DEVICE HAVING A CONTACT BETWEEN SEMICONDUCTOR REGIONS THROUGH A BURIED
INSULATING LAYER, AND PROCESS FOR FABRICATING SAID DEVICE FIELD OF THE o
INVENTION  The field of the invention is that of semiconductor devices produced on a
semiconductor-on-insulator (Se01) substrate. BACKGROUND OF THE INVENTION Such an
Se01 substrate comprises a thin layer of semiconductor material separated.from a base substrate by

Generally has & ORGSR R e e St ARy R ample &

drain region or a sout¢grreqies-PAIBLFEE transision PNt € AVERigMeg RO OES g Fatsr transistor

associated with an FET transistor in 150rder to inject charge I@e%?h é;hannel of the FET transistor.
A semiconductor device on an Se01 sul%‘t%%%@”éf@oﬁﬁ%% @nducting region produced in the
base substrate beneatj:ihe HstathgyaefiTienexample a buried back control gate region facing the
channel of an FET transistor. ONNEcCtions have 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

semiconductor substraie. IS herevantlerypiealy dadeiamiielol desisiy faMekd ing, WL, a bit
line BL and a source line SL which are conne t??(%to the front control gate region, the drain region and
the 25 source r&gfSYESP 'Bﬁ(?ér%g‘fﬁrga??g &% {5 R5HH¥Etons produced on the front face side.

In general itis desirable to limit the number of metal connections so as to simplify the fabrication of the

semiconductor devic% ﬁ%ﬁﬁg&%@ﬁ\yé}w{sgpy operations .

Such an 5e0l substrate comprises a thin layer of semiconductor
material separated from a base substrate by means of a buried insulating

10 laver. | |

A semiconductor device produced on such a substrate generally has a
conduciing region produced in the thin iayer above the insulating layer, for
example a drain region or a source region of an FET transistor, or eise an
emitter region of a bipolar transistor associated with an FET fransistor in

15  order o inject charge into the channel of the FET transistor.

A semiconductor device on an 3e0l substrate may aiso include a
conduciing region produced in the base substrate beneath the insulafing
iayer, for exampie a buried back control gate region facing the channe! of an
FET transistor.

20 “Connections have to be made in order to supply these various types of
conducting region. In general, these connecfions are produced on the front
face side of the semiconductor substrate. Thus, there would typically be, for
an FET tfransistor, a word iine WL, a bit line BL and a source line SL which

are connected to the front control gate region, the drain region and the

>
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source region respectively by means of metal connections produced on the
front face side.

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

30 Moreover, it is In general desirabie to fimit the footprint of the

semiconductor device (i.e. the area occupied by the latier). Now, making a



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 2 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 A first aspect of the invention
provides a semiconductor device produced on a semjiconductor-on-insulator substrate comprising a
thin layer of semiconductor material separated from a base substrate by means of a buried insulating
layer, a source region and a channel region of a field effect transistor being arranged in the thin layer,
wherein the degigeneatiprisiestha ficstt ¢aod irstivitaiggitreiodbestiiie ysgpdobstituting the emitter of a
bipolar transistor, the.base of the bi olﬁr transistor being formed by the source region ,and the collector
of the bipolar transis Vrerg'emarfaoﬁ%ré%r yyt’h‘glé e E %8,15'5'? ' fiaeﬁcfaerf%%f’f?gﬁ'g’llﬁgh@ a second
conducting regmodn therbas¢hagastatraamiastiuting a buried injection line, and - a contact connecting
the first region to the second region through the insulating layer. Certain preferred, but non-limiting,
features of this device are the following: - the first region, the second region and the contact have a
conductivity of the s8REFIBESCRIPTION OF THE INVENTION

A first aspect of the invention provides a semiconductor device
produced on a semiconductor-on-insulator substrate comprising a thin layer of
semiconductor material separated from a base substrate by means of a buried
insulating layer, a source region and a channel region of a field effect transistor
being arranged in the thin layer, wherein the device comprises:

- a first conducting region in the thin layer constituting the emitter of a
bipolar transistor, the base of the bipolar transistor being formed by the
source region and the collector of the bipolar transistor being formed by the
channel region of the field effect transistor,
- a second conducting region in the base substrate constituting a buried
injection line, and
- a contact connecting the first region to the second region through the
insulating layer.

Certain preferred, but non-limiting, features of this device are the
following:
- the first region, the second region and the contact have a conductivity
of the same type;
- 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 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 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 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. 3 According to another aspect, the invention provides a
process for fabricating a semiconductor device on a s@miconductor-on-insulator substrate comprising

a thin layer of sgmicandusion marerial separated foma bass substate b means. pf ag psulating
layer, the device comprlging a source ngloh and 3 channs) region A 1E1a eitectianaletsrin the thin
layer, the processnoicomprfisihgy thevioentatiarseoficontjettivo tiredulmied suibtisérbEsecsupstia, of an

emitter ofabipgla_r\.tr gsistgi isneth]e (t)rg]igulg%/err tg eRg gOfézha bépf(r)(ljar tra}gsé%toru ein é rmed by the
source region an heoedtsror the |po?armran5|s orBeing Srmed gy e channe reg'r\én of the field

effect transistomedascomacincotatecifeytretbmifterite thenorikddn g shondeeethosughdte insulating
layer. Certain p(rzﬁger%%q, but non-IlnH(talélg(ga attutres of Ehlsigrt%%e s are the oIIowm%; to form the

contact, the following Ster i(z)a{ﬁeocf:e?rne u ?Cetéﬁpnséso?rihe semlcignaﬁ%{bF §UBSY A5 order to form

therein a trencleexipriding theymehti@buried insulating layer, through the emitter, until reaching the
buried injection line; . and, f.iIIin%of,the trench.with an interconnect material;
- of an injection line buned in the base substrate,
- of an emitter of a bipolar transistor in the thin layer, the base of the bipolar
transistor being formed by the source region and the collector of the bipolar
transistor being formed by the channel region of the field effect transistor,
- of a contact connecting the emitter to the buried injection line through the
insulating layer.

Certain preferred, but non-limiting, features of this process are the

following;
- to form the contact, the following steps are carried out:

» etching of the semiconductor substrate in order to form therein a
trench extending beyond the buried insulating layer, through the
emitter, until reaching the buried injection line; and

« 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 trench;

- an upper region and a 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
located level with the thin layer above the first region; and

- the interconnect material is metallic.



the interconnect material is a semiconductor material; the interconnect material is predoped,; it further
includes a step of doping the semiconductor material in the-trench; an upper region and a lower region
of the trench are oppositely doped; the boundary between the upper region and the lower regionis
located level with the insulating layer; the boundary between the upper region and the lower region is
located level with the thin layer above the first region; and the interconnect material is metallic. 4
BRIEF DESCRIPTION OF THE DRAWINGS Other features, objects and advantages of the
present invention will 5Sbecome 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 aB& o e &0 ROPT HidNOY e gibtEoDRAMHEN B &nsistor 10by means of a contact
through the insulating layer;

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 exampie 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
10 by means of a contact through the insulating iayer;
- 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 insuiating layer;
- Figure 3 shows one possible embodiment of a buried injection line
15 beneath the insulating iayer and connected to an emitter region of a
bipolar transistor by means of a contact through the insulating tayer;
- Figure 4 shows two conducting régions of a semiconductor device, a
first region being placed in the thin layer, whereas the second region is
placed in the base substrate;
20 - Figure 5 shows the production of a trench extending beyond the buried
insulating layer, through the first region, right intc the second region;
- Figure 6 shows the filling of the trench with an interconnect materiai;
- Figures 7a and 7b show iwo alternafive ways of eiching the
inferconnect material, carried out with and without a lithography mask
25 respectively; _
- Figure 8 illustrates an embodiment in which the first conducting region
does not contact the front face of the SeOl substrate; and
- Figure 9 illustrates an embodiment in which the first region and the
second regicn have conductivities of opposite type.
30
DETAILED DESCRIPTION OF THE INVENTION




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 a semiconductor device, a first region being placed in
the thin layer, whereas the second region is placed in'the base substrate; 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 6 shows the filling of the trench with an interconnect material; Figures 7a
and 7b show two alternative ways of etching the interconnect material, carried out with and without a
lithography mask 25r€speutieety pfRivgiie B ilisstréde® granteg dime riinpiehichtine firat itendwcting
region does not contact the front face of the, SeQ1 substrate, and_Figure 9 jllustrates an odiment
i which the frsEGBIGH 411 SO A Sn PP Eoh UeRUNEL SRR Pe e Bne S CEPAILED
DESCRIPTION=DbsTidE INVENTION The object of the invention is to provide, in a simple manner,
@ line for cqnnection ig 3. SEMRNANS S URR 8f HESNEPRAICISNGHSE #B MRS ByiRLate:

device and to limit the use of metal connections.

7o do this, the invention proposes to connect said semiconductor region
to another semiconductor region placed in the SeOl substrate on the other
side from the insulating layer by means of a contact through the insulating
10 layer.
Thus, when considering a first semiconductor region placed in the thin
fayer of the SeOl 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

o]
N

taver.

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 layer, to an access line formed by a second semiconductor
region in the thin layer above the buried insulating layer, 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-region type of an FET fransistor. The invention
therefore makes it possible to bury the bit line BL or the source line SL in the

base substrate beneath the insulating layer.

f)
(]

The first situation aiso relates to a first region in the thin fayer 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 possibie to bury the injection line IL connected to the
emitter regicn in the base subsirate beneath the insulating layer.

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

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



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 Sea substrate on the other side from the insulating layer
by means of a contact through the insulating 10layer.  Thus, when considering a first semiconductor
region placed in the thin layer of the Se01 substrate, t?is 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 15layer. = Conversely, when considering a first
semiconductor jgglonplacedhin (e Baseubeiraie ibisdishresion s canprcied y meane.of a
contact through the insulating Tayer, to an access line formed by a secon semlcono[uctor region in the
thin layer abovettiessibiedtimsilagiag e byaddaackofard@t gatettirdbghftbet ifstdatinghayer.

The first situati%eréﬁ%gﬁégé@(wlg E%%gé%%$gli(§${g IQ?R’ hEiilﬂ éayer of the drain-region or
source-region type of an FET transistor. The invention therefore makes it possible to bury the bit line
BL or the source line!SLthe tikoniast slibbwaicvsarizath the iesptatsp myennneTienfilstsization also

relates to adfirstyegion i [ r.of the emitierzregion t f a hipolay transisto iated with
o FET oSt e eSO R e oe I e e aof (e e e e I ean
therefore make®&ipessisiernicondutioniEmins sy ingcameacied itdtyhef dnsitsaredimeirndebase
substrate bene :_'?-ﬁlrﬂ | ituation relat r nple irst.region in
the base su bstﬁé}@} 218 t Ee bagcglgg:%%%eg&aﬁ%%g%ﬁgggeg%ﬁgce%\i)ﬁelg]eeétﬁafHSeﬁinslu aﬁgr‘]og%é bRt
type.
Figures 1 to 3 show a seciional view of a semiconductor device

according t©0 one possible embodiment of. the first aspect of the invention

pos
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produced on an Se0l (semEcohductor~on~insutator) substrate, preferably an
SOl (silicon-on-insulator) substrate, comprising a thin layer of semiconductor
material separated from a base substrate by means of a buried insulating
tayer.
15 The insulating layer is for example a BOX (buried oxide) layer, typically
an Si0O; iayer.
The semiconductor device here is a DRAM memory cell (DRAM
standing for dynamic random access memory). The memory celi comprises
an FET transistor having a source S, a drain D1 and a floating channel C1. A
20  gate diglectric layer and a control gate elecirode are deposited in sequence
above the floating channel C1.
The drain D1 and the source S are preferabiy in contact with the buried
oxide layer BOX so that the FET transistor is fully depleted.
The source S may thus be shared between fwo adjacent memory cells
25 (it thus also serves as source region for the FET fransistor 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.
30 In the context of the embodiment shown in Figure 1, the drain D1

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



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 Se01 substrate with a back control gate drive line. In
the context of the invention, the expression "connection between 5 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 10 according to one possible
embodiment of the first aspect of the invention produced on an Se01 (semiconductor-on-insulator)

substrate, preferably an-SQI (silicon-on-insulatar) substrate, comprisi thin layer of semiconductor
material separa?end r%nrﬁﬁasgnssdﬁgt';gﬁén E@em%grr}}s?a ea{’kﬁ?eﬁ%%’uﬁ?né%’)%ﬁqﬁﬁ%ﬁﬁs 5ting layer
is for example arB@is(blieetpidde)1aperutyipiteynaniSiog layer. BOX He semtiordBictbudevice here
is a DRAM memory cell (DRAM standin for}g{S amic random_ acce, emory).. The ory cell
comprises an Fgﬁﬁ%ﬁgs o?‘ﬁ%%?%%eabseg&?gé R & é’?gﬁl%%”f ﬂ%grﬂggﬁgi}ﬁ%r@ﬁe‘f'@.%ﬁ%a te
dielectric layer dncvres costabyhtesleciralemerdgpositethan tsegpienbetadieve the floating channel CI.

The drain D1 and the,source S are.preferably in_conta ith the buried ,oxjde layer BOX so, that the
FET transistor is fuIIyAc?eS:)%I]é)t\gH . '?r?ép %rﬁarc?é %ng?)t/ Hq}l?géowe Rer&gdhe \ti(ﬁ/‘(}':\P rl? ?%‘%ﬁg?:%%ta%&?nory cells
25 (it thus also servechihsotras regiomiobthe PEDdgethsistdohaving aotranh £ Znantbaychaanel C2).

o Shern 3RS R TR SRS ISRt e SO epaeed o
line WL1. 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 being connected, by
means of a contact Iy through the insulating tayer BOX, to a source line SL
buried in the base substrate beneath the insulating layer BOX. The bit line SL
thus forms a second semiconductor region in the base substrate.

15 it should be pointed out that the source line SL may especially be
piaced so as fo connect the source regions together along one row of a
memory array, with a contact through the insulating layer provided for each of
the source regions. The buried source fine SL is thus parallel to the word
lines WL1, WL2.

20 In the context of the embodiment shown in Figure 3, a bipopiar
transistor, the base of which is formed by the source S 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 fransistor has an emitier £ 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 £ is connected, by means of a
contact ip through the insulating layer BOX, to an injection line IL buried in
the base substrate beneath the insulating layer BOX. The injection line IL
thus forms a second semiconductor region in the base substrate.

30 in the exampies 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,



30In the context of the embodiment shown in Figure 1, the drain D1 constitutes a first semiconductor . .
region (for example nt-doped in the case of an npn-FET transistor) in the thin layer, the drain D1 being
connected, by means of a contact 11 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.  As shown in Figure [, the bit line BL may especially be placed so as to
connect the drain regions DI, 02 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 constjtutes a first semjconductor region (for example nitdoped in
the case of an ron RIS S@P AL IRF RRFH Tolfobs bl CERREER &85 FEAmY of a
contact IN througiz e inSalstingdesauBormtneriaduesarine Sbrialurigitiip dieHaasaraphgprate beneath
the insulating layer BQX. '.Il'h?a%it line SL th%ﬁ f%rms a second semicondg,ctor reﬁi n in the base
substrate. 15 It shou tbo e&%céﬁr tgp e abrc%'?l Q%pm%%%ﬁe 53ﬁ§ b&Hladdd €PES to

connect the sougesniegiansctogethasoagaie iawied omemanztalraynathiargontact through the
insulating layer provided for each of the source regions. The buried source line SL is é%u arallel to
tho word lings WLI WIS ST GFR: (3R GB 6 i LR R I GRclme 18 G eSS Hansistor
the base of whidads famed iy laeisoarceskof thiafhElytfandistoirnad tae aslleaiorietvavessis formed
by the channel CI of the transisﬁg IS a%?ocia}ted with the FET tr%g istor in order to in}{?‘?t harge into
the channel ClI. 1Hg m%lgiﬂﬁa &B‘F% s%R %’Eﬁ“%ro WRIER ¥ St 2ot YE SEN R lictor
region (for exani@énhp-eopesdry tier caggressingpnd-Eictrangisionsisuinenthindaiye s hgignaitter E is
connected, by me?]ns of a contact | p through the insulating layer BOX, to an injection line IL buried in
the base substr&fé Beneath the insulating layer BOX. The injection line IL thus forms a second
semiconductor regiontinaitie dlasetwuhsttriest36th thet ekamplesghimasiniFigimesih tBiutbetfirst
regions and the secondISRERE 2 (RgHSHINCh TR RS (el IeS 4809

the base substrate by means of a well W of opposite conductivity, in order {o

create a diode serving as both lateral and underlining isolation.

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

=
[

and the second region are of opposite conductivity. In this situation, the
contact enabies 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 tn an alternative embodiment, the contact may be produced by means
of a material of metallic 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 fransistors.

25 Various embodiments of a semiconductor device according 1o the first

aspect of the invention will be described below with reference fo Figures 4-9.

Figure 4 shows an SeOl substrate comprising a thin iayer 1 separated
from a base substrate 2 by means of a buried insulating layer 3. The thin
tayer 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

insulating layer 3 itself has a thickness fypically between one nm and several



p+ in Figure 3) and the interconnects 11, 12, IN, Ip are therefore produced by means of a
semiconductor material having a conductivity of the same type. It will be understood that producing
access lines with a doped semiconductor material avoids having to use metal connections. ' _
Furthermore, 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.
Olt will also be understood that the buried lines (bit line in Figure 1, source line in Figure 2, injection
line in Figure 3),(3'3% %rre'gﬁjiably isolated from the base substrate by means of a well W of opposite
conductivity, in ordérto create a diode serving as both lateral and underlining isolation. = However,
the invention also exiriitsitcamicasductovhiebithe 4irst wgimdaindttise thicdavarediabave dhepposite
o 0 Syl S P A ACL Epalee R RSP B P0G 1o THE Gagiact may
therefore have an uppertegion of the same conductivity type as that of the first region and a lower
region of the sasubsoathibtvieatpdbeatueidisdapad region. 20In an alternative embodiment, the

Contact may pe ProdyeediPL oA Aliadnatrdal L relp e Ralus, eehedahcapuisigediapexample

VVSIi02). ~ It should be noted ough memory transistors have be own in Figures 1, 2 and
3, it is however nboEmsatiyat thednvedtioafappligetdammgies offctimgoteicbengeeitsyisdOS

ransistors. 25Vagipo SPARIDSNta, 8 SETURIAUBIALPYiRE A5AALON 'o e st appeqio the

invention will be descfibed below rence to Figur Igure 4 shows an substrate
comprising a thintlesremhsebhastbddrofnrmbdse substrate 2 by means of a buried insulating layer 3.

The thin layer 1 typic?{%‘f@‘?@g E'&icz‘-‘igﬁ?é of ?ﬁ%”&&@géﬁﬁfﬁ&e%ra@&?b%tfﬁ%t?&%@H@B‘ 8dgpeqding on

whether the device is tully efed Or partially dep
10 form therein a trench 6 extending beyond the buried insulating layer, through

the first reg.on 4, until reaching the second region &.

As shown in Figure 6, the trench 8 is then filled with an interconnect
material 7. '

The interconnect material ma'y be metalic (for example a silicide:

15  WSIG,). Thus, an ohmic contact is made through the insulating layer
between 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 SOI substrate, amorphous or polycrystalline

20 silicon is deposited on the surface of the SOl substrate in order to 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 SeOtl substraie,

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

As a variant (cf. Figure 7bj, a lithography mask is not used and a
jocalized etching operation of the RIE (reactive ion etching) type is carried
out so as tc remove all of the material deposited on the surface of the

30 substrate.

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



insulating layer 3 itself has a thickness typically between one nm and several 9 tens 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. 51t 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 pr guced during this formation, or even once the
interconnect has been formed. Referring to Figt}? 5, the semiconductor substrate is etched so
as to 10form therein a trench 6 extending beyond the buried insulating layer, through the first regOrn 4,

interconnect matan T R HEPOhACat PR LY e Bt o Ot

15VV3i02). Thus, empehoundestteity icinadpterdligththdénsigisiogriayerdiatvern theplirsirption 4 and

the second r_egi?n %. o Thet.inl erconne !I aterial is preferably a_semiconductor material, typically the
same material a8 tia o?(%HS thi {gﬁ& StHT'se01 substrate. Taking for example an SOI substrate,
amorphous or polycrystsitingd be noted that the method may therefore require two passes:

5 one for filling certain trenches with n”™-Si and the other for filling other
trenches with p*-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 interconnecis
reqguires only one filling pass.

10 As a variant, the material may be doped subsequently. When the two
regions to be conne_cted 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.

7 In the case shown in Figure 8 in which the first region 4 is not in contact

15 with the front face of the SeQl substrate, an upper region 8 and a lower
region 9 of the trench have conducitivities 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 fower region of the trench is of p™-type and the upper region of

20 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
implantation or by spitaxy, with n"-type doping in the upper region and p'-
type doping in the lower region in the exampie shown.

The invention aiso extends o the case shown in Figure 9 of first and

B>
{7t

second regions to be connected that have conductivities of opposite type,
with a 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 iower region
30  having a conductivity of the same type as the second region, for example p™-

type). The boundary between the lower and upper regions of the trench



20silicon is deposited on the surface of the SOI substrate in order to 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 SeOl substrate, 25the mask covering the regions that it is desired
to retain. A material deposited in the regions not covered is then etched (cf. Figure 7a).  As a variant
(cf. Figure 7Db), a lithography mask is not used and a localized etching operation of the RE (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 10 be connected

3ree bo.th of n+-tﬁ%% é:é)gn l{é:tggétﬁ)%f Fi_ resp_l and %or. t?]gtéh Oéﬁ;}t@ ?Scop uct}e\ﬁi;g cf. Fié;ure 3), the
posited mate f er eFeBrb e ﬂ/ lﬁe’ [ é 118 RERIARNOETTED fRat the

mt_ethod may thetreﬂm@_tacjuirmm_mwag: iagerfor filling certa_in trenches with n+-Si and the o_ther for
Ming tver renches VLRSS 5,17 iSeelielo =52 ooty ik i agd ony

only one filling pasaickdAisctoanantrthe inatatial praysiedepesksubsegnenths e o et

5 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 therefeore be initially very high (of the order of 10%)

in order 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

possible in 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.

f
N



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 first region 4 is not in contact 15 with the front face of the Seal
substrate, an upper region 8 and a lower region 9 of the trench have conductivities of opposite type,
with the boundary between the upper region andkgwe lower region located level with the thin layer 1
above the first region 4. Thus, when the regions t0 be connected are of p-type, the lower region of the
trench is of p+-type and the upper region of 28; ajjiwee above the first region 4, the junction being
made in the thin single-crystal layer. These conductivities of opposite type may be obtained by
implantation Qr by epitaxy, with n+-type doping in the upper region and p+- type doping in the lower
region in1the%ﬁgﬂ?ﬁf&dé’f%%qeﬂ@iH\r/%ﬁiu‘t'iﬁ?lda%aeﬁ?é'ﬁ'%’ﬂg‘t'ﬁ ELLBABIAPISHRRIFE!S of first and 25

second reginpadmye eamagiadoined mashaaRebiGidtRfaPEepRASItR BB Wikigecontact of the p-n
junction type. The Erocedure iithen in the annerv%’ttjst described by forming, in the trench, an upper

region 8 SHFTFSHEY MBGRRSPOAIHIERENS RV R S S PR RasMAg 3 onductivity of
the samedyfmas thébkf St staegicor fosiayampledgatypeiHbaimiayeeoigneginayieg a conductivity
of the sag%:' .té/é)e as the second region, for example p+- type). The boundary between the lower and

upper regi HEOFIRHPEREh defines the location of the p-n junction. This junction is preferably chosen
to be level with shéinsis slatithgdikygr regidhs o ulskaléinbeapeteddhatiifiting; ttaachisifidecbivith undoped
semiconductor material, it is.also possible to ry Qut an annealing operatign so that the dopants from
the first region Egﬁiafrkﬁrfﬁgtg&c%&% ggﬁ%r?%%%&‘@@ﬁ&lﬁﬂﬁﬁ?@ rcé)ﬁfﬁgt(.%?rﬁ%qg\?@' B'F‘aoping of the
first region 4 ansbafteeregancnegthe Sohastdhefefocetiportialiynasyoniokitnf toenosdehpf 1020) in

order to take inl%% ac %%rﬁt Ehr% ollié)lﬁtiop Rf@t?i%ev‘il Cgtgofpin% towards the contact. If the regions 4 and 5
have the same pc‘ﬁari Y, BRMiCon actt 2 YO LRNREL A ES RIétst, if the regions 4 and 5 are oppositely

doped, a diode & seeated].dostoolthaegidersto dioktHzdbestibsieta sonstitatingakdsutipdssible in
particular to as%(g(aé%gkmgo@& ransistor with a memory cell (cf. Figure 3 also) by forming a fourth
drive electrode Tar the injection, thereby permitting the memory cell to be operated at a lower voltage
for writing and 18faraer@stireonnecting the first region to the second region through the

insulating layer.

2. Device according to claim 1, wherein the contact is formed from a doped

semiconductor interconnect material.

3. Device according to claim 1, in which the contact has a lower region the
conductivity of which is of the same type as that of the first region, and an upper

region of opposite conductivity.



12 CLAIMS 1. Semiconductor device produced on a semiconductor-on-insulator substrate comprising
a thin layer of semiconductor material separated from a base substrate by means of a buried insulating
layer, a source region and a channel region of a field effect transistor being arranged in the thin layer,
wherein the device comprises: a first conducting region in the thin layer constituting the emitter of a
bipolar transistor, the base of the bipolar transistpg being formed by the source region and the collector
of the bipolar transistor being formed by the channel region of the field effect transistor, a second
conducting region in the base substrate constituting a buried injection line, and - a contact connecting

the first rggipnsigcha sesemeL @9iaRirauah i awatinaraysy- b%t@@aﬂpﬁq@%@ipaegw{aim 1
wherein the contact is formed from a do[\;ed semiconductor interconnect material. 3. Device according

to claim 8N BRilaMBrreginade heealed stfithtiifiRematiesigy et which is of the same type as that

of the first region, and an upper region of opposite conductivity. 13 4. Device according to claim 3,
wherein the boundary between the upper region and the lower region is located level with the

insulating-lal5Viee BerAcdRgderSlAEN G cMiee MG SAHRE Y PRINGAIL IR MPRSE (RSB region and
the lowepFRpiRB isVRGaESIdRVR! Wik tiridhiar lanartabaum e drdd8giothe first region.

6. Process for fabricating a semiconductor device on a semiconductor-on-
insulator substrate comprising a thin layer of semiconductor material separated
from a base substrate by means of an insulating layer, the device comprising a
source region and a channel region of a field effect transistor in the thin layer,
the process comprising the formation:

- of an injection line buried in the base substrate,

- of an emitter of a bipolar transistor in the thin layer, the base of the bipolar
transistor being formed by the source region and the collector of the
bipolar transistor being formed by the channel region of the field effect
transistor,

- of a contact connecting the emitter to the buried injection line through the

insulating layer.

7. Process according to Claim 6, in which, to form the contact, the following steps
are carried out:

- etching of the semiconductor substrate in order to form therein a trench
extending beyond the buried insulating layer, through the emitter, until reaching
the buried injection line; and

- filling of the trench with an interconnect material.



6. Process for fabricating a semiconductor device on a semiconductor-oninsulator substrate
comprising a thin layer of semiconductor material separated from a base substrate by means of an
insulating layer, the device comprising a source feion and a channel region of a field effect transistor

in the thin,l r ISk formation. injection. li ried | e :
substrater?'?%gr? gegr%'i%cca?r&%f a .'ﬁ%ﬁ%ﬁﬁﬁsﬁt&w ﬁe?ﬁ%ﬁﬁg%%%ﬁg%?ﬁs%@ g{ %Té%%pﬁ%gﬁgistor being
formed bypemeicondoetmgivaienal.the collector of the bipolar transistor being formed by the channel
region of the field effect transistor, of a contact connecting the emitter to the buried injection line
through the insulating layer. 7. Process according to Claim 6, in which, to form the contact, the
following StepSracesardatading diehfoigiof thie domiduntiuther sotsstateacbrawtesizbris therein a
rench extendingprRxans! e fuwipd InsuIaiina-Ryaribroysbe emitelountireashing tcPuried
injection line; and - tilling of the trench with an interconnect material. 13a" 8. Process according to
Claim 7, sewhimmtheintorsgsnatimibtetiahnieha predoped semiconductor material. 9. Process
according to Claim 7, in which the interconnect material is a semiconductor material and which further
includes a step of doping the semiconductor material in the trench. 10. Process according to claim 9,
in which débiftyaheaseaticortingttsr claim 9, in which doping the semiconductor



14 material in the trench is performed by an annealing operation that diffuse dopants in the trench. 11.
Process according to one of claims 8-10, in which an upper region and a lower region of the trench are
oppositely doped. 12. Process according to Claiff*11, in which the boundary between the upper
region and the lower region is located level with the insulating layer. 13. Process according to Claim
11, in which the boundary between the upper region and the lower region is located level with the thin
layer abowreathgdlrist tegitranch is performed by an annealing operation that diffuse dopants

in the trench.

11. Process according to one of claims 8-10, in which an upper region and a

jower region of the trench are oppositely doped.

12. Process according to Claim 11, in which the boundary between the upper

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

13. Process acéording to Claim 11, in which the boundary between the upper
region and the lower region is located level with the thin layer above the first

region.



