DEVICE HAVING A CONTACT BETWEEN SEMICONDUCTOR REGIONS THROUGH A BURIED

INSULATING LAYER, AND PROCESS FOR FABRICATING SAID DEVICE FIELD OF THE

INVENTION

The field of the invention is that of semiconductor devices produced on a

semiconductor-on-insulator (Se01) substrate. 5 BACKGROUND OF THE INVENTION

means of a buried insulating Olayer.

Such an
Sea substrate comprises a thin layer of semiconductor material separated from a base substrate by
A semiconductor device produced on such a substrate
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BACKGROUND OF THE INVENTION

Such an Se0i substrate comprises a thin layer of semiconductor
material separated from a base subsirate by means of a buried insulating
laver.

A semiconductor device produced on such a subsirate generaliy has a
conducting region produced in the thin layer above the insulating layer, for
example a drain region or a source region of an FET transistor, or else an
emitter region of a bipolar fransistor associated with an F=T transistor in
order to inject charge into the channel of the FET transistor.

A semiconductor device on an SeOl substrate may aiso inciude a
conducting region produced in the base subsirate benheath the insulating
layer, for example a buried back control gate region facing the channel of an
FET transistor.

Connections have {o be made In order to supply these various types of
conducting regich. in general, these connections are produced on the front
face side of the semiconductor subsfrate. Thus, there would typically be, for
an FET transistor, a word iine WL, a bit line BL and a source line SL which
are connhecied fo the front control gate region, the drain region and the
source region respectively by means of metal connections produced on the
front face side.

In general it is desirabie to iimit the number of metal connections so as
to simplify the fabrication of the semiconductor device, especially as regards
the lithography operations.

Moreover, it is in general desirable tc limit the footprint of the

semiconductor device (l.e. the area occupied by the iafter). Now, making &

Ie a buried back control gate region facing the
-""- to be made in order to supply these various types
of conducting region. In general these connections are produced on the front face side of the
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In general it is desirable to limit the number of metal connections so as to simplify the fabrication of the
semiconductor device, especially as regards the lithography operations. 30Moreover, it is in general
desirable to limit the footprint of the semiconductor device (i.e. the area occupied by the latter). Now,
making a connection via the front face inevitably increases the footprint.  Even more generally, it is
desirable to simplify as far as possible the production of these connections. BRIEF DESCRIPTION OF
THE INVENTION  The objective of the invention is to satisfy these requirements, and for this
purpose a first aspect of the invention is a semiconductor device produced on a
semiconductor-on-insulator substra{f comprising a thin ,I%er 10 of semiconductor material separated

from a base subSPARSHYIRAR NG BB AReALERARYINREAE IERRICCRHPsing a first conducting
region in the thin layergeg aasreondmmadyciing reginindhe baseigbsiaterand peiygeharacterized
by a contact connecﬁw the first region to the second region through the insulating layer.  Certain
preferred, but noARHEAGT BLIIRSE GRS HRAR: are the following: - the first region, the second region
and the contact have a conductivity of the same type; the first region is a drain region of a transistor

and the second region_20belongs 19 a huried bit line.. the first region is a source region of a transistor
and the second regiorFStfonds=taabin PN D5 %EMWE&@
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The objective of the invention is to satisfy these reguirements, and for
this purpose a first aspect of the invention is a semiconductor device
produced on a semiconductor-on-insulator substrate comprising a thin layer

10 of semiconductor material separated from a base substrate by means of a
buried insulating layer, the device comprising a first conducting region in the
thin fayer and a second conducting region in the base substraie and being
characterized by a contact connecting the first region {o the second region
through the insuiéting layer.

15 Certain preferred, but non-timiting, features of this device are the
following:

- the first region, the second region and the contact have a conductivity
of the same type;
- the first region is a drain region of a transistor and the second region

20 belongs to a buried bit ling;

- the first region is a source region of & transistor and the second region
belongs o a buried source line,

- the first region constituies the emitter of a bipolar transistor and the
second region belongs to a buried injection line;

the second region is a back control gate region of a transisior and the
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first region belongs to a back control gate drive ling;
- the contact is formed from a metallic interconnect material; and
- the first region and the second region have a conductivity of opposite
type and the contact has an upper region, the conductivity of which is
30 of the same type as that of the first region, and a lower region, the

conductivity of which is of the same type as that of the second region.



the first region constitutes the emitter of a bipolar transistor and the second region belongs to a buried
injection line; the second region is a back control gate region of a transistor and the first region
belongs to a back control gate drive line; the contact is formed from a metallic interconnect material;
and - the first region and the second region have a conductivity of opposite type and the contact has
an upper region, the conductivity of which is 300f the same type as that of the first region, and a lower
region, the conductivity of which is of the same type as-that of the second region. 3 According to
another aspect, the invention relates to a process for fabricating a semiconductor device on a
semiconductor-o&insm%ator substrgte comprising a thin layer of semiconductor material separated

from a base subSFER By IE-ARBPEh FRRERHINGAJLF R S IRIE LB RERTS S5riQt FBlEisRigting

region in the thinslayesansbadienend eenfbectinghregiondartiedprise hsiiateu B Prosesshging
characterized by the fo_rmation%;a contact connecting the first region to the second region through the

insulating layer. COTRREEES fortiBrigdfhPh SEMICORAYEIOF JBGIEEdh SPREMIEShARTbRoRfRSIIator
substrate comprisingcingayeicafremicandumiarmagetialel0 sroalesk resh hase sHbsiate (2) by

means of an insulating layer, the devic first conducting region in the thin layer and
th

comprising a
second conductifig AR FEPadR §u%s§?5?efat¥% (0L TR IRAFALSHIE BY i #orRgtion of a
contact connectipggbe fisstregioméoghe-sesrahie gioa dutevgbdhs/ insyiRiRGiare b besitaln

preferred, but.non-limeitri‘%%, f aﬁgﬁ% ?{g tihc:i)% %q(%eesge%rentg? fo,IIOV\%i?l?g: t(?hft rm thetc?nta}ct, the following
steps are carriedBpecting ine g ond region through the insulating layer.
Process for fabricating a semiconductor device on a semiconductor-on-
insulator substrate comprising a thin layer of semiconductor material
10 separated from a base substrate (2) by means of an insulating layer, the
device comprising a first conducting region in the thin layer and second
conducting region in the base substrate, the process being characterized by
the formation of a contact connecting the first region o the second region
through the insulating layer.
15 Certain preferred, but non-limiting, features of this process are the

following:

1

to form the contact, the foliowing steps are carried out:
« etching of the semiconductor substrate in order to form therein a
trench extending beyond the buried insulating layer, through the
20 first region, until reaching the second region; and
e filiing of the trench with an interconnect material;
- the inferconnect material is a semiconductor material;
- the interconnect material is predoped;
- it further includes a step of doping the semiconductor material in the
25 trench;
- an upper region and & lower region of the trench are oppositely doped;
- the boundary between the upper region and the lower region is
located level with the insulating layer;

- the boundary between the upper region and the lower region is
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located level with the thin layer above the first region; and

- the interconnect material is metallic.



etching of the semiconductor substrate in order to form therein a trench extending beyond the buried
insulating layer, through the 20first region, until reaching the second region; and a filling of the trench
with an interconnect material; the interconnect material is a semiconductor material; the interconnect
material is predoped; it further includes a step of doping the semiconductor material in the
25trench; an upper region and a lower region of the trench are oppositely doped; the boundary
between the upper region and the lower region is locatéd level with the insulating layer; the
boundary between the upper region and the lower region is 30located level with the thin layer above
the first region; and the interconnect material is metallic. 4 BRIEF DESCRIPTION OF THE
DRAWINGS

BRIEF DESCRIPTION OF THE DRAWINGS

Other features, objects and advantages of the present invention will

hecome more clearly apparent on reading the following detailed description

(@3]

of preferred embodiments thereof, given by way of non-limiting example and
with reference to the appended drawings in which:
- Figure 1 shows one possibie embodiment of a buried bit line beneath
the insulating layer and connected to & drain region of an FET transistor
10 by means of a contact through the insulating layer;
- Figure 2 shows one possible embodiment of a buried source line
beneath the insuiafling layer and connecied o & source region SL by
means of a contact through the insulating layer;

- Figure 3 shows one possible embodiment of a buried injection line

[ &3

beneath the insulating layer and connected to an emitier region of a
bipolar transistor by means of a contact through the insulating layer,
- Figure 4 shows two conducting regions of a semiconductor device, a
first region bemg placed in the thin layer, whereas the second region is
placed in the base substrats;
20 - Figure 5 shows the production of a trench extending beyond the buried
insulating layer, through the first region, right into the second region;
- Figure 8 shows the filling of the trench with an interconnect material;
~ Figures 7a and 7b show ftwo alternative ways of eiching the
interconnect material, carried out with and without 2 lithography mask
25 respectively;
- Figure 8 illustrates an embodiment in which the first conducting region
does not contact the front face of the S0l substrate; and
- Figure 9O illustrates an embodiment in which the first region and the
second region have conductivities of opposite type.
340
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Other features, objects and advantages of the present invention will 5 become more clearly apparent
on reading the following detailed description of preferred embodiments thereof, given by way of
non-limiting example and with reference to the appended drawings in which: Figure 1 shows one
possible embodiment of a buried bit line beneath the insulating layer and connected to a drain region
of an FET transistor 10by means of a contact through the insulating layer; - Figure 2 shows one
possible embodiment of a buried source line beneath tHe insulating layer and connected to a source
region SL by means of a contact through the insulating layer; - Figure 3 shows one possible
embodiment of a buried injection line 15beneath the insulating layer and connected to an emitter
region of a bipolar transistor by means of a contact through the insulating layer; Figure 4 shows two

conducting regions of Brgeapandsictpe daviseich fisstoaaioniteing Blaged o therfhin laysravbereas the
second region is placed Jn the base substrate; 20- Figure 5 shows the production of a trench extending

beyond the buriétPHEF4ERg q’a?e?emwlﬁ Fflﬁ%?%l%%drmiﬁ%‘%%(%\ﬂ%@aﬁr Fi§ite 6
shows the filling gfitke-dtench with an interconnect material; Figures 7a and 7b show two alternative

ways of etchlng the interconne terial, carried Q t with and without a lithography mask
25respectively; Figurd'8' Lﬁﬂ‘gﬁ@ i‘/emﬁoﬁﬁmﬁtl}ﬁ?ﬁﬂv&m@ﬂ‘%ﬁ%mbénngf%? 6R a8 Rot

contact the frontdaog-efdhe Sathistikstiiatespnitikigura 8 diidsicates an embodiment in which the first
region and the secondfreg '?1:hsa\{ﬁec?nrb%%%tévr':t'g%ggsgg ?Slzzeo%?ec*{ said semiconductor region
to another semiconductor region placed in the SeQOl substrate on the other
side from the insulating layer by means of a contact through the insuiating
1¢  layer.

Thus, when considering a first semiconductor region placed in the thin
laver of the SeQl substrate, this first region is connected, by means of a
“contact through the insulating layer, to an access line formed by a second
semiconductor region in the base substrate beneath the buried insulating

15  layer. -

Conversely, when considering a first semiconductor region placed in the
base substrate, this first region is connected, by means of a contact through
the insulating laver, to an access line formed bv a second semiconductor
region in the thin iayer above the buried insuiaiing laver, by means of a

20 contact through the insulating layer.

The first situation relates for example to a first region in the thin layer of
the drain-region or source-ragion type of an FET transistor. The invention
therefore makes it possible o bury the bit line BL or the source line SL in the

base substrate beneath the insulating layer.

B
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The first situation also relates tc a first region in the thin layer of the
emitter-region type of a bipolar transistor associated with an FET transistor in
order to inject charge into the channel of the FET transistor. The invention
therefore makes it possible to bury the injection line IL connected to the
emitter region in the base substrate beneath the insulating layer.

The second situation relates for example to a first region in the base

2
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substrate of the back control gate region type, placed beneath the insulating



30 DETAILED DESCRIPTION OF THE INVENTION 5  The object of the invention is to provide, in a
simple manner, a | ne for connection to a semiconductor region of a semiconductor device on an SeOl
substrate. 5More particularly, the aim of the invention is to limit the footprint of the device and to limit
the use of metal connections.  To do this, the invention proposes to connect said semiconductor
region to another semiconductor region placed in the Se01 substrate on the other side from the
insulating layer by means of a contact through the insu@ating 10layer.  Thus, when considering a first
semiconductor region placed in the thin Iayer of the Sea substrate, this first region is connected, by
means of a cont ct throu gg insulatin n acce?s line formed by a second semjconductor
region in the ba 3ysefjrb§t? EW@%PB 5%'?1@%%%33?8 snv&gﬁg E"EWH‘e dering a

first semiconduct@pmmﬁepiac&dcée&ﬂemmimaabsﬂa& B@iﬁzmtgawonasm@nm@ﬁte@d@ycﬁﬂeﬁ@s of a
contact through sulatl éfﬁ to an ccess %r §1 l@{ﬁa second semiconductor region in the
thin layer above {% W\'@ [ tact through the insulating layer.

The first situation relatasfcf‘mr examnpie &0 aﬁgsmwmnnn the thigplaysiaf tl‘lﬁ)df@ﬁﬁt&g@@mreen
source-region tyge of an FET transistor.,The i |nv E}erefore mak pOSS|bIe to bul%/ he bit line
BL or the source ﬁﬁ@@f‘ﬁ%’ & phasd! %ﬂﬁstﬂateuﬂ 539‘? f?né“@ﬁﬂg ﬂm‘?stg {4tBn also
relates to a first tegioadn W@nﬁﬁyet&fr@m&mlﬁemr&gmndmﬂa@f\ﬂi@ma@ sansistpsassacated with
an FET transistor in ordﬁ)r to, in IeéeCt char#g mto#he channel of the FET tréw ?tor Thg mventtg

therefore makesplpdgsg \ﬁffphé LS L\ﬁ#@ﬁ’ I'_e@b%%@t%\ﬁ'}% fi& %’lt F’é’g PRPfd Base

substrate beneatithe insulating layer.
Figures 1 to 3 show a seclional view of a semiconductor device
10  according to one possible embodiment of. the first aspect of the invention
produced on an 5eQl (semiconductor-on-insulator) substrate, preferably an
SO (silicon-on-insulater) substrate, comprising a thin layer of semiconductor
material separated from a base substrate by means of a buried insuiating

layer.
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The insulating layer is for example a BOX (buried oxide) layer, fypicaily
an SiG; layer.

The semiconductor device here is 2 DRAM memory cell (DRAM
standing for dynamic random access memory). The memory cell comprises
an FET transistor having a source 3, a drain D1 and a fioating channel C1. A
20 gate dielectric layer and a control gate electrode are deposited in seguence
above the floating channel C1.

The drain D1 and the source S are preferably in contact with the buried
oxide laver BOX so that the FET transistor is fully depleted.

The source S may thus be shared between two adjacent memory cells

B2
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(it thus aiso serves as source region for the FET transistor having a drain D2
and a channel C2). Such sharing enables the footprint of a memory cell to be
reduced.

The drain D1 is connected to a bit line BL, the source S is connected to

a source line SL and the control gate is connected to a word line WL1.

(e
)

in the coniext of the embodiment shown in Figure 1, the drain D1

constitutes a first semiconductor region (for example n"-doped in the case of



30The second situation relates for example to a first region in the base substrate of the back control
gate region type, placed beneath the insulating 6 layer facing the channel of an FET transistor. The
invention therefore makes it possible to access this buried back control gate via the front face of the
Sea substrate with a back control gate drive line.  In the context of the invention, the expression
"connection between semiconductor regions" is understood to mean both an ohmic junction between
semiconductor regions having a conductivity of the same type and a pn junction between
semiconductor regions having conductivities of opposite type. Figures 1 to 3 show a sectional view of
a semiconductor device ccordl 0.0 sible embodiment o first aspect of the invention
produced on an %(W&é}% %8 édﬂq&ﬁ%%ﬂ B &?é tﬂre%t eg 3L Qr‘?&r{ g Et’rgfsulator)
substrate, comprssaga shi é@yeaafasem:roagauat@m@at@mwg wpﬁaemfrmaabaee Bibstiataiby
means of a buried | sulatlng laye e ins # er s for exan%a BOX& buried ’\&‘g layer,
typically an sio21ayér. aserﬁgése[ﬁar% ﬁ[]‘é (}t\e? %H‘ét Y 6531?5 %eyb eLﬁ IQ(L ?andlng
for dynamic randermacgessanenersjcdiguntemenyioelirctmairises athEé’céranSBtor havmg a source
S, adrain D1 and a flgating channel.CI. A ate dielectric layer and a ate electrode are
deposited i sequenc%‘ g\?(‘—fvth@f i§t‘rﬁg fhgﬁ%é‘@ﬁe ésl‘h@#aﬁﬁ?%f?ﬁﬁ %16 ﬁ?cde?ﬁ%gﬁreferably
in contact with the bused:ioxidesiayigiiX Bd i tog I tedasiptondsriullyodeptatedory affeysource S
may thus be share between two zfad cent m mor % thus also s as sour ion for the
FET transistor G £ SR T AP GHIMER Gy B G BBt P TRE oY Themory
cell to be reduce@gtonihe drain D1 is connected to a bit line BL, the source S is connected to a source
line SL and the contral ﬁe is conn, ct to aw rd line WL% 30in the. conte>ét of the embodgnent

shown in Figure 1, the g he EBodiment shown I Eigune the source
10  constitutes a Tirst semiconductor region (for example n'-doped in the case of
an npn-rET transistor) in the thin layer, the source S being connected, by
means of a contact iy through the insulating layer BOX, fo a source line SL
buried in the base subsirate beneath the insuiating laver BOX. The bit line SL

thus forms a second semiconductor region in the base substrate.

pod
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it should be pointed out that the source line SL may especially be

placed s¢ as fo connect the source regions together aiong one row of a

memory array, with a contact through the insulating layer provided for each of

the source regions. The buried source line 3L is thus paraliel to the word
iines WL1, WLZ.

20 in the context of the embodiment shown in Figure 3, & bipoplar
fransistor, the base of which is formed by the source & of the FET transistor
and the collector of which is formed by the channel C1 of the transistor, is
associated with the FET transistor in order to inject charge into the channel
C1. The bipolar transistor has an emitter £ which constitutes a first

25 semiconductor region (for example p'-doped in the case of an npn-FET
transistor) in the thin layer. The emitter E is connecied, by means of a
contact i through the insulating layer BOX, to an injection line IL buried in
the base substrate beneath the insulating layer BOX. The injection line L
thus forms a second semiconductor region in the base substrate.

30 in the examples shown in Figures 1 to 3, the first regions and the

second regions have a conductivity of the same type (n” in Figures 1 and 2,



constitutes a first semiconductor region (for example ntdoped in the case of an npn-FET transistor) in
the thin layer, the drain D1 being connected, by means of a contact Il through the insulating layer
BOX, to a bit line BL buried in the base substrate beneath the insulating layer BOX. The bit line BL
thus forms a second semiconductor region in the base substrate. 5As shown in Figure 1, the bit line
BL may especially be placed so as to connect the drain regions DI, D2 together along one row of a
memory array, with a contact 11, 12 through the insulating layer provided for each of the drain regions.
In the context of the embodiment shown in Figure 2, the source S 10 constitutes a first semiconductor
region (for example n+-doped in the case of an npn-FET transistor) in the thin layer, the source S

. : p L
being connected? bi nidSHeE ot aBhihe: INGFFBUERMS! ihsifaling 13k BE5eTRse Gk EearhiYsL
buried in the basgsuhstsaie é@ﬁ%@ﬁd@@t&ﬁﬁ@t@ﬂ&ﬂ%ﬂ%@%ﬁ&@%@&%%ﬁ%%@.second
e e

semiconductor region in the base substrate. 15 It should be pointed out that the source line SL may

especially be placed db #&%o BEnMEASRESLIrdBFegiERdUBERNECERSTy BRBSoW BT 22 8RS array,

with a contact theewgiddhedessiaing: lavenpravdesiior erchohiBesedrrRregigns. The buried source
line SL is thus parallel to the word lines VVL1, WL2. 20In the context of the embodiment shown in

Figure 3, a Bipoplar trafSiBRIM e A BFHiEHRE o hegD Y tRe EBGRESSS ResrE T iR S8tor and
the collector of whigh isHrmeshiydhechaare] iafiles transisoinisoseedatedpmiiedhadcEds

transistor in order to inject charge into the channel Cl. The bipolar transistor has an emitter E which

constitutes a first"S5LBNRERAEABRFEYLA PO RN IEPTUIYTRHT i YA8E FURFDIRRET R ansistor)
in the thin layer. FdigemidteisEds crRiNgstREsBin g eae it asentashdaisaughstie ipsulatinatayer
BOX, to an injectioEnline IL buried in the base substrate beneath the insulating layer BOX. The
injection line 1L tiG5orms a second semiconductor region in the base substrate. 30In the examples

shown in Figures 1 toi8,whie firsh regiansdanstdael seeantheegionshavea gonduaivity ohie same type
(n+in Figures 1 and 2, {7) in Figure 3) and .the,interconn%gts 11,12, IN, Ipéare theref?re prrgdu‘ced by
means of a semROHSTHEEHAtHEI RavifySCLBRIG ity SR Yt Bi5EeraDly (B ditRiFstood
that producing atieessitises withaacdopedsamiesndueiormatesia caigidsohavicn/ e Usedanriato
connections. : u o .

create a diode serving as both lateral and underlining isolation.

However, the invention also extends {o the case in which the first region

@3]

and the second region are of opposite conductivity. In this situation, the
contact enables a p-n junction to be produced.

The contact may therefore have an upper region of the same
conductivity type as that of the first region and a lower region of the same
conductivity type as that of second region.

20 in an alternative embodiment, the contact may be produced by means
of a material of metaliic nature, especially a silicide (for example WSiO,).
it should be noted that although memory transistors have been shown
in Figures 1, 2 and 3, it is however obvious that the invention applies to all
types of connection between logic MOS fransisiors.
25 Various embodiments of a semiconductor device according to the first

aspect of the invention will be described below with referencs to Figures 4-9.

Figure 4 shows an Se0Ol substrate comprising a thin laver 1 separated
from a base subsirate 2 by means of a buried insulating layer 3. The thin
layer 1 typically has a thickness of between a few nm and a few tens of nm

30  depending on whether the device is fully depleted or partially depleted. The

insuiating layer 3 itself has a thickness typically between one nm and several



5Furthermore, the fact of burying these lines frees up surface on the front face. This architecture is
also relatively flexible in so far as a buried access line may extend beneath a plurality of memory cells,
a single connection then being necessary for addressing the line and consequently said plurality of
cells. 101t will also be understood that the buried lines (bit line in Figure 1, source line in Figure 2,
injection line in Figure 3) are preferably isolated from the base substrate by means of a well W of
opposite conductivity, in order to create a diode servin& as both lateral and underlining isolation.
However, the invention also extends to the case in which the first region 15and the second region are
of opposite conductivity. In this situation, the contact enables a p-n junction to be produced.  The
contact may thef8REHATE an upper region of the same conductivity type as that of the first region

and a lower region of theisareraRuhacibiiy hepgoas4hiat plzsecbid fiegitiin2einean adtesoatite:
embodiment, the contact may be produced by means of a material of metallic nature, especially a
Siicide (for exariREIGUASIOaNE". LR RGN A SHIGEG FIBM S tRERIdRe HVeBGen
shown in Figureshstraksl Sz ildsthane e ohiiguiatiat the invention applies to all types of connection

between logic MOS transistars. 25Vari bodjments of i tor devi ding to th
st aspect o the invetbh il 16 HECTABEd BEfow Tl For2Ren BT HolTELRD 4 SFidrdd shows

an Se01 substraﬁe@@gng;igingr@cﬁluia;e@ybe*ﬂ;)&enﬁmt_&dmﬁna hefsehsubisteate 2y iméensoka buried
Sodepending or et Uhd ik B2 o TP BOIBTEN OF HoRUAN) dEBIGRta, e REaTAdH e s el
has a thickness hytzcadly-eetesniere norasd several
Referring to Figure 5, the semiconductor substrate is efched so as to
10 form therein a trench 6 extending beyond the buried insulating layer, through
the first reg »n 4, until reaching the second region 5.
As shown in Figure 6, the trench § is then filled with an interconnect
material 7.

The interconnect material may be metaliic (for example a silicide:

o
N

WSiO,). Thus, an ohmic contact is made through the insulating layer
betweaen the first region 4 and the second region 5.
The interconnect material is preferably a semiconductor material,
typically the same material as that of the thin layer of the SeOl substrate.
Taking for example an 5CI subsirate, amorphous or poiycrystalline
20  silicon is depesited on the surface of the SO substrate in order {o fill the
trench.

Alternatively, an atomic layer of silicon may be deposited by ALD
(atomic layer deposition}.

Next, a lithography mask is positioned on the surface of Se0! substrate,

25  the mask covering the regions that it is desired to retain. A material deposited
i the regions not covered is then etched (cf. Figure 7a).

As a variant (cf. Figure 7b), a2 lithography mask is not used and a
localized efching operation of the RIE (reactive ion efching) type is carried
out so as to remove all of the material deposited on the surface of the

30  substrate.

The deposited material is preferably doped. Thus, when the regions to



9tens of nm. A first semiconductor region 4 is placed in the thin layer 1-above the insulating layer,
while a second semiconductor region 5 is placed in the base substrate beneath the insulating layer.

It will be understood that the first and second regions 4, 5 are not necessarily produced before the
formation of the interconnect described below, but they may be produced during this formation, or
even once the interconnect has been formed. Referring to Figure 5, the semiconductor substrate
is etched so as to 10form therein a trench 6 extending-beyond the buried insulating layer, through the
first reg 'in 4, until reaching the second region 5.  As shown in Figure 6, the trench 6 is then filled
with an interconnect material 7. The interconnect material may be metallic (for example a silicide:

K

WSi02). Thus, aRDRRTEEEIRAETR REBSIHolGIFIRETRYAENIRG Gy &rBdigied Pl AHRBGIBPA and the
second region 5°.tythe datiaennest saregaldsnrefasaly asRMisondvieiok eateTialoyRicalty the

same material as that of the thin layer of the Se01 substrate. Taking for example an SOI substrate,
amorphous or pdKRGYPAAHEDGYiFEsRGSHEbbsited on the surface of the SOI substrate in order to fil

the trench.  Alternativelye @B aoisday iRl silicai:ay beeprsiasbyrakbéaiamipdayes:

deposition). Next, a lithography mask is positioned gn the surface of Se01 substrate, 25the mask

covering the’regfdi it H1de SFEGHD ERarDPS niutEridl aep st dlive 1ithetidis Abireonthed is then
etched (cf. Figuregi®hes with p™-Si. It is then preferable to use a lithography mask in order to

avoid any risk of a shott circuit.
In this regard, it should be noted that making metallic interconnects
requires oniy one filling pass.

10 As a variant, the material may be doped subsequently. When the two
regions to be connected have the same conductivity type, the regions of the
trench which are lying in the first region, in the insulating layer and in the
second region are then doped with the same type.

in the case shown in Figure 8 in which the firs{ region 4 is not in contact

with the front face of the SeOl substrate, an upper region 8 and a lower

i
-

region 9 of the trench have conductivities of opposite type, with the boundary
between the upper region and the lower region located level with the thin
layer 1 above the first region 4. Thus, when the regions to be connected are

of p’-type, the lower region of the trench is of p™-type and the upper region of

[
[

n"-type above the first region 4, the junction being made in the thin single-
crystal layer. These conductivities of opposite type may be obtained by
impiantation or by epitaxy, with n’-type doping in the upper region and p'-
type doping in the lower region in the example shown.
The invention also extends to the case shown in Figure 9 of first and
25 second regions 1o be connected that have conductivities of opposite type,
with @ contact of the p-n junction type. The procedure is then in the manner
just described by forming, in the trench, an upper region 8 and a lower region
¢ of opposite conductivity type (the upper region having a conductivity of the
same type as that of the first region, for example n'-type, the lower region
30 having a conductivity of the same type as the second region, for example p™-

iype). The boundary betwesen the lower and upper regions of the trench



As a variant (cf. Figure 7b), a lithography mask is not used and a localized etching operation of the
RIE (reactive ion etching) type is carried out so as to remove all of the material deposited on the
surface of the 30substrate. The deposited material is preferably doped. Thus, when the regions to be
connected are both of nt-type conductivity (cf. Figures 1 and 2) or both of pttype conductivity (cf.
Figure 3), the deposited material is of n+-type or p+- type conductivity respectively. It should be noted
that the method may therefore require two passes: 5 ene for filling certain trenches with n+-Si and the
other for filling other trenches with pt-Si. It is then preferable to use a lithography mask in order to
avoid any risk of a short circuit.  In this regard, it should be noted that making metallic interconnects

requires only onEiliis h8sICreae Valighb-thiRienial iyl vaciepds Bipisaabbnahopaiels the two

regions to be conaaetad GaverHesamaiggndystivity type, the regions of the trench which are lying in
the first region, in the insulating layer and in the second r?}?{on are then d%ﬁed with the same type. In

the case shown in Figlir§ BAH'WnRAThESiridEGioNatisThdii dbmitadt 5 THes theitrorindessst the
SeOl substrate, a8HRRAIKRSINNSASKA lowesseoiRR b the sanchhave sonauGtyitiss afepposite

type, with the boundary between the u]pper region and the lower regg[on located level with the thin layer
fl

1 above theirst$8giBR 4 PhdSPRAREN 1RETBRIEH 59 0hfediad HREIRRYPROTE 159@PTedion of

the trench is of pfiffype BRENAYRRE! FeEIAROf 29 RydyBe abeYR theistiegiryhihe dunction being
made in the thin single-crystal layer. These conductivities of opposite type may be obtained f

implantation or B@pRIWIRS N peHEiItEIR e fspbitialioneandigh- Qhbasyiry iflth8 1dwer
region in the exampieishawRalderinyeatisn:aispL YRR hRisases nfdotR @ firet and 25
second regions to be connected that have conductivities of opposite type, with a contact of the p-n

junction type. THPPrBEEAUIrETE FREHARTHE ARfnera¥EdER D PRIATIMG GHTHe GRS upper

region 8 and a laesiergion SnfiapRositteordushyity Brpe fhedppebEe@ionRmdng & gerdugivity of
the same type as that of the first eﬁgion, for example i{&tyfqththe lower region 30having a conductivity
5
p =

r (
of the same type SEHR& sdboHtPHIGIdN fHPERAN e dicde thUs created makes it

possible in particuiar to associate a bipolar transistor with @ memory cell (cf.
Figure 3 also) by forming a fourth drive electrode for the injection, thereby
permitting the memory cell to be operated at a lower voltage for writing and

15 for erasure.



type). The boundary between the lower and upper regions of the trench defines the location of the p-n
junction. This junction is preferably chosen to be level with the insulating layer. It should also be
noted that if the trench is filled with undoped semiconductor material, it is also possible to carry out an
annealing operation so that the dopants from the first region 4 and from the second region 5 diffuse
back into the contact. The level of doping of the first region 4 and of the second region 5 must
therefore be initially very high (of the order of 1020) in-otder to take into account the dilution of this
level of doping towards the contact. If the regions 4 and 5 have the same polarity, ohmic contact is 10
created. In contrast, if the regions 4 and 5 are oppositely doped, a diode is created. It should be
understood that the diode thus created makes it possiBig!iet particular to associate a bipolar transistor
with a memory cell (cf. Figure 3 also) by forming a fourth drive electrode for the injection, thereby
permitting the memory cell to be operated at a lower voltage for writing and for erasure. a 2 CLAIMS
1. Semiconductor device produced on a semiconductor-on-insulator 5 substrate comprising a thin

layer (1) of semiconRRAYFANALRR sefgMtad FERTUBSse QibstraBePIRN RS S-4BUHEar
insulating layer (3yifaXie theseYism gomprising & first cepdigtingregiem (4nialers Beipdhadhin layer
and a second conducting region (5, BL, §L, IL) in the base substrate and being characterized by a
contact (11, 12, fRRTp§ Qe BtiRg TRt RYgIBRABINE 20¥eish IRyt h th&indnaliify layer.
2. Device accordiegite Clawpdsimgwhighihedusicirekesyina dram region)(Ixlher @isadkes waeion (S) of
a transistor and in which the second region belongs to_a buried bit line (BL) or a buried source line
(SL). 15 3. DeviBeSSECHHIRGOUEHIR ff%@fﬁﬁﬁsi%é;sa%ou%é e fionaRe SHREHAL oA field
effect transistor ighte dhinifayebwheteintie {irst regiQn constiliiestthe enaittes{Ehglon bipala
transistor, the base of the bipolar transistor ,bein% formed by the source region and the collector of the

bipolar 20ttnsist&FBBHGFRIRASABY HeeR ArHEFFEIHdRYSd wherein the second region belongs to a

buried injection line (IL).

2. Device according to Claim 1, in which the first region is a drain region
(D1} or & source region (S) of a transistor and in which the second region

belongs to a buried bit line (BL) or a buried source line (SL).

3. Device according to Claim 1 comprising a source regicn and a channel
region of a field effect transistor in the thin layer, wherein the first region
constitutes the emitter (E) of a bipolar transistor, the base of the bipolar
transistor being formed by the source region and the coliector of the bipolar
20 ftransistor being formed by the channel region, and wherein the second

region belongs o a buried injection line {IL}.

4. Device according to Claim 1, in which the second region is a back control
gate region of a transistor and in which the first region belongs to a back

control gate drive line.

.
w

5. Device according to any one of claims 1-4, wherein the contact is formed

from a doped semiconductor interconnect material.

30 6. Device according to any one of claims 1-5, in which the contact has a
iower region (9) the conductivity of which is of the same type as that of the

first region (4}, and an upper region {8) of opposite conductivity.



4. Device according to Claim 1, in which the second region is a back control gate region of a transistor
and in which the first region belongs to a back 25control gate drive line. 5. Device according to any
one of claims 1-4, wherein the contact is formed from a doped semiconductor interconnect material.
306. Device according to any one of claims 1-5, in which the contact has a lower region (9) the
conductivity of which is of the same type as that of the first region (4), and an upper region (8) of
opposite conductivity. 13 7. Device according to claim, wherein the boundary between the upper
region and the lower region is located level with the insulating layer. 8. Device according to claim 6,
wherein the boundary between the upper region and the lower region is located level with the thin
layer above the first region. 9. Process for fabricating a semiconductor device on a semiconductor-on-

10 insulator substratespeprizipgraitindyeiit ol wasrsenductap aigHalenamiet & ap pase
substrate (2) by means of an insulating layer (3, BOX), the device comprising a first conducting region

(4, D1, S, E) in tFeiRm ey eEsHat tnigtelntg b, BE, IRUiRlNG @hase substrate, the
process being characterized by the formation of a contact (11. 12, IN, Ip) 15connecting the first region
to the second re%ion through the insulating layer. 10. Process according to Claim 9, in which, to form

the contact, the folloWRY SteFCara BariR FEIR dcMinG & thd SeRALERETL B BS T dEin BR%Sr to form
therein a trench p§Erextrnginddpronedioe bilestasulaliag layemhdmona fae issheeeians il

reaching the second region; and filling of the trench with an interconnect material.
region.

9. Process for fabricating a semiconductor device on a semiconductor-on-
10  insulator substrate comprising a thin layer (1) of semiconducior material
separated from a base substrate (2) by means of an insulating layer (3,
BOX), the device comprising a first conduciing region (4, D1, 8, E) in the thin
layver and a second conducting region (5, BL, SL, IL) in the base substrate,
the process being characterized by the formation of a contact (i1, 12, Iy, Ip)

15 connecting the first region to the second region through the insulating layer.

10. Process according to Claim 8, in which, to form the contact, the foliowing
steps are carned out:
~ etching of the semiconductor substrate in order to form therein a trench
20 (6) extending beyond the buried insulating layer, through the first regioh, until
reaching the second region; and

— filling of the trench with an interconnect material.

11. Process according to Claim 10, in which the interconnect material is a

25  predoped semiconductor material.
12. Process according to Claim 11, in which the interconnect material is &
semiconductor material and which which further includes a step of doping the

semiconductor material in the tranch.

13. Process according to claim 12, in which doping the semiconductor



11. Process according to Claim 10, in which the interconnect material is a 25predoped semiconductor
material. 12. Process according to Claim 11, in which the interconnect material is a semiconductor
material and which which further includes a step of doping the semiconductor material in the trench. 30
14 material in the trench is performed by an annealing operation that diffuse dopants in the trench.

14. Process according to one of claims 11-13, in which an upper region (8) 5and a lower region (9) of
the trench are oppositely doped. 15. Process accordirg to Claim 14, in which the boundary between
the upper region and the lower region is located level with the insulating layer. 1016. Process
according to Claim 14, in which the boundary between the upper region and the lower region is located

level with the thim@%}aé%v’@ﬁ]gﬁmr}ééimrformed by an annealing operation that diffuse
dopants in the trench. '

14. Process according to one of claims 11-13, in which an upper region (8}

5 and a lower region (9) of the trench are oppositely doped.

15. Process according to Claim 14, in which the boundary between the upper

region and the lower region is located level with the insulating layer.

16 16. Process according {o Claim 14, in which the boundary between the upper
region and the lower region is located level with the thin layer above the first

region.



