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-channel DRAM memory cell (DRAM being the acronym for Dynamic
Random Access Memory). This cell is formed in an SO! (Silicon-On-Insulator) substrate comprising a
thin silicon layer 3 separated from the semiconductor substrate 10 1 via a buried oxide layer 2 (BOX),
A floating channel 4, a-504EsedioN w aRd: 3 GEaiLERGIED Baredormmedinhe tiklayer 3 above the
BOX layer 2. A gate dielectric layer 7 and a nglt&%% eL%EQ%{ode 8 are deposited sequentially above
the floating channel 4. The drain region 6 is connected to a bit line BL, the source region 5 is
connected to a source line SL and the 15gate electrode 8 is connected to a word line WL.  The
floating channel is electricaltyfisolategbynibraiddOXlayer, tbeigaieudislecticlayes, thessource region
and the drain region. Because akibisisplaion,dbedoaiing chanpglcansiore elggtrical charge, leading

to the same result as with caeamtor. 20During an oé)eratlon of writing data into such a transistor, the

j 0 f
floating channel stores ch%regé”s IR GHELR MRSaCAIBRIANOR AT SR MEURVIAG the threshold
voltage of the transistér! (g Eedravdder'operatiafctiacmeinst ofcherdng flowirmydbetween the
source and the deainaddiresramsistorthuscepen ds opdthamguantiboel ahargensiared in the floating

25channel.  Although faligaling, sRallerisnsisiass erablesadarges RmReLAlagm to be

integrated on one an E{Q‘%sﬁa&mﬂ% s%tg Pgeigc%llien -%%wrg can lead to_undesirable effects. In
particular, FET transisfors having & channel of relatively Shorlength iay Rat/a WAtESirable electrical

characteristics knowf'STAY shDH chiniSef&fee 1 (ST EP! 2Siicon-On-insulator} substrate

comprising a thin sificon layer 3 separated from the semiconducior substraie

10 1 via & buried oxide laver 2 (BOX). A floating channet 4, 2 source region 5
~and a drain region € are formed in the thin layer 3 above the BOX laver 2. A
gate dieieciric laver 7 and a control gate eloctrode 8§ are deposited
seqguentially above the floating channel 4. The drain region 6 is connected to

& bit line BL, the source region & is connected 1o a source line SL end the

s
L

gate slecirode 8 is connected o a word iine WL,

The fioating channel is etectrically isolated by the BOX layer, the gate
dielectric layer, the source regicn and the drain region. Because of this
isolation, the floating channel can store elecirical charge, leading 1o the same
result as with a capaciior, _

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

25  channgl,

Although fabricating smalier fransistors enables & iarger number of |
them fo be integrated on one and the same substrate, the scaiing-down can
isad to undesirable effects. In particular, FET transistors having a channel of
relatively short length may have undesirable slecirical characteristics known

30  as short channel 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 a gate region buried in
the channel.  Unlike a conventional planar trangistor 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

channel.  Sushraiansister .calamEBeVRAYHM ATaRyBIREATIRELESS fehrrBEHR Ty H ransistor),
is for examg)le described in docktijment UsS 2006/ 20085 By providing a gate region that extends

into the sBl %?Pa{t‘eenﬁt?spéﬁ‘é%?lv% Sﬁ@?WB?’W ¢hg ﬁ@ﬁ‘g%creased thereby enabling the buried-gate
RCAT transistéirte $wvioa Emiidier<3iGeion inAitheinghdoenfREA Ditintegistieds drelpttocsobigtproblems

associated kAR S eIRATIRI e GRARAIGS Bk 100442 puntploingies fhg fact remains

that the volume of the channel is so small in the case of the next-generation (espeC|aI y 32 nm)
technologji*é%nﬂ’*?ét only a small quantity of charge can then be stored therein. It will therefore be
understood thanraimra‘aatmmermbfaa peanahatgeseanishanieadtte retatieydesoeqarsddations.  To

give an |I m lapar tran ptor ¢ only contali fe fens of charges
The loss o @/@ﬁ\%ﬁaﬂ%wget en regr%tge%[?g &gﬁ’ﬁa o&s"smg?g?ghﬁ Sf‘! ijlel%c{jl\'/'v (\géc access to a cell
that sharééta CotipdEgoRYRth & eellsa-eaientionsifiotdasag potdrmidnielisiestostkdhed|fy Boumping” by

coupling, iferexaAmRil ang otHRerR shargesAakaash cycle.  There is therefore a need for memory
cells that obvi %t%le a orem ntlo ed grawb?}%:ks of the rlor %ﬁ%ugeré% the s II ch nnel volume.

According toa it a%pe%rtst?t fIn%ﬁtl 4el's %Cé ?g?ﬁa agne Array
sem|cond[retm1€(b¢r9|nsdﬁt&x&ub@t@ecobﬁmnsinngatﬂnhU@é@Qﬁlééaﬁh@ﬁﬁnductor material separated

from a base subsialG PR nsdlAtEganss eﬂerté'éTnt@ﬁ%St%&@gt@rtﬁ@%ﬁeémqsrr&ﬂ'%ﬂ and a drain

region that are arranged at least essentially in the thin layer of the semiconductor-on-insulator
substrate!s GREAREN 1 IFiRRsE4rdheiERY rﬂ%%@‘”&n@% B‘éﬂ@q&ﬁ@nﬁf?ﬁ?—e YRIRHOTHARRY B fzed in that

the trencbreaﬂensst-hto the depth of the base substrate beyond the insulating layer and in that the

channel ean%l@o‘ﬂé‘@%ﬂéﬁ% %F%%I% ﬁ%qS QB?":\II‘I [ n n%t Llesast%aﬁggntt%lyc berr‘tefitth the
erre

insulating layer ertain ut non-limiting, em ments (0] IS memory ce Pare the

fonowmgSf%@@ﬂ&tﬁﬁé@ﬁi@%th@‘ §6UrCe )it %taemwﬁﬁtél@@atwﬁ remaitsintal 8reof the

semiconwmmeqsrmal&awnaumtr@@nanda arehanRebeandHelioRRIIRRIS( aét@mgi gpthejnsulating
layer Iev%l lther side ,of the trench,so the%.ttthe channel extends ethO JE%E?NCE (ﬁ‘on and the

drain reglon oﬁa%oveaér?@E Behea thcéulnSLﬂ'aPngl y%r Vi e@h neles
therefore be understood that a variation in only a few charges can then lead to reiatweiy

large perturbations.

To give an illustrative exampie, an SOl-based planar transistor can only 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 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 cycle.

There is therefore a need for memory cells that obviate the aforementioned
drawbacks of the prior art due to the small channel volume. According to a first aspect,

the invention provides a memory cell comprising:



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 level on either side of the trench, and the channel extends integrally beneath the insulating layer
between the parts of the source and drain regions,that are located 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 well made in the upper part of the base substrate; the well is isolated

from the remalé!Iema&q@wf@rwwwe%wﬁelM&f&@@%%cwe%tﬂ\@%%ﬂ&s%ﬁhe well;
the cell further in es Iater:%l P|a'[IO %'Oéﬁﬁﬁ%i awoart of the chljannel located beneath the
insulating layer We’i@ gxP %épr 8 TR EI‘QQ@ AYeTthe FET transistor is partially
depleted and the EEWﬂuaﬂmmooerﬁposunrg|ses$admd:eradgmiamharegmn&egfoﬁhatqaaﬁedrtbegmﬁnneI
located above the nsWalingaver tﬁ%%na}gyel& @9@&.@9%&*@&%%@ PEI¥ERAR ontrol gate

electrode for driving the FET transistor; he cell further comprises a bipolar transistor, the collector

of which 10serd2 28! dh i) ?oV?I‘?@"F'E‘T‘"ﬂ%s%ﬂ)? gfie weérbﬁhmémefr transistor serves as base
for the biphlatittansistars; tﬂﬂetthmewbsmateewemasimhhﬁweaeweterstramWnem% the gate

region 'S rL%% aqgf%@épgn%ﬁ‘g t“gpﬁmgtohg%g]%rx?enlgg tbg ween the source region and the drain
region at least essentially beneath the insulating layer.
Certain preferred, but non-limiting, embodiments of this memory cell are the
following:

— the drain region and the source region are arranged integrally in the thin layer of
the semiconductor-on-insulator substrate, and a channel conduction region is arranged
at the insulating layer level 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;

— 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 level on either side of the trench, and the channel
extends integrally beneath the insulating layer between the parts of the source and drain
regions that are located 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 well made in
the upper part of the base substrate;

- the well is isolated from the remaining part of the base substrate by a layer of
opposite conductivity fo that of the well;



15control 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. 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: carrying out a recrystallization annealing
operation on said material in such a way that the maEeriaI recrystallizes: o in a single-crystal state in
the regions located above and beneath the insulating layer; 0 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 ditd thé fertaeal ifeteisoftheitresishion cogarmmgothdayalis: of tiies trench with a
dielectric layer; and toemiag agale regiennbyhillingthedrened which extend depthwise

beneath the insulating layer;

~ the FET ftransistor is partially depleted and the cell furthermore

o

comprises lateral isolation regions of that part of the channal located abova
the insulating laver;
— the channel is floafing and the gate region serves as contro! Qate
electrode for driving the FET transistor;
- the cell further comprises a bipolar transisior, the collector of which
10 serves gs channel for the FET fransistor;
- the source of the FET fransistor serves as base for the bipolar
transistor; .
- the base substrate serves as base for the bipolar transistor; and
- the gate region is floaiing and the FET transistor further comprises 2
15  conirol gate electrode isalated from the floating gate region via a dislsctric
layer.

According fo another aspect, the invention relates to & memory array
compriéing a plurglity of memory ceils accdrding to the first aspect of the
invention,

20 According to yet another aspect, the invention relates to a process for
fabricating & memory cell, characterized by the steps consisting in:
~ forming a french in the semiconductor-on-insulator substrate so that it
extends beyond the insulating {ayer
~  tovering the walls of the trench with 2 laver of semiconductor material:
carrying out a recrysialiization annealing operation on said material in

)
€]
{

such a way that the material recrystaliizes:
¢ in a single-crystal staie in the regions located above andg
baneath the insulating iaver;
o in a polycrystalline state at the insulating layer level s as to
30 define the chanmel conduction region on efther side of fhe



5According to yet another aspect, the invention relates to a process for fabricating a memory cell,
characterized by the steps consisting in: forming, immediately beneath the insulating layer, a doped
layer intended to define the source region and drain region that extend beneath the insulating layer on
either side of the trench; 1- 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
semiconductormaterial; 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 zone enabling the source
regions and the drain regions, Wit etéird absliecapgbienezahctite insutiag20fdier; respectively, to
be connected. According to yet@nother aspect, the invention relates to a process for fabricating a

memory cell characterzed Ry, e S0ASIUAS, iy DI 8 (13 tgnch in the
in

semiconductor-on-insglatpr substrate, the first trench extending from the surface of the
semiconductor-oninsulatd? SUBSHERE (I & fﬂ@%@géf%strate; covering the walls of the first trench

with doped spaceérs havimy@esdacipiigpohthesenditypretithoskiet the grairanidrsource regions
that are intended to exterud-abovertihey insulaingiayer by tRsning acsesengiirench in the first trench,
said second trench 30exigpging iptedhadsrialiheRass.subsiratepeyond e insulating
ntended fo define the source region and drain region thai extend
beneath the insulating iaver on either side of the tranch:
i — forming a french in the semiconducior-on-insulaior substrate so that the
trench extends beyond the insuiating layer;
— covering the walls of the french with 2 layer of semicondustor material:
~ covering the walls of the trench with & 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 ievei 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 zone enabling the source regions
and the drain regions, which extend above and beneath the insulating
20 layer; respectively, to be conneciad,
According to yet ancther aspact, the invention relates to a process for
fabricating & memory cell, characterized by the steps consisting in:
- Tforming a first trench in the semiconcuctor-on-insulator substrate, the
first trench extending from the surface of the semiconductor-on-
insuiator substrate down fo the base substrate;

B2
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— covering the walls of the first trench with doped spacers having s
conductivity of the same type as those of the drain and source regions
that are intended to extend above the insutaiing layer:

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

30 extending into the depth of the base substrate beyond the insulating
fayer from the bottom of the first trench;



layer from the bottom of the first trench; 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 5- forming 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 reading the following
detailed description of preferred embodiments thereof given by way of non-limiting example and with
reference to the appended drawings in which: 15-Figure 1, already presented above, represents a
conventional floating- chaigrel DRk el o~ Rig e teprbsemisttfrstrembodinvéntof a DRAM
memory cell according todbediistaspect of the invention; -Figure 2b is an enlarged view of Figure 2a

llustrating the presence qfa,205hAAnel pondysfian L5ion-n.ither side.o! fie pengh at the insulating
Irs

layer level; - Figures 3a and 3b shHow a variant of the cell accordi ing to t

5 - forming localized scurce and drain regions immediately beneath the
insulating layer on either side of said second french by dopant diffusion
from the spacers, the spacers serving, afier dopant diffusion, as
channel conduction zones and drain conduction zones respectively, in
order 1o connect the source and drain regions that extend above and

10 beneath the insulating layer.

Other aspects, objects and advaniages of the present invention will
become betler apparent on reading the following detalled dascription of
preferred embodiments thereof, given by way of non-imiting 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 represenis a first embodiment of a DRAM memory celf
according to the first aspect of the invention;
- Figure 2b ig an entarged view of Figure 2a Hiustrating the presence of a
20 channel conduction region on either side of the trench at the insulating layer
level; .
- Flgures 3a and 3b show & variant of the celi according to the first
embodiment of the invention, in which a bipolar transistor is associated with
the FET wansistor in order to inject charge into the shannel of the FET
25 ftransistor, as a sectional view and as an equivaient electrical diagram
respectivaly;
- Figures 4a and 4b show another variant of the cell according to the first
embodiment, employing a bipolar transistor for charge injeciion into the
channel of the FET fransisior, as a seclional view and as an equivalent

30 electrical diagram respectively; and



embodiment of the invention, in which a bipolar transistor is associated with the FEY transistor in order
to inject charge into the channel of the FEY 25transistor, 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 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, a drain D and a channel C between the source and the drain. The memory cell is

produced on an Se01 (SEHIEdAYUBIEr-Bh-HstiBfor " Sun&rate Refrasiran goisicte
(Silicon-On-Insulatorsbirétnaté pconmprisingghatior e disbm sordudite metetial. separated from a
base substrate by an 10irguatiRgsiavera ikexampie auird@xdedayssiBibbrding to
a first possible embodiment of the first aspect of the invention, comprising an
5  FET fransistor having a source S, a drain D and & channel C beiween the
source and the drain,
The memory csll is produced on an Se0! {Semiconducior-On-insulator)
substrate, preferably an S0 {Silicon-On-insuiator) subsirate, comprising a
thin layer of semiconductor material separated from a base substrate by an
10 insulating tayer, for example a buried oxids layer BGX.
in the context of this first embodiment, the drain D and the source S are
arranged integrally in the thin laver of the SeQl substrate.
The channel C ifself exiends both above and henesth the insuiating
layer. The difference in volume {ypically by a factor of between 200 and
15 1000) batwesn that part of the channel located above the insulating layer and
that part of the channe! located bensath the insulating layer is such that it is
considered, in the context of the present inveniion, that the channal Hes
essentally beneath the insulating layer.
in the context of Figure 2a, the drain D and the source S are in conlact
20 with the insulating iayer BOX so that the FET transistor is fully depleted.,
The source S may thus be shared beiween two adjacent memory cells
(along & row of a memory array lying in the plane of Figure 2a, the columns
of the memory array lying perpendicular to the plane of Figure 2a). Such
sharing enables the footprint of & memory celi fo be reduced.
25 Howevar, the invention is not limited 1o g fully depleted memory cell but
also extends to & partially-depleied Se0! memory cell {not shown). i
therefore proves necessary fo isolate, in a conventional manner known per
se, the cells aiong a row of the memory array so as o create the floating-
channet effect. This is conventionafly accompiished by means of lateral
30  isolation frenches that exiend depthwise from the surface of the substrate



In the context of this first embodiment, the drain D and the source S are arranged integrally in the thin
layer of the Se01 substrate The channel C itself extends both above and beneath the insulating
layer. The difference in volume (typically by a factor of between 200 and 15 1000) between that part
of the channel located above the insulating layer and that part of the channel located beneath the
insulating layer is such that it 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 20with the insulating layer BOX so thag the FET transistor is fully depleted. The
source S may thus be shared between two adjacent memory cells (along a row of a memory array
lying in the plane of Figure 2a, the columns of the memory array lying perpendicular to the plane of
Figure 2a). Such shafff’ én B EYB0IPRTE SRRy LR IPISVIse radtiketriesITivever, the
invention is not limite@heiiavwdlgrde efrddrinemory cell but also extends to a partially-depleted Se01
memory cell (not shown).Titdhespfore pravesnesassHy:iailsalate.ia-&canveatianal manner known per

se, the cells along a f the r t fl - el effect. This is
conventionally aqcorr%%\lliyg%e%lbmrﬁre%{?n@ eg lgi%%gl %%%ggfag?%§ égﬁgr%§§%%q£%§§§ngr%gbthwise from the
surface of the suBstr& 8%’“8%6{%‘% TRthe BEXCIHR YRR EHaraTed AR IS Brovide what is called STI
(Shallow Trench Isolation}e soFpreidizi iDereenerRtedoinre tonventivhadyrrgrinerSknown per se, to a
bit line BL. This bit lingBaiiyniay ssdfendalong meaw ivkibe, memanyarmynbeostastingthe drain of each

of the memory cells RlaGagAIRNG IS aiond BE.SEHIEESHISRLIS SORRSCIRd 0 3 gource line SL.

This source line SL tXPiC lly Iie§ ecrjp ndicular to tq_e bit [lne BL _contact%]?g the source of each of the
memory cells placed along & cotumn ot te memory &ffa A HEIELLE & 505 #Efdned above
shown in Figure*2a, REWRRINNHeES50PEERISHREW S Cioatoreibr flolrijaenis delisidsesingle source line

SL then serves to' adokeessreces of the two memory calls.

Returning t¢ the description of Figure 2a, the source S fypically
comprises a highly doped (for exampie n’-doped) central zone 21 serving
mainty for making contact with the source fine Sk and a lightly doped (for

15 example n-doped) pedpheral zone 22 surrounding the central zone and
serving mainiy for opersting the iransistor,

It should be nofed that the drain D may also have a highly doped ceniral
zone 11 (n"-doped in the exampie) serving mainty for making contact with the
bit line BL and a lightly doped peripheral zone 12 (w-doped in the example)

20 surrounding the central zone and serving mainiy for operating the transistor.

The example given here Is an n-type FET fransistor memory cell.
However, it will be understood that the invention is not iimited to this type of
transistor, rather it extends also fo a pwtypé FET tranststor memory celi,

in the context of the invention, the channel has a trench and the FET

jas]
wn

transisior further includes a gate region G in the trench. The trench axtends
from the surface of the semiconductor-on-insutator substrate beyond the
insulating layer, depthwise inio the base subsirate.

The trench has a bottom and sidewalls connscted together via the
botior. It will be recalied that, along a column of 2 mamory array, the cells
3¢ have isclation frenches for isolating the cells of the column from one another.



the sources of the two memory cells. Returning to the description of Figure 2a, the source S
typically comprises a highly doped (for example ntdoped) central zone 21 serving mainly for making
contact with the source line SL and a lightly doped (for 15example n'-doped) peripheral zone 22
surrounding the central zone and serving mainly for operating the transistor. It should 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 line BL and a lightly doped peripheral zone 12 (n"-doped in the
example) 20surrounding the central zone and serving mainly for operating the transistor. ~ The
example given here is an n-type FET transistor memory cell. However, it will be understood that the

invention is not limited to this type of transistor, rather it extends also to a p-type PET transistor
memory cell. In the cOMtERIOTHRN iRVBRITBRC IRt $hisapirshelyadrgrs PEFUDS transistor
further includes a gateeneggen G in the.trench. The trench.extends from the surface of the

semiconductor-on-insulatersuhsiraisaexanddhs-insulatinglayer, depifvise inta.ihebase substrate.
The trench has a bottom and sidewalls %cr)]ypeﬁ;ted t? ether via the bottom, It will be recalled that, along

a column of a memory array,?hrggé%rilgrr ave ILofafion rene %fgrfc?}a%%ﬁattliﬁa H'BEM of the column

from one another. THEGRETBGEFEMTREHAHEY RvEgabbasiedabnefithaimam By tistse isolation
trenches. A chanihelentiictioreregio h3eeef tigume @usrshtwitgianenlasgedariew of the region
circled in Figure 2a) ismercovansiadeakibe insalingns layanievekbstwesn the insulating layer and

the sidewalls of the tgench sq that the channel can extend between the source and the drain both
above and beneath the inSL,JIatin%EIet &I%?g ﬁ}eg%%ar%nee %%Wgelu&ig'ﬁ“fe& i%gﬁ &r & chaniel thus extending

ayer v
essentially beneath tf&-EIfRIEPRT ﬁéwaﬁﬂé%@@ﬁﬁé?ﬁ%ﬁ%%gﬁl@éﬁ%ﬁ 13¥9f of the channel
located above the ing0feifingrraiertie Deardatatgied boftht: tireinmetfogaieebeneath the insulating

layer). The gate region G in the french is separated from the channe! C and
from the channei conduction region 30 by a dieiectric layer 31 deposited
beforahand on the walis of the trench,

One possibie way of producing the channel conduction region 30 is

1% expiained in detail beiow.

The trench is firstly formed in the Se0i substrate so as to extend from
the surface of the semiconductor-on-insulator substrate beyond the nsulating
fayer, depthwise into the base substrate. To do this, a trench mask having
efching patterns with a diameter, for example, of around 46 nm is used.

20 The walls of the french are then coated with a layer of semiconductor
matertal, preferably silicon.

More particularly, amorphous sificon may be conformally deposited on
the entire surface of the Se0| substrate (on the mask and along the sidewalis
and the botiom of the french). By using an amorphous matarial it s possidle

25 in particular for the crystailographic arrangement of the material constituting
the thin iayer of the SeQl substrate not o be damaged.

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

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

3¢ deposiling a single silicon atom layer,



The gate region G in the trench is separated from the channel C and from the channel conduction
region 30 by a dielectric layer 31 deposited beforehand on the walls of the trench. One possible
way of producing the channel conduction region 30 is 15explained in detail below.  The trench is
firstly formed in the Se01 substrate so as to extend from the surface of the semiconductor-on-insulator
substrate beyond the insulating layer, depthwise into the base substrate. To do this, a trench mask
having etching patterns with a diameter, for example, of -around 40 nm is used. 20The walls of the
trench are then coated with a layer of semiconductoy material, preferably silicon. More particularly,
amorphous silicon may be conforrnally deposited on the entire surface of the Se01 substrate (on the
mask and along the sidewalls and the bottom of the trench). By using an amorphous material it is
possible 25in particular fé¥4Fe EryerfograBKicc &R dngemient of the wrvateialeonstitieng the thin layer
of the Se01 substrat@arotitedhdictanragestesent Iypicallyiréneriiekness of amorphous silicon deposited

s less than the thickness\@idQ AaTIGINGSS 45 overeiICBAINEY AP (IOIIC Laver
|

Deposition) may be légdgs 3 siting a sin n atom layer. ext, a gentle etching
step is carried out in or r{lgté I‘g% %thegéeposﬂe& srthn"IaS;}jecr p%e%@ﬁtt%cﬁ}% ﬁ‘fé‘ffPench mask.

Next, a recrystahi‘zatf&?f@?:ﬁjl‘gﬁﬁng operation is carried out on the silicon deposited along the walls of
the trench, in such a way thatthe siligéogie-crystal state in the regions of the trench iccated
above and beneath the insulafing layer;

- in a polycrystalline state at the insulating laver level so as to

define the channel conduction region 30 on efther side of the

10 trench between the insulating laver BOX and the walis of the
franch.

The recrystaliization at the insulating layer level takes place especially
via recrystalfization fronts coming from the semiconducior regions present
above and beneath the insulating layer. Depending on the thickness of the

15 insulating layer, the recrystallization fronis may even meet,

Next, the recrystallized silicon layer is covered with o gate drelecrrzc
faver 31,

The trench is then filled in order to form the gate region G therein, for
example by deposiiing doped polysilicon. As a variant, the gale region may

20  be metallized.

Returning fo the description of Figure 2a, that part of the channel
located beneath the insulating laver 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 substrate by a layer 50 of

2
[#23

oppostie conductivity to that of the well {a layer of n™-typs conductivity when
the well is of p™-typs conductivity in the example presented here of an n-
channel memory cell biased with Vs 50 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 iateral isolation ragiohs 80 of that
30 part of the channe! located beneath the insulating layer which extend



Srecrystallizes: 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 layer level so as to define the channel
conduction region 30 on either side of the 10trench between the insuiatina layer BOX and the walls of
the trench.  The recrystallization at the insulating layer level takes place especially via
recrystallization fronts coming from the semiconductor regions present above and beneath the
insulating layer. Depending on the thickness of the 15insulating layer, the recrystallization fronts may
even meet,  Next, the recrystallized silicon layer is,covered with a gate dielectric layer 31. The
trench 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 20be metallized. Returning to the description of

Figure 2a, that part cIPi8“EsfarTERI0 Cattdes BRifsdiiaHethasating the ardsSeretdraltipformed by a well
40 produced in the uppersphait fofrtiscbaseisubstate (Eheseel ddranay especially be isolated from the
remaining part of the basg ghRiate Ry-Adaysk50 0 oRresiaseniuctiviniahat gfdhe well (a layer of
n'-type conductivity n the well is of p"-type conductiyity .in the example presented here of an
n-channel memory c\:/étlﬁﬁl gegsfjw\f%tl%n\yeeﬂ%}ssogi%c (C)? orce t}ﬁgéﬂ%"’%”c‘ e‘gfé%i ol? & fi*feVerse bias mode,

the reverse reasoningPaBPiARRIHE LSS SHERARY SEIl§: anaamiamshyresityeither comprises lateral isolation
regions 60 of that 30part &fctidirehmrmiblooatitk berredihdthie these| ating layerovhigivextend depthwise

beneath the insulatirgp layesdd it eachingihelayesRLk forizalating the welb4@ fspmthe remaining part

of the base substrate, . It gignt%% Jate .tha&tneggz re jons 60 fulfil the same function as the
STI-type isolation regsi%?%onlac'eg above the %gglatins layerin the case of 5 partially-depleted Se01

memory cells, as mentio aoﬁxg@ié%ﬁygemncf possible” erbodiment, thess reglons 80 are
10 formed from & semiconductor material of opposite conductivity o that of the

channel (n"-type conductivity in the example described here of a p'-type
channel ragion 40).

According to a preferred embodiment of the invention (shown in
Figure 2a}, the channel is floating and the gaie region sérves as control gate

15 eiscirode for driving the FET transistor.

Thus, a DRAM memory cell is defined for which a write operation

makes it possiple, via an impact ionizetion effect, o store charges in the

- floating channel that extends both above and beneath the insulafing layer
BOX.

20 It will be understood that, in the context of the nvention, the charge
storage volume is particularly increased (of. the 200 o 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 ficating

2% channel of a cell according to the invention may remain relatively constant
following the road-map of technoiogical developments towards ever greater
reduction in the size of semiconducior devicas, or at the very least decrease
less rapidly than might be obzerved with conventional cells.

in particuiar, 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



According to a first possible embodiment, these lateral isolation regions 60 of that part of the channel
located beneath the insulating layer are isolation trenches produced using STI technology. According
to 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 example described here .of a
*type channel region 40). According to a preferred embodiment of the invention (shown in Figure
2a), the channel is floating and the gate region serves as control gate 15 electrode for driving the FET
transistor. 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. 20It will be understood that, in the context of the invention, the
charge storage volurfigMgspartrcuiar{vinereksdoy shate2Doies 1000 faeht heeptibribe previously)
compared with that chagstirgrigienal cells owing to the extension of the floating channel beneath the

insulating layer. In other \M@{Q&»eﬁh@;élH@!}Jﬂ&%ﬁﬁﬁ{%&l&%&e%&d&%@ﬁsz%g%@%}@ng 25 channel of

a cell according to thegnventlonﬁm%}/ remain rehatlveléxi%%)gg%emt f,oIIO\Szlng he road-map of technological

gr ay consish mgmo% calis ﬁCC S NVENLon. may remain In
developments towards ever greater reduction in the semiconductor devices, or at the very least

decrease less rapidlytREA gt BehseRRH SithsRvdRnssareailds makes igqsaiieular, the
reduction in size of tlerserrrdonduwctent eiveestdiynop 88 thexséraptibry @xes (along the rows and

columns of the memory atsayhimpy ke ldnsaimpensaiad ferdydhe-foating.shapngkburied more

deeply beneath the INSUIRNDGRNEL-ans MOTROVEL (e peripneral creulls (amplfiers and decoders) of
a memory array consisting of memaory cells according to the invention may remalrcf IN 5conventional

SOl technology using Biarr TRATIRFSTBR Fericaiiaeaesiissashy B e et 6 SBREms of variability,

power consumption, etc. Thus, a flash-type memory cell is defined for which a write operation
makes it possible, by the phenomenon of hot carrier injection, 1o store charge
in the fioating gate region formed in the trench that extends inio the channel
beneath the insulating layer BOX.

in the context of this embodiment, the storage volume is itsalf increased

Pt
n

because of the larger size of the floating gate region formed in the trench that
extends beneath the insulating layer.

This embodiment proves to be especially advantageous for reducing
the overali size of power transistors requiring high operating voliages.

Figures 3a-3b and 4a-4b show two varianis of the first embodiment of a
20 DRAM msmory cell according to the invention. In these variants, a bipolar
transistor is associated with the FET transistor in order to inject charge into
the channel of the FET fransister. The collector of the bipolar fransisior is
thus formed by the channel of the FET fransistor,

in the case of the variant shown in Figure 3a {Figure 3b ilustrating the
equivalent electrical diagramy), the source of the FET transistor (bearing the

2
w

reference 2 in Figure 3b) serves as base for the bipolar transistor (bearing
the reference 71 in Figure 3b).
in the context of this variant, the emitier 70 of the bipotar fransistor is
designed so that the source of the FET transisior sarves as base for the
30  bipolar transistor. Typically, the FET fransisior is a horizontal transistor and



According to one embodiment of the invention (not shown), the gate region is floating and the FET
transistor further comprises a control gate electrode isolated from the floating gate region by means of
a dielectric layer. 10 Thus, a flash-type memory cell is defined for which a write operation makes it
possible, by the phenomenon of hot carrier injection, to store charge in the floating gate region formed
in the trench that extends into the channel beneath the insulating layer BOX. In the context of
this embodiment, the storage volume is itself increased 15because of the larger size of the floating
gate region formed in the trench that extends beneath the insulating layer. ~ This embodiment proves
to be especially advantageous for reducing the overall size of power transistors requiring high
operating voltages. Figures 3a-3b and 4a-4b show two variants of the first embodiment of a 20 DRAM
memory cell accordingt8HE I /BRFRTeHstheRsgarmins e BiyGlat Walhs Sl sgeriated with the
FET transistor in ordesdgribjettrobhargeiinecig.channel of the FET transistor. The collector of the

pipqlar transistpr IS thug f@tﬁm@,g;tlgy mgrg,@adm%@fgﬂg%fggg .;F@r@@rggéﬂ@t;g@§af§@&f dhe variant shown
in Figure 3a (Figure %%l!!?qr%tfrvaﬁq%&%%&g% e%%éfév%lem electrical di ramu)r the source of the FET
in

4 ; above,” iy which OUWbE COMDTISES & .
transistor (bearing the reference igure Eserves as base for the blpof)ar*tran5|stor (bearing the

reference 71 in Figurd9sh).dored |FAHE caPitext of dhfs aigaht, BResenRdi P RLERRE Bipolar transistor is
designed so that thessouredind the FRETatragisistbe serites dsibdse: forthe 30bipulartransistor. Typically,
the FET transistor is @hetizantaldransiatesans 43 dheemitierss marg peasiselysdesigned in such a

way that the emitter/gguce ASRRIOMHLRAKAHGA 2135k, coTe SIILISRISRERLRIEbY Integrated
into the source in a lower region of the latter, in the case escri%ed above, in w |ceh the source
. tully intedrated info the source elecirods between the central region 21 and
comprises a
10 the peripheral region 22 thereof,
in the case of a fully depleted SeCl memory cell, and as shown 'in
Figure 3z, the BOX layer may also contribute to isolating the emitter from the
fioating channel.

in the case of the variant shown in Figure 4a (Figure 4b iliustrating the

e
n

equivalent electrical diagram), the base substrate — and more precisely the
isofation layer 50 of the well 40 — serves as base for the bipolar frensistor
{hearing the reference 72 in Figure 4b).

The emitter B0 of the bipolar transistor is thus placed so as fo be in
coniact with the base substrate (L.e. with the isolation layer 50 of the well in
20 the exampie shown).

in the context of this variant, the emliter is placed in a lower part of a
lateral isolation region 80 of that part of the channe! located beneath the
insuiating layer, while stifl béing separated from this isolation region 30 via a
region which surrounds it, so as fo isolate it from the fleating channel, and -
which has the same fybe of conductivity as that of the hass substrate {-iype

=
ot

region in the exampie).

The region 80 below which the emitter iies Is then preferably formed
from a semiconductor material of oppesite conductivity to that of the channel
{n"-type in the exampie). '

30 in each of the two variants menfioned above, the emitter 70, 80 is
connectad 1o an injection line IL that extends paraliel to the source line SL so



5 highly doped central zone 21 and a lightly doped peripheral zone 22 surrounding the central zone,
the emitter 70 Is then placed so as to be in contact with the central zone of the source while still being
isolated from the floating channel by the peripheral zone 22 of the source. Here, the emitter is fully
integrated into the source electrode between the central region 21 and 10the peripheral region 22
thereof.  In the case of a fully depleted Se01 memory cell, and as shown in Figure 3a, the BOX layer
may also contribute to isolating the emitter from the floating channel. In the case of the variant shown
in Figure 4a (Figure 4b illustrating the 15 equivalent glectrical diagram), the base substrate - and more
precisely the isolation layer 50 of the well 40 - serves as base for the bipolar transistor (bearing the
reference 72 in Figure 4b). The emitter 80 of the bipolar transistor is thus placed so as to be in
contact with the base?${ib8HAES(IE. WAPCTHETORIERRT RY/eF S0cBM A\l P0aeeRample shown).

In the context of this Veirasdyith é emitterdisplacetant atewenpeartiobta iaterahisolatiomregion 60 of that

part of the channel qu@tgdop@@g@%mé%g@m Iayer while still being separated from this isolation
region 30 via a region w Q%U”Pgnrh S it, SO agstgaé% te it fr om th% flogtlrég]cha(pn |, and 25which.
has the same type of con uctl |ty ast nhat Sithe’page gsTra e n ty eregion in tkl'*le example), The

region 60 below whicHAREALIITEP NES S thERBrarel dayiHoriaes ' dif %a‘é‘éﬁﬁl%n‘{ﬁjétﬁr material of
opposite conductivitystowhat bEthe Ehenmeosiay pettia thesgrbrhiple)280 kuteaeh: of the two variants
mentioned above, thezeanitiee 76 BRdscanneglad kajan injection Iine IL that extends parallel to the

source line SL so 14 as to @ig%%%dﬂg@t@%&g% gg Jgnp {?.a alon l{mn of the /nemory array.

Fansisgrs a
This results in a partlcuIaF%/ compact arrangBement In so far as t e In ectlon ?necﬁ_ occuples no surface

region. The injection HA&" %‘3988%%6\5?8/ B RGNS e AoPEgerithaadns to seek

10 acompromise.

This second variant furthermore provides an additional node (vis the
base substrate serving as base for the bipoiar transistor, and more precisely
by controfling the voltage on the isclation laver 50 of the wall 40, illustrated as
GND in Figure 4b). This addifional node offers greatar-fiexibility in the case of

15  cell writefread operations.

The above description dealt with a first embodiment of a memory cell
according o the invention for which the drain region and the source region
are piaced iniegrally in the thin layer of the semiconductor-ondnsutator
substrate and for which the channel extends between the source region and

20 the drain region both above and benegth the insulating tayer via the channel
conduction region.

Twe variants of a second embodiment of 2 memory cell according to
the invention are described below with reference fo Figures 52 and 3b, for
which the source region S and drain region D each extend over two lavels,

25 both above (91, 21, 22; 101, 11, 12} and beneath (82, 93; 102, 103) the
insulating layer via a source conduction zone 80 and & drain conduction zone
100 respeciively, these being arranged at the insulating javer ievel on either
side of the trench. Howsver, the source and drain regions are placed
essentially in the thin layer in so far as the source region and the drain region
30 respeciively located above the insulating layer have a substantially higher



5 material (r-doping of the material of the thin layer in the case of the variant shown in Figure 3a and
ptdoping 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 independent so that
each can be optimized without having to seek 10a compromise.  This second variant furthermore
provides an additional node (via the base substrate serving as base for the bipolar transistor, and
more precisely by controlling the voltage on the isolation layer 50 of the well 40, illustrated as GND in
Figure 4b). This additional node offers greaterflexibill\v in the case of 15cell write/read operations.
The above description dealt with a first embodiment of a memory cell according to the invention for
which the drain region and the source region are placed integrally in the thin layer of the

semiconductor-on-in&HiEt6r §aisathats aiRaeoPIFRILE tHESHARhEReRIsPRIE @M AEE §TEY Ssource region
and 20the drain regiospbottesisoieiainddehesatbatheniniselediing kayger via the channel conduction region.

T\./;/r? vafriants 01; a I:s_econmgmlgggmée@ QE@?«‘TE&Q&%Vi%ﬂi@@&%&i@&ﬁ%ﬁ‘%@%@?@ﬂg desr?rib(:'d l:(;elow
with reference to Fig 0 | e source region S and drain regjon D each exten

over two levels, 25 t?c%t eagt?o@g(%é:?f%l%\% %Sfo Trfe f%?'fé%q(? a&]@%‘%ﬁeﬁgﬁ?&? %@?%3) the insulating
layer via a source coRGIAIH o d8%antP £ UrsiAebagendr 28R 6ot hdbp BEtHASRE these being

arranged at the insulaterg layer level on either side of the trench. However, the source and drain

regions are placed essentiallyurdise thindayes Rsefas 85 the seuwes frags-and the drain region
30respectively locateg.ahave the, insulating I&)@é Y&, & Syl stantially, higher 15 volume (typically by a
factor of 200 to 1000%)han the so&%ﬁg re%i_osh and %%’a%rei;g.%ﬁ”ﬁé‘é"f?‘éé{'{}%egﬁi‘o?ﬁgﬁ neath the

insulating layer. f@t%%gﬂ?f@ S EHBLR 8 Tl eh Ao e S ulstiRg iR er between the
part 92, 93 of tHe sotfgerégigheettel bbreati thenertierhydtayisrakmrdtagsart 102, 103 of the
drain region located beneathetbéntaguipdiagariant shown in Figure 5a, the parts 82, 102 of the

source and drain regions located beneath the insulating layer are formed by
a doped tayer which is located on the surface of the base substrats,
immediately beneath the insulating tayer, and the conductivity of which is of
15 the n-iype in the example considered here of an n-FET transistor.
This doped layer comprises a source region 92 and a drain region 102
separated from each other by the french. |
in the context of the variant shown in Figure 5k, the parts 83, 103 of the
source and drain regions iocated beneath the insulaling laver are formed
20 respectively by a localized source region and by & localized drain region,
each placed immediately beneath the insulaling layer on either side of the
trench.
These localized zones 93 and 103 form scurce and drain reservoirs or
pockets respactively, The channe! extends integrally beneath the insuiating
25  layer between these reservoirs or pockets,
it should be pointed out that the variants shown i Figures 5a and 5b
may be combined by adding the pockets 93, 103 {0 the doped layer 82, 102.
Moreover, these variants may be implemented both for fully depleted
memory ceils (the case shown in Figures 5a and 8b) and in the case of
30 pertiaily depleted memory celis {with in this case necessary ST! isolation
above the insulating layer in order to separate the cells from one another).



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
11). In the context of the variant shown in Figure 5a, the parts 92, 102 of the source and drain
regions located beneath the insulating layer are formed by a doped layer which is located on the
surface of the base substrate, immediately beneath the insulating layer, and the conductivity of which
is of 15the rl-type in the example considered here of an n-FET transistor.  This doped layer
comprises a source region 92 and a drain region 102 separated from each other by the trench. In
the context of the variant shown in Figure 5b, the parts 93, 103 of the source and drain regions located
beneath the insulating lay&r BAESGRATTR DOYBRpEERTEN DY N SueHizdd. sbaireenteyiorland by a
localized drain regiomnf éaghgs|deedrivnbbetiittelcbhepeath Hierahshtatiag iayebonejider side of the
trench.t_ | Ehhesedmm?ég%gg.@é;,?ﬁ%oﬁi;qp%}ﬁﬁﬁ%qugp%gw@é%ﬁwy@i%@%t%ckets .
respectively. The chann I eneath-the insulatin ayer between these reservoirs
or pockets. It sho?ﬁh%é%ﬁr%%?%ﬁ%%ﬁ% {/ean?iaa'{?f{}sg gﬁ(r)?v?/ﬁ%?ﬁ %8%?g§s§§ %nd 5b may be combined
by adding the potkets 93°1D8%F 2 BEPetaasEredna e, ool Rifigdecr ihesdaratdits may be
implemented both fotdt#belepleted memory cells (the case shown in Figures 5a and 5b) and in the

case of 30partially depleteek mespasyoeells (witb-in thisicassingtassansbid ispladensabove the
insulating layer in OV%F%%%%%%&H% tﬁglé%JFgé%Q Qﬁda&lg}t{]?& relg610ns for exampie) are
formed before any process for fabricating front-face transistors by implanting

16 dopants in the base substrate bsheath the insulating laver.

The french is then formed in the SeOl subsirate in a manner similar o
that carried out for forming the csll of Figure 2a, the trench extending from
the surface of the semiconductor-on-insulator substrate beyend the insulating
tayer, depthwise into the base substirate.

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

A genile etching operation may also be carried out in order ic remove

20 the deposited sificon layer present on top of the french mask.

Next, the gate dielectric iaver 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 polysilicon. As a variant, the gate region may
be metaliized.

25 Next, an annealing operation is carried out in order o make dopants
diffuse along the walls of the trench at the insulating laver ievel from the
source and drain regions located respectively above and beneath the
insulating layer, 0 as fo form, on either side of the trench, a source
conduction zone 90 and & drain conduction zone 100. K should be noted that

30 the diffusion amnnealing operation recrystaliizes the regions located beneath
the insulating fayer. in so far as the regions located above and beneath the



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 to form the source 92 and drain 102
regions for example) are formed before any process for fabricating front-face transistors by
implanting 10dopants in the base substrate beneath, the insulating layer. The trench is then formed
in the Se01 substrate in a manner similar to that carried out for forming the cell of Figure 2a, the trench
extending from the surface of the semiconductor-on-insulator substrate beyond the insulating layer,
depthwise into the b&¥¥ &lsiFyte 22 DA R EL I8 \6f HorFimg teseéioarenistivalibof the trench are
then covered with a [ayeivof sgivseonductirghatatials preter ablyiieenpdgiceniarmalideposition of
amorphous silicon orgepasition &f Siicarusing the ALRIBCANIGME e insAuBgiS Stching operation
may also be carried Qut in grg% o I[?%n%%vle ezptr}gndﬁogsétgle s'zlicfgijn la er r?}sen OF top of the trench
mask. Next, the gate glefectric ayer%f i Formed Along the Walleor the trareh Fhe trench is then
filled in order to fbrm“fﬁ‘éla@%‘?e’?@diaﬁsdhﬁwé?élﬁ,Wé‘i@%(ﬁ#’p?gtﬁk}pﬁéb@ﬁtiﬁ@fﬂ@’ﬁééSp@I%/siIicon. As a
variant, the gate regignmsapdenriérnffida. 25Next ! drcaimdenling bperatiod.i$iearmiead out in order to
make dopants diffusefakmgytmmlIggagmgr@%@;agﬁﬁ@gmgukﬁgng;rl,;g)ggégIgyg:!,gg))rghgﬁe source rz];md .
drain regions located, (¢ [\ % eath the insulating layer, so as to form, on either side
of the trench, a sour%ng??:%%r%%gc iorr{%%%e{e%g%p n??% 'g%r’é??\ lggn(f&%ﬁg%%c%g’ f&? '8 c%’ﬁ’ld be noted that
30the diffusion anne‘glfﬁ‘éci?ﬂeration recrystallizes the regions located beneath the insulating layer. In
so far as the regions locdiéer difovd i lserrsiitly Wreradipn, the source regions 94, 82 and

drain regions 101, 102 then extend poth above and beneath the insulating
layer via the source conduction zone 90 and the drain conduction zone 100
respectively.

One possibie method of producing the cell shown in Figure 5b is

1%  explained in detall below.

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

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

20 substrate, the firsi trench extending from the surface of the semiconductor-
on-insulator subsirate down o 'the base substrate in such a way that the first
trenich has a thickness corresponding to the combined thicknesses of the thin
layer and the insulgting layer.

Next, the walis of the first rench are covered by spacers, which are n-

2
[$2]

doped in the exemplary embodiment of an n-fransistor shown here. To do
this, doped polycrystaliine silicon is for example deposiied.

Next, a second trench is formed in the first french, said second tranch
extending depthwise into the base subsirate from the bottom of the first
trenbh, the spacers defining the opening of said second french.

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



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 5 insulating layer .has the same conductivity (n4-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 incidentally promoting charge recombination deleterious to charge retention
in the cell. 10After the diffusion annealing operati‘onighe source regions 91, 92 and drain regions 101,
102 then extend both above and beneath the insulating layer via the source conduction zone 90 and
the drain conduction zone 100 respectively. One possible method of producing the cell shown in
Figure 5b is 15explaifi&dait &N elforiein. foTaramelionsspesiod perrsapiiemsaiating layer (well 40, -
emitter 80 for exampiejaretiormiedduiforesany proaess for fabricating front-face transistors by
implanting dopants into the:h8s8 sHbaiecbensath.ieinsHalng./ayer ek filsy trench is formed

in the semiconductorgnspiaior 2. subatrate, die Jistirenoh extending from the stirface of the
semiconductoron-insulator substrate down to the Dase sUbState i SucH & Walf/ P¥he first trench has

a thickness correspotitifigtdtRdertsRuastmisRRades saresniRasperdndHieidalating layer.
Next, the walls of thérfirsturencindueicovere dbyrsplacemmn windhctoe indopétisenthg @xemplary

embodiment of an n-4taBsistar ishows: herpediddathisudapsd Relyersialing silisgmis for example
deposited. Next, é%g,\%c%g%%ht;%fgg%% i@atgp first trench, said second trench extending
depthwise into the base substrate from the i)ott% of the first trench, the spacers defining the opening

of said second trench. 30NE%CEHEGRL U dieue REeDE {83bihndaretiny et aiedr said second
trench. Said seéénd arrl fiestarenehasardinbdan filldasireerdeyr tetferni @®theqgatetregion G therein, for

example by depositing dopeghpplysiieamy s auvarant aagateseaiesmay ewmelalized,
aspect of the invention and aiso to a process for fabricating such a memory
call.



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 drainlgegions that extend above and beneath the
insulating layer. It will be understood from the foregoinig 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:;jyjggdion and also to a process for fabricating such
a memory cell. 19 CLAIMS 1. Memory cell compfisSing: 5- 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  are arranged at least
essentially in the thinNayesrgfddiecemidsinguctorioon-insulator substrate, a channel in which a trench is
made, and a ?qate r_egionsi;[el r;[}iggotrgiggthT_%rrl}q{r?sc{;ﬁirtigedsin %Qraa e'%heC ct>rn%nrclhi r(]-:‘xt%nc{aihnt?ath(? doe%pth of the
base substrate beyonc?the nSals mgqayer andn 'fhafjﬁﬂe channel extents hetween’ the Source region
and the drain region astsaispageeinialipdieriaatheprratetildioiy @ base substrate by an
insulating layer,;
— an FET transistor comprising a source region and a drain region that
are arranged at least essentially in the thin layer of the semiconductor-
10 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 between the
source region and the drain region at least essentially beneath the insulating

15 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 is arranged
20  at the insulating layer level 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.

3. Memory cell according to Claim 1, in which the source and drain regions
25 extend both above and beneath the insulating layer via a source conduction
zone and a drain conduction zone respeclively, the zones being arranged at
the insulating layer level on either side of the trench, and in which cell the
channel extends integrally beneath the insulating layer between the parts of
the source and drain regions that are located beneath the insulating layer.
30



15layer. 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 semiconductoron-insulator substrate, and in which a channel
conduction region is arranged 20 at the insulating layer level 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. 3. R/Iemory cell according to Claim 1, in which the
source and drain regions 25 extend both above and beneath the insulating layer via a source

conduction zone and il eanductiRnapeaReRREsRl. 18 SoRsaheNgUANded gl e nsulating

layer level on either side of the trench, and in which cell the channel extends integrally beneath the
insulating layer b&&PEEH A PAYEDEHFERY e @ SiRiediafa¥8ions that are located beneath the
insulating layer. 30 20 4. Memory cell according to one of Claims 1 to 3, in which the gate region is

separated from the channel by g dielectric layer. 5. Memory cell according,to one of Claims 1 to 4, in
which that part of he@%ﬂ%’ﬁnéﬂ)@ﬁ%oa{ r}%ﬁ/n%nﬁa%n 'f’é?ér?lst?o 5 QCQ i ﬁ%gﬁhﬁe upper part
of the base sBbstritEnnebbéteaiorihedhhadetngingysr Glaomredrbwhichethsmadd| iis thelagmekfrom the

remaining part of 6'%9 Bﬁﬁ%%@t%s%t@ layer of opposite conductivity to 10that of the well. 7.
Memory cell according to one of Claims 1 to 6, which further includes lateral isolation regions of that

part of the channel located beneath the insulating layer which extend depthwise beneath the insulating
layer. 8. Memory gell peaieing0:006r@h§ & NThAics 7 itak@ich enakinadi osbwidy Glaim tBein which the

FET transistor ise?artial%deé)letgf, fur hermor%{icomé)risin iIateral isolation regions of that part of the
channel located a5V iHalI &GRS BURFERIGH C&I 'R¥EbRiITEREUiTe BYEHEIEM B 8, in which
the channelis flo&tiztgoatic thellgate region serves as control gate electrode for driving the FET

transistor. 2510. Memory cell according to Claim 9, which further comprises a bipolar transistor, the

collector of which serves as channel for the FET transistor.
7. Memory cell according to one of Claims 1 to 6, which further includes

lateral isolation regions of that part of the channel located beneath the

insulating layer which extend depthwise beneath the insulating layer.

15
8. Memory cell according o one of Claims 4 to 7 {aken in combination with
Claim 2, in which the FET transistor is partially depleted, 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 9, which further comprises a bipolar

{ransisior, the collector of which serves as channel for the FET transistor.

11. Memory cell according to Claim 10, in which the source of the FET
transistor serves as base for the bipolar transistor.
30



11. Memory cell according to Claim 10, in which the source of the FET transistor serves as base for
the bipolar transistor. 30 21 12. Memory cell according to Claim 10, in which the base substrate
serves as base for the bipolar transistor. 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?.]1\/Iemory array comprising a plurality of memory
cells according to any one of Claims 1 to 13. 10 15. Process for fabricating a memory cell according to
Claim 2, characte.[bz_elqlg%é %ﬁ%g&%ﬁ%ﬂﬂg%ﬁﬂf%p%t%%ﬁf}ﬁg %gbegﬁ]w&qﬁ%%gon-]nsulator
substrate so that it extends beyond the inSulating layer; 15- covering the walls of the trench with a
layer of semicondifchsstietid biealyitignsirtarrecrystallization 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; 20a in a polycrystalling state at the insulating layer level so as to define
the channel condil tig41e %ﬁ%ﬁ?ﬁwagﬁﬂ'gﬁréoig BP%gﬁéﬂghSa%t t(ﬂ@’iﬁ%t‘ﬂ%ﬁt?g}rfgy@tfe(féq'gﬂdsthe lateral
faces of the teenchnating 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 according 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 french in the semiconductor-on-insulator substrate so that it
extends beyond the insulating layer,;
15 - covering the walls 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 recrystaliizes:
o in a single-crystal state in the regions focated above and
beneath the insulating layer;

20 o in a polycrystalline state at the insulating layer level so as to
define the channel conduction region on either side of the
trench at the insulating layer level and the lateral faces of the
trench;

— covering the walls of the trench with a dielectric layer; and

25 — forming a gate region 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

30 intended to define the source region and drain region that exiend

beneath the insulating layer on either side of the trench;



covering the walls of the trench with a dielectric layer; and 25forming a gate region 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 and drain region that extend beneath the insuéating 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 layer; covering the walls of the trench with a layer of semiconductor material; covering the

walls of the trench yvith%iﬁée gq#éya{;ﬁf%@%zcgﬁ E?&L%Ir#lﬁ}’s ling %Jgﬂrgt?#e h; anf £ausing the

dopant to diffuse along the walls of the trench a Insulating layer level source and drain

regions located above!BfdBRFeaEHE ReYRagh 94y rigsEysly, so as to form the source
conduction zone and @B HHECHRANZOMRLABRIAG ESRYES & reeiARSAARMS: thgdrain regions,

which extend above and beneath the insulating layer, respectively, to be connected. 17. Process for
fabricating a memary COYHNDIaMYIBEORING FeeraryieR A/ RE¥DSs consisting in: 15- forming a
first trench insthe semiggrdbgteGar-Rgitatey SURSHAIEIRN; and
— 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 zone enabling the source regions
10 and the drain regions, which extend above and beneath the insulating

layer, respectively, to be connected.

17. Process for fabricating a memory cell according to Claim 3, characterized
by the steps consisting in:
15 ~ forming a first trench in the semiconductor-on-insulator substrate, the
| first trench extending from the surface of the semiconductor-on-
insulator substrate down to the base substrate;

— 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
20 that 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

25 dielectric layer;

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

— forming localized source and drain regions immediately beneath the
insulating tayer on either side of said second trench by dopant diffusion

30 from the spacers, the spacers serving, after dopant diffusion, as

channel conduction zones and drain conduction zonhes



first trench extending from the surface of the semiconductor-oninsulator substrate down to the base
substrate; 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 forming localized source and drain regions immediately
beneath the insulating layer on either side of said second trench by dopant diffusion 30from the
spacers, the spacers serving, after dopant diffusion, as channel conduction zones and drain
conduction zones respedﬁ%iéﬂ?‘?‘iﬁ%riﬂ*e?"f%?'b&wﬁé@ﬁ‘%ﬁe"%%@cﬁn@?éjréﬁﬁﬁe‘gmtﬁ'&‘-‘ﬁ extend above
and beneath the insulatingdeyeabove and beneath the insulating layer.



