of 200 to
1000 antY e sobr@'&gxraex1 fon ana’ 8?5|n reegrleon % Eﬁed

beneath tﬁé\lmgg@m@j@y@ﬂmpnsr@s a source region 82 and a drain region 102
separated from each other by the trench.

in the context of the variant shown in Figure 5b, the parts 83, 103 of the
source and drain regions located beneath the insulating layer are formed
20 respectively by a localized source region and by a localized drain region,
each placed immediately beneath the insulating layer on either side of the
trench.
These iocalized zones 93 and 103 form source and drain reservoirs or
pockets respectively. The channel extends integrally beneain the insulating
25 layer between these reservoirs or pockais.
It should be pointed out that the variants shown in Figures 5a and 5b
may be combined by adding the pockets 93, 103 to the doped layer 82, 102.
Moreover, these variants may be implemenied both for fully depleted
memory cells (the case shown in Figures 5a and 5b) and in the case of
30 partially depleted memory celis (with in this case necessary STl isolation
above the insulating layer in order to separate the cells from one another).



The channel C itself extends integrally beneath the insulating layer
between the part 92, 93 of the source region located beneath the |
insulating 5layer and the part 102, 103 of the drain region located beneath
the insulating layer. In Figures 5a and 5b, the reference 91
(alternatively the reference 101) represents that part of the source region
S (alternatively the drain region D) located above the insulating layer,
consisting (cf. Figure 2a) of the central 10region 22 (alternatively 12) and
of the peripheral region 21 (alternatively:¥1). In the context of the
variant shown in Figure 5a, the parts 92, 102 of the source and drain

regions located beneath the insulatin er are formed by a doped layer .
which is Io’&tgdt h R RR S TPRRY %ﬁgéggﬁwgtfgte‘gﬁ%%?@d gremory cell

beneath frriasufatingdaferiathdtheocpndestivityrafl vichds iebldbtne regions
--typ@xtaﬁ&ﬁgeé@mmﬁs%%@g{ﬁ%%ﬂémr\&y@mﬁn@g%g thd Wer 50

doped layer co éorlses a saurce region 92 and a drain region 1

separRfdaAiReeag A BHY fﬁ?/‘fﬁgetr"@ﬁ@%mng Hﬂqﬁét%r%%& SRk Griant
shown in FigeredsisjtieerpeinslQd, drodwaiith eérsouet ot At ciabaregianmined in
located Deneath the insulating layer are formed 20 respectively by a
localized source region and béa localized drain region, each placed

immediately'BEREMFHREHRL Bf@r%dﬂséil@fé}gslﬂé%f(‘ff?éj tr@n&mitier 80,
Theséelesalizedicone$o8d ardsbOR:-é0sn salisceianddragoreseiveitsyie) are
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insulating 25 ayer between these reservoirs or pockets. It's oul

PoINtEIRARNBHA LIRS T8¢ aHRSENE WANAAtIJIFIE SHHRE '8¥may be
combined Dyeagisiiag henhpacketnddn 103 sedthadepeddayer 9dnd&2similar to

Noregysr ese AP RS MBEmenieaboln for i geplled

memory ce e case show | ures and n

30paﬁﬂawa@wé@ﬁﬁﬂw@@w@(mmnﬁqﬁm%ﬁé@a%m@w insulating

isolatigyer, depthwise into the base substrate.

15 As in the case of forming the cell 2a, the walls of the french are then
covered with a layer of semiconductor material, preferably siiicon, by
conformal deposition of amorphous silicon or deposition of silicon using the
ALD technigue.

A gentie etching operation may also be carried out in order o remove

20  the deposited silicon layer present on fop of the trench mask.

Next, the gate dielectric iayer 31 is formed along the walls of the trench.
The trench is then filled in order to form the gate region G therein, for
example by depositing doped polysiiicon. As a variant, the gate region may
be metaliized.

25 Next, an annealing operation is carried out in order to make dopants
diffuse along the walis of the trench at the insuiating layer level from the
source and drain regions iccailed respectively above and beneath the
insulating layer, so as to form, on either side of the trench, a source
conduction zone 90 and a drain conduction zone 100. It should be noted that

30 the difftusion annealing operation recrystaliizes the regions iocated beneath
the insulating layer. in so far as the regions located above and beneath the



above the insulating layer in order to separate the cells from one another).
16 As in the case of the embodiment shown in Figure 2a, the memory
cell of Figures 5a and 5b further comprises lateral channel isolation
regions extending depthwise beneath the insulating layer until reaching
the layer 50 for isolating the well 40 from the remaining part of the base
substrate. One possible method of producing the cell of Figure 5a is
explained in detail below. The regions located beneath the insulating
layer (well 40, emitter 80, layer intended fo form the source 92 and drain
102 regions for example) are formed before any process for fabricating
front-facq transistors by imglantin 10do}£)ants in the base substrate

benediR AL ALINEERG ST CeSSTHY HAKRANG BRETPISTHIETIS freaislan. the
substitetignatratwetey Similaingiehays@isicd ot fpefenming tHusdiel obut not

Figurgr2a e Heaeh L ending famHb 8 uREs LTllifoath the insulating layer

semigonductor-on-insulator substrate beyond the insulating layer,
deptHURE Rt I BLE SAHLFARIIP8 RS RMthd L& B RSfRTIny thegeatb dhe
the wialisiafithedrendlranbehameovensdatiithya( dyigpofisamicoatuttoras the

mategalypreferahly silicanidw ?QQMW RRIOSHQHQLINIOLRAMS SHEOth
or deposition of silicon using the ALD technique. _Agentle etching
operatiiHEly YIS LENFEHSUENEE ISR R Reiolie J0thartedaitvge) and
silicoméentgine seototirip piodrde resobinadsk. deidiexiuine gategdielrstiion
layer;31is fgfmed along the walls of the trench. The trench is then filled in
order to form the gate region G therein, for example by depositing doped
PolysilicorfMigE eHilrrianSpgairgy RIS b d ¥ SRR IONeRE, &7 and
annealuig opesatiotDis dauittkewxiaml deittodbeke sapastssifuse algn@ﬁng
the . rench. at the insulating layer level from the source an

crain e g R e e S S o0
so ade8AefHYeln either side of the trench, a source conduction zone 90

and a draiDrmonbseling #aack00s Ib%&udﬁ@etilf@teélgwtmﬁ gﬂ&aﬁi@@b is
e e Denco o st e

The regions located beneath the insulating layer (well 40, emitter 80 for
example) are formed before any process for fabricating front-face iransistors
by implanting dopants into the base substrate, beneath the insulating iayer.

Next, a first french is formed in the semiconductor-on-insulator

20  substrate, the first trench extending from the surface of the semiconductor-
on-insulator substraie down to the base substrate in such a way that the first
trench has a thickness corresponding to the combined thicknesses of the thin
layer and the insuiating layer.

Next, the walls of the first trench are covered by spacers, which are n'’-

25 doped in the exemplary embodiment of an n-transistor shown here. To do
this, doped polycrystalline silicon is for example deposited.

Next, a second trench is formed in the first trench, said second trench
extending depthwise into the base substrate from the botlom of the first
trench, the spacers defining the opening of said second trench.

30 Nexi, the gate dielectric layer 31 is formed along the walls of said
second trench. Said second and first trenches are then filled in order to form



17 insulating layer do not necessarily have the same crystalline
orientation, the junction between two single crystals is as perfect as
possible, but not absolute. This is one reason why the doped layer
beneath the insulating layer intended to form the source region 92 and the
drain region 102 beneath the insulating layer has the same conductivity
(n+-type in the example) as the source region 91 and drain region 101
located above the channel. This thus effectively avoids generating crystal
defects in the channel (p--type) and incitfentally promoting charge
recombination deleterious to charge retention in the cell. 10After the
diffusjon annealing gperation, the source regions 91, 92 and drain regions
101, 105 3REr BN & BERIF A e AT EIE R R TS IRRRG PRVSY it =
sourceagent tiutigatz oagi@0remdithendtalizebnduction zone 100
respectivelysreover, RBGRARSIRISMADOMLTPLAAHCING thescab ShHAMR IR ey

Figure 5b is 15ex fained in detail below. The regions located beneath

the in2ERSAAG NS BPARENIAEYERAREIBY RifeRAMBILTAFR AR IRE e Ryrdopant
any pidtesmfordalbecasise fobatrae drorarntbistepadeysiniantiagae e siefine
into the: hase SuHRRLReRRatEIRG NAYIAURY BKELNS LA HIIEReISas

formed in the semiconductor-on-insulator 20 substrate, the first trench

exterfAAGUTEN tREEUIPARPBItHY Selifc SAYTRG FBR- e ARs St dhakgxtend
dqwmﬂwbammttmﬁdame{g dayiay th_at the first trench h_as a
thickness &%fﬁ%e%’}ﬁi@%{é’oﬂ"ﬁ&ﬂW@?Sgéﬁlﬁemﬁﬁ?ﬁ%q U%ﬁt@ﬁ”aéaﬁ’&é@f’ed

the insulating layer. Next, the walls of thé first trench are covere
Spac&sA ViR Ef R SESBEAIN thEe keth BRI e niBhaMie AlsSr &rfends to a
n-transisteinsaenn bereribhge thisidopet pelverystallinasitieondsdane first
examz%lge%?ef)ﬁjttggﬁvenﬁclj\lraﬁ)é&aaa‘?se?% nd tﬁ%%%%%% formed in ihe fit tatr%%(r:nhdry
said second trench extending depthwise into the base substrate frrom the
bottof®bf the first trench, the spacers defining the opening of said second
trench. 30Next, the gate dielectric layer 31 is formed along the walls of

said second trench. Said second and first trenches are then filled in order
to form 18 the gate region G therein, for example by depositing doped
polysilicon. As a variant, the gate region may be metallized. Moreover,
the localized source and drain regions 93, 103 immediately beneath the
insulating layer on either side of the trench are formed by dopant 5
diffusion into the base substrate from the spacers. The spacers thus

define the source conduction zone 90 and the drain conduction zone 100
serving as conduction layer for connecting the source and drain regions
that extend above and beneath the insulating layer.



It will be understood from the foregoing that the invention is not limited 10
to a memory cell according to its first aspect, rather it also extends to a
memory array comprising a plurality of memory cells according to the first
aspect of the invention and also to a process for fabricating such a
memory cell. 19 CLAIMS 1. Memory cell comprising: 5a
semiconductor-on-insulator substrate comprising a thin layer of
semiconductor material separated from a base substrate by an insulating
layer (BOX); an FET transistor comprisibg a source region (S) and a drain
region (D) that are arranged at least essentially in the thin layer of the
10semiconductor-on-insulator substrate, a channel (C) in which a trench is
made, and a gate region (G) in the trghé&%aracterized in that the trench
extends into the depth of the base substrate beyond the insulating layer
(BOX) and in that the channel extends between the source region and the

drain regigaratleast esseniplly beneath the 15insulating layer. 2. Memory
cell accordirgg to Claim 1, in which the drain region and_the source region

ate arrangedRTEERAAYSI e TRRYIRIE: YIFPER eRORIEEO rén Haulas of
substrate, sandaonwintdr archi@nne| septaiiofregion (8894s substrate by an

insulating tayer (BOX);

- an FET transistor comprising a source region {S) and a drain region (D}
-that are arranged at least essentially in the thin layer of the
10 semiconductor-on-insulator substrate, a channel {C) in which a trench is

made, and a gate region (G) in the trench,
characterized in that the trench extends into the depth of the base subsirate
beyond the insulating layer (BOX) and in that the channel extends between
the source region and the drain region at least essentially beneath the

15  insulaling layer.

2. Memory cell according to Claim 1, in which the drain region and the
source region are arranged integrally in the thin layer of the semiconductor-
on-insulator substrate, and in which a channel conduction region (30) is
20 arranged at the insulating layer ievel (BOX) on either side of the trench so
that the channel extends between the source region and the drain region
both above and beneath the insulating layer via the channel conduction

region.

25 3. Memory cell according to Claim 1, in which the source and drain regions
extend both above and beneath the insulating layer via a source conduction
zone and a drain conduction zone respeactively, the zones being arranged at
the insulating layer (BOX) level on either side of the trench, and in which cell
the channel extends integraliy beneath the insulating layer between the parts

30 (92, 102; 93, 103) of the source and drain regions that are located beneath
the insulating layer,



20 arranged at the insulating layer level (BOX) on either side of the trench
so that the channel extends between the source region.and the drain

region both above and beneath the insulating layer via the channel
conduction region. 253. Memory cell according to Claim 1, in which the
source and drain regions extend both above and beneath the insulating
layer via a source conduction zone and a drain conduction zone
respectively, the zones being arranged at the insulating layer (BOX) level
on either side of the trench, and in whicli €ell the channel extends

integrally beneath the insulating layer between the parts 30(92, 102; 93,
103) of the source and drain regions that are located beneath the ,
insulafing &Y 6%’ RAEPRIR? FRIPEESIHIARTD bk DA ogsisregion
which({&esgzeparatioi (@) e separatidsy facfie tericHayereBby. a dielectric

layer (31). 5. Memory cell according to one of Claims 1 to 4, in which that
part of the 5channe| beneath the insulating layer is formed by a well (40)
made’n tHETPPerYAEE TR RSBt EmS 16115.0l\7ff<9r‘ﬁo“i”%}‘’EélF%ﬁh‘o‘b’?‘ﬁiF’IE;'”“%
té Claihasieh venishtithbevielb (40inis isplateddromdthe remainiag)paddef thehe
base g r&;& byidelauer GRLefapposite 10conductivity to that of the

well. 7. Memory cell according to one of Claims 1 to 6, which further
includes lateral isolation regions (60) of that part of the channel located
benedth tenmsyladingdayemyhicltiexenddepibwise heneath Beolated from

insulaging . 8. Il rdin ne of Claims 7 taken in
Icorlrjlgﬂ%ﬂ%@%ﬁﬁ%ﬁ%ﬂ%%@%hi?ﬁ%ﬁeg;@éﬁ%ﬁgngystgr gglyp?ért?gm S(ip?gf)eoé ,'te
HirthiPReHe BEmnsriERigP T4t drabolation regions of that part of the channel

located above the insulating layer. 20 9. Memory cell according to one of

Claim?'s 1,tn0 8. in which the channel is fl gg%gpan the gate region serves

. emb :

as contro ggwter}’élcé%lrga%ofg% r&?m%nﬁgg r%nﬂltgtc%r. AR AR e
lateral isolation regions {(60) of that part of the channel located beneath the

insutating layer which extend depthwise bensath the insulating layer.

15
8. Memory cell according to one of Claims 4 to 7 taken in combination with
Claim 2, in which the FET transistor is partially depieted, furthermore
comprising lateral isolation regions of that part of the channel located above
the insulating layer.

20

9. Memory cell according to one of Claims 1 to 8, in which the channel is
floating and the gate region serves as control gate electrode for driving the
FET transistor.

25 10. Memory cell according to Claim 8, which further comprises a bipolar
transistor (71, 72), the collector of which serves as channel for the FET
transistor.

1. Memory cell according to Claim 10, in which the source of the FET

30  ftransistor serves as base for the bipolar transistor (71).



2510. Memory cell according to Claim 9, which further comprises a bipolar
transistor (71, 72), the collector of which serves as channel for the FET
transistor. 21 12. Memory cell according to Claim 10, in which the base
substrate serves as base for the bipolar transistor (72). 13. Memory cell
according to one of Claims 1 to 8, in which the gate region is 5floating and
the FET transistor further comprises a control gate electrode isolated from
the floating gate region via a dielectric layer. 14. Memory array
comprising a plurality of memory cells attording to any one of Claims 1 to
13. 10 15. Process for fabricating a memory cell according to Claim 2,
characterized by the steps consisting in; forming the trench in the

semicond{RTRD RS AGRRBHSL B (7S 4 Gn ity Wikt RgsHRsG oritPiyate serves

insulatenigekayfer, the -bomier ingnthsawdils) of the trench with a layer of
semiconductor material carrying out a recrystallization annealing

operation on said material in such a way that the material recrystallizes: o
in a singMRRALFACHARE R oIMSTI6ERY bbbl PR hesgion is
insulatagraye 200 FET palyetystating statenairibesinsutating Bater deiode
So a i C | i i ither side of the
tren(f'h&%lta gﬁi?ﬁi}gﬁfﬁﬁ@%é@\%ﬁ#@é@%%%g%eﬁ%gg I %taces of the
trench;

14, Memory array comprising a piurality of memory cells according o any

one of Claims 1 to 13.

190
15. Process for fabricaling a memory cell according to Claim 2, characterized
by the steps consisting in:
- forming the trench in the semiconductor-on-insulator substrate so that it
exiends bevond the insulating layar,
15 — covering the walls of the trench with a layer of semiconductor material;
-~ carrying out a recrystaliization annealing operation on said material in
such a way that the material recrystallizes:
o in a single-crystal state in the regions located above and
beneath the insulating laver,.

20 o i a poiyverystalline state at the insulating layer ievel so as {o
define the channel conduction region (30) on either side of the
trench at the insulaling laver level (BOX) and the lateral faces
of the french;

~  govering the walls of the french with a dielectric layer (31}; and

25 -~ forming a gaie region (G) by Tfilling the trench.

16. Process for fabricating a memory cell according to Claim 3, characterized
by the steps consisting in:
— forming, immediately beneath the insulating layer, & doped layer

30 intended to define the source region {82) and drain region (102) that

extend beneath the insulating iayer on either side of the trench;



covering the walls of the trench with a dielectric layer (31); and 25forming
a gate region (G) by filling the trench. 16. Process for fabricating a
memory cell according to ,Claim 3, characterized by the steps consisting
in: forming, immediately beneath the insulating layer, a doped layer
30intended to define the source region (92) and drain region (102) that
extend beneath the insulating layer on either side of the trench; 22
forming the trench in the semiconductor-on-insulator substrate so that the
trench extends beyond the insulating layeér; covering the walls of the
trench with a layer of semiconductor material; covering the walls of the
trench with a dielectric layer; forming a gate region by filling the trench;

and causify e dBpdmIT ditide SaHEPAR e bIHAR nYPalfiR so that
insulating kayerdesteefienthesgornaaaindutkigiy negiens located above and

beneath the_ ipsulating layer respectively..so as to form the source .
conduction ooty sl R RN W IB ) LGN pateriat
sourceredfeuerif@thgdyailsdtreedransreyibisdieBrirtdayawhich extend

above andheneathdbe }%wﬁty@qﬂ@fyffhéqwj\éﬂg, to be connected. 17.

Process for fabricating a memory cel accordinﬁéto Claim 3, characterized

by the Steff8EOPSidMR RPNty S iRk TPefdh Al OF the trench at the
semiconductolzongifsydatove ubstrate; tertiestatie nchiextenchaddrefadiadove

surface of g BERIGANAUGHY RS LY SUPSURIR AW RIIdI6RATE source

substrate; _ )
conduction zone (90) and drain conduction zone (100} enabling the

10 source regions {91, 82) and the drain regions (101, 102}, which extend

above and beneath the insulating layer, respectively, to be connected.

17. Process for fabricating a memory celi according to Claim 3, characterized
by the steps consisting in:

15 - forming a first french in the semiconductor-on-insulator subsirate, the
first trench extending from the surface of the semiconductor-on-
insulator substrate down 1o the base substrate;

- covering the walis of the first trench with doped spacers having a
conductivity of the same type as those of the drain and source regions

20 that are infended to extend above the insulating layer;

- forming & second trench in the first ftrench, said second trench
extending into the depth of the base subsirate beyond the insulatiﬂg'
jayer from the bottom of the first irench;

- gcovering the walls of said second trench and of the first trench with a

25 dielectric layer;

~ forming a gate region by filling said second irench and the first trench;
and

~ forming localized source (83) and drain {103) regions immediately
beneath the insulating layer on elther side of said second french by

30 - dopant diffusion from the spacers, the spacers serving, after dopant
diffusion, as channel conduction zones and drain conduction zones



covering the walls of the first trench with doped spacers having a
conductivity of the same type as those of the drain and source regions
20that are intended to extend above the insulating layer; forming a second
trench in the first trench, said second trench extending into the depth of
the base substrate beyond the insulating layer from the bottom of the first
trench; covering the walls of said second trench and of the first
trench with a 25dielectric layer; forming a gate region by filling said
second trench and the first trench; and #8rming localized source (93) and
drain (103) regions immediately beneath the insulating layer on either side
of said second trench by 30dopant diffusion from the spacers, the spacers
serving, afterFoP4RY di‘%ugfgﬁ, 48 SRARRE UBhAQHth 28R R aRaRs that
conductiore¥enes 23 espdetivell ineordetaiingoayesct the source and
drain regions that extend above and beneath the insulating layer.



